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Abstract 

This paper examines how two types of fiscal policy models, namely, 
dynamic macroeconomic models and applied general equilibrium models, 
have integrated macro- and microeconomic relationships within a 
framework of intertemporal equilibrium. After emphasizing the potential 
advantages of integrating macro- and microeconomic relations, the study 
discusses the limitations of intertemporal equilibrium models--in 
particular the weaknesses of saving and investment theories incorporated 
in the models. It concludes that, despite recent important advances, 
policymakers need to exercise caution when they interpret results 
derived from these models. 
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Summary 

This paper examines how dynamic macroeconomic models of fiscal policy 
with a medium-term focus and applied general equilibrium models have inte- 
grated macroeconomic and microeconomic relationships. The paper suggests 
that both macroeconomic and applied general equilibrium modeling have 
moved toward intertemporal equilibrium models that explicitly derive 
saving and investment behavior from intertemporal optimization by decen- 
tralised agents that exhibit forward-looking behavior. 

The study describes economic and theoretical developments that have 
led builders of macroeconomic models to pay more attention to the micro- 
economic relationships underlying their models. In contrast to macro- 
economic models, applied general equilibrium models traditionally possess 
a more solid microeconomic foundation and account for more sectoral 
detail. Whereas these models once largely ignored intertemporal issues, 
several recent models studying fiscal policy have started to deal more 
explicitly with expectations, adjustment costs, saving, and investment. 

The paper first emphasizes the potential advantages of moving to a 
framework that integrates macroeconomic and microeconomic relations. In 
this connection, it describes how recent advances have provided important 
new insights regarding fiscal policy, but also discusses the limitations 
of intertemporal equilibrium models. The empirical basis of the saving 
and investment theories incorporated in intertemporal equilibrium models 
tends to be rather weak. In light of these and other weaknesses, the 
usefulness of current models in analyzing policy remains limited. 
Accordingly, policymakers need to exercise caution when they interpret 
the results drawn from intertemporal equilibrium models. 
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I. Introduction 

This paper examines how two types of policy models, namely, dynamic 
macroeconomic models and applied general equilibrium models, have 
integrated’ macro- and microeconomic relationships over the past decade. 
Specifically, the paper explores dynamic models of fiscal policy with a 
medium-term focus and concentrates on the modeling of saving, invest- 
ment, and international capital fLows-- the main macroeconomic aggregates 
that have an important intertemporal dimension. 

The paper is organized as follows. Section II discusses several 
reasons why recent macroeconomic models have paid increasing attention 
to microeconomic foundations. It describes several dynamic macro- 
economic models that have sought to ground saving and investment 
behavior in dynamic optimizing behavior. Section III deals with applied 
general equilibrium modeLs-- a class of models traditionally based on a 
more solid microeconomic foundation. It shows that some models dealing 
with fiscal policy have started to emphasize intertemporal issues. In 
particular, several applied general equilibrium models have explored how 
dynamic optimizing behavior relates to the major macroeconomic aggre- 
gates : saving, investment, and, in open economies, international 
capital flows. A major theme of this paper is that a significant number 
of applied general equilibrium models and dynamic macroeconomic models 
have moved in the same direction-- namely, toward intertemporal equilib- 
rium models that explicitly derive saving’and investment behavior from 
intertemporaL,optimization by decentralized agents who exhibit forward- 
looking behavior. 

One purpose of this paper is to evaluate these developments. 
Sections II and III focus on the potential advantages of moving to an 
intertemporaL equilibrium framework that integrates macro- and micro- 
economic relations. In this connection, it describes recent advances 
that have provided new insights regarding fiscal policy. Sections IV, 5 
V, and VI, in contrast, emphasize the Limitations of intertemporal 
equilibrium models. Sections IV and V discuss the weaknesses of, . 
respectively, theksaving and investment theories incorporated in inter- 
temporal equilibrium models-- two major building blocks of these models. 
In Light of these and other &eaknesses,$Section VI concludes that, 
despite recent important advances , policymakers need to exercise caution 
when interpreting results from intertemporal equilibrium models. 

II. Microeconomic Relationships in Macroeconomic Models 

Both economic and theoretical developments in the Last two decades 
have Led model builders to pay more attention to the microeconomic 
relationships underlying macroeconomic models. Following a dramatic 
increase in oil prices in the early 197Os, inflation and unemployment 
rose simultaneously. The experience of stagflation was not consistent 
with existing demand-oriented macroeconomic models and this focused 
the concern of policymakers on the supply side of the economy. In 
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particular, policymakers became increasingly aware of the adverse 
incentive effects associated with government intervention. Tax policy, 
for example, was increasingLy.anaLyzed in terms of its effect not only 
on aggregate demand but also on incentives to supply Labor and capital. 
These developments provided a .strong impetus for incorporating micro- 
economic relationships in macroeconomic models in order to integrate the 
incentive effects of government policies. 

On the theoretical front, Lucas (1976) questioned the use of Large 
Keynesian macroeconometric models to analyze changes in economic policy. 
In his classic criticism of econometric models, Lucas observed that 
these models basicaLLy.extrapoLate historical relationships, which are 
the result of past econpmic policies. Since these historical correla- 
tions are not necessarily invariant to changes in economic policy, 
policymakers should not use these past correlations, such as fixed 
saving ratios, to analyze the effects of changes in economic policy. 
This criticism Led model builders to search for.behavioraL and techno- 
logical parameters that are not affected by policy changes (i.e., “deep” 
parameters). As a result, model builders increasingly derived behav- 
ioral relationships from,optimizing behavior instead of merely extrapo- 
lating them on the basis of historical observations. 

Using intertemporal optimizing behavior at the micro Level to 
identify macroeconomic relationships not only addresses the Lucas 
critique but yields other advantages:as well. First, it allows the 
modeler to explore the welfare effects of alternative policies. Second, 
it provides a clearer bridge between microeconomic theory and macro- 
economic policy. In particular ,. the behavior of macroeconomic aggre- 
gates can be interpreted in terms of optimizing microeconomic behavior 
and may, therefore, lead to new insights on how optimizing agents 
interact. Third, and related to the Lucas critique, modeling explicitly 
optimizing behavior may help to explore how economic .agents.respond to 
structural changes in the economic environment. To illustrate, inter- 
temporal equilibrium mqdels may be required to analyze the effects of 
particular policies on private saving because the Liberalization of 
financial markets together with financial innovation and the growing 
integration of wqrld financial markets has tended to invalidate 
historical correlations regarding saving behavior. 

