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1. Introduction

In this paper, I consider whether fiscal policy has helped stabilize the postwar U.S. economy.

To do this, I estimate fiscal policy reaction functions for the postwar economy and study

their effect on the stochastic growth model. In particular, I use these estimated policy rules

to see if postwar fiscal policy: (1) reduces output volatility; and/or (2) lengthens expansions

and shortens recessions. I find that fiscal policy generally provides little stability in either

respect.

My motivation is the following. The government is a major component of the postwar

economy; it was a much smaller component of the pre-Depression economy. For exam-

ple, in 1929, the average tax rate on labor income was 2 percent, the average tax rate on

capital income was 19 percent, and government purchases of goods and services consti-

tuted 13 percent of GDP.1 In 1975, the average tax rate on labor income was 23 percent,

the average tax rate on capital income was 41 percent, and government purchases of goods

and services constituted 23 percent of GDP. Given the scale of government, it is natural to

wonder how the postwar economy would have behaved in its absence. In this paper, I con-

sider the question in some detail. And while I lack the detailed data to support an explicit

comparison of prewar and postwar fiscal policy, if one believes that prewar—especially

pre-Depression—fiscal policy was essentially no policy at all, then a study of postwar fis-

cal policy can contribute to the ongoing debate about postwar economic stabilization.

At the core of this debate is the claim that the U.S. economy has become more stable, in

the sense of the two criteria listed above, since World War II. For example, several studies

have found that economic activity has become less volatile since World War II.2 Similarly,

Diebold and Rudebusch (1992) argue that expansions have been longer and contractions

4The tax rates are described below. The government spending ratio is based on the standard measures of GDP
and government purchases found in the national accounts, rather than the ones used in the exercises below.
5See Diebold and Rudebusch (1992), and the references therein.
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shorter in the postwar era. Many researchers have claimed, however, that this seeming

stabilization is due mainly to the way in which the prewar data are constructed.3 And if

one accepts the claim of stabilization, one must then find its cause. By studying the effect

of postwar fiscal policy, this paper explores the plausibility of fiscal policy as a stabilization

mechanism, as well as the plausibility of the stabilization hypothesis itself.4

In recent years, many authors have studied the interaction between fiscal policy and

business cycles in dynamic equilibrium models. In the literature most relevant to this study,

there seem to be two basic approaches. One is to allow fiscal policy to be endogenous, that

is, contingent on the actions of the private sector, but to keep the feedback rule simple, and

to restrict the number of policy-related shocks.5 In many cases, these studies work with

optimal policies, rather than the feedback rules actually observed in the data.6 Another

active topic has been whether fiscal policy creates and/or eliminates indeterminacy.7

The second approach is to estimate stochastic policy processes from the data, but to

make fiscal policy exogenous to the decisions of private agents.8 McGrattan (1994) and

McGrattan, Rogerson and Wright (1997) form a middle ground, by estimating fiscal policy

as part of a vector autoregression of exogenous state variables, so that fiscal policy can re-

6Much of this work began with Romer’s work (1986a, 1986b) on the unemployment and output series. Watson
(1994) provides a similar critique of the NBER dating procedure.
7It is worth stressing that the issue I am studying is stabilization, not welfare. Indeed, in the variant of the
stochastic growth model that I use here, adding fiscal policy will always reduce welfare.
8This is the approach taken by King, Plosser and Rebelo (1988) and Greenwood and Huffman (1991). Leeper
(1991) and Sims (1994) discuss the extent to which fiscal and monetary policies are tied down by fundamental
restrictions such as debt limits. Baxter and King (1993) do not consider any feedback rules, but instead
carefully study the effect of isolated policy disturbances.
9A good example is Chari, Christiano and Kehoe (1994), who derive optimal government spending in a
stochastic environment. Ambler and Paquet (1996), Guo and Lansing (1994), and Lansing (1997) conduct
similar exercises.
:Cazzavillan (1996), Christiano and Harrison (1999), Guo and Lansing (1996, 1998), and Schmitt-Grohe
and Uribe (1997) consider this question.
;Christiano and Eichenbaum (1992), Braun (1994), Chang (1995), Kollman (1995), Ramey and Shapiro
(1998) and Finn (1998) use this approach. Ambler and Paquet (1996) and Jonsson and Klein (1996) follow
this approach in part as well.
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spond to other exogenous shocks.9 For the questions considered here, this is a considerable

improvement, but it turns out that having policies respond directly to endogenous variables,

as opposed to the underlying exogenous shocks, can have major effects on the uniqueness

and stability of an economy’s equilibria.10

My approach is to assume that three key fiscal policy variables—the tax rate on capital

income, the tax rate on labor income, and government purchases as a fraction of output—

can be written as functions of their own lags, current and lagged output, and current and

lagged hours of work. I estimate the parameters of the economy, including these fiscal

policy feedback rules, from postwar U.S. data, using the generalized method of moments.

My work is complementary to that of Leeper and Sims (1994) and McGrattan (1991) who

estimate both ‘‘private sector’’ parameters and policy rules. It also resembles Jonsson and

Klein (1996), who allow income taxes to be (isoelastically) progressive. My approach

differs from its predecessors in that I allow a richer set of endogenous feedback rules (in

terms of allowing contemporaneous and lagged responses), and in that I more carefully

examine the effects of making fiscal policy endogenous. In the latter respect, my approach

resembles the work of Edelberg, Eichenbaum and Fisher (1999), and Burnside, Eichenbaum

and Fisher (1999). But unlike these authors, who seek to identify and analyze exogenous

policy shocks,11 I also study the effect of the endogenous responses. My work also differs

from theirs in that I focus on policy experiments, while Edelberg et al. and Burnside et al.

focus on evaluating the stochastic growth model’s performance.

What I find is that fiscal policy has provided little stabilization. In particular, the vari-

<Chari, Christiano and Kehoe (1994) also estimate and analyze a simple feedback rule where tax rates depend
on exogenous government spending and technology. Braun (1994) allows innovations to fiscal policy to
respond to innovations to technology.
43Christiano, Eichenbaum and Evans (1998) show, using composite functions, that any policy that depends on
endogenous variables can be expressed solely as a function of exogenous variables. In this paper it is more
straightforward, however, to estimate fiscal policy as a function of endogenous variables.
44Blanchard and Perotti (1999) perform a similar exercise in a vector autoregression framework.

4



ance of Hodrick-Prescott-filtered (HP-filtered) output increases when the postwar fiscal

regime—endogenous responses, exogenous shocks and all—is introduced. The results are

sometimes weaker under other measures of volatility, but I always find postwar fiscal pol-

icy to be at best negligibly stabilizing. I do find that the endogenous feedback links, by

themselves, are generally stabilizing, although this result is somewhat less robust. If the

feedback links are removed, fiscal policies are unambiguously destabilizing, but their ef-

fect on the relative volatilities and cross-correlations of different macroeconomic variables

is small. This result arises in large part because I allow the economy to face technology,

preference and depreciation shocks, building upon the approach of Parkin (1988).12 It turns

out that technology, preference and depreciation shocks together dominate the fiscal policy

shocks. I also find that shocks to fiscal policies and technology are usually accompanied

by offsetting shocks to preferences.13 As I discuss below, the implications of that result

extend beyond the immediate question of fiscal stabilization.

The rest of the paper is organized as follows. In section 2, I describe the underlying

economic model. In section 3, I describe the data I use to estimate my model, and how I

estimate it. I discuss my results in section 4, and conclude in section 5.

2. The Model

The model consists of a single representative firm, a representative household, and a gov-

ernment. The firm and the household behave in the standard fashion; the firm maximizes

profits, and the household maximizes its discounted lifetime utility. The government, on

the other hand, does not necessarily have a formal objective function, but instead follows a

45Baxter and King (1991) provide a literature review of this approach to preference shocks. Preference shocks
also appear in Bencivenga (1992), Holland and Scott (1998) and Lansing (1997), who calibrates a model of
optimal fiscal policy. Ambler and Paquet (1994) analyze depreciation shocks in a model with stochastic
technology. Ingram, Kocherlakota and Savin (1994) provide a general discussion of multiple-shock models.
46Most authors assume that these shocks are independent. Parkin (1988) finds a similar correlation between
technology and preference shocks.
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set of feedback rules. These rules, which I ultimately estimate from the data, give taxes and

government purchases as a function of their own lagged values, output and labor hours.

2.1 Firms

The numeraire is final output, t|, which is produced by a representative price-taking firm.

The firm faces a Cobb-Douglas production function:

t| ' ~|g
@

|u
�3@

| c (1)

f 	 @ 	 �c

where g| and u| denote capital and labor, respectively. ~| is the exogenous and stochastic

technology parameter.

Each period, the firm solves

4@ 
ig|cu|j

~|g
@

|u
�3@

| � o|g| � �|u|c (2)

r�|� g|c u| � fc

where o| is the cost of renting capital, and �| is the real wage.

2.2 Households

The economy is populated by a single representative household, whose size, �|, is exoge-

nous and deterministic. Normalizing each member’s labor endowment to 1, the household’s

flow utility from consumption,�|, and leisure,�| � u|, is

L E�|c u|� ' �|
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�

�� �
E%��3� � *? E%� , � ' ��

�| is an exogenous and stochastic preference shock. Note that fiscal policies do not affect

the marginal returns to private consumption or leisure.14

The household sells labor and rents capital, the law of motion for which is

47McGrattan (1994) and McGrattan, Rogerson and Wright (1997), who estimate a richer model, find that one
cannot reject the first part of this assumption.
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g|n� ' E�� B|�g| n U|c (4)

where U| denotes investment and B| 5 Efc �� denotes the rate of depreciation. Each period,

the household faces the following budget constraint:

E�� �g|� o|g| n E�� �u|��|u| n B|�g|g| n �|t| ' �| n U|� (5)

�g| and �u| are the tax rates on capital and labor income, respectively. (Note that deprecia-

tion expenses are tax-deductible.) �| denotes government transfers as a fraction of output.

