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 Vol. XXXI (March 1993), pp. 142-190

 Ricardian Equivaence

 By

 JOHN J. SEATER

 North Carolina State University

 I thank Douglas Fisher, Fumio Hayashi, Philip Meguire, Harvey
 Rosen, Ernest Tanner, and several referees for helpful comments.

 I. Introduction

 A FREQUENT THEME of policy discus-
 sion is the peril of the public debt.

 News reports alternately sober and fran-
 tic regularly point to government debt
 as a major cause of recessions, unemploy-
 ment, inflation, high interest rates, trade
 deficits, gyrations in the dollar, and virtu-
 ally any other unsatisfactory aspect of
 economic performance.' That the debt
 is a serious problem requiring discipline,
 tough legislation, and national bullet-bit-
 ing is regarded as self-evident.

 Despite this popular consensus, the ef-
 fects of government debt and deficits on
 the economy are not obvious from either
 economic theory or statistical evidence.
 For decades, economists had a straight-
 forward theory of public debt's effects,
 the well-known Keynesian model. On
 the one hand, an increase in debt stimu-
 lated the economy in the short run by
 making households feel wealthier. On
 the other hand, public debt competed

 with private debt for available funds, thus
 driving up interest rates and changing
 the composition of output, in particular
 crowding out private investment with
 deleterious effects to long-term growth.
 Over the last fifteen years, this once-
 standard theory has been cast into doubt
 through revival of a theory, first explored
 by Ricardo, suggesting that debt policy
 has none of the effects accorded to it by
 traditional analysis.

 Where traditional theory attributes to
 an increase in the deficit a short-term
 stimulus to output and employment, a
 rise in interest rates, and a crowding out
 of private investment, "Ricardian equiva-
 lence," as the revived theory has come
 to be called, attributes no effects at all.
 According to Ricardian equivalance, gov-
 ernment purchases and marginal tax
 rates matter, but the debt/tax mix is irrel-
 evant. The reason is actually quite sim-
 ple. Debt implies future taxes with a
 present value equal to the value of the
 debt; rational agents, recognizing this
 equivalence, will proceed as if the debt
 did not exist, resulting in the debt having
 no effects on economic activity. Needless
 to say, so revolutionary a theory has not
 gone unchallenged, and its revival has
 led to extensive research, both theoreti-
 cal and empirical, into the effects of gov-

 1 Such dire warnings are hardly new:

 The biggest perils [of the debt] are . . . subtle,
 and they are four: 1. The dilution of the dollar.
 2. The risk of boom and bust. 3. The smothering
 of enterprise. 4. The loss of human freedoms.
 (Committee on Public Debt Policy 1949, p. 140.)

 Subtle?

 142
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 ernment debt on the economy. The fruit
 of that effort is an exciting literature that
 is the subject of this essay.

 Although the aggregate effects of pub-
 lic debt and deficits have not yet been
 fully determined, two overall conclusions
 are now clear. The first appears uncon-
 troversial: it seems almost impossible
 that Ricardian equivalance holds exactly.
 The theoretical foundations for any ef-
 fects of debt on the economy depend on
 subtle concepts such as the intensity of
 intergenerational altruism, the possibil-
 ity of strategic behavior by individuals
 in their family relations, the nature and
 extent of liquidity constraints, and the
 effects of various kinds of uncertainty on
 the household maximization decision.
 Careful examination of those factors sug-
 gests that exact Ricardian equivalence is
 implausible.

 The second conclusion is far more con-
 troversial: despite its nearly certain inva-
 lidity as a literal description of the role
 of public debt in the economy, Ricardian
 equivalence holds as a close approxima-
 tion. Although there is much empirical
 evidence appearing to reject Ricardian
 equivalence, a dispassionate reading of
 the literature leads to the stated conclu-
 sion. Testing theories of government
 debt's effects is not trivial. Estimation
 is sensitive to the treatment of specifica-
 tion, simultaneity, and data stationarity,
 as well as simple measurement of the
 quantities involved, so that careful atten-
 tion to interesting issues of econometric
 methodology is essential. Much of the
 published evidence on Ricardian equiva-
 lence, both favorable and unfavorable,
 fails to attend to those issues and is
 sufficiently flawed to be uninformative.
 When attention is restricted to the more
 methodologically sound studies, it is dif-
 ficult to find statistically significant effects
 of debt, suggesting that Ricardian equi-
 valence holds approximately.

 It is important to understand the lim-

 ited nature of the second conclusion.
 Given the way societies have behaved,
 especially in the way they have issued
 and retired debt, significant effects of the
 debt appear to be absent from the data.
 If societies continue to behave as they
 have, significant effects will continue to
 be absent and Ricardian equivalence can
 be taken as a good approximation. How-
 ever, if societies change their behavior,
 especially with respect to issuing and re-
 tiring debt, significant effects of the debt
 might emerge. Indeed, there is a theory
 discussed later in this article that is quite
 diametric to Ricardian equivalence and
 consistent with the historical data but
 that implies significant effects of the debt
 under policy regimes different from those
 that have existed in the past. Therefore,
 whether one regards the apparent empir-
 ical validity of Ricardian equivalence as
 an indication of "truth" depends on the
 kinds of changes in the economic arena
 one is willing to entertain. Under histori-
 cal regimes, Ricardian equivalence ap-
 pears true; under other possibilities, it
 might not be.

 II. Theory

 In its modern form, Ricardian equiva-
 lence is a straightforward generalization
 of the permanent income/life cycle hy-
 pothesis (PILCH); indeed, it can be re-
 garded as the logical completion of that
 hypothesis in the presence of govern-
 ment purchases, taxation, and debt.
 Given the widespread acceptance of
 PILCH as a framework for the analysis
 of household choice, it might seem that
 the theoretical case for Ricardian equiva-
 lence is obvious or even trivial; but in
 fact, the theoretical foundations for Ri-
 cardian equivalence are not at all trivial.
 Ricardian equivalence requires a number
 of assumptions about individual behavior
 and/or the economic environment that
 may well be false. To discuss the issues,
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 let us first review the basic theory behind
 Ricardian equivalence and then address
 the controversial aspects of it.
 A. Basic Theory. Suppose there is no
 government and consider a representa-
 tive individual facing perfect capital mar-
 kets who wishes to maximize his inter-
 temporal utility function

 00

 U(t) = E u(Ct + )8i (1)
 i=O

 subject to his lifetime budget constraint

 00 00

 E Yt+iR'= E Ct+iR' (2)
 i=O i=O

 where U is the intertemporal utility func-
 tion, u is the intratemporal utility func-
 tion, C is consumption, Y is total income,
 8 is the time preference factor 1/(1 + p)
 with p the rate of time preference, and
 R is the discount factor 1/(1 + r) with r
 the real rate of interest (here assumed
 constant for simplicity). The model can
 be enriched by dividing income into hu-
 man and nonhuman components and al-
 lowing a time-varying real wage, but
 nothing of importance is affected by stick-
 ing to the simpler form above.

 The individual's maximization problem
 can be solved by setting up the Lagran-
 gean

 L = U(t) +

 At 2 Yt+iR - 2 Ct+iRZ) (3)

 and maximizing over C, where X is the
 Lagrange multiplier. The first-order con-
 dition (Euler equation) for this problem
 iS

 u'(Ct + i) = (8/R)ZX (4)

 from which one can deduce the time path
 of consumption as a function of X and r;
 in particular, C rises, is constant, or falls
 over time as X is less than, equal to, or
 greater than r.

 Let us see how this first-order condi-
 tion changes as government taxation and
 debt are introduced. Suppose there is
 no government debt, so that G (govern-
 ment purchases) equals T (tax revenue)
 in every period. Also suppose taxes are
 lump-sum; the amount of tax may vary
 through time. In this case, the individu-
 al's budget constraint becomes

 00 00

 (Yt+i- Tt+i)R' = ER Ct+i. (5)
 i=o i=O

 Replacing (2) with (5) in the individual's
 maximization problem leads to the first-
 order condition

 u'(Ct+i)= (8/R)'X (6)

 which is the same as (4). Thus the shape
 of consumption's time path is unaffected
 by the introduction of lump-sum taxa-
 tion. The level of consumption is affected
 because a higher value of X will emerge
 for this problem, implying a lower value
 of C for every t compared to the case of
 no taxes. The reason for this outcome,
 of course, is that lump-sum taxation has
 only pure wealth effects with no substitu-
 tion effects.

 Now we come to the Ricardian experi-
 ment. Suppose the government decides
 to leave the path of purchases unchanged
 but to reduce taxes in the first period
 by B dollars per capita and issue B dollars
 of debt per capita instead; the debt car-
 ries the market rate of interest r and has
 a maturity of H years, where H may equal
 infinity. Both the future interest pay-
 ments and the redemption of principal
 will be financed by lump-sum tax collec-
 tions. What is the effect of this new fi-
 nancing scheme on the representative in-
 dividual? To find out, we examine how
 the individual's maximization problem
 changes.

 On the one hand, the individual gives
 up B dollars of his income in the initial
 period to buy the new debt and expects
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 to receive a stream of interest payments
 plus repayment of principal in the future.
 On the other hand, the individual's taxes
 fall in the initial period by B dollars but
 rise in subsequent periods to pay for the
 interest payments and principal redemp-
 tion in the future. Table 1 summarizes
 the various flows affecting the individual.
 The crucial thing is that every new inflow
 is matched by an equal outflow, which
 means the lifetime budget constraint is
 unchanged and the individual will not
 perceive the government's refinancing
 scheme as altering his wealth in any way.
 Because of the lump-sum nature of taxa-
 tion, no marginal rates of return are
 changed. The individual's maximization
 problem is completely unaltered by the
 refinancing scheme, and, with one ex-
 ception, his choices are unaffected by it.2

 The exception, of course, is the indi-
 vidual's saving behavior. Saving is iden-
 tically equal to the difference between
 disposable income and consumption.
 Consumption is determined by the in-
 dividual's optimal plan, saving is de-
 termined as a residual. In the current
 example, the factors determining the in-
 dividual's optimal solution are unaffected
 by the timing of tax payments so that
 the individual's choice of consumption
 also is unaffected. Had we included labor
 supply as a choice variable in the prob-
 lem, we would have found that it, too,
 was unaffected. Because the time paths
 of gross income and consumption are un-
 changed, the change in the timing of tax

 payments must affect the time path of
 disposable income and therefore of sav-
 ing. In particular, the individual saves
 more when current taxes are low and dis-
 saves more when they are high. Indeed,
 it is through this alteration in the path
 of saving that the individual insulates his
 substantive choices from trivial changes
 in the timing of disposable income. One
 way to think of these changes in saving
 is that, when the government cuts cur-
 rent taxes and issues debt, the individual
 recognizes that future taxes must rise to
 repay the principal plus the interest on
 the debt and that he can use his tax re-
 bate to buy the newly issued government
 bonds, whose principal repayment plus
 interest earnings will exactly enable him
 to meet the future tax obligations that
 the bonds themselves imply. The upshot
 is that the private demand for savings
 assets moves one-to-one with changes in
 the supply of public debt, with no change
 in interest rates and none of the "crowd-
 ing out" of private demand so familiar
 from IS-LM analysis.3

 This absence of any effect of tax/bond
 manipulations on lifetime budget con-
 straints and therefore on economic
 choices is the Ricardian proposition. It
 reflects nothing more than the well-

 2This last result may be seen more formally by
 noting that

 T,Tt+iRi = TGt+iR'.
 i=O i=O

 Therefore, the individual budget constraint can be
 written

 ,(Yt+i - Gt+i)R' = , Ct+iR'.
 i=O i=O

 Because the path of G is unchanged by assumption,
 the budget constraint is unaltered by the govern-
 ment's refinancing scheme.

 3 A concrete example may be useful. Suppose the
 individual initially holds no government bonds and
 pays $1 each period in taxes. The government decides
 to issue a $1 bond with maturity of one period paying
 a coupon at the market rate of interest of 10 per
 cent. Before the government refinancing, the indi-
 vidual would have paid $1 in taxes in both period
 zero and period one. After the refinancing, the indi-
 vidual pays no taxes in period zero and $2.10 in pe-
 riod one (the original $1 plus another $1 to repay
 the bond principal plus $0.10 to pay the interest
 coupon on the bond). The present value of the first
 stream of payments is

 PVi = 1 + 1/(1.1)

 and that of the second stream is

 PV2 = 0 + 2. 1/(1.1)
 = (1. 1 + 1)/(1.1)
 = 1 + 1/(1.1)
 = Pv.
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 TABLE 1

 EFFECT OF A BOND-TAX SWITCH ON THE INDIVIDUAL'S RECEIPTS AND EXPENDITURES

 Change in Bond Interest Change in Taxes

 Period Holdings Received Paid

 0 +B 0 -B

 1 0 + rB + rB

 2 0 + rB + rB

 3 0 + rB + rB

 H-2 0 + rB + rB

 H-1 0 + rB + rB

 H -B + rB +B + rB

 H+1 0 0 0

 H+2 0 0 0

 H+3 0 0 0

 known but often forgotten fact that the
 true measure of government's use of re-
 sources is government purchases, not
 any one method employed by the gov-
 ernment to lay claim on those resources,
 even if that method is officially dubbed
 taxation.4 The Ricardian proposition sim-
 ply states that any method of accounting
 for government's use of resources must
 reflect this fact and therefore must lead
 to the lack of any effects on the represen-
 tative household's life-cycle wealth of re-
 financing schemes unaccompanied by
 changes in the present value of govern-
 ment purchases or the introduction of
 distortionary taxes. The proposition is
 called the equivalence hypothesis be-
 cause it implies that, given a path of gov-
 ernment spending, lump-sum tax and
 bond finance lead to the same economic
 choices by agents and therefore are
 equivalent for all issues of interest.

 Ricardian equivalence may seem trivial

 and hardly worth argument, and indeed
 it is, given the assumptions underlying
 the previous statement of it. Let us now
 examine those assumptions.
 B. Finite horizons. In the preceding dis-
 cussion, it was tacitly assumed that the
 individual has an infinite horizon. The
 theoretical foundation for Ricardian equi-
 valence is not nearly so straightforward
 when individuals have a finite horizon.

 Suppose the economy is of the Paul
 Samuelson (1958)-Peter Diamond (1965)
 type. Individuals live exactly two periods
 in a succession of overlapping genera-
 tions and derive utility only from their
 own consumption. The government
 raises funds through an income tax and
 deficits. Ricardian equivalence will not
 hold because current issues of govern-
 ment debt, which lower the taxes of the
 current working generation, will be re-
 deemed with taxes levied on future gen-
 erations. The present value to the cur-
 rent working generation of the future tax
 burden imposed on it by the debt will
 be less than the value of the current re-
 duction in taxes. As a result, financing

 4 In the example of footnote 3, the path of govern-
 ment purchases did not change, so the present value
 of the resources used by government did not change,
 either.
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 schemes that alter the timing of even
 lump-sum taxes, such as debt-for-tax
 swaps, will have wealth effects and
 thereby alter macroeconomic activity.
 The same result holds in models in which
 individuals live more than two periods
 as long as some of the future taxes im-
 plied by debt are borne by future genera-
 tions.

 It would appear that finite horizons
 eliminate the possibility of Ricardian
 equivalence, for there always are some
 people whose current tax reduction will
 not be matched by future tax payments.
 Indeed, this case seems so compelling
 that for many years Ricardian equiva-
 lence was regarded as trivially false.
 However, Robert Barro (1974) showed
 that Ricardian equivalence holds in the
 finite horizon model if people regard
 their children as extensions of them-
 selves. Let the utility function of a mem-
 ber of generation t be

 Ut= U(Clt, C2P, U*t+l)

 where C1t, C2t are the consumption lev-
 els of the t-generation when young and

 old and U*t+1 is the attainable utility of
 the t + 1 generation members. In this
 model, parents will use the increase in
 their disposable income created by a tax
 cut to bequeath upon their children
 enough extra wealth to allow the chil-
 dren to pay the future taxes implied by
 the current debt issue. As a result, no
 one alters any substantive economic de-
 cision, and Ricardian equivalence re-
 emerges.

 The treatment of another's utility as
 an extension of one's own has come to
 be known as altruism. The presence of
 altruistic behavior of parents toward their
 children effectively converts the finite
 horizon model into one with an infinite
 horizon.

 Before turning to an evaluation of the
 altruism assumption, let us devote a bit
 more attention to the issue of what hori-

 zon individuals have. An honest answer
 to the question "How many 150 year olds
 do you know?" certainly suggests that the
 finite horizon model is a more accurate
 approach to problems of individual inter-
 temporal choice than the infinite horizon
 model and that the latter should be re-
 garded as merely an analytical conve-
 nience. Indeed, it seems from the litera-
 ture that many economists have adopted
 this opinion. Nevertheless, actuaries use
 the infinite, not 'the finite, horizon
 model.5 They are betting money on their
 calculations, so we should think again
 about the relative merits of the two ap-
 proaches.

 What is the last possible year of life?
 There really is none; given any proposed
 terminus, there always is a positive prob-
 ability of living a little longer (William
 Feller 1968). However, there also is a
 positive probability of dying by any given
 age. Therefore, an accurate model of in-
 tertemporal planning has an infinite hori-
 zon, a positive probability of dying at
 each age, and a finite expected lifetime.
 We thus have the model of uncertain life-
 time that has been examined in an inter-
 esting literature. (See, for example,
 Menahem Yaari 1965; David Levhari and
 Leonard Mirman 1977; Barro and James
 Friedman 1977; and Eliakim Katz 1979.)
 It is also the model used by actuaries.
 Although the infinite horizon model un-
 der certainty is only an analytically con-

 5 Although the various life tables used by actuaries
 end at finite lives (a printed table must end some-
 where), actuaries explicitly recognize that such termi-
 nal lives are merely conventions necessitated by the
 finiteness of the printed tables and do not imply that
 the reported terminal age should be regarded as the
 maximum length of life; see chapter 1 of Walter
 Menge and Carl Fischer (1965) for an explicit state-
 ment of this recognition and chapter 3 of Newton
 Bowers et al. (1986) for a general discussion of the
 actuarial mathematics of life expectancy. Moreover,
 the probability of surviving another year reported
 in the life tables always is positive for the last re-
 ported year of life; see the tables in The Unique Man-
 ual, Best's Flitcraft Compend, and the Life Insurance
 Fact Book for a wide range of examples.
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 venient approximation to the finite hori-
 zon model under certainty, the latter in
 turn is only an analytically convenient
 approximation to the infinite horizon
 model with uncertain lifetime.