Intertemporal optimization ‘also forces model builders to put a 
greater emphasis on the modeling of expectations, intertemporal budget 
constraints, and the credibility of public policy. A/ The modeling of 
expectations regarding future policy used to focus almost entirely on 
expectations concerning monetary policy. However, expectations about 
fiscal policies moved to the fore when rising public .debts and deficits 
heightened concerns about the sustainability and credibility of fiscal 

,. 

l/ This modeling approach also puts the issue of time inconsistent 
policies in focus whenever governments.cannot credibly commit to future 
policies. 
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policies. Intertemporal budget constraints revealed that particular 
fiscal policies were li,keLy to prove unsustainable. Therefore, if the 
private sector is aware of the budget constraints that bind government 
actions, the permanence of these policies is not credible. In such 
circumstances, the announcement of future spending cuts could stimulate 
private spending immediately, while reducing taxes without cutting 
expenditure would not be effective in stimulating private spending. l/ 
More generally, models demonstrated that expectations about future tax 
increases (or spending cuts) were important determinants of the impact 
of fiscal policies. They allowed policymakers to investigate differ- 
ences between anticipated and unanticipated, and between temporary and 
permanent, policies. They revealed that the effects of government 
policies vary substantially, depending on the extent to which the 
private sector anticipates them and projects their duration. 

A new generation of macroeconomic models has adopted intertemporal 
optimizing behavior with forward-Looking expectations. These models 
typically solve for a full intertemporal equilibrium in which agents are 
endowed with perfect foresight. The first macro models of this kind 
were Largely theoretical in nature and had Little empirical content. 
Brock and Turnovsky (1981) and Abel and Blanchard (1983) built stylized 
perfect foresight models of closed economies. Judd (1985) and (1987) 
developed a quantitative analysis of these models to determine the 
numerical effects of policy shocks and their sensitivity to techno- 
logical and behavioral parameters. 

Buiter (1986), van Wijnbergen (1’9861, Frenkel and Razin (19871, and 
Bovenberg (1989b) formulated similar models for interdependent open 
economies. 21 These real models, which ignore monetary phenomena and 
assume contrnuous market clearing, emphasize the Links between inter- 
temporal and international trade as well as the intertemporal aspects of 
net trade flows and current account behavior; current account imbal- 
antes, which can be written as the gap between domestic saving and 
investment, are explicitly modeled as the outcome of rational inter- 
temporal behavior in response to movements in prices (both intratemporal 
and intertemporal prices). These models suggest that intertemporal 
behavior is an important determinant of international trade flows and 
real exchange rates. 2/ 

i/ Nicoletti (1988) finds empirical evidence suggesting that the 
perceived urgency of budget adjustments strongly affects the importance 
of these effects. He finds that in countries with high public debt to 
gross domestic product (GDP) ratios, such as Italy and Belgium, economic 
agents take into account the intertemporal budget constraint of the 
public sector in formulating their consumption decisions. 

2/ van Wijnbergen (1985) estimated a three-region econometric model 
based on an intertemporal equilibrium structure. 

3/ Edwards (1987) and Gavin (1988) use these models to explore how 
taTiffs affect the trade balance. 
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Numerical intertemporal equilibrium models of interdependent’open 
economies with more empirical content were developed by Sachs (19831, 
Lipton and Sachs (1983), Minford’et aL.‘(1986), Sachs and Roubini 
(19871, and Masson et al. (1988). While adopting forward-looking 
expectations, several of these models incorporate a morietary sector and 
Keynesian features, such as slowly idjusting prices, unemployment, and 
Liquidity constraints. A/ These Latter features are not derived from 
explicit optimizing behavior. 

III. Saving and Investment ‘in Applied General 
Equilibrium’ Models 

Compared to traditional macroeconomic models, applied general 
equilibrium models have a more solid microeconomic foundation. These 
models explore the interaction among independent agents whose behavior 
is usually explicitly derived from microeconomic optimization. They 
generally feature more sectoral detail and deal with the welfare effects 
of public policies. 2/ 

. , 
. , 

Traditional, applied general equilibrium models have paid relatively 
Little attention to intertemporal aspects and,d)namic issues of adjust- 
ment. The standard general equilibrium model pioneered by Harberger 
(1962) does not model time and assumes that adjustment occurs instanta- 
neously. In particular, following a change in tax policy, a fixed 
economy-wide capital stock is immediately relocated across industries so 
that the rental rate on capital is equalized across all sectors. 

,More recent models have incorporated’saving and investment behavior 
derived from inter-temporal optimization in addition to modeling ca’pital 
accumulation. Moreover, several of these models deal more exp.LicitLy 
with expectations and adjustment costs. More generally, several applied 
general equilibr-ium models have moved away from highl’y disaggregated 
static models toward dynamic models that feature Less sector-al detail 
but instead disaggregate over several time periods. 

Policymakers should welcome the increased emphasis on dynamic and 
adjustment issues for several reasons. First, following a slowdown in 
economic growth, policymakers have become increasingly concerned 
about intertemporal distortions induced by government intervention, 
particularly tax policies. Second, policymakers have increasingly 
focused on the effect of policy on intertemporal consumption decisions, 
partly because,financial liberalization’increasingly allows households 
to shift their consumption intertemporally in response to policy 
changes-:sometimes with dramatic consequences for personal saving 

l/ Bryant et al. 
economic models. 

(1988) contrast several of these empirical macro- 

2/ Shoven and Whalley (1984) and Bovenberg (1987) survey these 
mo;IeLs. 
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ratios. Third, there has been growing interest in the macroeconomic 
effects of structural policies, particularly in the consequences of 
these policies for the current account of the balance of payments 
through their impact on saving and investment behavior. Fourth, several 
studies have shown that transitional effects tend to be important. 
Accordingly, models that deal with issues, of adjustment should be more 
valuable for public policy analysis than those that ignore such effects. 