�g|, �u| and �| can (and do) depend on other variables, both exogenous and endogenous,

but for the moment I suppress this in the notation.

The household takes as given all prices and all government quantities. The family also

takes as given aggregate output t|, and thus total transfers; I do not account for the taxes

implicit in the U.S. transfer system.

The household’s objective is to maximize the discounted stream of per capita utility. It

thus solves
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r�|� Ee�( ED�(

gf }��e?(

�|c U| � f(

u| 5 dfc �|o �

.| i�j denotes expectations conditional on information at time |, and q 5 Efc �� is the

household’s discount factor. The solution must also satisfy the transversality condition

*�4
�<"

.|q
|n�

�
g|n�n�

�|n�

�
' f� (7)

2.3 The Government

There is a government, which collects taxes from the household. Some of these taxes are

used to make purchases of the final good. As discussed above, these purchases have no
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effect on the marginal returns to private consumption and leisure or on the firm’s production

function. Any taxes not used to make purchases are transferred back to the household in

a lump-sum payment; the government balances its budget every period. The government

has no debt.15 The government’s budget constraint is thus

�|t| ' �g|o|g| n �u|�|u| � B|�g|g| � }|t|� (8)

Here }| denotes the fraction of output that the government consumes.16

The tax and spending rates are functions of their own lags, current and lagged output,

and current and lagged labor hours. This reflects the notion that policymakers care about

output and employment. In their most general form, the fiscal policy rules can be written

as 3C �g|

�u|
}|

4D ' B| E�|c�|3�c ���c�|3^c 1|� c (9)

where B| is a vector-valued function, �| � Et|c u|c �g|c �u|c }|�
�, 1| is a E�� �� vector of

policy shocks and ^ � �. One can interpret these rules as structural, or as the reduced-form

solution to some unspecified maximization problem. Either interpretation is consistent with

the exercises I conduct here, as I do not change any ‘‘private sector’’ parameters. Similarly,

the rules can reflect both ‘‘automatic stabilizers’’ and conscious actions by policymakers.

In the sections that follow I specialize these feedback rules, making them time-invariant

functions of detrended variables.

2.4 Equilibrium

The resource constraint for this economy is

48Since the model is Ricardian with respect to the pattern of transfers, the balanced budget assumption is
unrealistic to the extent that distortionary taxes and government purchases depend on the level of government
debt.
49I assume that all government spending is alike. Finn (1998) argues that government employment should be
modeled separately from government purchases of goods. Shapiro and Ramey (1998) argue that an important
feature of government spending is the way it in which it reallocates resources across sectors.
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t| ' �| n U| n }|t|� (10)

Definition: Given the initial values gf ' gf and i�3�c ���c�3^j, and the exoge-

nous stochastic processes i~|c B|c �|c �|c 1|j"|'f, an equilibrium is a collection of stochas-

tic processes for quantities,
�
�|c U|c t|cg|n�c u|cg|n�c u|

�"
|'f

, with g|n� ' g|n� and

u| ' u|, ;|; prices, i�|c o|j"|'f; and fiscal policies, i�g|c �u|c }|c �|j"|'f such that: (i)

given the prices and fiscal policies, the quantities solve the household’s problem given by

equations (6) and (7) and the producer’s problem given by equation (2); (ii) the fiscal poli-

cies satisfy equations (8) and (9); and (iii) the resource constraint given by equation (10) is

satisfied.

Upon manipulation of the first-order conditions, part (i) of the definition becomes:

�|

�
�� u|

�|

�3�

'
�|

�|
E�� �u|� E�� @�

t|

u|
c (11)

�

�|
' q.|

�
�

�|n�

�
E�� �g|n��

�
@
t|n�

g|n�
� B|n�

�
n �

��
c (12)

along with equation (7). Both equations are familiar; equation (11) gives the labor market

equilibrium, and equation (12) is the Euler equation. Upon inserting the resource constraint

and the production function, the capital accumulation equation becomes

g|n� ' E�� B|�g| n E�� }|�~|g
@
| u

�3@
| � �|� (13)

It follows that any set of processes for quantities and fiscal policies that satisfies equations

(7) through (9) and (11) through (13) is an equilibrium.

2.5 Specialization and Linearization

Since the model has no closed form solution, I analyze it numerically. To do this, I log-

linearize the equilibrium of section 2.4 around a balanced growth path, following the ap-

proach of King, Plosser and Rebelo (1988), Campbell (1994), Farmer and Guo (1994) and

many others.

Such a log-linearization requires several specializations. The first is that technology
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follows

~| ' C|
~ � i T E5f n 5|� c (14)

where C~ : f is the deterministic growth rate of technology. Similarly the leisure prefer-

ence parameter �| follows

�| ' i T E�n %|� c (15)

and depreciation obeys

B| ' B n _|c

with the stochastic component of technology, depreciation, and preferences following a

first-order vector autoregression:3C 5|n�

_|n�

%|n�

4D ' x

3C 5|
_|
%|

4Dn D|n�c (16)

where D|n� is a stationary martingale difference sequence and the eigenvalues of x all lie

inside the unit circle.

One can show that along a balanced growth path, with depreciation, preferences (�|)

and fiscal policies suitably fixed, u|*�| is constant, while �|*�|, g|*�| and t|*�| grow

at the constant rate

C ' C
�*E�3@�
~ � (17)

I also assume that along a balanced growth path, the population grows at the rate C� .

Dividing through by the appropriate growth rates renders stationary the processes that com-

prise an equilibrium. While 5|, _|, %|, �g|, �u|, and }| should be stationary along a balanced

growth path, I transform the other quantities, with R| � *? E�|* d�|C
|
� o�.

Letting carats ‘‘ e’’ denote deviations from this balanced growth path, the final special-

ization is to rewrite the fiscal policy response function as3C e�g|n�e�u|n�e}|n�

4D ' 6f

� e+|n�e�|n�

�
n 6 Eu��| n 1|n�c (18)
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�| �
�e+|c e�|ce�g|ce�u|ce}|��

c

where6 Eu� is a polynomial of E�� D�matrices in the lag operatoru and 1|n� is a stationary

martingale difference sequence.

2.6 The Linearized Model

Log-linearizing the ‘‘private sector block’’ and combining it with the policy feedback rule

given by equation (18) yields the following linear expectational difference equation

�f.| E�|n�� ' ���|c (19)

�| �
�eS|ce�g|ce�u|ce}|ce&|c��

|3�c�
�
|32c�

�
|3�c 5|c _|c %|

��
�

�f and�� are E2�� 2��matrices. The first two rows of this system give the Euler equation

and capital accumulation equation. The next 15 rows contain the laws of motion for lags

of �|, and incorporate a log-linearization that expresses output and hours as functions of

�|. The next three rows contain the fiscal policy rules, and the last three give the law of

motion for the technology, depreciation and preference parameters.

A solution to the model is a matrix � (which can usually equal �3�
f ��� and a process

i|n� � �|n� �.| E�|n�� c (20)

such that the stochastic process generated by

�|n� ' ��| n i|n�c (21)

satisfies (19). To ensure that the transversality condition is met, I require further that �| be

covariance stationary. But even then i|n� is usually not unique unless one uses economic

theory and/or the data to impose additional restrictions.

It turns out that one can write the forecast error as

i|n� ' O0|n�c (22)

where O is a E2��6� matrix and 0|n� is a E6� �� random vector, with 6 � 2�. By

construction 0|n� has a non-singular covariance matrix, so that 6 gives the stochastic di-
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mension of �|. My approach for finding 6 and O is largely standard, and most closely

follows Klein (2000) and Sims (1997), who work with the generalized Schur (QZ) decom-

position.17 I discuss my approach for finding 0|n� when I describe my numerical exercises.

In brief, what I do is estimate from the data the process given by the last 22 rows of

�f d�|n� �.| E�|n��o ' �fO0|n�c (23)

which I then use to find the covariance structure of 0|n�.

A system of linear difference equations like equation (19) is said to be ‘‘saddle-path

stable’’ when its stationary solution is such that the endogenous (control) variables can

be written as unique linear functions of the exogenous (state) variables. In the baseline

stochastic growth model, this implies that control variables such as output or consumption

can be written as unique functions of capital and technology. Returning to the model at

hand, the structure for�f and�� that I estimate from the data is such that if the three

fiscal policy variables are treated as state variables—as they would be if there were no

feedback links—the model is saddle-path stable—as it would be if there were no feedback

links. This contrasts with Schmitt-Grohe and Uribe (1997) and Guo and Lansing (1998),

who study fiscal feedback rules that do affect their models’ stability properties.

As Klein (2000) and Sims (1997) point out, saddle-path stability can also be defined in

terms of forecast errors; saddle-path stability occurs when the dimension of the innovation

vector0|n� equals the number of state variables, so that the forecast errors of the control

variables are unique linear functions of the forecast errors of the state variables. This is

the framework that leads to equation (23), and what I find is that the feedback rules do not

affect the dimension of 0|n�.