 With an uncertain lifetime and no al-
 truism, Ricardian equivalence will not
 hold because there is a positive probabil-
 ity that the individual will die before all
 taxes implied by current debt are col-
 lected (Olivier Blanchard 1985). Intui-
 tively, this result is the same as in the
 overlapping generations model. Intro-
 ducing altruism also introduces Ricardian
 equivalence, exactly as in the overlap-
 ping generations model. We thus are
 back to the importance of altruism and
 bequests, to which we now turn.6
 C. Bequest Motives. Altruism is not the
 only reason bequests might occur; other
 possible motives include strategic behav-
 ior by donors, mutual insurance by family
 members, and simple accident arising
 from uncertain lifetimes.

 One possible motive affecting bequests
 is strategic behavior. The idea is that the
 donors use their promise of bequests as
 a means of eliciting desirable behavior
 from the designated recipients. For ex-
 ample, parents might use bequests to
 coax attention from their children,
 threatening to disinherit insufficiently at-
 tentive children (Douglas Bernheim, An-
 drei Shleifer, and Lawrence Summers
 1985), or children might threaten to do
 something to reduce their own welfare,
 and therefore also that of the parents,
 unless the parents are sufficiently gener-
 ous (Laurence Kotlikoff, Assaf Razin, and
 Robert Rosenthal 1988). In both cases,
 a debt-for-tax swap alters the threat point
 of the parents and/or the children and

 therefore has real effects, negating Ricar-
 dian equivalence.7

 Another possibility is that families act
 as incomplete annuities markets, provid-
 ing insurance to their members against
 the risk of low consumption due to unex-
 pectedly great longevity. Even if individ-
 uals are completely selfish, intrafamily
 transfers including bequests occur as a
 way of buying insurance services from
 the recipients. Ricardian equivalence
 fails because of the selfish nature of indi-
 viduals, even though deliberate bequests
 are the rule (Kotlikoff and Avia Spivak
 1981).

 Still another possibility is that bequests
 are entirely accidental. Bequests might
 arise only because people have uncertain
 lifetimes and often die sooner than antici-
 pated, passing on to their children their
 assets with no altruism intended (Andrew
 Abel 1985). No such model has been de-
 veloped with governmental debt in-
 cluded, but it would seem that the intro-
 duction of taxes and debt would not be
 accompanied by Ricardian equivalence
 for the same reason Ricardian equiva-
 lence is absent from Blanchard's (1985)
 model: people would recognize that
 some future taxes would be borne, at
 least in probability, by people whose util-
 ity does not matter to them and so would
 prefer debt to current taxes.8

 The foregoing nonaltruistic bequest
 motives do not cause the one-for-one
 compensations of changes in future taxes
 necessary for Ricardian equivalence. It
 is not clear that only altruistic bequests
 can generate Ricardian equivalence, but

 6 Altruism also is essential for Ricardian equiva-
 lence in the infinite horizon model with certainty
 when births occur. If parents were not altruistic in
 such a model, they would alter their economic deci-
 sions in response to a debt-for-tax swap and would
 not bequeath any extra wealth to their children to
 pay increased future taxes. See Phillipe Weil (1989)
 for more details.

 7 Besides possibly leading to non-Ricardian results,
 strategic behavior also may lead to multiple equilib-
 ria, only one of which is the Ricardian solution (Doug-
 las Gale 1985). Peter Streufert (1989) shows that weak
 restrictions on the utility function guarantee a unique
 solution.

 8 Blanchard avoids consideration of accidental be-
 quests by assuming that everyone buys insurance
 that makes a payment to anyone who survives the
 current period and collects all wealth of anyone who
 dies.
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 altruism is the only motive examined for-
 mally so far that has been able to do so.

 Even under the assumption of al-
 truism, there are difficulties with Ricar-
 dian equivalence. When altruism is suffi-
 ciently important to imply Ricardian
 equivalence, it also is important enough
 to imply some other rather implausible
 results. If one expands Barro's model by
 allowing intermarriage among families,
 then altruism would link all families to-
 gether and render neutral all redistribu-
 tive policies, including marginal tax rates
 (Bernheim and Kyle Bagwell 1988). Be-
 cause we do not observe such extreme
 neutrality, Bernheim and Bagwell con-
 clude that altruism, at least as modeled
 by Barro, cannot be a significant factor
 in people's behavior.9

 One can argue, as Bernheim and Bag-
 well do, that if a fundamental assumption
 of a model is shown to be incorrect, then
 all analysis based on that model should
 be disregarded. However, one also can
 argue that virtually any model is an ap-
 proximation whose underlying assump-
 tions are known to be false from the start
 and which will lead to conclusions that
 are known to be false. In most circum-
 stances, "realistic" models are impossibly
 complex, so that simpler approximations
 must be used. It seems beyond doubt
 that most parents care about their chil-
 dren. The nature of that concern, how-
 ever, is extremely complex and difficult
 to describe analytically. Several possible
 approaches have been suggested in the
 literature, but none is fully satisfactory. 10

 In order to make progress, simple ver-
 sions of this complex phenomenon, such
 as altruism, must be imposed. It is not
 surprising that reductio ad absurdum ar-
 guments such as that of Bernheim and
 Bagwell will show that something is
 amiss, but do we therefore discard the
 model entirely and totally disregard re-
 sults emerging from it? To do so would
 seem to make theoretical analysis infeasi-
 ble.

 Suppose we put aside the difficulties
 noted by Bernheim and Bagwell and as-
 sume that parents do regard their chil-
 dren altruistically. There still are theo-
 retical difficulties with the Ricardian
 proposition. Altruism guarantees Ricar-
 dian equivalence only if the bequest mo-
 tive is operative-that is, parents must
 not merely take account of their chil-
 dren's utility when formulating their own
 plans but must face a situation in which
 their maximization problem calls for
 them to confer wealth on their children.
 A necessary condition for operative be-
 quests can be derived under the follow-
 ing altruistic utility function:

 Ut = U(Cl) + FU(C2d) + TU*t+l
 where 0 < ,( ' 1 is the intertemporal
 discount factor and O <T T 1 is the inter-
 generational discount factor. Then the
 condition for the bequest motive to be
 operative is that

 T > (1 + n)/(l + r*) (7)

 where n ' 0 is the population growth
 rate and r* is the steady-state interest
 rate in the absence of bequests (Weil
 1987). 11 Given the restrictions on the pa-

 9 In a related article, Marc Nerlove, Assaf Razin,
 and Ephraim Sadka (1984) show that bequests will
 be suboptimally small if parents fail to consider the
 effect of their bequests on the families to which they
 are potentially related by the marriage of their chil-
 dren.

 10 See Gary Becker (1974), Alan Blinder (1976),
 Becker and Nigel Tomes (1976, 1979), and Tomes
 (1981) for formulations of family interactions different
 from Barro's. James Andreoni (1989) discusses im-
 pure altruism, which arises from the "warm glow"
 one feels by being generous and which invalidates
 Ricardian equivalence.

 " Weil also discusses transition paths to the steady
 state and uncertain income. The conditions applying
 to these cases are too complicated to discuss here,
 but the general flavor is the same as for the simpler
 case of the steady state under certainty. Weil does
 not consider the possibility of productivity growth,
 but Miles Kimball (1987), in an extension of Weil's
 work, finds that productivity growth does not alter
 the general conclusions. See Barro (1974), Allan
 Drazen (1978), and Jeffrey Carmichael (1982) for early
 discussions of operative bequest motives.
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 rameters, bequests do not occur under
 dynamic inefficiency, where n > r*, and
 will not occur even under dynamic effi-
 ciency unless the economy is far enough
 inside the efficient region to make r*
 large enough to satisfy (7). 12 In the ineffi-
 cient case, where there is too much capi-
 tal, parents would like to confer liabilities
 on their children (reduce the capital
 stock). Government debt helps them do
 that and so is not neutral. In the efficient
 case, parents may not love their children
 "enough" for the bequest motive to oper-
 ate and Ricardian equivalence to hold.'3

 If it is reasonable to suppose an altruis-
 tic bequest motive by parents toward
 children, it also is reasonable to suppose
 an altruistic gift motive by children to-
 ward parents. Early discussions of this
 issue restricted attention to the existence
 of either a bequest motive or a gift motive
 and showed that either one, if operative,
 would produce Ricardian equivalence.
 Very quickly, however, investigators be-
 gan to explore the possibility of two-sided
 altruism, where both motives operate at
 once. This situation is more complex than
 it might seem at first: if parents care
 about their children and children also
 care about their parents, the model may

 cycle and have no solution (Carmichael
 1982; John Burbidge 1983, 1984; Willem
 Buiter and Carmichael 1984; Abel 1987;
 and John Laitner 1988). 14 A solution to
 this cycling problem with interesting im-
 plications for Ricardian equivalence may
 be obtained if we impose three reason-
 able restrictions on behavior: that con-
 cern for the utility of ancestors and des-
 cendants be nonnegative (i.e., that one
 is not happier if one's relatives are worse
 off), that family behavior is time consis-
 tent, and that one's indirect concern for
 very distant ancestors and descendants
 be small. The aspect of the solution rele-
 vant to Ricardian equivalence is that
 there is an interval of possible values for
 the interest rate that includes the Golden
 Rule solution but within which neither
 gifts nor bequests operate and Ricardian
 equivalence does not hold. Thus, if the
 economy is sufficiently near the Golden
 Rule solution, it will not display Ricar-
 dian equivalence (Kimball 1987).

 The relevance of two-sided altruism is
 questionable. As anyone who has chil-
 dren knows, the altruism of parents to-
 ward children is far greater than that in
 the reverse direction. Indeed, the entire
 enterprise of rearing children can be re-
 garded as a pure exercise in altruism.
 Feeding, clothing, housing, educating,
 and chauffeuring children absorb an
 enormous amount of resources but confer
 no direct utility, in the selfish sense of
 classical consumer theory, on the pro-
 viders. Moreover, the return in in-
 creased future direct utility, in terms of
 provision for old age and so on, generally
 seems minuscule compared to the cur-
 rent cost. The investment seems a poor
 one in that sense, yet it is routinely un-
 dertaken by most married couples. One-
 sided altruism seems an accurate descrip-
 tion of reality so that Weil's result
 appears to be of more practical impor-

 12 Recall that dynamic efficiency, a concept from
 the growth literature, is a kind of Pareto optimality:
 an economy is dynamically efficient if it is not possible
 to improve one generation's welfare without reducing
 the welfare of another. In particular, an economy is
 dynamically inefficient if it has overaccumulated capi-
 tal, for then the capital stock can be reduced to allow
 more consumption currently (the current generation
 consumes the output that would have maintained
 the capital stock) as well as in all future periods (fu-
 ture generations have a smaller capital stock to main-
 tain and so may devote less output to investment).
 The Golden Rule solution (the level of capital provid-
 ing maximum steady state consumption) is an exam-
 ple of a dynamically efficient solution.

 13 David Altig and Steve Davis (1989) show, how-
 ever, that extending the overlapping generations
 model to allow three-period lives weakens Weil's re-
 sult in that "enough" love turns out to be much
 smaller than in the two-period life model. The major
 difference between the two kinds of models appears
 to be that consumption loans are possible in the
 three-period model but not in the two-period model.

 14 Kimball (1987) calls this phenomenon a "hall of
 mirrors" effect, a good metaphor.
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 tance than Kimball's to the Ricardian
 equivalence debate. '5
 D. Childless Families. Even if families
 with children behave altruistically, there
 are families with no children. Having lit-
 tle or no concern for taxes levied on fu-
 ture generations, they will alter their
 economic decisions when the govern-
 ment swaps debt for taxes. As a result,
 Ricardian equivalence will not hold.
 There probably will be some offset to the
 behavior of childless families by those
 with children. Families with children
 will recognize that the existence of child-
 less families implies a disproportionate
 share of future taxes to be borne by their
 own children, and they will increase their
 bequests to offset it (James Tobin 1980;
 Barro 1989). However, the offset is likely
 to be incomplete, for a complete offset
 would mean that the parents absorb the
 entire effect of the childless families
 themselves. This kind of corner solution
 does not occur in the absence of con-
 straints, and we would expect the parents
 to adjust to the effects of childless couples
 on both their own and their children's
 margins, leading to an incomplete offset
 and violation of Ricardian equivalence
 (Tobin 1980).
 E. Liquidity Constraints. A popular ar-
 gument against Ricardian equivalence is
 that many households are liquidity con-
 strained and so would be pleased to have
 their current taxes reduced and their fu-
 ture taxes raised by a current debt-for-
 taxes swap. The constraint generally mo-
 tivating this argument is credit rationing
 arising from the household's inability to
 borrow against its future income (e.g.,
 Walter Heller and Ross Starr 1979;
 Glenn Hubbard and Kenneth Judd
 1986), although other types of credit ra-

 tioning schemes as well as the possibility
 of differential borrowing rates sometimes
 are mentioned.

 Surprisingly, the implication of a liq-
 uidity constraint for Ricardian equiva-
 lence depends very much on why the
 constraint occurs (Hayashi 1987; Toshiki
 Yotsuzuka 1987).16 The constraint may
 involve credit rationing, or it may involve
 differential borrowing rates. In either
 case, whether Ricardian equivalence
 holds depends on the reason the con-
 straint exists. The details are beyond the
 scope of this article, but the common ele-
 ment is that Ricardian equivalence is in-
 validated by liquidity constraints if the
 issuance of government debt somehow
 introduces an element that private mar-
 kets could not introduce on their own;
 otherwise, Ricardian equivalence contin-
 ues to hold. For example, if liquidity con-
 straints arise because of transactions costs
 and if the government faces lower trans-
 actions costs than the private sector in
 arranging loans, then government debt
 issues relax the constraint and Ricardian
 equivalence fails. Similarly, if differing
 individual risk characteristics are unob-
 servable to lenders and thereby create
 an adverse selection problem, Ricardian
 equivalence again fails because the gov-
 ernment, through the universal and com-
 pulsory nature of its actions, can over-
 come the adverse selection problem and
 have real effects with its debt policy.17
 In contrast, if credit rationing exists be-

 15 An alternative view is that of sociobiology, which
 would argue that altruism is merely one facet of the
 attempt to propagate one's genes. Under that view,
 altruism toward one's children would be biologically
 efficient, whereas reverse altruism would not be, so
 that one-sided altruism should be expected.

 16 See also Duncan Foley and Martin Hellwig
 (1975), who show that certain kinds of uncertainty
 lead to counterintuitive responses of consumers to
 relaxations of credit constraints.

 17This argument tacitly assumes the government
 is more efficient than the private sector at collecting
 payment from high-risk individuals. Presumably, the
 tax collector simply shows up at the door and collects
 what is due. This presumption is false. The govern-
 ment cannot simply commandeer money from those
 unwilling to pay; it must go to court, just as the
 private sector must. The laws differ with respect to
 private and government collection of debts, but it
 is not obvious that the government's total costs are
 lower than those of the private sector.
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 cause all future incomes are uncertain
 (which would make it optimal to tie the
 loan rate to the size of the loan because
 of the possibility of default), Ricardian
 equivalence continues to hold because
 government debt issue has no effect on
 the state of uncertainty and merely leads
 to a substitution of government loans for
 private loans.'8

 How does all this apply to the most
 common event discussed in the Ricardian
 equivalence literature, the debt-for-tax
 swap? Government debt issues are dis-
 proportionately bought by people in the
 upper end of the income distribution, so
 a debt-for-tax swap amounts to a govern-
 ment-arranged loan from those at the up-
 per end of the income distribution to
 those at the lower end. It frequently is
 argued that many lower income families
 are young, can expect higher incomes in
 the future, but cannot borrow against
 those expected future earnings-i. e.,
 they are liquidity constrained. But why
 are they constrained? Is it because of
 transactions costs or adverse selection,
 in which case the government loan may
 be perfecting the market and thereby
 have real effects, or is it simply because
 no one is sure about their future incomes,
 in which case the government action will
 have Ricardian effects? It is likely that
 all elements are present, in which case
 Ricardian equivalence will fail in the
 strict sense; some real effects will occur.

 However, if the liquidity constraints are
 predominately types that preserve Ricar-
 dian equivalence, then for all practical
 purposes liquidity constraints will not
 generate non-Ricardian results from a
 debt-for-tax swap.

 Although liquidity constraints might
 be important in invalidating Ricardian
 equivalence, the mere existence of even
 widespread liquidity constraints is in it-
 self insufficient to do so; more is re-
 quired.
 F. Uncertainty. For the most part, the
 theoretical literature on Ricardian equiv-
 alence has ignored uncertainty. Some
 types of uncertainty have been included
 in extensions of PILCH, but virtually
 none has been included in analyses of
 Ricardian equivalence. An exception is
 the effect of uncertain income on Ricar-
 dian equivalence. Because the individual
 is uncertain of what his future income
 will be, he also is uncertain of the amount
 of bequests he will want to make. As a
 result, he will not be indifferent between
 an additional dollar now and a future pay-
 ment to his children that has a present
 value of a dollar. Ricardian equivalence
 therefore fails (Martin Feldstein 1988).
 It is quite possible that other types of
 uncertainty would lead to the same con-
 clusion. Research along these lines might
 be a useful addition to the literature.
 G. Differential Borrowing Rates. Re-
 lated to liquidity constraints is the possi-
 bility of differential borrowing rates for
 individuals and the government; in par-
 ticular, the government may be able to
 borrow at an interest rate lower than that
 available to individuals, in which case Ri-
 cardian equivalence fails. Suppose the
 government reduces taxes by a dollar to-
 day and substitutes a dollar's worth of
 debt, which we will suppose for simplic-
 ity to be a perpetuity. For individuals,
 the present value of the future tax stream
 implied by this debt would be rGIr' <
 1, where rG and r' are the government

 18 Bernheim (1989b) argues that the examples of
 Hayashi and Yotsuzuka in which liquidity constraints
 do not invalidate Ricardian equivalence depend on
 future taxes being independent of future income and
 that, when such independence is absent, as seems
 more realistic, the presence of liquidity constraints
 invalidates Ricardian equivalence. This argument is
 inadequate. When any tax depends on income, mar-
 ginal tax rates are not zero. Nonzero marginal tax
 rates generally mean that the timing of tax collections
 makes a difference to economic decisions, whether
 liquidity constraints are present or not. It is not clear
 whether these non-neutralities should be ascribed
 to the tax system or the government debt. These
 issues are discussed below.
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 and private borrowing rates. Therefore,
 the present value of the government debt
 issue would be less than the value of
 the current tax reduction, leading to an
 increase in net wealth, and Ricardian
 equivalence would not hold.