Summers (1981a) formulated one of the first intertemporal equilib- 
rium tax ‘models by imbedding an overlapping-generations Life-cycle model’ 
in a one-sector model of the U.S. economy. He found that introducing a 
consumption tax to substitute for the capital income tax would signifi- 
cantly boost long-run income. However, his results overstated the 
welfare gains because they ignored the transition to a new steady-state 
path. Moreover, Summers’ model failed to consider adjustment costs in 
capital accumulation and, therefore, yielded an excessively high general 
equilibrium elasticity of capital formation with respect to taxation. l/ 

Ballard, Shoven, and Whalley (1985) examined transitional effects 
in a multi-sector model of the U.S. economy but failed to incorporate 
forward-looking expectations. Jorgenson and Yun (1984) and Auerbach and 
Kotlikoff (19871, in contrast, integrated an analysis of the transition 
with a full intertemporal equilibrium approach. In intertemporal 
equilibrium models, agents are endowed with perfect foresight: current 
decisions are ba‘sed on the future path of prices that will unfold over 
time (barring future unanticipated shocks in exogenous variables). 21 
The intertemporal equilibrium approach,‘which can be viewed as the 
dynamic equivalent of Walrasian general equilibrium theory, yields 
consistent dynamic welfare estimates. By including transitional 
effects, Auerbach and Kotlikoff (1987) found substantially smaller 
welfare effects from structural changes in tax policy than Summers 
(1981a) did. 

Models that explicitly considered investment behavior further high- 
lighted the importance of transitional effects. In contrast to tradi- 
tional applied general equilibrium tax models, which assume that saving 
behavior drives investment, Bovenberg (1988) and Goulder and Summers 
(1989) derived explicit investment demand functions from intertemporal 
optimizing behavior of forward-Looking firms. Using multi-sector 
models, these studies examined the implications of adjustment costs in 
sector-specific capital accumulation giving rise to imperfect inter- 
sectoral mobility of capital and separate investment functions for each 
industry. These studies found that, compared to models that assume 
perfect intersectoral mobility, changes in sector-specific tax rates 

l! Evans (1983) shows that this elasticity is also very sensitive to 
the modeling of bequest behavior. 

11 Under an intertemporal equilibrium approach, it is no Longer 
feasible to solve recursively through time because future prices 
directly affect current decision making. 
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tend to generate larger distributional but smaller.efficiency effects. 
Intuitively, asset prices, rather than the intersectoral capital alloca- 
tion, absorb short-term.adjustments to unanticipated policy changes as 
slower adjustment results, in, significant capitaliqatipn effects. These 
results not only reveal that transitional effects are important but also 
suggest that the welfare gains ,from Leveling the playing fieL,d may be 
smaLLer,than previous models had suggested. A/ 

Although theoretical analysis has demonstrated,that the openness of 
an economy may substantially affect the impact of tax policies, most 
applied general equilibrium models have dealt exclusively with closed 
economies. Nevertheless, a few dynamic applied general equilibrium ’ 
models of open economies have been developed. Goulder, Shoven, and 
Whalley (-1983) found that the specification of international capital 
mobility significantly affects the national welfare effects of intro- 
ducing a consumption tax to replace the income tax. This study, 
however, incorporated neither forward-Looking expectations nor explicit 
investment behavior by producers. Goulder and Eichengreen (19891, in 
contrast, built a multi-sector model of an open economy incorpqrating 
forward-Looking saving and investment behavior. In this model, interna- 
tional capital fLows,finance imbalances between domestic investment and 
saving. The study demonstrated that, iq the presence of international 
capital mobility, saving- and investment-promoting policies differ 
significantly in their effects on net trade flows and. the profitability 
of export-oriented and import-competing industries--both’in the short 
and the long run. , To illustrate, restoring investment tax credits tends 
to reduce the profitability of domestic. export industries in the short 
run but improves it subsequently. Policies that promote saving generate 
the reverse.time profile for the profitability of these sectgrs. 

The model in Goulder’and Eichengreen (1989) is rather similar to 
the numerical macroeconomic models discussed at the end of the previous 
section. Compared to these macro models, however, the industrial 
structure is more disaggregated. 21 Goulder and Eichengreen (19891, 
however, abstract from Keynesian features and do not model a monetary 
sector. 

IV. Saving Behavior 

This section evaluates’ saving theories often implemented in inter- 
temporal equilibrium models. After dealing with models of intergenera- 
tional altruism, it explores several versions of the life-cycle model. 

l/ Hamilton and.WhalLey (1985), Jorgenson and Yun (19841, and 
Furlerton and Henderson (1986) used Fodels with perfect intersectoral 
capital mobility to examine tge welfare gains,from reducing inter- 
sectoral differences in effective tax,rates,.on,capitaL income. 

2/ Moreover, foreign and domestic assets are not necessarily perfect 
substitutes in portfolio demands. ( . . , I 1 
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It concludes that aggregate saving behavior is understood only 
imperfectly and remains difficult to model. 

Intergenerational altruism, which has been popularized by Barro 
(19741, can be formalized as households that maximize intertemporal 
utility over an infinite horizon. It assumes that capital markets are 
perfect and that individuals internalize the welfare of their heirs and 
intend to leave bequests. The model is analytically convenient, which 
is one of the reasons why many intertemporal equilibrium models use 
it. l! The model also facilitates dynamic welfare analysis because the 
intertemporal utility function provides a natural way to measure social 
welfare. Moreover, while the Laissez faire solution is not necessarily 
optimal in any meaningful sense in the Life-cycle model (see Diamond 
(1970)), the model of intergenerational altruism produces an economy 
that functions efficiently in the absence of taxes. However, empirical 
studies have rejected several implications of the model of intergenera- 
tional altruism--’ in particular those regarding the so-called Ricardian 
equivalence hypothesis (see, e.g., Bernheim (1987), Boskin and Kotlikoff 
(1985), and EbriLL and Evans (1988)). According to this hypothesis, the 
intertemporal path of nondistortionary taxes does not affect the economy 
as Long as government spending remains unchanged. These empirical 
results suggest that an alternative model may be appropriate, especially 
if policy significantly affects the intergenerational distribution of 
resources. 11. 