4:My solution approach also draws upon Blanchard and Kahn (1980), Broze, Gourieroux and Szafarz (1985,
1995), Farmer (1993), and King, Plosser and Rebelo (1987). Paul Söderlind provided a GAUSS translation
of the LAPACK routines that do the real QZ decomposition. A technical appendix describing my solution
method is available upon request.
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3. Data and Econometric Approach

3.1 Data

The data used to estimate the model are quarterly observations from the first quarter of 1958

(when quarterly tax data become available) through the last quarter of 1997; once lags and

leads are accounted for, the data cover the third quarter of 1959 through the third quarter

of 1997. One consequence of using this sample period is that the data exclude the Korean

War, the largest postwar fiscal event. To the extent that the Korean War is an idiosyncratic

event, as Edelberg et al. (1999) and Burnside et al. (1999) take it to be, it arguably should

be omitted, or at least handled separately, in the analysis.18

The data include: real per capita output, consumption, investment, labor hours, and cap-

ital; the ratio of government purchases to GDP; and tax rates on capital and labor income.

With the exception of the hours and population series, all of the data are derived from the

national accounts. All of the data are seasonally adjusted.

The way in which the data are constructed is largely standard; I relegate most of the

description to Appendix A. Three series warrant discussion in the text. The aggregate

depreciation rate is found as

B| ' � n
U|
g|

� g|n�

g|
� (24)

The capital and labor tax series are constructed from the national accounts with the method-

ology of Mendoza, Razin and Tesar (1994). I use average tax rates, rather than marginal

ones, primarily because the former are easily constructed on a quarterly basis. I describe my

approach, and the resulting tax series, in some detail in Appendix B. As Mendoza, Razin

and Tesar (1994) point out, on an annual basis the average tax rate series compare favorably

with estimates of marginal rates. Note that even though tax schedules might be fixed over

4;The Korean War is one of three ‘‘Ramey-Shapiro’’ (1998) events that Edelberg et al. and Burnside et al. set
aside for special analysis. While the other two events—the Vietnam War and the Carter-Reagan buildup—
are in the sample, they are, as the referee pointed out, relatively small.
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the course of a year, tax rates can still vary on a quarterly basis, as households move across

tax brackets.19

3.2 Econometric Approach

I estimate the structural parameters of the model using the generalized method of moments

framework developed by Hansen (1982), following Christiano and Eichenbaum (1992),

Braun (1994) and Hamilton (1994). I also build upon the approach of Parkin (1988), in

that I treat the unobserved part of the labor supply equation as a preference shock, and in

that I treat the unobserved part of the capital accumulation equation as a depreciation shock.

For many of the estimates, it is necessary to assume that the random vector�
�g|c �u|c }|c B|c

�|n�

�|
c
t|

g|
c
t|

�|
c
u|

�|

��
c

along with its cross-products, is stationary and ergodic. Since the quantities in this vec-

tor are ratios, such an assumption holds for many technology, depreciation and preference

processes.

The theoretical model implies that any trends in the data are functions of the productiv-

ity growth rate C. It is well known, however, that the data show additional ‘‘idiosyncratic’’

trends. For example, the depreciation,20 labor tax, and government spending series dis-

play pronounced trends over the sample, which I remove. In many cases, at least one of

these trends changes the model’s stability properties. In addition, output, consumption, in-

vestment and capital all grow at different rates, in part reflecting the trends in government

4<The squared first differences of the capital tax series average +43=4> 9=3> 8=7> 6=:,�43�8 for the first through
the fourth quarters, respectively. (If 1975, a year of particularly volatile taxes, is excluded, the numbers are
+;=;> 9=3> 8=7> 6=;,� 43�8.) The squared first differences of the labor tax series average +6=5> 4=9> 4=8> 3=5,�
43�8 for the first through the fourth quarters, respectively. This suggests that while many of the changes in
taxes occur in the first quarter, when the tax code shifts—and also indicate that the quarterly tax series used
here are responding to changes in the tax code in a timely fashion—there are still other sources of variation.
To keep the model tractable, I abstract away from this heteroskedasticity.
53The trend in depreciation is due in part to quirks of the chain-weighting procedure used to deflate the data
and, as described by Kopcke (1993), to an investment shift toward information processing equipment, which
depreciates more quickly than other equipment or structures.
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spending and depreciation. Since these four idiosyncratic trends have no counterpart in

the model, I remove them when estimating the model. In particular, I estimate the mod-

el’s parameters with linearly detrended data, which, when necessary, is centered around the

steady state values implied by the model. Such an approach is consistent with the notion

that the model’s equations hold across all frequencies. Issues of stabilization, however, are

most salient at the business cycle frequencies, and so I consider second moments for both

linearly detrended and HP-filtered data.

I calibrate, rather than estimate, three parameters. I setC� , the population growth rate,

to its sample mean of 1.0037.21 I setq so that the steady state return on a risk-free asset,

C�C*q, equalsf�bb3�. I set �, the inverse of the intertemporal elasticity of substitution for

leisure, equal to �, which in the baseline case sets the output variance for linearly detrended

data implied by the model more or less equal to that observed in the data. Given that many

analyses assume indivisible labor (so that � ' f), or logarithmic preferences, this value

appears high, but it is still below the results of many micro-level studies.22

I describe the detailed moment conditions and the mechanics of how I estimate the para-

meters in Appendix C. It bears noting here, however, that the orthogonality conditions for

estimating the feedback rules are

.

;AAAAAA?AAAAAA=
573C e�g|n�e�u|n�e}|n�

4D� 6f

� e+|n�e�|n�

�
� 6 Eu��|
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It seems likely that contemporaneous hours and output will be correlated with the policy

54JQ is not formally estimated because Qw is assumed to be deterministic.
55For example, see the discussion in Reilly (1994, pp. 463 and 473). Note that the intertemporal elasticity of
substitution for labor is given by 4

�
4�O@Q
O@Q , which for the exercise at hand implies an elasticity of about 1.3.
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forecast errors, 1|n�. I account for this by instrumenting for hours and output, using as

instruments current and lagged values of the capital stock, and four lags of output, hours

and fiscal policies. Initial analyses suggested that the capital and labor tax feedback rules

could be modeled with two lags, and the law of motion for government spending with four

lags.23

In the interest of parsimony and generating a rich set of instruments, I assume that the

matrices of 6 Eu� are sparse; each fiscal policy variable depends mainly on its own lags,

current and lagged hours, and current and lagged output growth. Baxter and King (1993)

point out that the way in which government spending is financed—taxes or transfers—is

important. To capture this sort of effect, I include two direct cross-policy links: labor taxes

respond to lagged government spending; and government spending responds to lagged la-

bor taxes. I briefly discuss a specification that excludes the cross-policy links.

3.3 Moments

The second moments implied by the model follow readily from equation (23). In particular,

suppose that the forecast error0|n� can be written as

0|n� ' �l|n�c (26)

with .|

�
l|n�l

�
|n�

�
' W. It follows that

�@o E�|� ' � � �@o E�|� ��� nO���O�� (27)

Using the linearization ^|n� ' +�|, one can readily find second moments for output

and other variables of interest. Recognizing that {�|n� ' d�� Wo�| nO0|n�, one can

similarly find the variance of first differences.

I calculate the model’s implications for HP-filtered data by applying the time-invariant

HP filter described in Burnside (1999). Using this filter allows one to find HP-filtered

56While I have chosen to adopt a more parsimonious specification, the preliminary analyses did suggest that
labor taxes could be modeled well with five lags.
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autocovariances analytically, as weighted sums of the autocovariance matrices for non-HP-

filtered series.

The innovation matrix � is set so that the forecast errors generated by the model match

those found in the (non-HP-filtered) data. Recall that �f and �� are constructed so that

the last six rows of equation (19) give the fiscal policy reaction functions and the law of

motion for the exogenous shocks. � is then found by solving

�̀fO� '

�
f f
f �

�
c (28)

where �̀fO is the last 22 rows of�fO—the row excluded is the linearized Euler equation—

and� is the Choleski decomposition for innovations to technology, preferences and fiscal

policies shown below in Table 3. Recall that fiscal policies respond to contemporaneous

hours and output.� thus decomposes the fiscal policy forecast error that remains after

accounting for forecast errors in hours and output.O�, on the other hand, decomposes

the error from the time-| forecast of fiscal policies at time| n �. Multiplying through by

�f reconciles the two types of forecast error. Since lagged variables are known in advance,

and the capital stock is assumed to be known in advance as well, they have no forecast

error. The right-hand side of equation (28) thus includes 16 rows of zeros. The dimensions

of O and � are complicated functions of the matrix �. It turns out, however, that � is

E22� 22�, so that equation (28) has an exact solution.

Corresponding to the second moments implied by the model are the second moments

of the underlying data. These moments are estimated in the standard fashion. The linearly

detrended data is centered around the steady state values implied by the model and the

idiosyncratic linear trends discussed earlier,24 while the HP-filtered data is detrended using

57The joint weighting matrix for the structural parameters and data moments is thus block diagonal, with the
optimal weighting matrix for the structural parameters in the upper left corner, and an identity matrix in the
lower right corner.
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a smoothness parameter of 1600.25

The final moments are the average lengths of expansions and recessions. To identify

expansions and recessions, I use a simple dating rule developed by Boldin (1994) that iden-

tifies economic episodes using output growth. To find the episode lengths implied by the

model, I turn to simulations. In particular, I simulate 1600 time series of 150 quarters, ap-

ply Boldin’s rule to each simulated output series, and average the episode lengths across

the 1600 simulations.26

4. Results

4.1 Parameter Values

Table 1 presents the estimates for the technology and preference parameters. The standard

errors are based on the Newey-West (1987) covariance estimator, with six autocovariances.

All of the estimates appear reasonable. The depreciation rate of 1.2 percent per quarter is

lower than some estimates, but this is in part because I have definedB in absolute, rather

than per capita, terms. The capital share, @, of 33 percent is consistent with other estimates.

I discuss the tax series in more detail in Appendix B.

Table 2 presents the coefficients for the fiscal policy feedback rules. The coefficients

show that capital taxes respond more strongly to output, while labor taxes respond more

strongly to hours, and government spending responds about equally to each variable. Labor

taxes also respond strongly to government spending, while government spending responds

weakly to labor taxes. Another notable feature of the policies is their persistence in their

own lags.