 Although usually presented in this sim-
 ple form, differential borrowing rates re-
 quire a more careful analysis. A funda-
 mental question is how government
 behaves. If we assume that government
 is merely the agent of the people in soci-
 ety and if we assume individuals have
 identical borrowing rates, it is unclear
 that it makes much sense to have differ-
 ent interest rates for individuals and the
 government. If society (i.e., the collec-
 tion of identical individuals) is willing to
 have the government intermediate loans
 for the purpose of reducing taxes, why
 shouldn't it be willing to have the govern-
 ment intermediate all loans, in which
 case the individual's borrowing rate be-
 comes the same as the government's? In
 other words, why not do all borrowing
 through the government, in which case
 substituting debt for taxes has no effects
 on wealth?

 Perhaps individuals really are not iden-
 tical, with different borrowing rates ap-
 plying to different individuals or at least
 different groups of individuals. In that
 case, it would be impossible for everyone
 to have borrowing rates equal to that of
 the government, and debt/tax swaps
 would have wealth effects. Again, how-
 ever, a careful analysis leads to subtle
 conclusions. Suppose there are exactly
 two groups of people, the good credit
 risks, denoted as group G and having a
 borrowing rate equal to that of the gov-
 ernment, and the bad credit risks, de-
 noted group B and having a borrowing
 rate above that of the government. An
 issue of debt has no effect on the wealth
 position of the first group but raises the
 wealth of the second group, thereby
 stimulating aggregate demand and re-

 quiring an increase in the general equi-
 librium value of all interest rates, includ-
 ing the government borrowing rate. This
 rise in interest rates imposes a capital
 loss on group G's financial assets and also
 causes an intertemporal reallocation by
 group G away from current consumption
 and investment. Although these realloca-
 tions might have real effects in the aggre-
 gate and thereby invalidate Ricardian
 equivalence, it is not obvious what the
 net effects would be.
 H. Distribution Effects. As we have just
 seen, differential borrowing rates might
 lead to failure of Ricardian equivalence
 through distribution effects. Other kinds
 of distribution effects also might occur.
 Holders of government bonds may differ
 systematically from the average taxpayer,
 in which case a change in the amount
 of bonds outstanding is likely to have dis-
 tributional effects. The nature of these
 effects depends, of course, on the charac-
 teristics of the bond holders. Although
 it is undeniably true that any such effects
 will mean that strict Ricardian equiva-
 lence fails, it seems unlikely that notice-
 able aggregate effects of debt manipula-
 tions would arise from them.
 I. Interest RatelGrowth Rate Differen-
 tial. A difference between the interest
 rate and the growth rate might permit
 the government to issue bonds and never
 collect taxes to pay back either the inter-
 est or the principal on them. Clearly, if
 the steady state real interest rate is less
 than the economy's steady state growth
 rate, then the government can simply is-
 sue more debt whenever a principal or
 interest payment comes due and thus
 never collect any taxes. The debt out-
 standing would grow at the rate of inter-
 est, but because that rate is less than
 the economy's growth rate, the base
 against which the government borrows
 always exceeds the amount of borrowing
 the government wishes to undertake.
 Thus the debt would be net wealth in
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 the same way that Social Security is net
 wealth in Paul Samuelson's (1958) con-
 sumption-loan model.

 Less clearly, perhaps even surpris-
 ingly, the stock of government debt can
 grow faster than real output and the gov-
 ernment still never collect any taxes if
 the debt/output growth rate differential
 is less than the rate of interest. For some
 time, it was believed that such behavior
 was impossible (Barro 1976) because it
 would appear that, if debt were growing
 faster than real output, then eventually
 the amount of debt outstanding would
 exceed the tax base and the government
 would no longer be able to roll over its
 debt. However, taxes are paid out of total
 household income, which includes inter-
 est payments received from the govern-
 ment. As long as the debt grows slower
 than output plus interest earnings on the
 debt (i.e., at a rate less than the growth
 rate of real output plus the real interest
 rate), then the relevant tax base always
 will exceed the debt. A correct restate-
 ment of the limitation on the growth of
 debt is that it cannot grow faster than
 total household income (Bennett McCal-
 lum 1984).
 J. Bounded Rationality and Selective
 Naivete. Obviously, the behavioral as-
 sumptions of PILCH are strong, perhaps
 even extreme. 19

 In particular, people may approximate
 a truly infinite horizon problem with a
 finite horizon problem. Such procedures
 actually are used in operations research
 textbooks (e.g., Harvey Wagner 1969);
 if the experts use it, one should not be
 surprised to find the less sophisticated
 average household also using it or some-
 thing even simpler (Feldstein 1976). The
 use of a finite horizon to evaluate the

 taxes implied by government debt may
 lead to an understatement of the relevant
 present value and thus invalidate Ricar-
 dian equivalence. However, this out-
 come is not necessary. If a finite horizon
 used to simplify what is known to be truly
 an infinite horizon problem, then the so-
 lution of the infinite problem requires
 terminal values for all assets and liabili-
 ties. There is no reason why those values
 will systematically over- or understate
 the correct values, so that on average we
 might well expect households to behave
 as if they were performing the relevant
 infinite horizon maximization.

 Some skeptics of Ricardian equiva-
 lence, although not willing to dismiss
 PILCH itself, suggest that the notion of
 a household discounting the future taxes
 it will have to pay because of current
 government deficits is simply implausi-
 ble even though other expectational as-
 pects of PILCH are not. Suggestions in-
 clude the possibility that consumers will
 distinguish between permanent and tem-
 porary changes in taxes but will not rec-
 ognize the taxes implied by government
 debt (Franco Modigliani and Arlie Ster-
 ling 1990), that consumers ignore transi-
 tory changes in government purchases
 and deficits but respond to permanent
 changes (Bradford Reid 1985), and that
 consumers recognize the future tax im-
 plications of the path of government pur-
 chases but not the tax implications of gov-
 ernment debt (Feldstein and Douglas
 Elmendorf 1990).

 These arguments all assert that con-
 sumers may be very ingenious at perceiv-
 ing the tax implications of government
 purchases or the difference between per-
 manent and transitory changes in govern-
 ment spending and financing decisions
 and yet be very naive about the tax impli-
 cations of government debt. It seems un-
 clear what intellectually satisfying theory
 would explain the kind of dichotomous
 behavior being postulated. Why should

 9 Stephen Johnson, Kotlikoff, and William Samu-
 elson (1987) present experimental evidence that peo-
 ple cannot perform the basic calculations required
 by PILCH. For an alternative to PILCH, see Hersh
 Shefrin and Richard Thaler (1988).
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 the logic of PILCH apply to some kinds
 of events but not others?
 K. Foreign Ownership of Debt. Foreign
 holdings of domestic debt are sometimes
 cited as a source of non-neutrality be-
 cause the interest on the debt accrues
 to foreigners but is financed by taxes on
 the domestic population, leading to a
 transfer of wealth abroad. This argument
 ignores the effect of the original sale of
 the debt, however, which brings into the
 home country an amount of foreign
 wealth whose present value exactly
 equals that of the future tax outflow, lead-
 ing to no net change in domestic wealth.
 Thus it seems unlikely that foreign hold-
 ings are a relevant consideration.
 L. Distortionary Taxation. Finally,
 changes in government debt may be asso-
 ciated with changes in the timing of mar-
 ginal tax rates and thereby also with real
 effects. For example, suppose a debt is-
 sue today is accompanied by a reduction
 in current marginal tax rates and an ex-
 pectation that future marginal tax rates
 will rise when the debt matures. This
 rearrangement of the timing of marginal
 taxation induces intertemporal substitu-
 tion effects, alters behavior, and so seems
 to violate Ricardian equivalence. 20 In-
 deed, it is sometimes said that, because
 of such effects, Ricardian equivalence al-
 ways fails in the presence of nonzero mar-
 ginal tax rates. In fact, there is no failure
 of Ricardian equivalence, for the substi-
 tution effects and related behavioral
 changes arise from changes in the path
 of marginal tax rates, not from changes
 in the path of the debt. Although debt

 and marginal tax rates may change simul-
 taneously, there is no necessity that they
 do so. For example, consider a simple
 tax function for which average and mar-

 ginal tax rates differ: Tt = mt(Yt - Et),
 where T is tax paid, m is the marginal
 tax rate, Y is gross income, and E is lump-
 sum exemptions. A given change in the
 path of debt could be accompanied by a
 change in the path of the marginal tax
 rate m, which would be associated with
 intertemporal substitution effects, or by
 a change in the path of lump-sum exemp-
 tions E, which would have no substitu-
 tion effects. It is the path of the marginal
 tax rate, not of the debt, that determines
 whether real effects are present. Ricar-
 dian equivalence concerns only the ef-
 fects of the path of the debt.

 One way to think about this issue is
 to treat Ricardian equivalence as a propo-
 sition about the coefficient on the stock
 of debt in a multiple regression that in-
 cludes, besides the debt, the sequence
 of current and expected marginal tax
 rates. Debt and marginal tax rates will
 be correlated but only imperfectly be-
 cause changes in each may be associated
 with changes in purchases, average tax
 rates, and the money supply. Thus the
 effects of the two can be separated. Ricar-
 dian equivalence states that the debt
 coefficient will be zero; it has no implica-
 tions for the coefficients of marginal tax
 rates. If the debt coefficient is zero, Ri-
 cardian equivalence holds; otherwise, it
 does not. No other coefficient is relevant.
 M. Summary of the Theory. As we have
 seen, the theoretical foundation for Ri-
 cardian equivalence is not the trivial is-
 sue that a first glance suggests. There
 are many reasons why equivalence might
 not hold. Some of these do not seem par-
 ticularly important, but others do. Finite
 horizons, nonaltruistic or inoperative be-
 quest motives, childless couples, liquid-
 ity constraints, and uncertainty all can
 lead to failure of Ricardian equivalence,

 20The behavioral changes involved are unclear.
 Judd (1987) shows that, in a perfect foresight model
 with distortionary taxation, issuing debt and reducing
 taxes can stimulate investment and reduce consump-
 tion initially. In a model with uncertainty and lump-
 sum taxation, Louis Chan (1983) reaches the same
 conclusion for consumption, whereas when distor-
 tionary taxation is introduced, he as well as Robert
 Barsky, Gregory Mankiw, and Stephen Zeldes (1986)
 reach the opposite conclusion for consumption.
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 and it seems virtually certain that some
 of these sources of nonequivalence are
 operative. It appears likely that the world
 is not Ricardian.

 III. Indirect Evidence

 Newtonian physics is known to be
 false; nevertheless, physicists and engi-
 neers often treat it as true because it is
 an excellent approximation in many cir-
 cumstances. Similarly, we have good rea-
 son to believe that Ricardian equivalence
 is false, but that conclusion is of limited
 scientific value until we know whether
 Ricardian equivalence is a good approxi-
 mation. To find out, we now turn to an
 examination of the evidence on Ricardian
 equivalence.

 There are two types of evidence to con-
 sider-direct and indirect. Direct evi-
 dence on Ricardian equivalence arises
 from tests of predictions emerging from
 the equivalence proposition-that aggre-
 gate consumption or interest rates are
 unaffected by the stock of government
 debt, for example. Indirect evidence
 concerns issues that have implications for
 Ricardian equivalence, such as the extent
 of liquidity constraints. It is easier to start
 with the indirect tests. Because that evi-
 dence is, by its nature, of limited applica-
 bility to the question of immediate inter-
 est, discussion will be abbreviated.
 A. Invalidity of the Underlying Model.
 Because Ricardian equivalence is merely
 an extension of the PILCH, any deficien-
 cies in that model call into question Ri-
 cardian equivalence itself. Several em-
 pirical problems with PILCH have
 appeared.

 PILCH implies that households should
 dissave in retirement, but the evidence
 on whether they do is conflicting. 21

 Moreover, even if the elderly do not dis-
 save as much as the simple PILCH model
 predicts, the reason might be uncertain
 lifetimes, which are ignored in the simple
 version of PILCH. As one ages, the prob-
 ability of living to any given age in-
 creases, requiring one to save more than
 planned when one was younger. For
 plausible values of real interest rates and
 utility function parameters, uncertainty
 of lifespan (James Davies 1981) and in-
 come (Skinner 1988) can explain much
 of observed saving behavior and may sal-
 vage PILCH from the possibility that the
 elderly dissave too slowly. Whether it
 also can simultaneously preserve Ricar-
 dian equivalence is unclear, for it is not
 known what kinds of uncertainty leave
 Ricardian equivalence intact.22

 More problematic for PILCH and Ri-
 cardian equivalence are studies of the
 timing of consumption's response to pol-
 icy changes. Households do not change
 their consumption when policy changes
 are announced or could be reasonably
 anticipated but only when those changes
 actually occur (James Poterba 1988; Da-
 vid Wilcox 1989a), contradicting the fun-
 damental principle of PILCH that indi-
 viduals are forward-looking and respond
 today to events they expect to happen
 in the future.23 If individuals do not re-
 spond to anticipated future events, the
 theoretical foundation of Ricardian equi-
 valence is undermined, for the whole
 point of Ricardian equivalence is that in-

 21 Harold Lydall (1955), Thad Mirer (1979, 1980),
 Paul Menchik and Martin David (1983), Michael
 Darby (1979), Jonathan Skinner (1985), and Daniel
 Hamermesh (1984) report evidence that the elderly

 do not dissave as much as PILCH predicts; A. F.
 Shorrocks (1975), Mervyn A. King and L.-D. L.
 Dicks-Mireaux (1982), Diamond and Jerry Hausman
 (1984), Bernheim (1987a), and Kotlikoff, Spivak, and
 Summers (1982) report contrary evidence.

 22 Recall that Feldstein (1988) showed that Ricar-
 dian equivalence can fail under income uncertainty.

 23 Wilcox also finds that permanent changes in So-
 cial Security benefits are spent on durable goods with
 virtually nothing going to nondurables, which can
 be regarded as further evidence against PILCH or
 as an indication of some problem with Wilcox's de-
 composition of Social Security benefits into perma-
 nent and transitory components.
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 dividuals anticipate and respond to the
 future taxes implied by outstanding gov-
 ernment debt. Further research along
 these lines would be worthwhile.24
 B. Bequests. Even if the PILCH model
 is accepted as fairly accurate, the Ricar-
 dian extension of it requires the existence
 of appreciable altruistic bequests. Ignor-
 ing for a moment the question of whether
 bequests are made for altruistic reasons,
 we may ask whether appreciable be-
 quests are made at all. Apparently they
 are, although the magnitude is the sub-
 ject of much debate. Estimates of the
 fraction of wealth passing through be-
 quests range from 80 percent (Kotlikoff
 and Summers 1981, 1988; Kotlikoff 1988)
 to 15 percent (Modigliani 1988). In any
 case, there appears to be a nonnegligible
 amount of bequests taking place.

 Are those bequests at least in part al-
 truistic? Unfortunately, studies address-
 ing this question have produced conflict-
 ing results. Some find behavior
 inconsistent with altruism (Michael Hurd
 1987, 1989; Menchik and David 1983;
 Menchik 1980; Donald Cox 1987; Joseph
 Altonji, Hayashi, and Kotlikoff 1989; and
 Michael Boskin and Kotlikoff 1985); oth-
 ers find behavior consistent with it
 (Tomes 1981; Bernheim 1989a; D. Cox
 1990). It seems most likely that some

 nonaltruistic bequests take place, al-
 though their nature is not known; it is
 not clear whether or not altruistic be-
 quests also occur.

 Rather than treat altruism as the null
 hypothesis, one can treat a competing
 theory of bequests as the null. Bernheim,
 Shleifer, and Summers (1985) adopt this
 approach in testing their model of strate-
 gic bequests. Using data from the Longi-
 tudinal Retirement History Survey on
 visits and telephone calls to parents to
 construct measures of attention, they
 find that the amount of attention shows
 a strong positive relationship to the
 amount of bequeathable wealth held by
 parents, in conformity with their theory.
 This evidence provides only a limited test
 of the theory because of the nature of
 the data: the data concern the behavior
 of children, whereas the theory concerns
 the behavior of parents. That the amount
 of attention children bestow on parents
 seems to be related to the amount of be-
 queathable wealth held by the parents
 says nothing about the motives the par-
 ents have for holding the wealth, only
 perhaps something about the motives the
 children have for bestowing the atten-
 tion. Bernheim, Shleifer, and Summers
 present no evidence that attempts by the
 children to ingratiate themselves with
 the parents have a significant effect on
 the amount of inheritance received, so
 it is unclear that whether the amount of
 bequests is determined by parental
 machinations or by altruism. Though
 provocative, the theory has not been
 tested adequately. Other strategic be-
 quest theories have not been tested at
 all.

 We thus are still mostly in the dark
 about the extent of altruism in determin-
 ing bequests. It seems almost certain that
 nonaltruistic bequests occur, but it is not
 known how important they are relative
 to altruistic bequests.