The most popular alternative that allows for individuals with 
finite horizons is the Life-cycle model of overlapping generations. 
Several models (see, e.g., Buiter (19861, Frenkel and Razin (19861, and 
van Wijnbergen (1985.)) have adopted a version of the Life-cycle model 
developed by Yaari (1965)‘and Blanchard (19851, because it generates 
relatively simple aggregate behavior. This version introduces Life- 
cycle considerations by assuming that at each point in time individuals 
face a fixed probability of death. The uncertainty regarding the Life- 
time yields a private discount rate that exceeds the social rate of 
discount. 21 Intuitively, in contrast to the government sector’s tax 
revenue, the individual’s income stream is subject to uncertainty. The 

l! Examples are the following numerical ‘studies: Sachs (1983); 
Lipton and Sachs (1983); Jorgenson and Yun (1984); Ballard, Shoven, and 
Whalley (1985); Goulder and Summers (1989); and Goulder and Eichengreen 
(1989). The analytical studies of Abel and Blanchard (19831, Judd 
(1985) and (19871, and Bovenberg (1988) and (1989b) also assume 
consumers who optimize over an infinite horizon. 

z/ This is the case for many changes in tax policies. Auerbach and 
Kotlikoff (1987)., for example, demonstrate that the introduction of a 
consumption tax or.wage tax has major implications for the intergenera- 
tional distribution of resources. 

31 Empirical tests based on this relationship typically reject 
Ricardian equivalence under which the social and private discount rates 
should be equal. See van Wijnbergen (1985). 
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gap between the private and social returns causes the’Ricardian , 
hypothesis of debt neutrality to fail. 

Whereas ‘the.Blanchard model is particularly tractible, the assump; 
tion that the probability of death does not depend on age is clearly 
invalid. l/ Several intertemporal equilibrium models, including Summers 
(1981a) and Auerbach and Kotlikoff (1987,), assumed. that households 
maximize utility over a certain finite Lifetime and do not Leave 
bequests. These models allow poLi,cymakers to analyze how various 
policies, such as social security reform and government debt financing, 
affect the intergenerational distribution of resources. 

Several empirical studies, -however, have questioned a major tenet 
of the life-cycle model --namely, that households .d‘issave during retire- 
ment and do not leave bequests --on the grounds that cross-section data’ 
indicated that the wealth of the elderly increases with age (see, e.g., 
Kurz (1984)). More recently, however, Bernheim (1987) and Hurd, (1987) 
used panel data so demonstrate that the elderly dissave.during retire- 
ment and that the propensity to consume varies with age. Whereas the 
elderly Leave bequests, empirical studies have not yet resolved whether 
individuaLsi intend to Leave bequests or whether uncertainty about death 
combined with a weak market for private annuities causes individuals to 
end up leaving unspent savings to their offspring. The ambiguity about 
the bequest motive complicates the modeling of saving behavior-- 
especially because the specification of intergenerational transfers 
significantly affects the interest elasticity of saving (see, e.g., 
Evans (1983)). 

Several studies have observed that the close empirical relationshiv 
between consumption and income is difficult to explain by,individuaLs - 
maximizing intertemporal utility over a Long time horizon (see, e.g., 
Hall and Mishkin (1982)rand Poterba and Summers (1987)). Some attribute 
this finding to imperfect capital markets (and associated Liquidity 
constraints), which prevent individuals from fully smoothing their 
consumption over .time (see, e.g., Hubbard and Judd (1986)). 2/ Others 
explain the close relationship between current income and consumption by 
rejecting the basic premises of intertemporal utility maximization and 
farsightednegs (see, e.g., Summers and Carroll (1987)). They argue that 
myopia,.ruLes-of-thumb, habit, and so on play a dominant role in deter- 
mining aggregate saving. / * 

Modeling and estimating saving behavior is difficult because none 
of the simple theories is capable of, by itself, explaining aggregate 

l/ Barro has interpreted the probability of death as the probability 
of-dynastic extinction (through childlessness) in a model in which the 
bequest motive is operative. 

2/ Sachs and Roubini (1987) and Masson et il. (1988) account for 
Liquidity constraints in an ad hoc fashion by including disposable 
income terms in consumption functions. 
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saving behavior. Instead, several elements play a role in explaining 
aggregate savings behavior, because different households seem to act in 
different ways: some behave as Life-cycle optimizers, some as inter- 
generational planners, and others much more myopically than any of the 
intertemporal optimizing theories would suggest. L/ Structural changes, 
such as financial Liberalization, demographic change, and the develop- 
ment of the welfare state, may affect the relative importance of these 
various groups over time. Moreover, the effect of uncertainty on saving 
is not fully understood (see, e.g., Kotlikoff (1989)), thereby further 
complicating the estimation of parameters underlying saving behavior. 2/ 
In addition, cross-country differences in household saving patterns are 
particularly important. 

Corporate saving-- including retained earnings for replacement 
investment, that is, depreciation aLlowances-- represents a major part of 
private saving in most countries. Almost all intertemporal equilibrium 
models do not separately model corporate saving but assume that house- 
holds pierce through the “corporate veil;” the composition of private 
saving over personal and corporate saving does not affect the Level of 
private saving, which is determined by intertemporal optimization at the 
household Level. Empirical studies, however, suggest that households 
offset movements in corporate saving Less than one-for-one because of 
various imperfections and constraints (see, e.g., Bovenberg (1989a) and 
Poterba (‘1987) 1. 

V. Investment Behavior 

This section critically evaluates the Q-theory of investment. 
Almost all intertemporal equilibrium models incorporating investment 
behavior adopt Q-theory-- or its predecessor neoclassical theory--because 
it is grounded in intertemporal optimizing behavior. Moreover, Q-theory 
is not only particularly tractable but also consistent with Lags in the 
investment process. The more empirically oriented macro models supple- 
ment this theory by accelerator and Liquidity terms, which are not 
derived from optimizing behavior (see, e.g., Sachs and Roubini (1987) 
and Masson et al. (1988)). 

l/ To illustrate, Boskin (1988) argues that the effect of changes in 
disposable income on current consumption is considerably Less than the 
traditional Keynesian marginal propensity to consume of around 0.75. 
However, the effect significantly exceeds zero, which is the value the 
model of intergenerational altruism predicts, and about 0.05, which 
follows from a model with unconstrained intertemporal optimizing house- 
holds. 