58I use an HP filtering procedure for GAUSS written by Matheny, van Norden and Vigfusson.
59Under Boldin’s rule, recessions begin in the first period where total (not per capita) output growth is neg-
ative in the current period and one of the next two periods. Subsequent expansions begin in the first period
that (annualized) output growth exceeds 2.5 percent in the current period and one of the next two periods.
Only complete episodes are used, and simulations where the economy does not experience at least one com-
plete expansion and recession are discarded. An alternative and more involved approach is the Bry-Boschan
algorithm used by Watson (1994).
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The interpretation of these coefficients can be sharpened by viewing the underlying data

series. Figure 1 plots each of the model’s driving processes against output and hours, show-

ing linearly detrended series. There are several striking results. The series for output and

technology both illustrate the post-1973 growth slowdown. Capital and labor taxes both

fall in response to the Kennedy and (especially) Reagan tax cuts. The government spend-

ing ratio rises to cover the Vietnam War and Reagan buildup/Gulf War episodes. Finally,

the preference process mirrors hours; recall that an increase in the preference parameter�|

makes consumersless willing to work.

Table 3 describes the preference, depreciation and technology processes, in combination

with the forecast error for the fiscal policy feedback rules. The lower right corner of the

first matrix containsx, the matrix of autoregressive coefficients for the three exogenous

processes. The second matrix gives the elements of the matrix �, the Choleski decompo-

sition of the covariance matrix for innovations to fiscal policies, technology, depreciation

and preferences. � is lower triangular, with the policy variables first in the ordering. This

reflects the assumption that the feedback rules fully capture the contemporaneous response

of the policy variables to the rest of the economy.

Note that there are strong links between innovations in the ‘‘policy’’ and ‘‘non-policy’’

blocks, especially with respect to preference shocks. Looking at the first column of� re-

veals that an orthogonal innovation to capital taxes generates offsetting movements in labor

taxes and preferences; labor taxes go up while consumers become more willing to work.

The second column shows that an orthogonal innovation to labor taxes has a similar effect.

There are also links between preferences and technology; the fourth column of� shows

that improvements in technology are generally associated with a decreased willingness to

work. A similar positive correlation between technology and preferences appears in Parkin

(1988, Table 3). Farmer and Guo (1995), who estimate a model with increasing returns,
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find a negative correlation.

To better understand the preference innovations, recall from equations (11) and (15) that

the preference process %| is given by

%| ' *?
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Holding everything else constant, and inserting the production function, one can linearize

this equation to approximate %| as �f
e�| n ��e�u| n �25|, with �f and �� negative, and �2

positive. Then to get the relations found in�, it must be the case that forecast errors in e�| are

(roughly) orthogonal to forecast errors in e�u| and 5|. Parkin (1988) suggests one possible

explanation, namely measurement error. Another possibility is that labor market frictions

delay the response of hours to innovations in taxes or technology. The offsetting preference

shocks allow the model to capture these sophisticated dynamics. Farmer and Guo (1995)

offer a similar interpretation. To the extent this is the case, I assume that the labor market

approximation used here is accurate enough to support the fiscal policy experiments.

4.2 Impulse Response Functions

Figure 2 presents impulse response functions for each of the orthogonal shocks shown in

Table 3. Table 3 revealed that the processes driving the model have a large number of con-

temporaneous and lagged interactions. These interactions, along with the feedback rules,

make it difficult to study the model’s dynamics. Figure 2 instead shows the responses that

arise when the interactions (the off-diagonal elements ofx and �) and the feedback rules

are set to zero. In other words, Figure 2 shows the responses that arise when the model’s

driving processes—with the exception of lagged interactions between labor taxes and gov-

ernment spending—are completely independent and completely exogenous. Since similar

response functions appear in (collectively) King, Plosser and Rebelo (1988), Christiano and

Eichenbaum (1992), Baxter and King (1993) and Braun (1994), I will keep the descriptions

brief.
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The first three panels of Figure 2 show the responses to the three fiscal shocks. The

capital tax shock lowers the consumer’s expected after-tax return to saving, inducing an

increase in consumption and leisure. Hours and output drop accordingly. Over time, the

capital stock shrinks as well, keeping output depressed even as hours return to their steady

state value. By decreasing after-tax wages, the labor tax shock generates a similar, but con-

siderably stronger, pattern of responses. Because of the balanced budget assumption, the

tax hikes in isolation have relatively weak wealth effects. The labor tax hike generates the

analogue of the standard wealth effect, however, through its effect on government spending.

In particular, an increase in government spending lowers the consumer’s wealth, increasing

labor supply, hours and output. These wealth effects also appear in the response functions

for a shock to the government spending ratio, where hours and output rise. But as Baxter

and King (1993) argue, the impact of a government spending shock depends even more

critically on how taxes respond; the responses of output and hours mirror the response of

labor taxes.27

The impulse response functions for the technology shock are the familiar ones, and the

responses to a preference shocks are equally straightforward. The responses to depreci-

ation shock are a bit more interesting, in that they are virtually undetectable. The muted

responses are largely due to scaling—a ‘‘one-unit’’ depreciation shock is one-hundredth the

size of a one-unit tax shock. They also reflect offsetting wealth and substitution effects: a

depreciation shock both lowers the expected return to saving and depresses the consumer’s

5:The way in which a government spending shock generates a tax decrease differs from Burnside, et al.’s
(1999) finding that ‘‘Ramey-Shapiro’’ military spending episodes are associated with tax increases. Among
other things, this difference could reflect the omission of the tax-funded Korean War build-up in the data
used here (see Ohanian, 1997) and differences between the three episodes and other government spending
shocks. In addition, with the feedback rules shut down, the responses shown here are not directly comparable
to Burnside, et al.’s responses, which are inclusive of feedback rules.

21



income stream.28 As a result, hours change relatively little and the depreciation increase

affects output mainly by reducing the capital stock.

To give a sense of how the fiscal policy feedback rules operate, Figure 3 displays the

effects of a technology shock. The first panel of Figure 3 displays the impulse response

functions that arise in the full model. One notable result is that hours initially fall in response

to the technology shock. This reflects interactions between the technology and preference

shocks. an increase in technology initially generates an increased desire for leisure, keeping

hours down. Over time leisure becomes increasingly less desirable, and hours increase

accordingly. The interactions between the two shocks also generate a slight hump in the

impulse response function for output. Turning to the fiscal policies, the first panel of Figure

3 shows that the technology shock yields an immediate and sustained increase in capital

taxes. Over the first year, labor taxes barely move, but they then enjoy a modest rise. The

government spending ratio rises on impact and stays slightly higher throughout. The overall

level of government spending of course depends not only on the spending ratio but on the

level of output. Given the increase in output, however, it is clear that government spending

increases as well.

The responses in the first panel of Figure 3 suggest that the endogenous tax responses

dampen movements in output and hours, while the responses of government spending am-

plify them. The second panel of Figure 3 measures the overall effect, by showing the re-

sponse functions that arise with and without the fiscal policy feedback rules. For the time

period shown, the feedback rules compress both the output and hours responses. These

effects are fairly modest, however, and the feedback rules do not change the responses’

overall shape. Figure 3 suggests that the fiscal policy feedback rules provide relatively

little stabilization.

5;In Ambler and Pacquet’s (1994) model, depreciation shocks are uncorrelated, and thus affect expected re-
turns only through their effect on the capital stock.
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4.3 Moments in the Data

The first column of Table 4 presents moments for the postwar U.S., with standard errors.

Table 4 shows two measures of ‘‘output volatility.’’ The first of these is the standard devia-

tion of output around its trend. The standard deviations of the other variables are expressed

as fractions of this measure. The second is the standard deviation of output growth. For

the most part, the second moments are familiar. One notable feature is that hours have a

weak correlation with output. As King, Plosser and Rebelo (1988) point out, hours and

output appear to be positively correlated at high frequencies and negatively correlated at

low frequencies.

The correlations of fiscal variables with output and hours are for the most part very

roughly measured. The strongest are the positive correlation between the government

spending ratio and hours and the negative correlation between labor taxes and hours. Both

of these correlations suggest that the dominant relationship between fiscal policy and the

economy is that of exogenous fiscal shocks generating responses in the labor market—labor

tax increases depressing hours and government spending increases boosting hours.

The first column also shows that under Boldin’s (1994) rule, expansions have lasted an

average of 23 quarters and recessions have lasted 5 quarters. This is roughly in line with

the NBER chronology since 1958, where expansions have lasted an average of 18 quarters,

and recessions have lasted an average of 4 quarters. One reason the fit might not be better

is that the output series used here excludes inventory investment and net exports.

The first column of Table 5 presents moments for postwar data passed through the HP

filter. Referring back to Table 4 reveals that filtering significantly tightens the correlation

between hours and output. Even more striking are the changes in the correlations of the

fiscal policy variables. Upon filtering, the negative correlation between hours and taxes

vanishes, and the government spending ratio becomes negatively correlated with both out-
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put and hours. These negative correlations suggest that the overall level of government

spending is fairly unresponsive to output and hours at the business cycle frequencies, which

comports with the findings of Cooley and Prescott (1995).

4.4 Moments Generated by the Model

The key results of the paper reside in columns (2) to (5) of Tables 4 and 5, which show the

moments that the model generates with and without different components of the postwar

fiscal policy processes. All of the cases are based on the parameters shown in Tables 1

through 3, with parameters set to zero as required. Since these moments are functions of

the parameters in Tables 1 through 3, their standard errors are derived in the standard way

from the covariance matrix for the underlying estimates.