 Even if altruism is an important be-

 24 Other studies have examined the response of
 households to the timing of taxes. Even in the ab-
 sence of Ricardian equivalence, PILCH implies that
 consumption responds more strongly to permanent
 than temporary changes in taxes (Robert Eisner
 1969). A number of studies find that consumption's
 response to temporary tax changes is too large to
 be consistent with PILCH (Arthur Okun 1971; Wal-
 ter Dolde 1979; Blinder 1981; and Poterba 1988),
 although some of these results have been disputed
 (William Springer 1975, 1977; and Okun 1977). Un-
 fortunately, these studies all omit several important
 variables that are highly correlated with temporary
 taxes and that should have independent effects on
 consumption, leading to an omitted variables prob-
 lem and possibly invalidating the reported results.
 This omitted variables issue is taken up in more detail
 later when the evidence on Ricardian equivalence
 is discussed.
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 quest motive, it must be operative for
 Ricardian equivalence to hold. As dis-
 cussed above, the economy must be suffi-
 ciently inside the efficient region for
 there to be operative bequests. The mar-
 ginal product of capital in the United
 States is about 10 percent, much larger
 than the economy's growth rate and con-
 sistent with the conclusion that the econ-
 omy is well inside the efficient region
 (Feldstein and Summers 1977), and for
 Canada, England, France, Germany,
 Italy, Japan, and the United States, the
 return to capital (measured as the cash
 flows generated by production after the
 payment of wages) considerably exceeds
 the amount of investment, again consis-
 tent with the conclusion that these econ-
 omies are well inside the efficient region
 (Abel et al. 1986). Although it is impossi-
 ble to say from these results whether
 these economies are far enough inside
 the efficient region to permit Ricardian
 equivalence, it does appear that equiva-
 lence is not ruled out a priori by in-
 efficiency. 25
 C. Childless Families. Apparently, about
 a fifth of all families are childless in a
 permanent sense, although a precise fig-
 ure is difficult to obtain.26 This fraction
 is substantial, and its impact on the Ricar-
 dian proposition could likewise be sub-
 stantial. The magnitude of the effect de-

 pends in part on the income distribution
 of such families (they will have more im-
 pact if they are disproportionately
 wealthy, less if they are disproportion-
 ately poor) and on how great is the offset
 to their behavior by families with chil-
 dren. I have been unable to find any sta-
 tistics on the income distribution of such
 families, but there seems no compelling
 reason to suppose it differs appreciably
 from that of the population as a whole.
 I also know of no evidence on the extent
 of any offsetting behavior by families with
 children. We therefore do not know how
 important the existence of childless fami-
 lies is as a possible source for invalidating
 Ricardian equivalence. Given the large
 size of the childless contingent, it seems
 likely that they would have a substantial
 effect, but we do not have evidence one
 way or the other on that issue.
 D. Liquidity Constraints. Most, though
 not all, microeconometric evidence sug-
 gests that some households are liquidity
 constrained.27 Data from the Survey of
 Consumer Finances that explicitly iden-
 tifies individuals who have been denied
 credit suggests that about 12 or 18 per-
 cent of all consumers are liquidity con-
 strained, depending on whether one ex-
 cludes or includes those who failed to
 apply for credit because they presumed
 they would be rejected (D. Cox and Tul-
 lio Jappelli 1990; Jappelli 1990). 28 Most
 attempts to infer the extent of liquidity
 constraints from properties of consump-
 tion function estimates suggest wide-
 spread effects (Hayashi 1985a, 1985b;
 Zeldes 1989), although at least one finds
 virtually none (David Runkle 1991).

 The evidence mostly suggests liquidity

 25 It also is impossible to say from the empirical
 evidence if the economy is sufficiently close to the
 Golden Rule solution to rule out operative bequests
 by Kimball's (1987) results on two-sided altruism.

 26 I was unable to find any direct data on childless
 families. However, about 10 percent of women aged
 40-44 who have ever been married have had no chil-
 dren; these women and therefore their families are
 unlikely ever to have children. About 5 percent of
 the women and 7 percent of the men aged 40-44
 have not been married. These people also are un-
 likely to have children (ignoring illegitimate births).
 Thus, assuming those unmarried at 40-44 never
 marry at all, about 21 percent of families aged 40-
 44 never have children. Assuming they are represen-
 tative of the plans of all families then leads to the
 very crude guess that about a fifth of all families
 are "permanently" childless.

 27 See Altig (1988) for a more detailed discussion
 of the literature than that which follows.

 28 Although D. Cox (1990) and D. Cox and Jappelli
 (1990) find that some of these constrained households
 receive income transfers from family members, thus
 mitigating to some extent the reported constraint,
 most constrained households do not receive such
 transfers.
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 constraints affect an appreciable number
 of households, but the magnitude of that
 effect on aggregate behavior is unclear.
 Liquidity constrained households ac-
 count for about 13 percent of income and
 7 percent of wealth (Jappelli 1990) and
 about 16 percent of aggregate consump-
 tion (Randall Mariger 1987) in the U.S.
 One therefore might expect that aggre-
 gate consumption is significantly affected
 by liquidity constraints, but Hayashi
 (1985a) reports that liquidity constraints
 reduce average consumption by only 2.7
 percent in the United States, which
 seems negligible.29

 The literature on "excess sensitivity"
 of consumption can be interpreted as
 demonstrating much larger effects of
 liquidity constraints. Many studies find
 that consumption is more sensitive to
 transitory income than PILCH implies,
 with excessive coefficients on either tran-
 sitory or current income.30 Most of these
 studies use aggregate data (Flavin 1981,
 1985; Seater and Roberto Mariano 1985;
 and Campbell and Mankiw 1989), but
 Robert Hall and Frederic Mishkin (1982)

 obtain the same result with micro data
 from the PSID.31 Liquidity constraints
 are a possible reason for such excess sen-
 sitivity, although not the only one.32

 Even if liquidity constraints do have
 substantial effects on aggregate consump-
 tion, we must know why those con-
 straints exist before we can draw any
 conclusions regarding Ricardian equiva-
 lence. The little investigation of the rea-
 sons for credit constraints that has been
 done (Jappelli 1990; Perraudin and Sor-
 ensen, forthcoming) does not illuminate
 whether credit constraints arise for rea-
 sons that would invalidate Ricardian
 equivalence. For example, race of the
 applicant seems significant in explaining
 credit constraint, but what does that find-
 ing really mean? Among other possibili-
 ties, lenders might use race as an indica-
 tor of an adverse selection problem or
 as an indicator of uncertain future in-
 come. The implications for Ricardian
 equivalence depend on which possibility
 holds. As discussed later, Seater and
 Mariano (1985) find strong evidence of
 excess sensitivity but no evidence that
 government financing variables have any
 significant effect on consumption, sug-
 gesting that, if excess sensitivity reflects
 liquidity constraints, those constraints
 are not the type that invalidate Ricardian
 equivalence.
 E. Summary of the Indirect Evidence.
 For the most part, the indirect evidence
 on Ricardian equivalence is inconclusive,
 either because it is contradictory or be-
 cause crucial pieces are missing. There

 29 One possible explanation for small effects of even
 rather widespread liquidity constraints is suggested
 by W. R. M. Perraudin and B. E. Sorensen (forth-
 coming). The Survey of Consumer Finances data
 used by Jappelli identify those who have been denied
 credit. Such people may have other assets they can
 sell to smooth consumption, in which case their con-
 sumption follows PILCH despite their reported
 credit constraint.

 30 The time series evidence on the stochastic pro-
 cess generating income and consumption, such as
 that presented by Charles Nelson and Charles Plos-
 ser (1982), has led some investigators to suggest that
 consumption is excessively insensitive to movements
 in current income (Kenneth West 1988; John Camp-
 bell and Angus Deaton 1989). However, Robert Ros-
 sana and Seater (1991) present evidence that much
 of the apparent time series behavior of income and
 consumption may be a statistical artifact arising from
 temporal aggregation of the data. It is interesting
 that some investigators (Marjorie Flavin 1988; Camp-
 bell and N. Gregory Mankiw 1989), suggest such
 observed insensitivity is the result of an underlying
 excess sensitivity due to liquidity constraints. Jordi
 Gali (1990) shows that uncertain lifetime can account
 for part of the observed insensitivity.

 31 However, Knut Mork and Kerry Smith (1989),
 repeating Hall and Mishkin's methodology on a de-
 tailed panel data set for Norway, obtain results gener-
 ally less supportive of excess sensitivity, and Runkle
 (1991), using a refined version of Hall and Nishkin's
 dataset, finds no evidence of excess sensitivity at all.

 32 For example, Ricardo Caballero (1990) shows
 that uncertainty of labor income may explain both
 excess sensitivity and excess smoothness. As with
 most other forms of uncertainty, the effect on Ricar-
 dian equivalence of introducing uncertain labor in-
 come into the PILCH framework is unknown.
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 are hints that Ricardian equivalence
 might not hold-the evidence of non-
 negligible inadequacies in the PILCH
 framework regarding the timing of policy
 changes, the apparent importance of
 nonaltruistic bequest motives, the many
 childless families, and the existence of
 liquidity constraints. However, nothing
 is at all definitive.

 IV. Direct Evidence: Measurement and
 Methodology

 Let us turn to the direct evidence on
 Ricardian equivalence. At first glance,
 that evidence also seems largely incon-
 clusive, with results favorable to Ricar-
 dian equivalence in some cases and unfa-
 vorable in others. The range of reported
 results has led to wildly different conclu-
 sions among economists. Indeed, one
 large group asserts that the evidence
 mostly rejects the Ricardian equivalence
 and that the small amount of favorable
 evidence is obviously invalid; another
 large group asserts that the evidence
 mostly supports the proposition and that
 the small amount of unfavorable evi-
 dence is obviously invalid.

 When I began working on this review
 article, I was concerned by the riot of
 conflicting empirical results; it really did
 seem, as is often asserted, that macro-
 econometric evidence can verify any-
 thing (or nothing, depending on how you
 prefer to express yourself. However, as
 I worked through the literature, patterns
 and coherence emerged. My conclusion
 now is that the direct evidence says quite
 a lot about the empirical relevance of Ri-
 cardian equivalence, although there still
 are some puzzles to work on. In addition,
 the direct evidence provides a lesson in
 the importance of good econometric
 methodology, from measurement of the
 relevant variables to application of appro-
 priate estimation methods. Therefore,
 before discussing the empirical results
 themselves, we must address the rele-

 vant measurement and methodological
 issues.
 A. Measurement. A surprisingnumber
 of studies stumble at the first step: proper
 measurement of the variables of interest.
 According to the theory, it is his antici-
 pated total future tax liability that an in-
 dividual cares about in computing his
 permanent disposable income; conse-
 quently, it is the total stock of govern-
 ment debt or the total deficit that
 should be used in empirical work. None-
 theless, studies often use only the federal
 component of the debt. This practice is
 problematical not simply because it omits
 relevant information contained in state
 and local debt data but because there
 are likely to be correlations among the
 various government debt series, in which
 case parameter estimates will be biased
 and inconsistent. Although I know of no
 studies examining the correlations among
 federal, state, and local debt or deficits
 (a rather surprising gap in the literature),
 there is evidence of significant relation-
 ships between federal fiscal activity on
 the one hand and state and local fiscal
 activity on the other (e.g., Feldstein and
 Gilbert Metcalf 1987). It is not hard to
 imagine that there also is some relation-
 ship among federal, state, and local defi-
 cits.

 Official debt and deficit statistics are
 based on total nominal par values out-
 standing; a number of studies fail to con-
 vert them to privately held real market
 values. The ownership surveys reported
 by the U.S. Treasury permit straightfor-
 ward correction for ownership of federal
 debt, and several studies have provided
 conversions of par to market values.33

 33Conversion of par to market values had been
 carried out for annual data over the period 1919-
 1975 by Seater (1981) and for monthly federal data
 by Michael Cox and Eric Hirschhorn (1983) over the
 period 1942-1980, which M. Cox (1985) extends
 through 1984. James Butkiewicz (1983) provides a
 simple but very accurate formula for computing mar-
 ket values from par, simplifying the task of extending
 the market value series.
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 Real values can be computed easily from
 these data.

 Attending to the foregoing measure-
 ment issues can have large effects on the
 measures of debt and deficit, as some
 examples illustrate. (The following exam-
 ples are taken from Seater 1985b.) In
 1946, the real value of the official federal
 deficit in 1972 dollars was -$47.8 billion;
 however, because of substantial inflation
 that year, the change in the real par value
 of federal debt outstanding was -$130. 1
 billion, a whopping difference. The first
 figure is the real par value of the debt
 that the Treasury retired; the second fig-
 ure adds to this the inflation-induced re-
 duction in value of the debt that re-
 mained in the hands of the public. In
 1982, the change in the real par value
 of outstanding federal debt was $54.6 bil-
 lion, whereas the change in the real mar-
 ket value was $94.8 billion, the difference
 arising from changes in the interest rate.
 Finally, in 1980 the change in the real
 market value of federal debt outstanding
 was -$5.2 billion, but the change in the
 real market value of total government
 debt outstanding was -$36.5 billion.

 Some measurement issues are proba-
 bly intractable. For example, how does
 one evaluate federal loan guarantees?
 They are of considerable magnitude-
 about $550 billion in 1990-and in an
 expected value sense, some fraction of
 them represents future tax obligations,
 but it is not clear what that fraction is.
 Other measurement issues, specific to
 the variables included in the regressions
 being run, will be discussed as the need
 arises rather than here.
 B. Methodology. Several issues of
 econometric methodology-most nota-
 bly specification, differencing, simul-
 taneity, and treatment of expectations-
 figure importantly in interpreting the Ri-
 cardian empirical literature. They are
 discussed here in terms of aggregate con-
 sumption function regressions, but the
 same issues arise in other tests of Ricar-

 dian equivalence, such as interest rate
 regressions.

 Consider what Ricardian equivalence
 implies about the relationship between
 government activity and consumption.
 On the presumption that PILCH pro-
 vides the right explanation for consump-
 tion behavior, we expect government
 purchases and marginal tax rates to influ-
 ence consumption demand. Because in-
 dividuals care about the present value
 of their disposable income, and because
 the true measure of the government's use
 of resources is government purchases,
 the present value of disposable income
 equals the present value of gross income
 minus the present value of government
 purchases: 34
 00 00 00

 E (Yt+i - Gt+i)R =E Yt+iR? - YGt+iRi.
 i=o i=O i=O

 Clearly, according to life cycle theory,
 government purchases ought to be in-
 cluded in any consumption function
 regression. 35 Similarly, marginal tax rates
 also should be included because of their
 effects on relative rates of return. (See
 Barro 1981, 1990; and Seater and Mari-
 ano 1985 for more detailed discussions.)
 Whether other government variables
 such as current tax revenue or govern-
 ment debt should be included depends
 on the validity of Ricardian equivalence.

 What happens if, say, government
 debt is included in the regression but
 purchases and/or marginal tax rates are

 34Equivalently, permanent disposable income
 equals permanent gross income minus permanent
 government purchases, where the latter is defined
 analogously to the former as that constant flow of
 government purchases with the same present value
 as the (expected) path of actual purchases.

 35 I have ignored the possibility that government
 purchases might substitute partially for privately pur-
 chased consumption. There is evidence that such
 substitutability is non-negligible (David Aschauer
 1985; Seater and Mariano 1985; Shagil Ahmed 1986);
 accounting for its effects introduces government pur-
 chases into the present value expression in a way
 not considered here. See Barro (1981, 1990) for a
 theoretical discussion.
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 omitted? Nothing, if the correlations be-
 tween debt on the one hand and pur-
 chases and marginal tax rates on the other
 are zero, but we have every reason to
 believe that those correlations are not
 zero. The biggest movements in govern-
 ment debt are associated with military
 expenditure; in particular, during wars
 both military expenditure and debt issue
 are high whereas during peacetime they
 are not. Every version of macroeconomic
 theory given any credence predicts that
 government purchases affect aggregate
 activity. Consequently, including gov-
 ernment debt in a consumption regres-
 sion while excluding purchases is almost
 certain to introduce omitted variable bias
 and ascribe to debt effects really caused
 by purchases, confounding interpretation
 of the debt coefficient.

 Similarly, average tax rates (equiva-
 lently, total tax revenue) and marginal
 tax rates seem very highly correlated; the
 correlation of the aggregate average tax
 rate and the aggregate marginal tax rate
 is about 0.96 (Seater 1982b). Consider
 what omission of marginal tax rates from
 a consumption regression would imply
 for the coefficient of government debt
 when gross income and government pur-
 chases are included in the equation. In-
 clusion of income and purchases controls
 for their effects, so let us simplify by sup-
 posing debt rises with income and pur-
 chases unchanged. Clearly, the rise in
 debt is substituting for revenue collec-
 tion and is associated with a fall in the
 average tax rate, which in turn generally
 is associated with a fall in the marginal
 tax rate. Because the theory predicts
 marginal tax rates to have a negative ef-
 fect on consumption, this rise in debt
 would be associated with a change in
 marginal rates that should raise con-
 sumption. Therefore, debt can be ex-
 pected to have a positive coefficient here
 even if Ricardian equivalence is true,
 again because of omitted variables bias.

 Clearly, for consumption regressions to
 provide information on Ricardian equiva-
 lence, they must be specified properly
 to avoid spurious effects of debt.

 The treatment of government pur-
 chases involves still another complexity,
 often overlooked in the empirical Ricar-
 dian literature. Permanent and transitory
 changes in government purchases are
 likely to have different effects on eco-
 nomic activity; for example, permanent
 changes may have no effect at all on inter-
 est rates, whereas transitory changes may
 raise them (Barro 1981, 1990). However,
 the debt is likely to be positively corre-
 lated with transitory purchases through
 tax-smoothing. Fluctuations in the tax
 rate impose costs on society, and it is
 desirable to keep tax rates as constant
 as possible to minimize those costs. If
 debt is issued or retired when purchases
 are above or below average, tax rates can
 be isolated from transitory purchases,
 thus avoiding the costs associated with
 fluctuations in them. In this manner,
 debt movements are positively corre-
 lated with transitory purchases (Barro
 1979).36 Consequently, in a regression
 using total purchases and the deficit as
 regressors, with no decomposition of
 purchases into permanent and transitory
 components, the deficit may proxy for
 transitory purchases and have a signifi-
 cant coefficient even if Ricardian equiva-
 lence actually holds.37

 A second methodological issue is treat-
 ment of "trend". Is trend deterministic
 or random? Deterministic trend is the
 type of underlying, long-term tendency
 exemplified by models that include time
 as an independent variable:

 36 The logic is the same as that of the permanent
 income model, in which consumption is divorced
 from transitory income in order to maximize utility.

 3 As we will see later, this problem does not ap-
 pear to be severe in tests based on the consumption
 function but apparently is serious in tests based on
 the behavior of interest rates.
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 Yt = a + bt + et. (8)

 Data exhibiting this kind of trend may
 deviate from the "trend line" but always
 tend back to it. Random trend is the type
 of long-term tendency exemplified by a
 random walk:

 Yt = Yt-I + et (9)

 which is equivalent to

 Yt-Yt- = et.

 Here, the average change in Y is a con-
 stant (zero), but the level of Y wanders
 with no predetermined pattern. Any
 given realization of Y, however, is likely
 to show some net upward or downward
 movement simply by chance.38 A trend
 model such as (8) could be fit to such
 data and might well produce a large and
 statistically significant estimate of b. The
 estimate would be totally spurious,
 though, for the true model (9) contains
 no systematic tendency at all.