2/ To illustrate, when estimating intertemporal elasticities of 
consumption, empirical studies find it difficult to distinguish between 
risk aversion and genuine intertemporal substitution. 
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The Q-theory of investment, introduced by Tobin (1969), predicts 
that, firms invest as Long,as investment raises the market value bf the 
firm by more than the replacement cost of the investment--that is, as 
long as Q, defined as the%ratio of the market value to ‘the replacement 
value of capital, exceeds one. A/- Subsequently, Sbvers (1981b) and 
Hayashi (1982) demonstrated that a Link between the market value of the 
firm and investment is consistent with dynamic optimizing behavior by 
price-taking firms that simultaneously determine capital intensity and 
output subject to an adjustment cost function. They,also showed how 
capital ‘income tax provisions modify the relationship between Q and 
investment. According to the adjustment cost function, which was intro- 
duced by Lucas (19671, Gould (19681, and Treadway (19691, adjustment 
costs associated with capital accumulation rise with the rate of invest- 
ment. This technological .relationship causes optimizing firms to 
approach the Long-run capital stock in a gradual fashion. 

Empirical estimates typically reveal a rather weak Link between Q 
and investment. This may suggest that taxes have oniy a relatively 
small impact on investment behavior. 21. Alternatively, however, the 
weak empirical Link between Q and investment can be explained by mis- 
specification of the effect of taxes on investment. Misspecification 
may arise for a number of reasons. Both empirical and theoretical 
studies have not adequately dealt with the firm’s financing decision. 2/ 
Typically, the debt-equity ratio is fixed exogenously, while households 
equalize the retuin on debt to that on equity. Thus, arbitrage between 
debt and equity occurs at the household rather than at the firm Level 
(see Bradford and Stuart (1984)). This procedure is inconsistent with 
optimizing behavior of firms, because optimizing firms are likely to 
change not only their Level of investment but also their financing mix 
in response to changes .in taxes (see, e.g., Auerbach (1983)). 

More generally, dynamic models have not fully specified a full 
financial market equilibrium with endogenpus portfolio and financing 
choices. 4/ This is an-important issue in determining how personal 
taxes affect the relationship between inves.tment and Q; if personal tax 
rates differ across households, the relevant personal tax rate depends 
on who owns the firm--a difficult question in the case of widely held 
corporations. In an open economy in which foreigners finance domestic 

11 The intertemporal equilibrium models discussed-here determine the 
market value of capital as the present value of dividends given perfect 
foresight regarding prices and tax policy. 

2/ Empirical investment equations using the user cbst of capital as 
an-independent variable tend to ,confirm weak tax effects. See, for 
example, Masson et al. (1988). 

31 Hayashi (1985) shows that the’financing regime affects the rela- 
tionship between Q and investment. 

4/ Galper, Lucke,.and Toder (1986) modeJ portfolio and financial 
choices under,uncertainty.in a static .general equilibrium model with a 
fixed capital stock. . 



- 11 - 

investments, .foreign personal taxes may well be relevant. Financial 
intermediation, the existence of. tax-favored financial institutions, and 
financial innovation, which allows high taxed income to be transformed 
into Lower taxed income, such as capital gains, further complicate the 
role of personal taxes. These factors are becoming more important now 
that countries .are increasingly integrated in world financial markets. 
Modelers have only just begun to model the effects of the international- 
ization of financial markets, which allows firms to borrow in foreign 
currencies or offshore in domestic currency and increases the scope for 
avoiding taxes by exploiting international differences in tax provisions 
through so-called tax arbitrage (see, e.g., Alworth (1988) and Gordon 
(1986)). 11 

The specification of dividend policy--in particular the choice 
between the old and the new views of dividend taxation--also affects the 
relationship between Q, personal taxes, and investment. According to 
the new view, retained earnings are the marginal source of equity 
finance as Long as a firm pays dividends. The old view, in contrast, 
assumes that firms finance marginal equity investment by issuing new 
shares. These different views regarding equity policy have strikingly 
different implications for the effects of taxes on investment; in 
contrast to the old view, the new view predicts that dividend taxes are 
equivalent to Lump-sum taxes and, therefore, do not affect the incentive 
to invest. 

Relating investment to Q assumes that the adjustment cost function 
is homogeneous and that the productivity of capital does not depend on 
its vintage. In the presence of alternative adjustment cost technol- 
ogies, such as a putty-clay technology, or heterogeneous capital due 
to capital obsolescence, fluctuations in Q do not necessarily affect 
investment; Noncompetitive market structures and agency costs due to 
imperfect information also affect the relationship between Q and 
investment. 

Most studies have failed to incorporate many specific provisions of 
the tax code that almost certainly affect investment incentives. 
Examples of such provisions are dividend reliefs, minimum tax provi- 
sions, reserve deductions, Local taxes, the provisions regarding the 
carry forward of Losses, 2/ and stamp duties. In this connection, 
aggregation problems may well invalidate aggregate investment functions, 
which are typically based on the tax provisions pertaining to a repre- 
sentative investment undertaken by profitable firms, because effective 

l/ Almost all intertemporal equilibrium models of open economies 
assume that domestic and foreign assets are perfect substitutes. This 
may result in corner solutions, if tax provisions differ across 
countries. 

2/ Models generally assume that firms are not “tax exhausted.” Firms 
arz tax exhausted, if they do not generate sufficient profits against 
which to claim tax deductions and tax credits. 
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tax rates on capital income tend to differ significantly across assets 
and industries (see, e.g., King and Fullerton (1984)) and a number of 
tax preferences (accelerated tax depreciation, investment tax credit, 
etc.) cannot be used by loss-making firms. In addition, legal tax 
provisions may measure actual effective tax rules only imprecisely due 
to,lax enforcement and tax evasion. Furthermore, nontax factors that 
are not modeled may interact with and may largely offset the tax effects 
on investment. In many countries, for example, the public sector under- 
writes losses of particular industries and extends loans at subsidized 
rates. 