Column (2) of Table 4 gives the moments generated by the full model for linearly de-

trended data. Beneath most of the estimated moments in column (2) are square brackets

that contain |-statistics for the differences between the moments generated by the model

and the moments found in the data. Given the number of moments involved, it is not sur-

prising that the model is statistically rejected along some dimensions; the more relevant

issue is whether the model provides an adequate framework for the policy experiments.

In this respect, the overall fit is comparable to the one found by McGrattan et al. (1997).

Qualitatively, the model matches most features of the data, the largest exceptions being the

cross-correlations of capital and labor taxes with hours, and the correlation between labor

taxes and output. Comparing columns (2) through (5) suggests that the feedback rules of-

ten move the correlations in the ‘‘right direction’’ but ‘‘overshoot’’ the target. Among other

things, this could reflect small permutations in the feedback rules compounding through

persistent fiscal policy processes.

These types of low-frequency effects have been removed in Table 5, which presents mo-

ments for HP-filtered series. Looking at column (2) of Table 5 reveals that model generally
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does no better at fitting the data at the business cycle frequencies than it does at fitting the

data across all frequencies. Given that the stochastic growth model has difficulty replicat-

ing macroeconomic spectra (see, for example, the discussion in Otrok, 2001) and that the

model was estimated to satisfy unfiltered moment conditions, this is not surprising.29 On

the other hand, the model does fairly good job of matching the fiscal policy correlations at

business cycle frequencies.

While the fit is far from exact, in general the model does as well or better than most

variants of the stochastic growth models in providing a plausible starting point.30 One

success of the model is that it generates a negative correlation between hours and average

labor productivity (for example, -0.31 in column (2) of Table 5). As discussed in Baxter

and King (1991), this reflects the presence of two fundamental shocks: a preference shock

that causes hours and productivity to move in opposite directions, and a technology shock

that causes hours and productivity to move together. The negative correlation also reflects

the interaction between the technology and preference shocks that was shown in Table 3;

an orthogonal innovation to technology causes firms to be more efficient and workers to

seek more leisure. The net result is a large increase in average productivity accompanied

by a decrease or small increase in hours.

Column (3) of Tables 4 and 5 presents results for the basic stochastic growth model,

where fiscal policies are identically zero. Among other things, this involves shutting down

the orthogonal policy shocks; recalling Table 3, the first 3 columns of the Choleski matrix

� (the lower triangular matrix in Table 3) are set to zero. Comparing columns (2) and

5<An alternative approach employed by McGrattan et al. (1997) is to re-estimate the model with HP-filtered
data. (They found that the two sets of parameters differed mainly in the estimated shock processes.) I have not
taken such an approach, in part because of issues of estimating different parameters at different frequencies,
and in part because doing so makes the results much harder to interpret.
63The work of Edelberg et al. (1999) and Burnside et al. (1999) suggests, however, that the stochastic growth
model will have to be extensively modified before it can fully replicate the economy’s response to fiscal
shocks.
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(3) yields the central exercise of this paper, which is to consider how the postwar econ-

omy would have behaved in the absence of government. Adding postwar fiscal policy:

decreases the standard deviation of logged output by 0.12 percentage points; increases the

standard deviation of HP-filtered output by 14 percentage points; increases the standard

deviation of output growth by 0.11 percentage points; and shortens both expansions and

recessions. In terms of business cycle stabilization, the most meaningful of these measures

is probably the variance of the HP-filtered data, which implies that postwar fiscal policy

has been destabilizing. But even if all measures are considered, the conclusion is that fiscal

policy has provided little stabilization.

The next exercise is disentangle the effects of exogenous fiscal shocks from the effects

of the feedback rules. In column (4) of Tables 4 and 5, the orthogonal policy shocks remain

shut down, but fiscal policies now follow the full set of feedback rules presented in Table

3. Comparing columns (3) and (4) suggests that the feedback rules are stabilizing: relative

to the no-government case, output volatility markedly decreases for both HP-filtered and

linearly detrended data. The volatility of output growth decreases a little as well, while

expansions get longer and recessions get shorter. Taken as a whole, the feedback rules are

stabilizing, if only weakly. Comparing columns (5) and (2) yields similar conclusions.

In column (5), fiscal policies vary—so that� is full rank—but they do not directly re-

spond to output or hours. Put differently, the fiscal policy response functions have zero co-

efficients one+ and e�, but non-zero coefficients on all other variables.31 Comparing columns

64While this sort of exercise is similar in spirit to the way in which Edelberg et al. (1999) and Burnside et al.
(1999) analyze an exogenous fiscal policy shock, there are some important differences. A fiscal policy shock
not only has a direct effect on fiscal policies, but by affecting output and hours it also affects fiscal policies
indirectly through feedback links. Using the approach detailed in Christiano, Eichenbaum and Evans (1998),
Edelberg et al. and Burnside, et al. construct ‘‘exogenous’’ fiscal policy processes that incorporate both
of these effects. Constructing such a process allows them to consider whether the stochastic growth model
can replicate the economy’s response to a military spending shock. In contrast, the exogenous fiscal policies
considered in column (5) are completely devoid of feedback links. This allows me to address a different issue,
namely the relative importance of exogenous fiscal shocks and endogenous fiscal responses in a complete
model of the economy.
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(3) and (5) reveals that the exogenous fiscal policies are destabilizing. But in general, the

exogenous policy processes have relatively little effect on how the model behaves, espe-

cially on the non-policy correlations. (A notable exception is that adding exogenous fiscal

policies markedly increases the relative volatility of investment.) For the most part, in-

troducing the feedback rules—moving from column (3) to column (4)—has as much of

an effect on the correlations as introducing the exogenous policy shocks—moving from

column (3) to column (5).

Another way of assessing the impact of the exogenous fiscal shocks is to decompose the

variance of the variables shown in Table 4 among the orthogonal shocks shown in Table 3.

Table 6 shows the decomposition. A striking result is the relatively small role played by fis-

cal policy. For example, fiscal policy innovations generate about 32 percent of the variance

of HP-filtered output. In contrast, McGrattan (1994) finds that fiscal policy innovations

generate just under 60 percent of output variance. Among other things, this difference

reflects different treatment of trends (especially for labor taxes), different sample periods

and the absence of a preference shock in McGrattan’s model. Table 6 also reveals that feed-

back responses have a big effect on the volatility of the fiscal policies themselves. While

this is especially true for the linearly detrended policies, where non-fiscal innovations are

the dominant source of volatility, non-fiscal innovations are important for the HP-filtered

policies as well.

In interpreting these decompositions, it is important to recognize how the shocks in-

teract. For example, Table 3 shows that a labor tax innovation generates virtually offset-

ting effects on tax rates and preferences. Table 3 also shows that a government spending

shock generates a large decline in technology. While this interaction will appear in the

decomposition as government-generated variance, it probably reflects innovations to the

government spending ratio that arise because technology shocks affect the spending ratio’s
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denominator—output—but not its numerator.32 But even under the most generous inter-

pretation, fiscal shocks generate a minority of the variance.

The role of preference shocks is also worth noting. Hall (1997) concludes that prefer-

ence shocks explain virtually all of the variance of hours, and are thus the dominant force

behind business cycles. The results presented here, while striking, are much less stark.

Preference shocks explain less than 40 percent of output variance. And even at business

cycle frequencies, a significant portion of the variance in hours cannot be attributed to

preferences.

4.5 Alternative Specifications

I turn now to briefly considering some alternatives to the baseline case. All of the results

are summarized in Table 7. The first column of Table 7 presents the standard deviations

of linearly detrended and HP-filtered output found in Tables 4 and 5. (In the interest of

brevity, I have not shown the standard deviations of output growth or episode lengths.) The

first column of Table 7 also shows the changes in the standard deviations that occur when

postwar fiscal policy is added to the basic growth model, along with the standard errors for

those changes.

Each alternative reflects one change to the baseline case. The first of these changes is a

sparser specification for the feedback rules, shown in column (2). Under this specification,

labor taxes and government spending no longer respond to each other’s lagged values. Note

that policies can still interact contemporaneously (through�), and through coordinated

responses to output or hours. Table 8 shows the feedback rules that result under this sparse

specification. Comparing Table 8 with Table 2 reveals that the responses to output and hours

are fairly similar across the two specifications. Returning to Table 7, comparing columns

65The negative relationship in the innovations is also offsetting the positive coefficient on contemporaneous
output in the government spending feedback rules, which in turn is probably capturing the positive low-
frequency correlation between output and the government spending ratio shown in Table 4.
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(1) and (2) shows that the feedback rules are somewhat less stabilizing when the cross-

policy links are excluded; moving from ‘‘Exogenous Shocks Only’’ to ‘‘Full System,’’ one

sees that output volatility decreases less when the sparser specification is used. Another

difference is that exogenous fiscal shocks play a smaller role under the sparser specification.

This can be seen by comparing the ‘‘Feedback Rules Only’’ and ‘‘Full System’’ cases. In

the baseline model, removing the fiscal shocks lowers the variance of HP-filtered output

by 32 percent—the variance drops from 1.39 to 0.94 percent. (Note that this is equivalent

to the summing the fiscal policy components of the variance decomposition in Table 6.)

Performing the same calculations with the sparser specification reveals a drop of 19 percent.

But overall, the two specifications of fiscal policy generate similar results.

The second alternative, shown in column (3), is to assume that utility is logarithmic in

leisure. This involves decreasing� from � to �. Since fiscal policies affect the economy in

large part through the labor market, it is hardly surprising that they can have a bigger effect

when labor supply is more elastic. In particular, column (3) shows the same patterns as

column (1), but the magnitudes of the shifts are larger. Moving to logarithmic preferences

also increases volatility in general. Such a result is not immediate, because it follows from

equation (11) that as one decreases �, one decreases the estimated variance of the preference

shock �|.