 Which model actually describes the
 data makes a drastic difference to the way
 one interprets those data (Charles Nelson
 and Charles Plosser 1982). It also makes
 a drastic difference to the way one ana-
 lyzes them. With deterministic trend, it
 is proper to include time as an indepen-
 dent explanatory variable and to proceed
 in the usual way. With random trend,
 it usually is necessary to first-difference
 all data before performing regressions;
 failure to do so results in biased and in-
 consistent estimates (Plosser and William
 Schwert 1978). The exception to this rule
 occurs when the data are cointegrated.
 Roughly, two variables are cointegrated
 if their long-term movement reflects a
 common cause. For example, consider
 an economy with a constant population,
 no technical progress, and constant ve-
 locity of money. From the quantity iden-
 tity, we know that prices and money will

 move together in lock step. Should one
 show a long-term drift, the other will,
 too. In such a case, money and prices
 would be cointegrated. They have no in-
 dependent sources of long-term drift.
 Should we introduce technical progress,
 we would destroy this cointegration.
 Even if money were constant, prices
 could drift down as output grew. The im-
 portant point here is that, when two vari-
 ables are cointegrated, it is proper to re-
 gress one on the other without first
 differencing them. Intuitively, the com-
 mon drift element cancels out of the two
 sides of the regression.

 The main problem that arises with dif-
 ferencing and cointegration is that it is
 difficult to know whether they apply or
 not. So far, the tests proposed in the lit-
 erature have low power, and researchers
 are without firm guidelines on how to
 proceed. Although very little of the em-
 pirical work on Ricardian equivalence has
 addressed the issues of differencing and
 cointegration, they figure prominently in
 one of the best-known exchanges in that
 literature.

 A third methodological issue concerns
 simultaneity. Simultaneity is perhaps
 second only to identification in being
 known from econometric theory to be im-
 portant but frequently ignored in prac-
 tice. Every theoretically sensible specifi-
 cation of the consumption function
 includes some of the following variables:
 income, marginal tax rates, interest
 rates, the unemployment rate, tax reve-
 nue, and transfers. All those variables are
 likely to be endogenous, so estimation
 ought to proceed by simultaneous meth-
 ods. Unfortunately, it often has not done
 so, leaving the validity of the results un-
 certain. Evidence from studies that have
 examined the issue suggest that failure
 to use simultaneous methods does not
 lead to serious bias, but the evidence is
 not strong because only a few tests have
 been performed and because no studies

 'See, for example, the simulated coin-flipping
 game reported in Feller (1968, ch. 3, section 6).
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 at all use fully simultaneous methods
 such as three-stage least squares or full
 information maximum likelihood.

 Finally, there is the always trouble-
 some problem of measuring expecta-
 tions, which are the essence of PILCH
 and Ricardian equivalence. Traditional
 consumption function tests must attempt
 to measure expected income, expected
 taxes, expected government purchases,
 and so on, for they are the explanatory
 variables suggested by the theory. Usu-
 ally, distributed lags of past variables are
 used in some fashion to capture expecta-
 tions of future values. This approach is
 quite defensible in that past values are
 the only data available to anybody and
 therefore must contain all information
 about the future.39 The main problem
 is that economists cannot observe all the
 data that economic agents do; as a result,
 estimates of individuals' expectations
 may be highly inaccurate.

 Euler equation methods are useful
 here for they avoid any direct measure-
 ment of expectations, relying instead on
 testing observable intertemporal rela-
 tions implied by the theory, such as
 Hall's (1978) well-known random walk re-
 sult for consumption, which can be tested
 without constructing any proxies for ex-
 pected future income or the like. There
 have been unfortunately few such tests
 applied to Ricardian equivalence. Euler
 equation tests are not trouble-free, ei-
 ther; for example, if one assumes that
 future income is uncertain, one generally
 cannot obtain a closed-form solution for
 consumption from the Euler equation,
 so that the implied testable restrictions
 also are unobtainable (Hayashi 1985a). It

 simply is impossible to derive restrictions
 that are both testable and reliably mea-
 surable from a reasonably general model
 of household behavior. The best one can
 hope for are restrictions that are approxi-
 mations in terms of the true theoretical
 relationships and in terms of the quanti-
 ties theory says should be measured.
 Consequently, it also is impossible to
 produce a truly definitive test of Ricar-
 dian equivalence (or anything else in eco-
 nomics); any feasible test can be criti-
 cized as inadequate. Whether any tests
 are worthwhile under such circum-
 stances is not a question I will attempt
 to answer, but the reader should keep
 it in mind.

 Let us turn now to an evaluation of
 the empirical studies of Ricardian equiva-
 lence. Consumption function tests have
 been the most extensively replicated of
 the empirical Ricardian equivalence lit-
 erature, they generally have addressed
 more completely the issues of measure-
 ment and methodology just discussed,
 and they are free of certain open-econ-
 omy problems that afflict the second-larg-
 est collection of tests, those dealing with
 interest rates. The consumption test lit-
 erature therefore will be given pride of
 place and discussed first.40 Interest rate
 tests and then other aggregate studies
 will be discussed next, and finally the
 few studies using micro data will be eval-
 uated.

 V. Direct Evidence: The Aggregate
 Consumption Function

 The studies of Ricardian equivalence
 that deal with consumption are some-
 thing of a mishmash, yielding wildly dif-
 ferent results from one to the next.41 The

 39 At least this is true in continuous time, when
 virtually nothing is known at the instant it happens.
 With discretely sampled data, a problem arises in
 that what we measure as current values (the current
 quarter's GNP) in fact include data from the recent
 past (last month's GNP) on average. Such "current"
 data are known, at least in part, to agents making
 current decisions.

 40 Studies that have used saving as the dependent
 variable are grouped with the consumption studies
 in the following discussion.

 41 Tanner (1970, 1989), Levis Kochin (1974), Barro
 (1978), Michael Darby (1979), Dean Leimer and Selig
 Lesnoy (1982), Roger Kormendi (1983), Erkki
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 conflicting results have led previous re-
 viewers (Seater 1985b, Bernheim, 1989b)
 to diametric conclusions on what the evi-
 dence implies about the validity of Ricar-
 dian equivalence and has led some inves-
 tigators (Barro 1989) to despair of the
 ability of consumption studies to produce
 informative evidence on the issue. In
 fact, much of the confusion in the con-
 sumption literature arises from problems
 with data and methodology. Although no
 existing study does everything just right,
 those that attend reasonably well to the
 relevant methodological issues produce
 similar conclusions regarding Ricardian
 equivalence.

 Rather than discuss the merits and
 demerits of each article briefly, I shall
 do a detailed dissection of a few salient
 examples. Limiting the discussion this
 way allows us to see the forest for the
 trees. The consumption test literature
 can be divided into three groups: life-
 cycle models, permanent income mod-
 els, and Euler equation tests. I shall be-
 gin with the first group, using the studies
 by Feldstein (1982) and Kormendi (1983)
 as my "teaching examples." They have
 been analyzed by subsequent research-
 ers, and much is known about their
 methodological strengths and weak-
 nesses. In addition, they are two of the
 most widely cited articles in the empiri-
 cal literature on Ricardian equivalence.
 A careful reading reveals much about the
 importance of good econometric practice
 and the proper application of the life-
 cycle methodology, as well as about the
 more immediate issue of Ricardian
 equivalence. Most of what is said here

 will apply to the interest rate tests of
 Ricardian equivalence discussed later.
 Feldstein's article illustrates the impor-
 tance of specification and simultaneity is-
 sues. Kormendi's article nests essentially
 all previous work and applies tests of vari-
 ous restrictions implicitly imposed in the
 earlier attempts to test Ricardian equiva-
 lence. After discussing these articles in
 detail, I turn to examples of the perma-
 nent income and Euler equation ap-
 proaches.
 A. Feldstein. Feldstein (1982) estimates
 the following equation:

 Ct = aO + alYt + a2Wt + a3SSWt
 + a4Gt + a5Tt +a6TRt + a7Dt + et (10)

 where C is total consumer expenditure,
 Y is current income, W is the market
 value of privately owned wealth at the
 beginning of the period, SSW is a mea-
 sure of the value of future Social Security
 benefits, G is total government pur-
 chases, T is total tax revenues, TR is gov-
 ernment transfers to individuals, D is net
 total government at the beginning of the
 period and apparently measured at par,
 and e is the residual. Feldstein argues
 that Ricardian equivalence implies five
 hypotheses about the coefficients in (10):
 a4 < 0, a5 = 0, a6 = 0, a3 = 0, and
 a2= a7. He estimates (10) by OLS and
 also by 2SLS; in the latter, T and some-
 times Y are treated as endogenous and
 are instrumented with their own lagged
 values. In the OLS estimates, only the
 hypothesis a6 = 0 can be rejected by
 the t-test. The 2SLS results continue to
 reject a6 = 0 but also cannot reject
 a4 = 0; the other three hypotheses cannot
 be rejected. In no case are joint tests of
 the hypotheses reported.42

 Koskela and Matti Viren (1983), Aschauer (1985),
 Seater and Mariano (1985), Kormendi and Philip Me-
 guire (1986, 1990), and Paul Evans (1988a) present
 evidence favorable to Ricardian equivalence; Feld-
 stein (1974, 1978, 1982), Jess Yawitz and Laurence
 Meyer (1976), Reid (1985), Modigliani and Sterling
 (1986, 1990), Bernheim (1987b), and Feldstein and
 Elmendorf (1990) present evidence unfavorable to
 it; and Seater (1982a). Blinder and Deaton (1985),
 and Alfred Haug (forthcoming a) present evidence
 that is mixed.

 42 Feldstein's conclusion that the results strongly
 reject Ricardian equivalence simply is unwarranted,
 being based on unconventional testing criteria and
 inconsistent standards.

 In discussing the 2SLS results, Feldstein notes that
 the hypothesis a5 = 0 can be rejected at the 20 per-
 cent level and therefore should be rejected. How-
 ever, 20 percent is not a conventional significance
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 There are several reasons to question
 Feldstein's results. First, Feldstein's in-
 struments for taxes and income are lim-
 ited to the once-lagged values of those
 variables themselves. Feldstein's re-
 ported Durbin-Watson statistics are al-
 most always in the indeterminate range
 (N. Eugene Savin and Kenneth White
 1977), so it would seem prudent to ex-
 plore further whether or not once-lagged
 values of T and Y are valid instruments.
 Second, the most robust rejection of Ri-
 cardian equivalence reported by Feld-
 stein is the strongly significant coefficient
 on TR, transfers to individuals.43 Given
 their nature, transfers may well have a
 business cycle component and therefore
 acquire significance merely as a business
 cycle indicator rather than through a gen-
 uine effect on aggregate consumption.
 Also, transfers are significantly correlated
 with the federal marginal income tax

 rates (Seater 1989). Feldstein omits mar-
 ginal tax rates and business cycle indica-
 tors from his regression, leaving the in-
 terpretation of the transfer variable's
 significance unclear. Third, Feldstein's
 measure of Social Security wealth is
 flawed by arbitrary adjustments for
 changes in the law that have the effect
 of largely restoring the computer error
 in Feldstein's (1974) original SSW series
 (Leimer and Lesnoy 1982). Fourth, Feld-
 stein uses either national income or dis-
 posable income as his income variable.
 Those measures, of course, are obtained
 from total income by subtracting certain
 taxes, so their use in effect constrains the
 coefficients on total income and the rele-
 vant taxes to be the same. Such con-
 straints should not be imposed without
 being tested.

 Seater and Mariano (1985) repeat Feld-
 stein's regressions and explore the first
 two of the foregoing issues. Tests of ex-
 ogeneity (De-Min Wu-Jerry Hausman
 1978) suggest that Y, lagged Y, T, SSW,
 and a business cycle indicator UY, dis-
 cussed momentarily, are endogenous.
 Those are not the same variables treated
 as endogenous by Feldstein-indeed,
 they include one of his instruments-so
 there is reason to suspect Feldstein's esti-
 mates of simultaneity bias. When instru-
 ments passing the Wu-Hausman test are
 used to estimate the consumption func-
 tion, the results are the same as Feld-
 stein's pro-Ricardian OLS results, with
 only the hypothesis of TR's insignificance
 being rejected. However, that rejection
 appears to reflect omitted variables bias.
 Consider as an explanatory variable the
 product of the unemployment rate and
 Y, denoted UY. Given Y, a high value
 of UY means that unemployment is high
 and therefore that Y is abnormally low,
 so that Y can be expected to rise in the

 level in statistical testing; the hypothesis cannot be
 rejected at the 10 percent level. In addition, although
 Feldstein emphasizes that the point estimates of a7
 and a2 are very different from each other in magni-
 tude, the standard error on a7 is so large that the
 hypothesis -a2=a7 in fact cannot be rejected. These
 deviations from standard practice are the reasons
 Feldstein reports four rather than two rejections of
 Ricardian equivalence.

 Feldstein then uses inconsistent criteria to inter-
 pret the OLS and 2SLS results. Although four of
 the five OLS tests are consistent with Ricardian equi-
 valence, F'eldstein argues that "the results of the OLS
 estimation are therefore mixed and give no clear-
 cut answer about debt equivalence in general . . ."
 (p. 13). In contrast, when (by Feldstein's count) four
 of the five 2SLS tests are inconsistent with Ricardian
 equivalence, Feldstein argues that "the estimated
 parameters strongly contradict the [Ricardian] hy-
 pothesis" (p. 8). Thus, when four of the five tests
 support the hypothesis, the results are only mixed,
 whereas when four of the five tests reject the hypoth-
 esis, they are conclusive.

 43 Though strongly suggestive, the significance of
 the coefficient on transfers has no necessary implica-
 tion for Ricardian equivalence. Transfers redistribute
 income among different groups of people than redis-
 tributions associated with a debt-for-tax swap. A sig-
 nificant coefficient on transfers suggests that they
 have some non-negligible aggregate effects; that fact
 does not imply that other kinds of redistributions
 necessarily have those effects as well.

 44 Exact replication was impossible because Feld-
 stein does not identify his data sources.
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 future; thus, we expect UY to have a sig-
 nificantly positive effect on consumption
 (Barro 1978), which it does. Inclusion of
 UY greatly reduces the significance of
 TR; the t-ratio barely exceeds two. TR
 also is highly correlated with marginal
 tax rates and interest rates; adding those
 variables to the consumption function
 leaves TR statistically insignificant.

 Seater and Mariano's results strongly
 suggest that Feldstein's estimates are se-
 verely affected by misspecification and
 improper correction of simultaneity bias.
 In addition, as explained in Section V.B
 below, the equality constraints on taxes
 and income implicitly imposed by Feld-
 stein generally are rejected by formal
 tests; releasing them results in estimates
 more favorable to Ricardian equivalence
 (Kormendi 1983; Kormendi and Meguire
 1986, 1990). Finally, simply using cor-
 rectly constructed data on SSW renders
 that variable insignificant in explaining
 consumption behavior (Leimer and Les-
 noy 1982). Thus it appears that Feld-
 stein's rejections of Ricardian equiva-
 lence stem from flaws in econometric
 methodology and are reversed when
 those are corrected. His results must be
 dismissed as nonevidence.45
 B. Kormendi. Kormendi's (1983) exami-
 nation of Ricardian equivalence is similar
 to Feldstein's, embedding the estimation
 in a general model of consumption that
 attempts to account for government in a
 way consistent with the logic of the per-
 manent income/life cycle hypothesis. A
 great virtue of Kormendi's specification
 is that it and its extensions by Kormendi

 and Meguire (1986, 1990) nest essentially
 all the previous tests of Ricardian equiva-
 lence based on the life-cycle model of
 consumption and therefore allow us to
 collapse discussion of the life-cycle evi-
 dence into discussion of this one study.

 Kormendi argues that private and pub-
 lic expenditures are jointly determined
 as part of an overall maximization by indi-
 viduals in society. Public expenditures
 can be divided into government con-
 sumption GC, government investment
 GI, and government dissipation GD. The
 first, GC, comprises all public purchases
 that provide utility directly to individu-
 als; the second, GI, comprises purchases
 yielding utility in future periods; and the
 third, GD, comprises waste arising from
 the fact that government purchases are
 determined and financed in the political
 rather than the economic marketplace
 where resource cost and service value
 might differ. Thus, the relevant con-
 sumption function is for total consump-
 tion TC, equal to the sum of private
 consumption C and government con-
 sumption GC:

 TCt = aO + alYt + a2GDt +
 a3Wt + ut (11)

 where Y is total income, W is total
 wealth, and u is the residual. The coeffi-
 cients a, and a3 are expected to be posi-
 tive, and a2 is expected to be negative.
 By splitting TC into its components and
 taking GC to the other side of the equa-
 tion, (11) can be rewritten as

 Ct= aO + alYt + a21GDt
 + a22GCt + a3Wt + ut (12)

 where a2l = a2 of (11) and a22 = - 1.
 Because it is difficult to divide available
 data on government purchases into GC,
 GI, and GD, a modified version of (12)
 is used for estimation:

 Ct = aO + a1lYt + al2Yt_1
 + a2GSt + a3Wt + ut (13)

 4 Having said that, let me hasten to add that Feld-
 stein's article is pathbreaking in at least two ways.
 It appears to have been the first to recognize and
 attempt to correct for the simultaneity problem. It
 also appears to have been the first to recognize the
 logical generalizations that should accompany Ricar-
 dian equivalence, such as insignificance of the coeffi-
 cient on transfers. Kormendi (1983) later formalized
 and extended this insight, dubbing it the "consoli-
 dated approach" (see below).
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 where GS is total government spending
 and Yt_1 has been included on the usual
 grounds that it may contain incremental
 information about future income.46

 Equation (13) constitutes what Kor-
 mendi calls the "consolidated" approach
 to the aggregate consumption function;
 it can be compared with the "standard"
 approach, which supposes that consump-
 tion is based on disposable income and
 total wealth plus government debt:

 Ct= aO + a1YDt
 + a2(Wt + GBt) + ut (14)

 where GB is the stock of government
 bonds outstanding and YD is disposable
 income, defined as

 YDt = Yt- TXt - REt + TRt + GINTt

 where TX is tax revenue, RE is retained
 earnings, TR is transfers, and GINT is
 government interest payments on out-
 standing debt. A major problem with the
 standard approach, irrespective of the va-
 lidity of the consolidated approach or Ri-
 cardian equivalence, is the use of dispos-
 able income as a regressor. According to
 the life cycle model, consumption de-
 pends on wealth; but because published
 measures of wealth capture only nonhu-
 man wealth,47 it is necessary to include
 in the consumption regression some vari-
 ables that capture other unmeasured
 components of wealth. Because no direct
 measure is available, what is included in-
 stead is a collection of flow variables,
 such as current and lagged income,
 which the econometrician hopes will
 yield a close approximation to the con-
 sumer's expected wealth. The coefficient
 then estimated in the consumption func-

 tion is not simply the sensitivity of con-
 sumption to the wealth proxy but rather
 the product of that sensitivity and the
 coefficient linking the flow variable to the
 consumer's expectation. For example,
 suppose the econometrician approxi-
 mates consumer wealth arising from la-
 bor income by estimating, say, a univari-
 ate autoregression for labor income,
 using that to forecast future labor in-
 come, and then taking the appropriate
 present value. The estimated autoregres-
 sion would have the form

 T

 Y= diYt-i + et,
 i=l1

 From this, the econometrician constructs
 the present value of Y, denoted W*,
 which he then includes in the consump-
 tion function:

 Ct= aO + a1Wt + a2Wt* + ut
 T

 = ao + a1Wt + biYt-i + ut
 i=l1

 where the bi are products of the di and
 a2 (as well as powers of the discount fac-
 tor). When the econometrician uses
 more than one variable, such as taxes as
 well as gross income, to proxy the con-
 sumer's expected present value, he will
 estimate a separate time series model for
 each of them (Heejoon Kang 1986) and
 include the sets of lagged values sepa-
 rately in the consumption regression:

 T

 Ct = ao + a1Wt + biYt-i +
 i=l 1

 T

 ciTXti + ui.
 i=l1

 The coefficients bi and ci will differ for a
 given i unless the time series models gov-
 erning Y and TX happen to be the same,
 an unlikely event. Thus it generally is
 inappropriate to estimate the consump-
 tion function in the form

 46 GS appears to measure the same quantity as
 Feldstein's (1982).

 47And generally not all of that because of ac-
 counting omissions such as retained earnings and be-
 cause of difficulty in valuing assets such as housing
 and durable goods not traded on centralized ex-
 changes.
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 Ct= ao + aiWt +
 T

 bi(Yt-i -TX,j) + ut
 i=l1

 which constrains Y and TX to have the
 same time series model. Such constraints
 should be tested rather than arbitrarily
 imposed, but in the Ricardian literature
 they often have been imposed without
 tests.48 Kormendi (1983) and Kormendi
 and Meguire (1986, 1990) test many of
 them.