VI. Conclusions < t 

Intertemporal equilibrium models have made great strides in the 
past-decade and have yielded new insights concerning the welfare effects 
of fiscal policy. They have illustrated, for example,.how expectations 
concerning future fiscal policies modify the welfare effects of unsus- 
tainable fiscal policies associated with large budgetary imbalances. 
Furthermore, models accounting for adjustment costs and transitional 
effects examined the factors that determine the efficiency and equity 
effects of tax policies affecting saving and investment. Simulations 
with these models yielded significantly smaller welfare effects than 
long-run models had suggested earlier. Furthermore, open economy models 
showed that international capital mobility is an important determinant 
of the welfare effects of capital income taxation. Despite recent pro- 
gress, a‘number of limitations restrict the usefulness of the current 
models for the analysis of policy. This concluding section discusses 
various areas in which further progress would be welcome. 

* The empirical basis for the models is generally weak. Empirical 
research has not yet been able to estimate certain key parameters and 
elasticities whose numerical values can have large effects on the 
results. Functional forms and other basic assumptions, such as complete 
information and the importance of the bequest motive in saving 
decisions, remain largely untested. 

While models have started to deal with transitional effects and 
adjustment costs, they should also incorporate additional imperfections 
to improve the quantification of welfare effects. Models that abstract 
from adjustment costs, liquidity constraints, and risk tend to over- 
estimate the elasticity of saving with respect to tax changes. Conse- 
quently, they tend to bias upward the welfare effects associated with 
changes in tax policy. Incorporating noncompetitive market structures 
and institutions (in product, capital, and labor markets), sticky 
prices, and rationing can also significantly affect policy results. l/ 

l/ Harris (19841, for example, shows that models that ignore 
imperfect competition in product markets seriously underestimate the 
benefits associated with trade liberalization. 
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The modeling of human capital formation, endogenous technological 
change, and stochastic’financial market equilibria in the presence of. n 
incomplete insurance markets constitutes another unresolved challenge. 
Modelers have just started to examine strategic behavior by the 
government and its effect on private sector expectations regarding 
public policy. _, 

The usefulness of intertemporal equilibrium models is inherently ’ 
limited in view of several intractable problems. One of these is the 
aggregation problem: microeconomic relations yield similar macro- 
economic relationships between aggregate variables only under extremely 
restrictive assumptions. Another is the basic assumption of rationality 
and that of intertemporal optimization, in particular, which is only an 
approximation of actual behavior. 

Modelers continue to face difficult trade-offs in modeling a 
complex economic reality. Recent,models tend to focus on specific 
policy problems and have moved away from general purpose models, which 
try to incorporate all the details of an economic system. To illus- 
trate, models studying the effects of capital income taxation typically 
feature a rich specification,of the intertemporal nature of saving and 
investment behavior but tend to treat the labor market in a highly 
stylized way. Models studying the effects of high marginal tax rates on 
the incentive to supply labor, in contrast, pay careful attention to the 
labor market but often’abstract from intertemporal aspects. Whereas 
developing issue-specific models appears to be a good strategy, it does 
require that modeler understand policy issues and the aspects of 
particular interest to policymakers. It also forces policymakers and 
modelers alike to be keenly aware of the limitations of the models. 

Policymakers can use numerical intertemporal equilibrium models to 
estima,te broad Sorders of magnitude when analyzing the dynamic allocative 
or distributional effects of particular policies. However, in light of 
several model weakhesses, they ought to interpret the results derived 
from intertemporal equilibrium models with judgment and care. Model 
users should be aware of the main qualifications and reflect on the 
results. using their own economic intuition. Indeed, models can never 
replace sound judgment and economic reasoning. Instead, their function 
is to develop economic’intuition by suggesting quantitative magnitudes 
and new lines of reasoning that, upon reflection, turn out to be 
plausible. In this respect, stylized models can complement large dis- 
aggregated models by helping modelers understand the main mechanisms 
that, drive the results in more complex models. 



- 14 - 

References 

Abel, A.B., and O.J. Blanchard, “An Intertemporal Equilibrium Model of 
Saving and Investment,” Econometrica (Evanston), Vol. 51 (May 19831, 
pp. 675-92. 

Alworth, J.S., “The Impact of Taxation on the Cost of Capital in 
Industrial Countries,” paper presented at Forty-fourth Congress of the 
International Institute of Public Finance (Istanbul, 1988). 

Auerbach, A.J., “Taxation, Corporate Financial Policy, and the Cost of 
Capital,” Journal of Economic Literature (Nashville), Vol. 21 
(September 1983), pp. 905-40. 

, and L.J. Kotlikoff, Dynamic Fiscal Policy (Cambridge, 
Massachusetts: Cambridge University Press, 1987). 

Ballard, C., J. Shoven, and J. Whalley, “General Equilibrium Computa- 
tions of the Marginal Welfare Costs of Taxes in the United States,” 
American Economic Review (Nashville), Vol. 75 (March 19851, 
pp. 128-38. 

Barro, R.J., “Are Government Bonds Net Wealth?” Journal of Political 
Economy (Chicago), Vol. 82 (19741, pp. 1095-117. 

Bernheim, D., “Ricardian Equivalence: An Evaluation of Theory and 
Evidence ,‘I in NBER Macroeconomic Annual 1987, ed. by S. Fischer 
(Cambridge, Massachusetts: National Bureau of Economic Research, 
1987). 

Blanchard, O.J.,‘uDebt, Deficits, and Finite Horizons,” Journal of 
Political Economy (Chicago), Vol. 93 (April 1985), pp. 223-47. 

Boskin, M.J., “What Do We Know about Consumption and Saving, and What 
Are the Implications for Fiscal Policy?” American Economic Review 
(Nashville), Vol. 78 (May 19881, pp. 401-07. 

, and L.J. Kotlikoff, “Public Debt and United States Saving: A New 
Test of the Neutrality Hypothesis,” Carnegie-Rochester Conference 
Series on Public Policy (Amsterdam), Vol. 23 (Autumn 19851, pp. 55-86. 

Bovenberg, A.L., “The General Equilibrium Approach: Relevant for Public 
Policy?” in The Relevance of Public Finance for Policy-Making, 
Proceedings of the Forty-first Congress of the International Institute 
of Public Finance (Detroit, Michigan: Wayne State University Press, 
1987). 