An unresolved issue is the effect of government spending, especially in investment, on

production. In the baseline case, I follow Christiano and Eichenbaum (1992) by adding

government capital to the capital stock. This reflects the assumption that all government

capital is an inframarginal substitute for private capital. In column (4), I consider the impact

of this assumption by treating all government spending as unproductive. This requires me

to subtract government investment from the investment series, government consumption

of fixed capital from the government spending series, and government capital from the
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capital stock series. Comparing column (4) to column (2) shows that the fiscal policy

innovations generate less volatility. On the other hand, the fiscal policy feedback links

no longer dampen the fluctuations of HP-filtered output. The total effect of fiscal policy,

however, is quite similar under two measures of government spending.

The final alternative, shown in column (5), is to use a different measure of total hours.

While the baseline measure uses estimates of average hours from the Bureau of Labor

Statistics’ establishment survey, the alternative measure relies on the Bureau’s household

survey (Citibase variable LHOURS, available through 1993). Unlike the baseline measure,

the alternative measure of per capita hours drifts upward over the sample, and so I remove a

linear trend from this series before analyzing it. With the trend removed, the two measures

of hours generate similar results.

Looking across the various cases, one can draw several broad conclusions. The first is

that fiscal policy increases the variance of HP-filtered output, but decreases, albeit insignif-

icantly, the variance of output around its trend. The second is that the endogenous compo-

nent of fiscal policy, taken by itself, in most cases reduces the variance of HP-filtered output,

and always reduces the variance of linearly detrended output. A third conclusion, found by

comparing the ‘‘No Government’’ and the ‘‘Exogenous Shocks Only’’ experiments, is that

even with the offsetting preference shocks discussed in Table 3, the exogenous component

of fiscal policy is destabilizing.

5. Conclusion

The goal of this paper was to see whether fiscal policy has helped stabilize the postwar U.S.

economy. To answer this question, I first estimated a model of the economy where fiscal

policies can respond to hours and output. I then simulated the model, and analyzed how

the economy changed as different elements of the postwar fiscal policy were eliminated.

While there was variation across different specifications, my analyses yielded several broad
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results. First, adding the postwar fiscal regime increases the variance of HP-filtered out-

put. The results are sometimes weaker under other measures of volatility, but I never find

postwar fiscal policy to be more than weakly stabilizing. I also found that allowing taxes

and spending to respond to output and hours was stabilizing under most specifications. A

third result was that the exogenous component of fiscal policies was destabilizing, but not

essential to explaining the relative variances and correlations of different economic vari-

ables. Finally, I found that innovations to fiscal policies (and technology as well) tended to

generate offsetting innovations to preferences.

The way in which preference innovations behave could well reflect frictions that dampen

or delay the response of labor to fiscal policies. A fruitful line of future research, then,

would be exercises in the vein of Burnside, Eichenbaum and Rebelo (1993), where fiscal

policies are studied in an economy with labor hoarding or related frictions.
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6. Appendix A: Data Construction

The capital stock includes series for fixed private capital, durable goods, and government

capital. These series are constructed from the national accounts by the U.S. Department

of Commerce, as described in Herman and Katz (1997). I convert the annual series into

quarterly observations with the quarterly investment series and imputed depreciation rates

for each major category of capital. The aggregate depreciation rate is constructed from the

investment and capital series as described in equation (24). In adding government capital,

I follow Christiano and Eichenbaum (1992) by making the assumption that government

capital is an inframarginal substitute for private capital.

Consumption consists of purchases of services and non-durable goods, and an imputed

service flow from durable goods.33 The baseline measure of investment consists of private

and government fixed investment and purchases of durable goods. Government spend-

ing consists of government purchases of goods and services less government investment.

Output equals the sum of consumption, investment and government spending. The govern-

ment spending ratio is found using these real quantities. While real quantities can run into

‘‘adding-up’’ problems, there are non-trivial differences between the deflators for govern-

ment spending and output as a whole.

Labor hours equal average employee hours in non-agricultural establishments, multi-

plied by the total employment. Both series are compiled by U.S. Bureau of Labor Statistics,

with average hours coming from the Bureau’s establishment survey. To get per capita quan-

tities, I divide the preceding series by the civilian non-institutional population, 16 years and

older. I normalize the time endowment by assuming each person has 1369 hours available

in a quarter. Using this value, I find that individuals spend about 20 percent of their time

allotment on the job. There also exists an hours series that uses a measure of average hours

66The service flow is calculated as a carrying charge on the stock of durable goods, which is found by multi-
plying the stock by the sum of the depreciation rate and an annuity charge of one percent per quarter.
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taken from the Bureau’s household survey. Since each series has its strengths, I briefly

consider this second measure when discussing alternative specifications.34

7. Appendix B: Calculation of Average Tax Rates

My approach to calculating average tax rates on capital and labor income closely follows

that of Mendoza, Razin and Tesar (1994). I work with the national income and product

accounts data collected by the Bureau of Economic Analysis and provided through the Bu-

reau’s STAT-USA on-line service. All of these items are indexed by table and line numbers

from the Survey of Current Business.

I begin by finding� R, the average personal income tax rate:

� R '
8UA n 7UA

` n �-U*2 n �U
c (B.1)

�U � �-U*2 n-U n �� n�Uc (B.2)

where:

8UA ' Federal income taxes (3.2: line 3);35

7UA ' State and local income taxes (3.3: line 3);
` ' Wages and salaries (1.14: line 3);
�U ' Capital income;
�-U ' Proprieter’s income (1.14: line 9);
-U ' Rental income (1.14: line 17);
�� ' Corporate profits (1.14: line 20);
�U ' Net interest (1.14: line 29).

As discussed by Joines (1981), the division of proprietor’s income into capital and labor

income is somewhat arbitrary. Joines analyzes both extreme cases (all capital or all labor

income). I take the middle ground, and split proprietor’s income evenly between capital

and labor income.

67A comparison of the two series can be found in recent editions of Employment and Earnings (1999). While
the establishment data are arguably more accurate, the household series has conceptual advantages.
68Federal income taxes in the second quarter of 1975 are adjusted upward to remove the rebate component
of the Tax Reduction Act of 1975, as the rebate was based on 1974 tax liabilities. (I assume that the rebate was
unanticipated in 1974.) See the April, 1975 Survey of Current Business, and the 1976 Economic Report of the
President.
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The labor tax rate, �u, is then calculated as

�u '
� R d` n �-U*2o n �7U

.� n �-U*2
c (B.3)

where

�7U ' Total contributions to social insurance (3.1: line 5);
.� ' Total employee compensation (1.14: line 2).

In addition to wages and salaries, employee compensation includes contributions to so-

cial insurance and untaxed benefits.

The capital tax rate, �g , is calculated as

�g '
� R�U n �A n �A

�U n �A
c (B.4)

where

�A ' Corporate taxes (3.1: line 3);
�A ' Property taxes (3.3: line 9).

I add property taxes to the denominator as they are deducted from profits. On the other

hand, I exclude returns (net of depreciation) to durable goods; as Braun (1994) notes, in-

cluding such returns would lower the average capital tax rate.

My approach is also similar to that used by Joines (1981), McGrattan (1994) and Mc-

Grattan et al. (1997), with the main difference being that Joines, McGrattan, and McGrattan

et al. estimate the personal income tax rate as a marginal rate from tax records, rather than

as an average rate from the national accounts. By way of comparison, when my tax rates

are calculated with annual data, the correlation between my average tax rates and the mar-

ginal tax rates in McGrattan, et al., after detrending over the period 1958 - 1992, is roughly

0.90 for labor taxes and 0.80 for capital taxes.36 Directly comparing magnitudes is a lit-

tle more difficult, because different studies classify income differently. This complication

aside, the values of �u that I find are of a magnitude similar to those found by Mendoza,

69When trends are included the correlations rise to 0.93 and 0.85, respectively.
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Razin and Tesar, as well as the marginal tax rates found by McGrattan and McGrattan et al.,

all of which average around 20-25 percent. My estimates of the average tax rates for capital

average around 40 percent, which are lower than McGrattan’s marginal rates (roughly 50

percent), but similar to those found by Mendoza, Razin and Tesar. Readers interested in

other tax series are referred to Joines, and Mendoza, Razin and Tesar, who provide many

comparisons and references.

8. Appendix C: Moment Conditions and Estimation Mechanics

The moment conditions used in this paper fall into three distinct ‘‘blocks.’’ The first of these

blocks is a set of unconditional moments for estimating the parametersE�g c �uc }c Bc @c

Cc �c 5f�, and the idiosyncratic trends EC�uc C}c CB�:37

. i�g| � �gj ' fc (C.1)

.

�
d�u| � �u �C�u|o �

�
�

|*A

��
' fc (C.2)

.

�
d}| � } �C}|o �

�
�

|*A

��
' fc (C.3)

.

�
dB| � B �CB|o �

�
�

|*A

��
' fc (C.4)

.

�
q

C�C
C
d�|3�*�|3�o

d�|*�|o

�
E�� �g|n��

�
@
t|

g|
� B|

�
n �

�
� �

�
' fc (C.5)

.

�
d*? E~|�� 5f � E�� @� *? EC� � |o �

�
�

|*A

��
' fc (C.6)

. i*? E�|�� �j ' fc (C.7)

where | is defined to have a mean of zero, A is the sample size,38 and the residuals *? E�|�

and *? E~|� are given by

6:This block of equations also includes four equations analogous to equation (C.6) for finding the idiosyncratic
trends in output, consumption, investment and capital, as well as an equation for finding the average growth
rate of output (which differs from its trend growth rate). (The equations for the trends utilize steady state
values implied by the model’s parameters.) These estimators are incorporated in the standard errors for all of
the estimates shown below.
6;My approach for handling trends follows Burnside and Eichenbaum (1996).
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*? E�|� ' *?