 Kormendi (1983) estimates the gener-
 alized consumption function

 Ct = ao + a1lYt + al2Yt1 + a2GSt
 + a3Wt + a4TRt + a5TXt + a6REt +

 a7GINTt + a8GBt + ut (15)
 which nests the consolidated and stan-
 dard approaches in accordance with good
 statistical practice for testing competing
 models. Estimation is by OLS with all
 variables expressed in first differences
 because the data are nonstationary and
 are not rendered stationary by linear
 detrending. 49 The sample period is
 1930-76. Under the consolidated ap-
 proach we expect a2 < 0, a4 = a5 =
 a6 = a7 = a8 = 0, whereas under the
 standard approach we expect a2 = 0, a4
 = - a5= a6= a7= all > 0, and a8 =
 a3> 0. The original Kormendi (1983) es-
 timates give somewhat mixed results,
 with a2 significantly negative and a5, a6,
 and a7 all insignificantly different from
 zero, in accordance with the consolidated
 approach, with a7 significantly positive,
 in accordance with the standard ap-
 proach, and with a8 significantly negative

 in accordance with neither approach.
 Subsequent extensions using more accu-
 rate data, a slightly longer sample period,
 and 2SLS estimation yield estimates up-
 holding all of the consolidated approach's
 hypotheses on the consumption func-
 tion's coefficients (Kormendi and Me-
 guire 1990). In addition, extensive tests
 reject the coefficient equality restrictions
 implied by the standard approach (Kor-
 mend, 1983; Kormendi and Meguire
 1986, 1990). The results thus are almost
 totally consistent with the consolidated
 approach, a corollary of which is Ricar-
 dian equivalence, and are much like
 those of Seater and Mariano's (1985) rep-
 lication of Feldstein (1982).

 Kormendi's study has generated an
 unusually large number of comments,
 replies, and extensions. James Barth,
 George Iden, and Frank Russek (1986)
 replicate Kormendi's regressions using
 their own reconstructions of the data
 from original sources-a most commend-
 able exercise that is especially valuable
 here because issues of measurement are
 often crucial to the outcome of Ricardian
 equivalence tests. In this case, the data
 and results are essentially the same as
 Kormendi's.

 Feldstein and Elmendorf (1990) also
 attempt a replication of Kormendi, ob-
 taining results quite different from Kor-
 mendi's but which derive entirely from
 data errors (Kormendi and Meguire
 1990).

 Modigliani and Sterling (1986, 1990)
 criticize Kormendi on several grounds:
 specification of the consumption func-
 tion, failure to include a measure of tem-
 porary taxes, choice of sample period,
 and use of differenced data. Modigliani
 and Sterling argue for a consumption
 function specification that implicitly im-
 poses the kind of restrictions discussed
 above, but those restrictions fail formal
 tests (Kormendi and Meguire 1986, 1990)
 and seem invalid. Modigliani and Ster-

 48 For example, Barro (1978), Blinder and Deaton
 (1985), and Modigliani and Sterling (1986), all use
 disposable income without testing the implied con-
 straint that gross income and taxes to have the same
 generating process.

 49 Although first-differencing in such circumstances
 has become standard practice in the wake of work
 by Plosser and Schwert (1978), Nelson and Plosser
 (1982), and Nelson and Heejoon Kang (1984), it was
 much less widely practiced when Kormendi pub-
 lished his study.
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 ling argue for a shorter sample period
 that does not include World War II, but
 the consolidated approach is robust to
 the sample period choices suggested
 (Kormendi and Meguire 1990).

 More important are Modigliani and
 Sterling's other two criticisms. Modi-
 gliani and Sterling present regression re-
 sults suggesting that Ricardian equiva-
 lence does not survive inclusion of a
 temporary tax variable, whose values
 they report in their first (1986) article.
 However, both the stated justification for
 this variable and its reported values are
 unsatisfactory. Although it is worthwhile
 to distinguish between temporary and
 permanent values, it seems strange to
 include an explicit measure of temporary
 taxes but no measures of temporary in-
 come, government purchases, and so on.
 Modigliani and Sterling's (1990) response
 to this concern is that

 the temporary nature of certain tax measures-
 especially those of 1969-was explicitly stated
 by the government, was widely understood,
 and the amounts involved were very large. We
 have endeavored to allow for transitory compo-
 nents in other variables through the device of
 distributed lags. (p. 600)

 One problem with this justification is that
 when temporary taxes are not given
 unique treatment but are treated like
 other temporary variables and approxi-
 mated with distributed lags, the consoli-
 dated approach is upheld (Kormendi
 1983; and Kormendi and Meguire 1986,
 1990). Another problem is that determi-
 nation of the "temporariness" of tempo-
 rary taxes from government statements
 and popular understanding is not nearly
 so unambiguous as Modigliani and Ster-
 ling assert. Several supposedly perma-
 nent changes in taxes have not lasted
 much longer than those announced as
 temporary (Dolde 1979); the temporary
 taxes arising from the Korean war lasted
 longer than originally expected (Okun

 1971)50; and the income tax surcharge of
 1968, originally scheduled to end in mid-
 1969, was extended to mid-1970. Most
 pertinent of all, the 1975 tax cuts-
 treated by Modigliani and Sterling as
 pertaining only to 1975-were extended
 several times and still were in effect six
 years later (Blinder 1981)! Clearly, a
 more systematic approach to the decom-
 position of taxes into permanent and tem-
 porary components than that used by
 Modigliani and Sterling is required. In-
 deed, Modigliani and Sterling's numbers
 themselves are unbelievable on their
 face. Over the period 1949-1984, Modi-
 gliani and Sterling report nonzero values
 for temporary taxes in only 1968, 1969,
 1970, and 1975. It simply is inconceiv-
 able that temporary taxes occurred in
 only four of those thirty-six years. Be-
 cause Modigliani and Sterling's variable
 is positive in boom years and negative
 in recessions, its significance in their re-
 gressions may arise from its being a busi-
 ness cycle indicator and so be totally spu-
 rious. Modigliani and Sterling's tax
 variable and the empirical results stem-
 ming from it deserve little credence.

 Finally, Modigliani and Sterling assert
 that the data should not be differenced.
 As mentioned earlier, differencing is un-
 necessary when the variables involved
 are cointegrated, even if they have a sto-
 chastic trend. Modigliani and Sterling
 perform a test for cointegration sug-
 gested by Robert Engle and Clive Gran-
 ger (1987) that is based on the Durbin-
 Watson statistic for the residuals; that
 test fails to reject cointegration. The dis-
 tribution of the test statistic, however,
 varies with the number of regressors in-
 cluded. The distribution reported in En-
 gle and Granger applies only to regres-
 sions of one variable on its own lags and

 50 For example, the corporate income tax rate rose
 in 1951 from 42 to 50.75 percent and then in 1952
 to 52 percent, where it stayed until 1964.
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 those of one other explanatory variable;
 it does not apply to multiple regressions
 of the type used by Modigliani and Ster-
 ling. Kormendi and Meguire (1990) per-
 form a small Monte Carlo experiment on
 the multiple regression in question, find-
 ing that the Durbin-Watson statistics ob-
 tained by themselves and by Modigliani
 and Sterling are consistent with the ab-
 sence of cointegration but not its pres-
 ence, implying that differencing is appro-
 priate. Alfred Haug (forthcoming a)
 independently comes to the same conclu-
 sion.

 Feldstein and Elmendorf (1990) also
 argue against differencing on the grounds
 that differencing is less efficient than per-
 forming a regression in levels with an
 autoregressive transformation. That ar-
 gument is correct if the resulting specifi-
 cation is correct-in particular, if there
 really is no unit root in the data. In that
 case, however, differencing introduces
 only inefficiency, not bias or inconsis-
 tency; consequently, large discrepancies
 between the differenced and undiffer-
 enced regressions are evidence that the
 undifferenced regression is misspecified,
 in which case the undifferenced esti-
 mates are biased and inconsistent (Plos-
 ser and Schwert 1978). Because the re-
 gression results are substantially different
 for differenced and undifferenced data,
 and because the variables do not appear
 to be cointegrated, the differenced re-
 gressions of Kormendi and Meguire
 seem preferable to regressions in the lev-
 els.
 C. Summary of Life Cycle Evidence. We
 see, then, that the handling of measure-
 ment, specification, simultaneity, and
 differencing is crucial to the conclusions
 one obtains for Ricardian equivalence
 from life cycle consumption models.
 How, then, are we to evaluate the large
 number of studies using those models?
 What we would like, of course, is a formal
 procedure for comparing the various con-

 tributions to the literature so that choices
 among the competing approaches and
 results can be based on established, ob-
 jective criteria. Such a procedure, sug-
 gested by statistical theory, is to con-
 struct a model that nests all the life
 cycle literature and then subjects the var-
 ious choices regarding specification, sam-
 ple period, and so on to formal statistical
 tests. The models of Kormendi (1983) and
 Kormendi and Meguire (1986, 1990)
 come very close to doing just that and
 so supersede the earlier work on the life-
 cycle approach to Ricardian equivalence.
 The life cycle evidence, as it emerges
 from the exchanges over Kormendi's
 work, strongly supports the consolidated
 approach and its derivative hypothesis of
 Ricardian equivalence.5'

 D. Permanent Income Specification. The
 consumption function evidence dis-
 cussed so far is derived from the tradi-
 tional life-cycle specification. Seater and
 Mariano (1985) present results for a per-
 manent income specification along the
 lines discussed by Barro (1981):

 C= aO + a,Yt* + a2(Yt - Yt*) + a3Gt*
 + a4(Gt - Gt*) + aS,AMTRt + a6RSt
 + a7RLt + a8Tt + asTRt + aloDt +

 au,SSWt + ut (16)

 where Y* is permanent income, Y is cur-
 rent income, G* is permanent govern-
 ment purchases, G is current govern-
 ment purchases, AMTR is a measure of

 51 Some, such as Poterba and Summers (1987) and
 one of the referees, argue that aggregate data do
 not have enough variation to evaluate the theory or
 much else of interest. I very much disagree. The
 consoldiated approach suggests that certain variables
 should enter the consumption function and others
 should not. The evidence supports both sets of impli-
 cations. In particular, the null hypothesis of insignifi-
 cance of some variables, such as government pur-
 chases, is strongly rejected. Clearly, the data can
 reject important hypotheses, so the mere fact that
 they fail to reject others, such as Ricardian equiva-
 lence, is not obviously a reflection of lack of power.
 We shall see more examples of the data's ability to
 reject interesting hypotheses below.
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 marginal tax rates (Seater 1982a, 1985b),
 RS and RL are short and long real after-
 tax interest rates, T is tax revenue, TR
 is transfers to individuals, D is the market
 value of government debt, and SSW is
 Social Security wealth. All dollar values
 are in real per capita terms, permanent
 values are constructed with the decom-
 position proposed by Stephen Beveridge
 and Nelson (1981), and estimation is by
 2SLS. The permanent income hypothesis
 with Ricardian equivalence predicts
 a3, a4, a5, a6, a7 < 0 = a2, a8, a9, a10,

 a1l < a1. The estimated interest rate
 coefficients a6 and a7 are of opposite sign
 and statistically insignificant; the esti-
 mated transitory income coefficient a2 is
 significantly positive. Both findings are
 frequent in consumption function stud-
 ies. Otherwise, the estimates are consis-
 tent with the permanent income theory
 generalized to include Ricardian equiva-
 lence; in particular, none of the coeffi-
 cients on the government financing varia-
 bles T, TR, D, and SSW is statistically
 significant. This result is especially inter-
 esting because transitory income has a
 statistically significant positive effect on
 consumption, which often is interpreted
 as a reflection of liquidity constraint ef-
 fects. If that interpretation is correct, the
 failure to reject Ricardian equivalence
 suggests that the liquidity constraints in-
 volved are not types that invalidate Ricar-
 dian equivalence.

 The marginal tax rate is strongly signif-
 icant. As mentioned above, the marginal
 tax rate is highly correlated with other
 explanatory variables; its significance
 here therefore could mean that other
 studies omitting the marginal tax rate suf-
 fer from omitted variables bias. How-
 ever, Seater and Mariano's permanent
 income specification results are qualita-
 tively the same as the results they obtain
 from replications of Feldstein's (1982)
 and Kormendi's (1983) life cycle specifi-
 cations, which omit marginal tax rates,

 suggesting that any bias arising from the
 omission of marginal tax rates is not se-
 vere. Seater and Mariano also decom-
 pose government purchases into perma-
 nent and transitory components but find
 no evidence that the decomposition is
 important for consumption, implying
 that other consumption studies that ig-
 nore it are not thereby invalidated.
 E. Euler Equation Tests. Many investi-
 gators (e.g., Hayashi 1987) are skeptical
 of any regression results based on either
 the life cycle or permanent income speci-
 fications of the consumption function and
 argue instead for tests based on Euler
 equations. The Euler equation approach
 derives from PILCH, but instead of spec-
 ifying the usual consumption function (an
 optimal contingency rule relating current
 consumption to the information available
 to the consumer), this approach advo-
 cated direct use of the Euler equations
 (first-order conditions arising from the
 consumer's maximization problem). The
 Euler equation for the simplest intertem-
 poral consumption choice problem is

 U'(Ct+i) = (RI8)tu' (Ct). (17)

 This condition implies that the only
 lagged value of any variable on which
 consumption in period t depends is con-
 sumption in period t - 1; the information
 content of all other lagged variables is

 captured by once-lagged consumption.52
 Consumption in period t also will depend
 on the t-period values of other variables,
 such as income, to the extent that those
 values contain new information unavail-
 able in earlier periods (Hall 1978).

 The few studies of Ricardian equiva-
 lence that use the Euler equation ap-
 proach mostly support equivalence. Paul
 Evans (1988a) derives from Blanchard's

 52 In fact, this condition requires quite demanding
 assumptions. For example, if financial portfolios or
 stocks of physical assets are costly to adjust, then
 current consumption will depend on lagged values
 of variables other than consumption.
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 (1985) model of uncertain lifetime an Eu-
 ler equation condition for testing Ricar-
 dian equivalence and finds no evidence
 that government liabilities have positive
 effects on consumption. Haug (forthcom-
 ing a) finds that Ricardian equivalence
 is not rejected over the period 1929-
 1985; when the years 1942-1949 are ex-
 cluded, Ricardian equivalence is not re-
 jected if the rate of return is measured
 by the stock market return but is rejected
 if the rate of return is measured by Aaa
 or Baa bond rates.53 Haug also rejects
 excess sensitivity in all cases.
 F. Tests on Data from Other Countries.
 Most consumption tests of Ricardian
 equivalence have used U.S. data, but
 there are a few exceptions. Consumption
 in foreign countries seems independent
 of Social Security wealth there (Erkki
 Koskela and Matti Viren 1983). Changes
 in the difference between Canadian and
 U.S. government savings rates lead to
 approximately one-for-one changes in the
 difference between Canadian and U. S.
 private saving rates, as Ricardian equiva-
 lence predicts (Chris Carroll and Sum-
 mers 1987). Consumption Euler equa-
 tion tests for nineteen countries fail to

 reject Ricardian equivalence in eighteen
 cases (Evans 1991).
 G. Event Studies. A somewhat different
 approach to testing Ricardian equiva-
 lence is to examine the effects of easily
 identified fiscal events on consumption.
 Changes in Social Security benefits are
 publicly announced at least one month
 before they occur; whether they are ex-
 pected to be permanent or temporary
 also is announced or at least implied.
 Seemingly permanent changes have
 small and statistically insignificant effects
 on nondurables purchases but have large
 and statistically significant effects on du-
 rables purchases (Wilcox 1989a). The for-
 mer result is consistent with Ricardian
 equivalence; the latter result not only is
 inconsistent with Ricardian equivalence
 but also is difficult to reconcile with any
 theory of consumption. Even in the ab-
 sence of Ricardian equivalence, the for-
 ward-looking logic of PILCH implies that
 the actual payments should be statisti-
 cally insignificant in a regression of con-
 sumption on them and lagged consump-
 tion because the information about the
 payments already will have been incor-
 porated into lagged consumption, but
 there appears to be no consumption re-
 sponse until payments actually are made.
 Such a pattern seems inexplicable in the
 PILCH framework. Myopia or liquidity
 constraints, under which consumers do
 not behave in a forward-looking manner,
 could explain why the change in con-
 sumption was delayed until the benefits
 changes actually occurred, but neither
 can explain why the additional expendi-
 ture was devoted only to durables. Wil-
 cox's evidence on Ricardian equivalence
 is both mixed and puzzling.