“The Corporate Income Tax in an Intertemporal Equilibrium Model 
xi Imperfectly Mobile Capital,” International Economic Review 

(Philadelphia), Vol. 29 (May 19881, pp. 321-40. 



- 15 - 

Bovenberg, A.L. (1989a), “Tax Policy and National Saving in the United 
States: A Survey ,” National Tax Journal (Columbus), Vol. 42 (June 
1989), pp. 123-38. 

(1989b), ‘The Effects of Capital Income Taxation on International 
Competitiveness and Trade Flows,” American Economic Review 
(Nashville), Vol. 79 (December 19891, pp. 1045-64. 

Bradford, D., and C. Stuart, “Issues in the Measurement and Interpreta- 
tion of Effective Tax Rates,” National Tax Journal (Columbus), Vol. 39 
(September 19841, pp. 307-16. 

Brock, ,W.A., and S.J. Turnovsky, “The Analysis of Macroeconomic Policies 
in Perfect Foresight Equilibrium,” International Economic Review 
(Philadelphia), Vol. 22, No. 1 (February 19811, pp. 179-209. 

Bryant, R.C., D.W. Henderson, G. Holtham, P. Hooper, and S.A. Symansky, 
Empirical Macroeconomics for Interdependent Economies (Washington: 
The Brookings Institution, 1988). 

Buiter, W.H., “Structural and Stabilization Aspects of Fiscal and 
Financial Policy in the Dependent Economy,’ NBER Working Paper 
No. 2023 (Cambridge, Massachusetts: National Bureau of Economic 
Research, September 1986). 

Diamond, P.A., “Incidence of an’ In,terest Income Tax,” Journal of 
Economic Theory (New York), Vol. 2 (19701, pp. 211-24. 

Ebrill, L.P., and O.J. Evans, “Ricardian Equivalence and National Saving 
in the United States,” IMF Working Paper No. 88/110 (Washington: 
International Monetary Fund, 1988). 

Edwards, S., “Anticipated Protectionist Policies, Real Exchange Rates, 
and the.Current Account,’ NBER Working Paper No. 2214 (Cambridge, 
Massachusetts: National Bureau of Economic Research, April 1987). 

Evans, O.J., “Tax Policy, the Interest Elasticity of Saving, and Capital 
Accumulation: Numerical Analysis of Theoretical Models,” American 
Economic Review (Nashville), Vol. 73 (June 19831, pp. 398-410. 

Frenkel, J.A., and A. Razin, “Fiscal Policies in the World Economy,’ 
Journal of Political Economy (Chicago), Vol. 94 (July 1986), 
pp. 564-94. 

, Fiscal Policies and the World Economy: An Intertemporal Approach 
(Cambridge, Massachusetts: MIT Press, 1987). 

Fullerton, D., and Y.K. Henderson, “A Disaggregate Equilibrium Model of 
the Tax Distortions Among Assets, Sectors, and Industries,’ NBER 
Working Paper No. 1905 (Cambridge, Massachusetts: ,National Bureau of 
Economic Research, April 1986). 



- 16 - 

Galper, H., R. Lucke, and E. Toder, “Taxation, Portfolio Choice, and the 
Allocation of Capital: A General Equilibrium Approach,” The Brookings 
Institution, Discussion Paper (March 1986). 

Gavin, M., “Tariffs and the Current Account: On the Macroeconomics of 
Commercial Policy” <mimeographed, New York; Columbia University, I 
November 1988). 

Gordon,. R.H. ,’ ” Taxation of Investment and Savings’in a World Economy,” ’ 
American Economic Review (Nashville), Vol. 76 (December 19861, 
pp. 1086-102. 

Gould, J’.P., “‘Adjustment Costs in the’Theory of Investment of the Firm,” 
The Review’of Economic Studies (Edinburgh), Vol. 35,. No; 101 (January 
1968), pp. 47-56; 

Godlder, L.H., and B. .Eichengreen, “Savings’ Promotion, Investment 
Promotion and International Competitiveness,” ,in Trade Policies for 
International Competitiveness, ed. by R. Feenstra (Chicago: 
University of Chicago Press, 1989). I 

Goulder, L.H;, J. Shoven, and J. Whalley, 
Foreign Sector: 

“Domestic Tax Policy and the 
The Importance of Alternative Foreign Sector 

Formulations to Results from a General Equilibrium Tax Analysis 
Model ,‘I in Behavioral Simulation Methods in Tax Policy Analysis, ed. 
by M. Feldstein,(Chicigo: University of Chicago Press, 1983). . 

Goulder, L.H., and L.H. Summers, “Tax Policy, Asset Prices, and Growth: 
A General Equilibrium Analysis,” Journal of Pubiic Economics ’ 
(Amsterdam), Vol. 38 (April’19891, pp; 265-96. 

Grubert, H., and J. Mutti, “The Impact of the Tax Reform Act of 1986 on 
Trade and Capital Flows,” in Compendium of Tax Research 1987 
(Washington: Office of Tax Analysis, Department of the Treasury, 
1987). 

Hall, R:E., ,a’nd F.S. Mishkin, “The Sensitivity of Consumption to 
Transitory Income,: Estimates from Panel ‘Data on Households,” 
Econometrica (Evanston), Vol. 50 (March 1982), pp. 461-81. 

Hamilton, B., and J; Whalley, “Tax Treatment of Housing in a Dynamic 
Sequenced ‘General’ Equilibrium Model,” Journal of Public Economics 
(Amsterdam), Vol. 27 CJuly 19851, pp. 157-75. 

Harberger, A., “The Incidence of the Corporation Income Tax,” Journal of 
Political Economy (Chicago), Vol. 70 (June 19621, pp. 215-40. 

Harris, R., “Applied General Equilibrium Analysis of Small Open 
Economies with Scale Economies and Imperfect Competition,” American 
Economic Review (Nashville), Vol. 74 (December 19841, pp. 1016-32. 



- 17 - 

Hayashi, F., “Tobin’s Marginal q and Average q: A Neoclassical 
Interpretation,” Econometrica (Evanston), Vol. 50 (January 19821, 
pp. 213-24. 