�
t|

�|

�
� *?

�
u|

�|

�
n *? E�� �u|� n *? E�� @� n � *?

�
�� u|

�|

�
c (C.8)

*? E~|� ' *? Et|�� @ *? Eg|�� E�� @� *? Eu|� � (C.9)

The second block of equations contains the orthogonality conditions for estimating the

feedback rules:

.

;AAAAAA?AAAAAA=
573C e�g|n�e�u|n�e}|n�

4D� 6f

� e+|n�e�|n�

�
� 6 Eu��|
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3EEEEEEC

�|

�|3�

�|32

�|3�e&|n�e&|

4FFFFFFD

<AAAAAA@AAAAAA>
' fc (C.10)

�| �
�e+|c e�|ce�g|ce�u|ce}|��

�

The final block of equations yields estimates for the forcing processes and their innova-

tions:

.

;?=
573C 5|n�

_|n�

%|n�

4D�x

3C 5|
_|
%|

4D68

3C 5|

_|
%|

4D<@> ' fc (C.11)

.

�
�eS�

��
1|n�

D|n�

��
1|n�

D|n�

��
����

��
' fc (C.12)

where the matrix � has 21 non-zero elements.

Since the system of equations formed by (C.1) through (C.12) is overidentified, effi-

cient estimation requires two steps. First, consistent but inefficient estimates are found by:

(1) finding the sample means given by (C.1) through (C.9);39 (2) estimating (C.10) with

two-stage least squares (after subtracting steady state values and trends estimated in the

first step); and (3) using the residuals from parts (1) and (2) to estimate (C.11) and (C.12).

These initial estimates are then used to find Hansen’s (1982) optimal weighting matrix,

6<Rather than solve equations (C.5) and (C.6) jointly, I first estimate J as the average growth rate of output,
and then solve (C.5) and (C.6) in order.
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which is in turn used to estimate all the parameters jointly.40

73Since the objective function is irregular, the joint estimation requires a combination of the BFGS and Simplex
search algorithms. The latter utilizes code written by Honore and Kyriazidou and downloaded from the
electronic GAUSS library at American University. The starting values are the parameters found in the first
step of estimation. In general, the parameters change little between the two steps of estimation. Hansen’s
(1982) overidentification test statistic, here distributed"5 +63,, has a value of roughly 23.
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Figure 1

The Model’s Driving Processes: 1959.III-1997.III
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Figure 2

Responses to Independent Exogenous Shocks
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Figure 3

Responses to a Technology Shock

Responses with Feedback Rules
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Table 1

Parameter Estimates for Preferences and Technologies@

Parameter

q* dCC� o (Effective Discount Factor) f�bb

� (1/[Leisure Elasticity of Substitution]) ��f

C� (Population Growth Rate) ��ff�.

@ (Capital’s Share) f��2H
Ef�ff2e�

B (Depreciation, in percent) ��2��
Ef�ff���

C (Technology Growth Rate) ��ff�.
Ef�fff��

�g (Capital Income Tax Rate) f��bf
Ef�ff2��

�u (Labor Income Tax Rate) f�2��
Ef�ff�2�

} (Government Spending/Output) f��.S
Ef�fff.�

� (Leisure Preference Parameter) f�.Db
Ef�ff��

5f (Technology Parameter) ��S��
Ef�f�e�

aParameters estimated using equations (D.1) through (D.9). Standard errors (in parentheses) calcu-
lated using a Newey-West covariance estimator with six autocovariances. Parameters lacking standard
errors were not estimated.
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Table 2

Parameter Estimates for Fiscal Policy Feedback Rulesa

Dependent Variable
Explanatory Capital Labor Government
Variable Taxes (e�g|n�) Taxes (e�u|n�) Spending (e}|n�)e�|n� f�2�D

Ef��2D�
f�fSb
Ef�fHS�

�f�fbb
Ef�fS��e�| �f��2D

Ef��e.�
f�ffe
Ef�fb2�

f���e
Ef�fS.�e�|3� f���b

Ef�fDH�
�f�fbf
Ef�f�f�

f�ff.
Ef�f2��e�|32 NA NA �f�fee
Ef�f2��e�|3� NA NA f�feS
Ef�f�H�e+|n� f�Dff

Ef�����
�f�f�D
Ef�fSS�

f����
Ef�fDS�e+| �f�S��

Ef��S2�
�f�ff�
Ef�f.e�

�f��2f
Ef�fSH�e+|3� f��.�

Ef�f.2�
f�fD.
Ef�f�f�

�f�ffb
Ef�f2H�e+|32 NA NA �f�f�S
Ef�f2S�e+|3� NA NA f�f�f
Ef�f�e�e�g| f�bfS

Ef�f�H�
NA NAe�g|3� f�fSD

Ef�fe2�
NA NAe�u| NA f�HS�

Ef�feS�
f���.
Ef�f2D�e�u|3� NA f�fD.

Ef�f�.�
�f�fDH
Ef�f2S�e�u|32 NA NA f�f�e
Ef�f2D�e�u|3� NA NA �f�f��
Ef�f2S�e}| NA f�2�2

Ef�fb.�
f�b2.
Ef�fS.�e}|3� NA �f��fD

Ef�fH��
f��SH
Ef�fbD�e}|32 NA NA �f�fD�
Ef�fS.�e}|3� NA NA �f���b
Ef�fSH�

aParameters estimated using equation (25). c denotes logged labor hours, | logged output. Carats
‘‘ e’’ denote deviations from values along a balanced growth path. Standard errors (in parentheses)
calculated using a Newey-West covariance estimator with six autocovariances.
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Table 3

Parameter Estimates for Exogenous Variablesa

3
EEC

1|n�

5|n�

_|n�

%|n�

4FFD =

59999997
f

E�f��
f

E�f��
f

E�f��
f

E�f��

f
E�f��

f�bD�
Ef�f�f�

�f�fD�
Ef�f�H�

f�f��
Ef�ffS�

f
E�f��

f�f2H
Ef�f���

f�b�f
Ef�f2H�

�f�f2S
Ef�f�D�

f
E�f��

�f��f2
Ef�f�S�

�f�fD2
Ef�f2.�

f�bHf
Ef�f�2�

6::::::8
3EEEC

f
E�f��

5|
_|
%|

4FFFD

n

59999999999997

f�.2�
Ef�f2.�

f f f f f

f��.2
Ef�f�e�

f��2f
Ef�f�.�

f f f f

f�f2D
Ef�f�e�

f�ffD
Ef�ffb�

f��HS
Ef�f�H�

f f f

�f��fS
Ef�fe��

f�f�e
Ef�fD��

�f���e
Ef�feS�

f�eDb
Ef�feD�

f f

f�f��
Ef�f2D�

f�ff�
Ef�f2e�

�f�ffH
Ef�f���

�f�ffH
Ef�f���

f�.2�
Ef���f�

f

�f��Sf
Ef�f..�

�f�2Sb
Ef��ff�

f�ffH
Ef��2D�

f��S2
Ef�fHb�

�f���.
Ef�fe��

f�b2H
Ef�fe��

6::::::::::::8
l|n�

aParameters estimated using equations (D.11) and (D.12). }w.4 gives the deviation of the logged
technology shock from its trend value. gw.4 gives the deviation of the depreciation rate from its trend
value, multiplied by 433. {w.4 gives the deviation of the logged leisure preference parameter from its
steady state value. 1w.4 is the vector of forecast errors for the fiscal policy feedback rules given by
equation (18). lw.4 is a martingale difference sequence with Hw

�
lw.4l

3
w.4

�
@ L. Responses to the

orthogonal innovations are expressed in percentages. Standard errors (in parentheses) are calculated
using a Newey-West covariance estimator with six autocovariances.
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Table 4

Moments and Correlations for Linearly Detrended Seriesa

U.S. Data: Full No Feedback Exogenous
1959III-97III Systemb Governmentc Rules Onlyd Shocks Onlye