 Event studies of income tax law
 changes are more definitive. Households
 are likely to have more information about
 impending tax changes and their implica-
 tions for debt issue than is contained in
 the set of regressors used by the econo-

 53 Haug says his tests indicate structural change if
 the "World War II years" 1942-1949 are included,
 but he does not explain clearly what test he used
 or what his null hypothesis was. In any case, Haug's
 choice of war years is incongruous. Over 1939-1950,
 military expenditures were:

 Year GMIL/GNP
 1939 0.017

 1940 0.028

 1941 0.120

 1942 0.317

 1943 0.439

 1944 0.463

 1945 0.410

 1946 0.103

 1947 0.055

 1948 0.056

 1949 0.064

 1950 0.066

 (data are from Barro 1981). It is unclear why Haug omits
 1941 from the war years or why he includes 1947-1949.
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 metrician. Consequently, the residuals
 in the econometrician's estimated con-
 sumption function should be systemati-
 cally related to such fiscal events if Ricar-
 dian equivalence is false. No such
 systematic relationship is apparent in the
 data (Evans 1988a). Because income tax
 refunds are predetermined by past in-
 come and previous tax law, they should
 have no effect on current perceived
 wealth or marginal incentives and so
 should have no effect on consumption.
 The data show no significant effect of re-
 funds on consumption (Wilcox 1989b).
 Both Evan's and Wilcox's results are con-
 sistent with Ricardian equivalence.
 H. Summary of Aggregate Consumption
 Studies. We thus reach the end of the
 literature that tests Ricardian equiva-
 lence by means of the consumption func-
 tion. An initial reading of that literature
 is both confusing and disheartening, sug-
 gesting that such tests are uninformative
 about Ricardian equivalence and that ag-
 gregate data are inherently unilluminat-
 ing. However, virtually all the confusion
 arises from problems with econometric
 methodology. In order of apparent im-
 portance, the problems are: (1) misspeci-
 fication, in the forms of inappropriate
 constraints and omission of relevant vari-
 ables, (2) improper construction and
 measurement of the data, (3) treatment
 of trend and cointegration, and (4) least
 serious, perhaps even nearly unimpor-
 tant (in the sense that, when both OLS
 and simultaneous methods are used, the
 results are generally much the same) fail-
 ure to estimate by simultaneous meth-
 ods. When those problems are ad-
 dressed, the aggregate consumption data
 almost always fail to reject Ricardian
 equivalence.

 VI. Direct Evidence: Other Types of
 Studies

 A. Interest Rate Tests. As explained in
 Section II, Ricardian equivalence implies

 that individuals respond to an issue of
 new government debt by increasing their
 demand for debt by the amount of the
 new issue to save toward the future taxes
 implied by it, leaving interest rates unaf-
 fected. Several studies have used this
 prediction to test Ricardian equivalence.
 Exactly the same methodological issues
 arise in these interest rate studies as in
 the consumption studies, but their im-
 pact has not been explored as thoroughly
 as in the consumption literature. There
 is no study like Kormendi's (1983) that
 nests the competing hypotheses, and
 there are no series of articles comparable
 to the exchanges over the Feldstein
 (1982) and Kormendi (1983) articles that
 replicate earlier work and explore its sen-
 sitivity to data definitions, specification,
 differencing, or simultaneity. Conse-
 quently, direct comparisons of results
 must be more tentative here.

 The straightforward way to test Ricar-
 dian equivalence through interest rate
 behavior is to regress current interest
 rates on some measure of government
 debt policy. A number of early studies
 take this approach; some support Ricar-
 dian equivalence, whereas others reject
 it.54 Unfortunately, those studies omit
 relevant variables such as government
 purchases and marginal tax rates, esti-
 mate by OLS,55 generally use federal
 debt or deficits, and fail to decompose
 government purchases into permanent

 54 John Makin (1983) and Gregory Hoelscher (1983)
 find that deficits have statistically insignificant effects
 on short-term interest rates, whereas Khan Zahid
 (1988) finds a significant negative relationship. Barth,
 Iden, and Russek (1985) and Zahid (1988) find that
 the noncyclic component of the deficit is positively
 related to short rates. Angelo Mascaro and Allan
 Meltzer (1983) find that the stock of debt is unrelated
 to either short or long rates. Hoelscher (1986) finds
 a significant positive relationship between the inter-
 est rate and the deficit but no significant relationship
 between the interest rate and government purchases.

 55 Except for Hoelscher (1983), who reports some
 IV results but whose instruments-the output gap
 and the change in real debt-seem as likely to be
 endogenous as the variables for which they substi-
 tute.
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 and transitory components. Thus they
 suffer to an unknown extent from the
 same methodological problems as the
 early consumption tests.

 The decomposition of government pur-
 chases into permanent and transitory
 components seems important for the be-
 havior of interest rates, in contrast to its
 apparent unimportance in the consump-
 tion function. Barro (1987) examines the
 response of the British consol yield (the
 longest possible interest rate) to transi-
 tory purchases, the current deficit, and
 the beginning-of-period stock of govern-
 ment debt over the period 1730-1913,
 almost two hundred years long. This
 study is important because it is the only
 one in the interest rate literature to de-
 compose government purchases into per-
 manent and transitory components; also,
 its sample is unusually long. The set of
 current and five lags of transitory pur-
 chases has a joint marginal significance
 level (p-value) of just below two percent,
 whereas the deficit and debt variables
 have a joint marginal significance level
 of just below 10 percent, suggesting that
 these financing variables are jointly insig-
 nificant at conventional levels. Further-
 more, when the transitory purchases var-
 iables are excluded, the two financing
 variables become strongly significant
 both jointly and individually, suggesting
 they indeed do proxy for the purchases
 variables when the latter are omitted.

 One note of caution is that both the
 deficit and debt variables may have ele-
 ments of simultaneity in them-the defi-
 cit variable directly and both variable in-
 directly through being expressed as U.S.
 and several other countries, including
 Britain (Evans 1985, 1987a, 1987b). In
 no case do deficits raise interest rates sig-
 nificantly. Of course, the only way to be
 sure that simultaneity bias is unimpor-
 tant in Barro's estimation is to repeat his
 regressions using simultaneous methods;
 but in the absence of such repetition,
 the apparent unimportance of simultane-

 ity bias in other interest rate studies of
 Ricardian equivalence suggests that such
 bias is not a serious problem in Barro's,
 either. 56

 Two kinds of tests depart from the fore-
 going straightforward approach. The first
 examines the effects of government debt
 on steady state interest rates; the second
 uses term structure theory to derive test-
 able relationships between government
 debt and interest rates.

 Blanchard's (1985) model of uncertain
 lifetime yields predictions for the rela-
 tionship between the steady state inter-
 est rate on the one hand and the steady
 levels of government purchases and debt
 under Ricardian and non-Ricardian alter-
 natives. In tests of those predictions with
 monthly data over the periods 1941.12-
 1946.12 (Evans 1988b) and 1981.1-
 1986.3 (Evans 1989), steady state govern-
 ment purchases have a statistically signif-
 icant positive effect, as predicted, but
 steady state government debt has a statis-
 tically significant negative effect, con-
 trary to the model and also to Ricardian
 equivalence, which implies no effect.
 This finding of a significant negative ef-
 fect of debt on interest rates is not unique
 to this pair of studies and is discussed
 below.

 The tests of Ricardian equivalence
 based on term structure theory probably
 are the best interest rate tests published.
 They rely on the rational expectations
 theory of the term structure to examine
 the effect of unexpected changes in gov-
 ernment debt on the abnormal return on
 financial assets. The abnormal return is
 the difference between the expected and
 actual holding period return on an asset;
 the holding period return is the percent-
 age change in the asset's price between
 two adjacent periods. In an efficient mar-

 56However, in none of his studies does Evans de-
 compose purchases into permanent and transitory
 components, leaving open the possibility of some in-
 teraction among various biases that hides simultane-
 ity bias-a possibility that seems remote.
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 ket, the expected value of this return
 must equal the one-period interest rate;
 furthermore, the abnormal return can
 depend only on new information. Not all
 new information affects asset returns; in
 particular, Ricardian equivalence implies
 that new information on the value of out-
 standing government debt should have
 no effect on asset returns.

 Testing this implication requires mea-
 sures of unexpected changes in the varia-
 bles that might affect asset returns. As-
 sume that changes in those variables are
 generated by a vector autoregression:

 Xt+ `= A(L)Xt + Ut+1
 Ht+ 1 - Rlt= B

 + C[xt+1 - A(L)Xt+1] + vt+1 (18)

 where X is a vector of exogenous vari-
 ables that drive holding period returns,
 H is the holding period returns, R is the
 one-period interest rate, A(L) is the usual
 matrix polynomial in the lag operator L,
 B is a constant (interpretable as the "mar-
 ginal liquidity premium"), C is a vector
 of coefficients, and u and v are errors.
 It can be shown that the abnormal return
 is negatively related to unexpected
 movements in current and expected fu-
 ture one-period rates; therefore, the ab-
 normal return will be negatively related
 to changes in X that cause such unex-
 pected movements, such as an increase
 in government purchases.

 Plosser (1982) estimates (18) with hold-
 ing period returns from quarter to quar-
 ter on Treasury bills with 2, 3, and 4
 quarters to maturity and on bonds with
 20 years to maturity. The X vector com-
 prises the logs of government purchases,
 privately held debt, and debt held by
 the Federal Reserve. The data are quar-
 terly; the sample period varies with the
 availability of holding period return data,
 the longest being 1954. I-1978. IV and the
 shortest being 1964. I-1978. IV. Govern-
 ment purchases generally have signifi-
 cantly negative effects, in conformity
 with macroeconomic theory, but the two

 financing variables generally are individ-
 ually insignificant (no joint tests are re-
 ported), in conformity with Ricardian
 equivalence. Subsequent extensions of
 the analysis to more recent experience
 and a broader range of tests (Plosser
 1987) and to data from Canada, France,
 Germany, Japan, the United Kingdom
 (Evans 1987b; Paul Boothe and Reil
 1989) find no evidence that government
 debt is positively related to interest rates
 but do sometimes indicate a statistically
 significant negative effect. The former re-
 sult is consistent with Ricardian equiva-
 lence; the latter is not.

 What do the interest rate tests imply
 about Ricardian equivalence? It seems
 clear they are inconsistent with the tradi-
 tional view that government debt is posi-
 tively related to interest rates, but
 whether they support Ricardian equiva-
 lence is less clear. Although many fail
 to reject Ricardian equivalence, many
 others find a statistically significant nega-
 tive relationship between government
 debt and interest rates, which is inconsis-
 tent with Ricardian equivalence as well
 as with the traditional view.

 Two possible explanations for this neg-
 ative relationship concern taxes. First,
 there are the problems of future taxation
 discussed earlier-uncertainty about
 how much of the future tax burden a
 given individual will bear and any effects
 of rearranging the timing of distortionary
 taxation. Because such effects are ex-
 cluded from the regressions, they may
 give rise to the observed negative effect
 whether Ricardian equivalence is true or
 not. Second, in a regression that includes
 as explanatory variables government pur-
 chases and deficits but excludes marginal
 tax rates, the deficit coefficient may be
 negatively biased. To see why, consider
 the effect of raising the current deficit
 with government purchases held fixed;
 this effect is what the deficit coefficient
 is meant to capture in a regression that
 includes purchases as an explanatory var-
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 iable. As explained earlier, such a change
 is associated with lower taxes and there-
 fore lower marginal tax rates because of
 the high positive correlation between av-
 erage and marginal tax rates. The general
 equilibrium relation between the pre-tax
 interest rate and the marginal tax rate
 is positive (Barro 1987), so the hypothe-
 sized increase in the deficit will be associ-
 ated with lower interest rates because
 of the associated reduction in marginal
 tax rates, even if Ricardian equivalence
 is true. The frequent finding of a negative
 relationship in the interest rate tests of
 Ricardian equivalence therefore may re-
 flect omitted variable bias. However, any
 such bias is independent of whether or
 not Ricardian equivalence is operative so
 that, even if Ricardian equivalence does
 not hold, the deficit coefficient may spu-
 riously appear to be zero or even nega-
 tive. Thus even the interest rate studies
 that seem unambiguously supportive of
 Ricardian equivalence are not definitive.
 Further interest rate tests that address
 the effects of uncertainty and marginal
 tax rates would be an important addition
 to the literature.57
 B. International Trade and Finance. A
 possible problem with any interest rate
 test of Ricardian equivalence is interna-
 tional capital flows. If international capi-
 tal markets were perfect, a country's in-
 terest rates would show little or no effect
 of government debt irrespective of Ricar-
 dian equivalence because capital flows
 would hold domestic rates at world rates.
 Only if the home government's debt con-
 stituted a large fraction of worldwide gov-
 ernment debt would an effect be notice-
 able, even in the absence of Ricardian
 equivalence.58 Tests of Ricardian equiva-
 lence still are possible. If Ricardian equi-

 valence were false, a government deficit
 would cause an incipient rise in interest
 rates and thereby elicit an offsetting in-
 flow of foreign capital that prevented
 rates from actually rising. The capital in-
 flow, however, also would cause an ap-
 preciation of the domestic currency, so
 that one would observe a positive associa-
 tion between exchange rates and the defi-
 cit. No such association appears in the
 quarterly data over the period 1965.II-
 1984. III for the U. S. dollar exchange rate
 with respect to the Canadian dollar, Bel-
 gian franc, French franc, deutschemark,
 guilder, Swiss franc, or British pound
 (Evans 1986). These findings are consis-
 tent with Ricardian equivalence; they
 also are inconsistent with the possibility
 that the interest rate tests fail to find ef-
 fects of deficits on interest rates because
 of international capital flows. They there-
 fore give not only direct evidence on Ri-
 cardian equivalence but also evidence of
 how to interpret the interest rate tests.

 The absence of Ricardian equivalence
 implies that deficits should affect a coun-
 try's terms of trade and trade balance.
 Data show no effects of deficits on the
 current account balances for Canada,
 France, Germany, the United Kingdom,
 and the United States (Evans 1988c) or
 on Britain's terms of trade or trade bal-
 ance over the long period 1798-1913
 (Ahmed 1987).59
 C. Growth Rates. In the absence of Ri-
 cardian equivalence, government deficits
 crowd out private investment and there-

 57 Data on marginal tax rates exist for the U. S.;
 see Seater (1982b, 1985a) and Barro and Chaipat Sa-
 hasakul (1983, 1986).

 58 An advantage of consumption tests of Ricardian
 equivalence, as well as other tests to be described
 below, is that they do not suffer from this problem.

 59Ahmed enters the deficit directly and also as
 an interaction term in which it multiplies a dummy
 variable for the French war years (1793-1801 and
 1803-1815). This interaction term has a significant
 negative effect, but the dummy variable has no inde-
 pendent effect. When the deficit variables are omit-
 ted, the dummy variable has a significant negative
 effect, suggesting that the interaction term in the
 extended regression is mostly picking up effects of
 the French wars. It is unclear that a dummy in any
 form should be used, but in any case the negative
 effect of the interaction term is inconsistent both Ri-
 cardian equivalence and the usual non-Ricardian al-
 ternative.
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 fore reduce economic growth; in con-
 trast, Ricardian equivalence implies that
 government deficits have no effect on
 growth. Data from thirty-four countries
 over the period 1957-1977 show no sig-
 nificant effect of deficits on economic
 growth, in conformity with Ricardian
 equivalence (Kormendi 1985).
 D. The Experience of the '80s. Thus
 would we conclude our review of the ag-
 gregate evidence on Ricardian equiva-
 lence were it not for the oft-discussed
 "Reagan deficit experiment" of the
 1980s, which many regard as a striking
 refutation of Ricardian equivalence. The
 argument is, on the one hand, that defi-
 cits in the 1980s rose sharply and were
 uncharacteristically high for a peacetime
 period, constituting a natural experiment
 on the effects of deficit finance unpol-
 luted by confounding influences such as
 wars; on the other hand, consumption,
 saving, interest rates, the balance of pay-
 ments, and exchange rates all changed
 as one would predict in the absence of
 Ricardian equivalence.60

 There are a number of problems with
 this argument. First, as should be clear
 from all that has gone before, it is essen-
 tial in assessing the impact of government
 deficits to control for other variables.
 What happened to transitory income in
 the 1980s? Government purchases?
 What about marginal tax rates, world oil
 prices, and the money growth rate? Sec-
 ond, casual inspection of a dependent
 variable on the one hand and one inde-
 pendent variable on the other is inade-
 quate for estimating a coefficient of a mul-
 tiple regression. Indeed, by that method
 we may use the experience of the 1980s
 to establish Ricardian equivalence as eas-
 ily as to refute it. Table 2 lists for the
 decade of the 1980s the total government

 TABLE 2

 DEFIcIT/GNP RATIO AND Ex POST REAL T-BILL RATES

 IN THE 1980s

 Ex Post Real

 Year Deficit/GNP T-Bill Rate

 1980 0.013 0.025

 1981 0.010 0.043

 1982 0.035 0.043

 1983 0.038 0.047

 1984 0.028 0.059

 1985 0.033 0.045

 1986 0.034 0.033

 1987 0.023 0.025

 1988 0.020 0.036

 1989 0.020 0.040

 deficit as a share of GNP and ex post
 real Treasury bill rates. Any pattern of
 association between the two is less than
 obvious. (If we depart from the spirit of
 this analysis and actually compute the
 correlation between the debt ratio and
 interest rates, we obtain the unimpres-
 sive magnitude of 0.38, implying an R2
 of less than 0.16.) Also, the highest inter-
 est rate is not associated with the highest
 deficit/GNP ratio. Voila! Ricardian
 equivalence.6' Third, there are measure-
 ment issues to consider. For example,
 Poterba and Summers (1987) argue that
 one of the lowest saving rates in the post-
 World War II era occurred in the 1980s
 (more precisely, for the first six years of
 the 1980), when the deficit/GNP ratio
 was highest. However, the behavior of
 the saving rate is sensitive to the measure
 of saving used. The best measure is the
 change in household net worth, which
 often differs greatly from the national in-

 'Although this view pops up frequently in the
 popular press (e.g., Summers 1987), it has yet to
 appear in a refereed journal. Poterba and Summers
 (1987) advocate it in a conference&volume paper.