“Corporate Finance Side of the Q Theory of Investment,” Journal 
of bublic Economics (Amsterdam), Vol. 27 (August 19851, pp. 261-80. 

Hubbard, R.G., and K.L. Judd, “Liquidity Constraints, Fiscal Policy, and 
Consumption ,” Brookings Papers on Economic Activity: 1 (19861, The 
Brooking Institution (Washington), pp. l-50. 

Hurd, M., “Savings of the Elderly and Desired Bequests,” American 
Economic Review (Nashville), Vol. 77 (June 19871, pp. 298-312. 

Jorgenson, D.W., and K.-Y. Yun, “Tax Policy and Capital Allocation,” 
(mimeographed, Cambridge, Massachusetts: Harvard University, November 
1984). 

Judd, K.L., “Short-Run Analysis of Fiscal Policy in a Simple Perfect 
Foresight Model ,” Journal of Political Economy (Chicago), Vol. 93 
(April 19851, pp. 298-319. 

“Debt and Distortionary Taxation in a Simple Perfect Foresight 
Mod& ,” Journal of Monetary Economics (Amsterdam), Vol. 20 (July 
19871, pp. 51-72. 

King, M., and D. Fullerton, The Taxation of Income From Capital, A 
Comparative Study of the United States, the United Kingdom, Swedent 
and West Germany (Chicago: University of Chicago Press, 1984). 

Kotlikoff, L.J, What Determines Savings? (Cambridge, Massachusetts: 
MIT Press, 1989). 

Kurz, M., “Capital Accumulation and the Characteristics of Private 
Inter-generational,Transfers,” Economica (London), Vol. 51 (February 
19841, pp. l-22. 

Lipton, D., and J. Sachs, “Accumulation and Growth in a Two-Country 
Model : A Simulation Approach,” Journal of International Economics 
(Amsterdam), Vol. 15 (19831, ppi 135-59. 

Lucas, R.E., “Adjustment Costs and the Theory of Supply,” Journal of 
Political Economy (Chicago), Vol. 75 (August 19671, pp. 321-34. 

“Econometric Policy Evaluation: A Critique,” in The Phillips 
Cur:e and Labor Markets, ed. by K. Brunner and A. Metzler, Carnegie- 
Rochester Conference Series on Public Policy, Vol. 1 (Amsterdam: 
North-Holland, 1976). 



- 18 - 

Masson, P., S. Symansky,.R, Haas, and M. Dooley, “MULTIMOD: A Multi- 
Region Econometric Model,,” IMF Working Paper No. 88123 (Washington: 
International Monetary Fund, 1988). ’ 

Minford,, A.P.L., P.R. Agdnor, and E. Nowell, “A New Classical Econo- 
metric Model of the World .Economy,” Economic Modelling (Guildford), 
Vol. 3 (July 19861, pp. 154-74. 

Nicoletti, d., 
. 
“A Cross-Country Analysis of Private Consumption, 

Inflation and the “Debt Neutrality” Hypo’thesis,” OECD Economic Studies 
(Paris), Vol. 11 (Autumn 1988), pp. 43-87. 

I . . . 
Poterba, J., ‘!Tax Policy and Corporate Saving,” Brookings Papers on 

Economic Activity: 2 (1987), The Brookings Institution (Washington), 
pp.‘455-503. / L * 

. * 
, and L.H. Summers, “Recent U.S. Evidence on Budget Deficits and 

National Saving,” NBER Working Paper No. 2144 (Cambridge, 
Massachusetts: National Bureau of Economic Research, February 1987). 

I ‘.., 
Sachs, J., “Energy Growth Under Flexible Exchange Rates: A Simulation 

Study," in The International Transmission of Economic Disturbances 
Under Flexible Exchange Rates, ed. by J. Bhandari and P. Putnam 
(Cambridge, Massachusetts: MIT Press, 1983), . 

, and N. Roubini, "Sources of Macroeconomic Imbalances in the World 
Economy: A Simulation Approach,":NBER Working Paper No. 2339 
(Cambridge, Massachusetts: National. Bureau of Economic Research, 
August 1987). ’ 

Shoven, J., and J.. Whalley, "A General Equilibrium Calculation of the 
Effects of Differential Taxation of Income from Capital in the United 
States," Journal of Public Economics (Amsterdam), Vol. 1 (February 
19721, pp. 281-322. , t ’ 

“Applied General Equilibrium Models of Taxation-and International 
Traie : Introduction and Survey,” Journal of Economic Literature 
(Nashville), Vol. 22 (September .1984,), pp. 1007-51. 

Summers, L.H. (1981a), “Capital Taxation and Accumulation in a Life 
Cycle Growth Model ," American Economic Review (Nashville), Vol. 71 
(September .1981), pp. 5.33-44. 

(1981b), “Taxation and Corporate Investment: A Q-Theory 
Approach," Brookings Papers on Economic Activity: 1 (19811, The 
Brookings Institution (Washington), pp. 67,-127. 

._ 

, and C. Carroll, “Why Is U.S. National Saving So Low?” 
Papers on Economic Activity: 2 (19871, The Brookings Inst 
(Washington), pp. 607-42. 

Brookings 
itution 



- 19 - 

Tobin, J., “A General Equilibrium Approach to Monetary Theory,” Journal 
of Money, Credit and Banking (Columbus), Vol. 1 (February 19691, 
pp. 15-29. 

Treadway, A.B., “On Rational Entrepreneurial Behavior and the Demand for 
Investment ,‘I Review of Economic Studies (Edinburgh), Vol. 36, No. 106 
(April 19691, pp. 227-39. 

van Wijnbergen, S., “Interdependence Revisited: A Developing Country’s 
Perspective on Macroeconomic Management and Trade Policy in the Indus- 
trial World,” Economic Policy: A European Forum, Vol. 1 (November 
19851, pp. 81-137. 

, “On Fiscal Deficits, the Real Exchange Rate and the World Rate 
of Interest ,” European Economic Review (Amsterdam), Vol. 30 (October 
19861, pp. 1013-23. 

Yaari, M., “Uncertain Lifetime, Life Insurance, and the Theory of the 
Consumer,” Review of Economic Studies (Edinburgh), Vol. 32, No. 9 
(April 19651, pp. 137-50. 