 61 Admittedly, no correction for the effects of infla-
 tion on the deficit figures has been made and we
 really should examine ex ante rather than ex post
 real interest rates, but given the low and, for the
 last three-fourths of the 1980s, nearly constant rate
 of inflation, I doubt that the conclusion would be
 much affected.
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 come accounting definition; using it, we
 find that, although still low, the saving
 rate for the 1980s was higher than for
 two of the other five periods considered
 by Poterba and Summers. Furthermore,
 a comparison of this ratio to the deficit/
 GNP ratio shows no overwhelming
 pattern.62 Fourth, the decade of the
 1980s offers only ten sample points. Bas-
 ing statistical inference on such a small
 sample seems risky, to say the least. Fi-
 nally, more rigorous examinations of the
 1980s generally support Ricardian equi-
 valence. There is no systematic effect of
 the Reagan tax cut of 1981. III on the resi-
 duals of a consumption equation (Evans
 1988a); U.S. consumption (Darby, Rob-
 ert Gillingham, and John Greenlees
 1990) and world real interest rates (Barro
 and Xavier Sala y Martin 1990) respond
 significantly to transitory income, money
 growth, stock market returns, and oil
 prices but not to government debt and
 deficits.

 Apparently, there is less to the
 "Reagan deficit experiment" than meets
 the casual eye. The events of the 1980s
 may represent a natural experiment, but
 they do not seem to offer the striking
 refutation of Ricardian equivalence some
 have suggested.
 E. Studies Using Micro Data. There is
 unfortunately very little micro evidence
 on Ricardian equivalence. It does not
 seem possible to use existing micro data
 to examine the effect of either the debt
 or the deficit on household behavior.
 Given everything else in its budget con-
 straint, the household is better off if it
 owns public debt than if it does not, so
 we would expect to see the individual
 household respond to variations in the
 amount of public debt it holds. What
 matters for Ricardian equivalence is
 whether the individual household per-

 ceives the future taxes that the aggregate
 stock of debt implies for it, something
 that existing micro data apparently do not
 illuminate.

 One approach to using micro data that
 initially seemed promising examines the
 effect of Social Security benefits on indi-
 vidual saving. Ricardian equivalence im-
 plies that an increase in Social Security
 benefits should lead to an increase in be-
 queathable assets because Social Security
 is a transfer from the young to the old
 that the old will want to undo by transfer-
 ring back to the young. The data show
 some behavior consistent with the Ricar-
 dian prediction but many other examples
 inconsistent with it (Mordecai Kurz 1984;
 David and Menchik 1985; Hubbard
 1986). The value of these studies for the
 Ricardian equivalence issue is question-
 able because of uncertainty and adverse
 selection problems. Even an actuarially
 fair and fully funded social security sys-
 tem can reduce individual saving by
 more than the tax paid (Hubbard 1987).
 Consequently, in the kinds of empirical
 studies just mentioned, it is impossible
 to disentangle the insurance aspect of So-
 cial Security, which unambiguously re-
 duces saving irrespective of Ricardian
 equivalence, from the wealth aspect,
 which is the part relevant to testing Ri-
 cardian equivalence.

 One Social Security study not subject
 to the insurance problem is that of Kotli-
 koff (1979). Using data from the National
 Longitudinal Survey of men aged 45-59,
 Kotlikoff examines the response of house-
 hold net worth to variations in the life-
 time wealth increment (LWI) due to So-
 cial Security. LWI is the present value
 of future benefits less the present value
 of future Social Security taxes less the
 accumulated value of past Social Security
 taxes paid. If the household were at the
 beginning of its "life" and if Ricardian
 equivalence did not hold, the theoretical
 value of the coefficient on LWI would

 62 See Poterba and Summer's Figure 1 for two mea-
 sures of the deficit/GNP ratio.
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 be zero because a new household would
 not yet have accumulated any wealth for
 Social Security to crowd out; if the house-
 hold were at the end of its life, the coeffi-
 cient would be -1 because in the termi-
 nal period the lifetime budget constraint
 must be satisfied. For the average age
 of the household in the sample, the coef-
 ficient should be -0. 68. Ricardian equiv-
 alence implies quite a different pattern
 of coefficients. For preretirement house-
 holds, LWI should have no effect at all
 on assets held; for postretirement house-
 holds, assets should rise one-for-one with
 LWI. Because Kotlikoffs sample com-
 prises preretirement households, Ricar-
 dian equivalence predicts a coefficient of
 zero. The estimated value of the coeffi-
 cient turns out to be 0. 24 with a standard
 error of 0. 20, which is significantly differ-
 ent from -0.68, not significantly differ-
 ent from zero, and consistent with Ricar-
 dian equivalence.

 VII. Approximate Equivalence

 For the most part, the direct evidence
 is consistent with Ricardian equivalence.
 Consumption function studies essentially
 always fail to reject Ricardian equiva-
 lence, irrespective of functional form,
 sample period, or country examined.
 Some interest rate tests also support Ri-
 cardian equivalence, as do tests concern-
 ing exchange rates, current account bal-
 ances, and economic growth. Most of the
 micro evidence on Social Security's effect
 on saving is uninterpretable because of
 the confounding of the insurance aspects
 of Social Security with its wealth effects.
 The one study that does not suffer from
 this problem supports Ricardian equiva-
 lence. The only direct tests that show
 any tendency to reject Ricardian equiva-
 lence are those interest rate tests that
 find a negative relationship between in-
 terest rates on the one hand and either

 government debt or deficits on the other.
 That finding is inconsistent with Ricar-
 dian equivalence but also with any other
 usual theory and may reflect bias due
 to the omission of current or expected
 tax variables, implying that the interest
 rate tests, though suggestive of Ricardian
 equivalence, are incomplete.

 So do we conclude that Ricardian equi-
 valence is true? Not necessarily. Another
 view of the effects of debt and deficits,
 based on less ideal assumptions than Ri-
 cardian equivalence, is consistent with
 all the evidence presented so far. Sup-
 pose that individuals are reasonably accu-
 rate at predicting their own future tax
 liability but have little interest in the tax
 liability of future generations. Obviously,
 Ricardian equivalence does not hold.
 Nevertheless, at historical interest rates
 and average lifespans, most of the future
 tax implied by a current bond issue will
 be borne by people currently alive. As
 a result, if PILCH is even approximately
 true for individuals, bond issues will have
 near-Ricardian effects irrespective of how
 people behave toward future genera-
 tions.

 Simulations reported in the literature
 illustrate this conclusion. Assume a life-
 cycle model in which households have a
 constant elasticity utility function U(ct)
 = -TC(t)T to be maximized subject to the
 usual lifetime budget constraint and
 where households work the first 45 years
 of their lives and retire for ten more (Po-
 terba and Summers 1986). Parameters al-
 lowed to vary across simulations are the
 utility parameter , the real interest rate,
 and the population growth rate. First,
 consider a swap of one dollar of debt for
 one dollar of tax, with the debt principal
 never repaid and interest payments fi-
 nanced by lump-sum taxes. Such a swap
 would raise annual consumption by about
 six cents for all combinations of the free
 parameters. Next, consider the more re-
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 alistic case of repayment of principal.63
 The effect of the debt-for-taxes swap is
 somewhat less than half that for the no-
 repayment case, or about three cents for
 all combinations of free parameters. The
 effects of the debt are small because most
 of the debt gets repaid within the ex-
 pected lifespan of the representative
 worker, so that not much wealth is cre-
 ated in the first place, and the marginal
 propensity to consume out of wealth is
 very small. Very similar conclusions
 emerge from a simulation of Blanchard's
 (1985) model, in which it also can be
 shown that there is very little crowding
 out of steady-state capital and very little
 reduction in steady-state consumption
 (Evans 1988d). Over the entire path of
 the economy, from shock to steady state,
 the effects of deficit financing are minus-
 cule. Obviously, the effects would be
 even smaller if some altruistic concern
 for one's descendants were permitted.

 For many purposes, this "approximate
 equivalence" model essentially concedes
 Ricardian equivalence. Although true
 equivalence does not hold, the approxi-
 mation is so close that we might as well
 act as if it does. Indeed, even if approxi-
 mate equivalence is the right model, the
 very small elasticities of consumption and
 labor reported in the literature, together
 with historical debt retirement policies,
 suggest it would be surprising if Ricar-
 dian equivalence were not a close ap-
 proximation. 64

 There could be a circumstance in
 which it would be important to know

 whether the Ricardian model or the ap-
 proximate equivalence model were cor-
 rect. If the government were to abandon
 its historical debt redemption behavior
 and cease retiring the debt that it issued,
 the debt would accumulate over time
 and eventually become large relative to
 GNP. This debt growth would have no
 aggregate effects under Ricardian equiva-
 lence but would under approximate
 equivalence.65 This difference provides
 a basis for testing the two competing the-
 ories. Under approximate equivalence,
 the stock of debt (or equivalently a dis-
 tributed lag of deficits) should have
 significant coefficients in behavioral
 equations, whereas under Ricardian
 equivalence they should not. Evidence
 to date finds no such effects.66 However,
 these studies have little power against
 the approximate equivalence alternative
 when the government regularly retires
 its debt, because in that case the long
 run effects of accumulated debt are
 avoided by never letting the debt accu-
 mulate. Because the U.S. government,
 at least, apparently has not allowed debt
 to grow relative to GNP over long time
 periods, it seems unlikely that U.S. data
 can distinguish between these alternative
 hypotheses.

 VIII. Discussion and Conclusions

 There are two important questions to
 ask of any theoretical proposition; is it
 logically consistent and is it a close ap-
 proximation to reality. Ricardian equiva-
 lence clearly is logically consistent. To
 be sure, the restrictions required for it

 63 As James Hamilton and Flavin (1986), Jeroen
 Kremers (1989), and Haug (forthcoming, b) have
 shown, the data suggest that the government con-
 ducts its affairs to satisfy its long-run budget con-
 straint and redeem its debt (or at least let it decline
 as a share of GNP), so the case where principal is
 repaid does seem the realsitic one to consider.

 4See Flavin (1981) and Hayashi (1982) for wealth
 elasticities of consumption and Thomas MaCurdy
 (1981) for wealth elasticities of labor.

 65 Modigliani (1961) provides a classic discussion
 of what these effects would be.

 66 Kormendi (1983), Seater and Mariano (1985),
 and Kormendi and Meguire (1990) find no effect of
 the stock of public debt on consumption, and Evans
 (1987a) finds no effect of a distributed lag of deficits
 on interest rates.
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 to hold are many and not likely to be
 met in practice, but that is not sufficient
 to dismiss the proposition:

 Any model that is well enough articulated to
 give clear answers to the questions we put to
 it will necessarily be artificial, abstract, patently
 "unreal." (Robert Lucas 1980)

 Given logical consistency, we can judge
 the usefulness of Ricardian equivalence
 only by its ability to explain data, which
 brings us to the second question.

 Although tests of Ricardian equiva-
 lence do not quite give an unambiguous
 verdict on that proposition's validity, I
 think it reasonable to conclude that Ri-
 cardian equivalence is strongly sup-
 ported by the data. Well-designed tests
 based on consumption, economic
 growth, foreign trade, and exchange
 rates virtually unanimously suggest that
 Ricardian equivalence describes the data
 well; tests based on interest rates often
 do so. The consumption function tests
 in particular are thorough and have been
 subjected to detailed scrutiny. The sig-
 nificant negative effect of debt and defi-
 cits on interest rates reported by some
 of the interest rate tests admittedly is
 inconsistent with Ricardian equivalence
 and demands further investigation, but
 that effect is inconsistent with any ac-
 cepted model and implies some kind of
 a problem not specific to Ricardian equiv-
 alence, such as failure to account for as-
 pects of uncertainty.

 Two issues of statistical power leave
 room for skepticism about the data's sup-
 port for Ricardian equivalence. One that
 is often mentioned has largely been set-
 tled, in my opinion. Most tests posit Ri-
 cardian equivalence as the null hypothe-
 sis, and therefore the statistical support
 for equivalence consists of failure to re-
 ject the null. It often is suggested that
 we know little of the power of such tests,
 which may be quite low, so that failure
 to reject easily could represent a Type

 II error. However, what is overlooked
 in this argument is that many tests of
 the Ricardian hypothesis have been con-
 ducted. If each of these were indepen-
 dent of the others and used the 5 percent
 significance level, then the joint test
 would have marginal significance level
 of 1-(0.95)n, where n is the number of
 separate tests performed. For large n,
 this joint significance level is much larger
 than 5 percent and the power of the test
 is correspondingly much higher than for
 any single test. Although the tests are
 not all independent (indeed, many use
 essentially the same data) and the forego-
 ing calculation therefore is inaccurate,
 many of the tests use different sample
 periods, different dependent variables,
 different functional forms, even different
 countries' data, so that the basic point
 remains true.

 A second power problem might be
 more serious. As mentioned above, tests
 of Ricardian equivalence have little
 power against the alternative of "approxi-
 mate equivalence" and will continue to
 do so as long as the government acts to
 keep the debt/GNP ratio small. We thus
 do not know if the data support the al-
 truistic Ricardian model or the selfish ap-
 proximate equivalence model. Whether
 this ambiguity is of any practical or even
 scientific importance depends on how
 the government conducts its debt policy
 in the future. Should it decide to cease
 controlling the debt/GNP ratio, it will
 be important to know which theory
 reigns. However, should the government
 continue to act as it has in the past, the
 Ricardian model-whether literally cor-
 rect or not-apparently will provide a
 sufficiently close approximation that we
 can safely assume it is the true model,
 which would be convenient analytically
 because of the model's simplicity.

 Whatever one concludes about the va-
 lidity of Ricardian equivalence, tradi-
 tional non-Ricardian views of the effects
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 of government debt ought to be aban-
 doned. The empirical literature generally
 supports the Ricardian prediction that
 debt and deficits will have no effects on
 any variable of interest; the tests that re-
 ject Ricardian equivalence find an effect
 on interest rates that is the opposite of
 that predicted by traditional theory. The
 predictions of the traditional model sim-
 ply are not supported by the data. More-
 over, even if one remains unconvinced
 about the power of the tests favorable
 to Ricardian equivalence and maintains
 that traditional non-Ricardian theory is
 correct, of what significance would such
 a conclusion be? If the data cannot pro-
 duce coefficients that are significant both
 economically and statistically, there is no
 way of using this presumed knowledge
 of the true non-Ricardian relationship be-
 tween debt and other variables. No use-
 ful theoretical developments, no subse-
 quent estimation, and certainly no policy
 recommendation could be conditioned
 on a presumed relationship whose im-
 portance is so stubbornly unmeasur-
 able. Is it not preferable to ignore such a
 theory?

 The experience of preparing this re-
 view essay leads me to one final observa-
 tion. The Ricardian literature is often
 contentious, sometimes even acrimoni-
 ous, reflecting to a large extent the usual
 uncertainties associated with working out
 the theoretical and empirical aspects of
 a new idea. Both the theoretical and em-
 pirical validity of Ricardian equivalence
 depend on details that often are rather
 subtle, so disagreement is not surprising.
 At least as important, however, are two
 other influences that seem to me to arise
 frequently in economics, that interfere
 with scientific inquiry, and that deserve
 mention so they may be avoided in the
 future.

 One problem is simply habit and his-
 torical circumstance. The order in which
 hypotheses are presented influences how

 they are perceived. The traditional view
 of the effects of government debt evolved
 from the early IS-LM version of the
 Keynesian model, which is now widely
 regarded as theoretically and empirically
 inadequate and little used beyond under-
 graduate textbooks. In contrast, Ricar-
 dian equivalence is a natural extension
 of PILCH, which has been the standard
 approach to analyzing household inter-
 temporal choice for at least thirty years.
 Both PILCH in general and Ricardian
 equivalence in particular receive consid-
 erable support from the data. So why is
 the traditional view still taken seriously?
 Largely because, in the words of Nathan
 Bedford Forrest, it got "there the fustest
 with the mostest" and the habit subse-
 quently has been hard to kick. Had not
 the economics profession embraced the
 Keynesian model by the mid-1950s,
 when PILCH first was proposed, and had
 Ricardian equivalence been recognized
 then as a logical extension of PILCH,
 Ricardian equivalence and not the
 Keynesian model might well be the "tra-
 ditional view" of government debt and
 deficits today. In any case, a theory's tra-
 ditional acceptance should not blind one
 to its inadequacies or its competitors'
 strengths. Max Planck's observation on
 the nature of scientific progress was a
 criticism, not a recommendation.

 The second problem is more serious.
 Any time a science has policy implica-
 tions, there tends to be a perversion of
 that science. Limits to growth, nuclear
 winter, cold fusion, radon, and global
 warming are examples where policy im-
 plications led to policy advice before the
 scientific facts had been established. In
 several cases, subsequent investigation
 invalidated the advice that had been
 given in haste. By its nature, economics
 is a science with immediate implications
 for public policy at virtually every turn.
 It is hard to avoid the feeling that political
 ideology has affected scientific investiga-
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 tion of the Ricardian proposition. The
 philosophy of the political right leads to
 a general suspicion of government inter-
 vention in the economy, whereas that of
 the left concludes that intervention often
 is desirable. By denying the usefulness
 of perhaps the paramount aggregate fiscal
 policy tool, Ricardian equivalence is con-
 venient to the right and inconvenient to
 the left. It seems unlikely to be merely
 chance that, by and large, articles sup-
 portive of Ricardian equivalence come
 from institutions and scholars toward the
 political right, whereas those not suppor-
 tive come from institutions and scholars
 toward the political left. It is a distressing
 comment on the state of economic sci-
 ence that the outcome, or at least the
 interpretation, of presumably objective
 measurement and analysis correaltes so
 well with the political preference of the
 investigators.

 This review has been a long journey
 through the highways and byways of re-
 search on the effects of government debt
 and deficits. Where do we stand when
 all is said and done? Theoretically, we
 can be almost certain that Ricardian
 equivalence is not literally true; it simply
 requires too many stringent conditions
 to be believable. Nevertheless, equiva-
 lence appears to be a good approxima-
 tion. Although some of the early empiri-
 cal literature sent conflicting signals,
 recent work generally supports Ricardian
 equivalence. It is true that existing data
 cannot distinguish the Ricardian model,
 based on altruism, from one of approxi-
 mate equivalence, based on pure selfish-
 ness, but there seems little practical sig-
 nificance to that fact. The two models
 have virtually identical short-run impli-
 cations for the effects of government debt
 on economic activity, and, although their
 long-run implications can differ substan-
 tially in principle, even those are essen-
 tially the same in fact, given the hsitorical
 patterns of government debt manage-

 ment and the low wealth elasticities of
 households' economic decisions.

 Empirical success and analytical sim-
 plicity make Ricardian equivalence an at-
 tractive model of government debt's ef-
 fects on economic activity.
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