(1) (2) (3) (4) (5)
Std. Dev.
of Output (%) ��bf

Ef�eD��
��bf
df�ffo

e�f2
Ef�HH�

��2b
Ef�.D�

e�Hb
Ef�b2�

Std. Dev.
of {Output (%) f�.D

Ef�fS.�
f�H.
d��S�o

f�.S
Ef�fS�

f�.�
Ef�fH�

f�be
Ef�fD�

Standard Deviation/Standard Deviation (Output)
Consumption f�.b

Ef�fDS�
f�DD
d32�H�o

f�Df
Ef�fe�

f�DD
Ef�fb�

f�eH
Ef�fD�

Investment ��bS
Ef��HH�

2�SD
d2�ebo

2�DH
Ef�fb�

2�eS
Ef�2��

��ff
Ef��2�

Hours f�Se
Ef��ff�

f�Hf
d��eeo

f�.e
Ef�f.�

f�HH
Ef����

f�.e
Ef�fe�

Productivityf f�b�
Ef�fbS�

f�HH
d3f��Ho

f�Sb
Ef�fH�

f�bS
Ef����

f�S�
Ef�f.�

�g f�.e
Ef��fH�

f�bS
d��f.o

NA f�Hb
Ef�2��

f�Sf
Ef��b�

�u f���
Ef�fe.�

f��b
df�.2o

NA f��D
Ef�fH�

f��H
Ef�fe�

} f��H
Ef�f�f�

f�2D
d����o

NA f�2D
Ef�fD�

f���
Ef�f��

Contemporaneous Correlation with Output
Consumption f�b�

Ef�f�2�
f�He
d3��eDo

f�Hf
Ef�f��

f�HS
Ef�f��

f�.H
Ef�f��

Investment f�HS
Ef�fe2�

f�HD
d3f��.o

f�bS
Ef�f��

f�HD
Ef�fD�

f�be
Ef�f2�

Hours f�e2
Ef��e2�

f�De
df�.�o

f�.�
Ef�f.�

f�eH
Ef����

f�.H
Ef�fS�

Productivityf f�.b
Ef�fSb�

f�Se
d3��S.o

f�S.
Ef�fH�

f�Sf
Ef�fb�

f�SH
Ef�fD�

�g f���
Ef��DS�

f���
df�f.o

NA f�De
Ef�22�

�f��2
Ef��f�

�u �f�f�
Ef��bb�

f�e.
d��H�o

NA f�SD
Ef��S�

f�f2
Ef�fS�

} f���
Ef��S.�

f��D
df�f.o

NA f�2b
Ef��.�

�f��f
Ef�fS�

Contemporaneous Correlation with Hours
Productivityf �f�2�

Ef��Df�
�f��f
d3f��Do

�f�f2
Ef��.�

�f�e�
Ef��D�

f�f.
Ef��2�

�g �f�2f
Ef�2ff�

f�DD
d��2Do

NA f�.D
Ef�f.�

�f�22
Ef�f.�

�u �f�DS
Ef��f2�

f�ff
d2��Do

NA �f�f�
Ef�2e�

f�f2
Ef�f.�

} f��f
Ef�fH2�

f�SH
d2�H.o

NA f�H�
Ef�fH�

�f��.
Ef�f.�
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Table 4

Moments and Correlations for Linearly Detrended Series (cont)a

U.S. Data: Full No Feedback Exogenous
1959III-97III Systemb Governmentc Rules Onlyd Shocks Onlye

(1) (2) (3) (4) (5)
Episode Lengths

Length of
Expansionsg 2���

ENA�
�H�2
dNAo

2e��
ENA�

2S�b
ENA�

�S��
ENA�

Length of
Recessionsg e�H

ENA�
e��
dNAo

e�D
ENA�

e�f
ENA�

e��
ENA�

aOutput, consumption, investment, and productivity are expressed as log deviations from linear trends.
Hours are expressed as log deviations from a steady state value based on the model’s parameters. Fis-
cal policies are expressed as deviations from steady state values. (Labor taxes and the government
spending ratio have been linearly detrended.) Columns (2) - (5) are found as a function of the mod-
el’s parameters. Column (1) is estimated from the data. Parentheses give standard errors, which are
calculated using a Newey-West covariance estimator with six autocovariances. Square brackets give
w-statistics for the differences between the moments generated by the estimated model parameters and
the moments found in the data.
bStochastic growth model with fiscal policies fluctuating around their steady state values as functions
of their own lagged values and current and lagged hours.
cBaseline stochastic growth model with fiscal policies identically zero.
dStochastic growth model with fiscal policies following feedback rules in the absence of exogenous
policy shocks.
eStochastic growth model with fiscal policies exogenously fluctuating around their steady state values.
fProductivity is defined as output divided by hours.
gRecessions and expansions are defined with the rule developed by Boldin (1994). Only complete
episodes are used. Episode lengths in columns (2) - (5) are calculated with the mean lengths for 1600
simulations of 150 quarters.
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Table 5

Moments and Correlations for HP-filtered Seriesa

U.S. Data: Full No Feedback Exogenous
1959III-97III System Government Rules Only Shocks Only

(1) (2) (3) (4) (5)
Std. Dev.
of Output (%) ��D�

Ef��Db�
���H
d3��b.o

��fe
Ef�fb�

f�b.
Ef����

��2b
Ef�fH�

Standard Deviation/Standard Deviation (Output)
Consumption f�Se

Ef�f2��
f��S
d3e�.Ho

f��b
Ef�f2�

f���
Ef�fS�

f�2D
Ef�f��

Investment 2�HS
Ef�fH.�

��.b
dS���o

��2f
Ef�fS�

���b
Ef�2e�

e�fb
Ef��H�

Hours f�.b
Ef�f�.�

f�bD
d2�Dbo

���f
Ef�f.�

��fb
Ef�fH�

��f�
Ef�fe�

Productivity f�DS
Ef�fDb�

f�.�
d2�fSo

f�.2
Ef�fS�

f�.H
Ef�f.�

f�SS
Ef�fe�

�g f�S�
Ef�fH.�

f�Hf
d��bfo

NA f�Df
Ef��f�

f�.f
Ef�fD�

�u f��e
Ef�fD��

f�eD
d��.fo

NA f��b
Ef�fS�

f��b
Ef�f��

} f�2�
Ef�f2H�

f��f
d���.o

NA f�2�
Ef�fe�

f�2H
Ef�fD�

Contemporaneous Correlation with Output
Consumption f�be

Ef�f�S�
f�Sf
d32�b�o

f�DH
Ef����

f�DD
Ef�2��

f�e�
Ef��2�

Investment f�be
Ef�f�b�

f�b2
d3f�.2o

f�bb
Ef�ff2�

f�b�
Ef�f��

f�bS
Ef�f��

Hours f�H�
Ef�fe��

f�.2
d3��b�o

f�..
Ef�fe�

f�.�
Ef�fe�

f�.b
Ef�f��

Productivity f�S�
Ef�fD��

f�e�
d32�2.o

f�2�
Ef��f�

f�2.
Ef��f�

f��2
Ef�fS�

�g f��b
Ef��fb�

f�2S
df�Sfo

NA f�H2
Ef�fS�

�f�2.
Ef��f�

�u �f�fb
Ef�����

f�fe
df�b�o

NA f�Df
Ef��S�

�f���
Ef�fS�

} �f�DD
Ef���H�

�f���
d��Sfo

NA f�fb
Ef��H�

�f�eD
Ef�fD�

Contemporaneous Correlation with Hours
Productivity f�fS

Ef�fb��
�f���
d3��fSo

�f�eS
Ef�f.�

�f�e.
Ef�fH�

�f��e
Ef�fS�

�g f�2S
Ef��fH�

f�2S
df�ffo

NA f�.b
Ef�fH�

�f�2e
Ef��f�

�u f�fD
Ef��2S�

f���
df�efo

NA f�.D
Ef��D�

�f��.
Ef�fH�

} �f�De
Ef��f2�

�f��S
d2�Dbo

NA �f�f�
Ef�2.�

�f�2�
Ef�fb�

aSee notes to Table 4. The moments presented here are for series passed through the HP filter, using a
smoothness parameter of 1600.

46



Table 6

Variance Decompositiona

Percentage of Variance Attributable to:b

�g �u } 5 _ %
Linearly Detrended Variables

Output b�e
Ee�S�

��S
E��e�

�.�.
Ee�H�

�2�H
EH���

�.�f
Eb���

2��D
Eb�f�

Consumption S�.
E2�b�

D�2
Ee�D�

�S�.
EH���

���e
Eb���

2.�f
E�2�b�

���f
E���f�

Investment ���.
ED�H�

��.
E����

2D�2
ES���

2f�f
ED�b�

�2��
ES���

2b��
EH���

Hours D��
E��S�

��.
E��D�

H�D
ED�b�

�2�e
EH���

.�.
Ee�H�

Se�S
E�e�b�

Productivity 2�.
E��.�

e��
E2�D�

H��
E��S�

2���
ES�e�

�H�.
E�f�2�

e2�b
E���.�

�g 22�H
Eb�2�

f�S
E��f�

�D�e
ED�e�

�2�e
Eb�H�

���S
Eb�f�

�D��
Eb�f�

�u S�e
E2�D�

2D�H
E.�H�

.�D
E2�.�

D�D
Ee�e�

.��
Ee�S�

e.�.
E�f���

} 2�e
E2�2�

b�.
E��S�

�b�S
Ee�H�

���2
ES�S�

D�H
Ee�H�

D���
E�f�e�

Output Growth .�D
ED���

f�2
Ef�2�

22�b
ED�D�

2���
ES�D�

e�.
E2�e�

e��S
Ee���

HP-filtered Variables
Output S�H

Ee�H�
f��
Ef���

2D��
ES���

2e��
ES���

D�2
E2�b�

�H�2
Ee�e�

Consumption e�f
E2�H�

��H
Ee�D�

�e�.
Eb�b�

ee��
Eb�b�

���H
E.�H�

��e
E��2�

Investment ����
E.�H�

f�e
Ef�D�

�e�e
Eb���

.�f
Ee���

H�.
Ee�.�

�H�2
E.�S�

Hours e�S
Ee�f�

f�H
Ef�.�

e�e
ED�f�

2�D
E2�2�

S�H
E����

Hf�b
ED���

Productivity ��2
E��2�

��S
E��D�

�b��
Eb�.�

D.�H
Eb�e�

S�e
E����

���b
E2���

�g SS�S
EH�b�

f��
Ef���

S�H
E2�e�

e�H
E2�D�

��H
E����

�b�b
EH���

�u �.�f
E����

Se�D
ED�D�

S�S
E2�2�

��S
E��.�

��e
Ef�H�

H�b
Ee�H�

} ��f
E2���

H��
E��b�

DD�f
E.�b�

.��
ED���

��S
E��D�

2D�2
ES�S�

aSee notes to Tables 3, 4 and 5.
bPercentage of variance due to each of the orthogonal shocks in the Choleski decomposition shown in
Table 3. �N indicates the capital tax shock (first row of the innovation matrix), while �O, j, }, g and {
give the labor tax, government spending, technology, depreciation and preference shocks, respectively.
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Table 7

Effects of Fiscal Policy on Output Volatilitya

Sparser New New
Feedback Measure Measure

Baselineb Rulesc � ' �d of }e of Hoursf

(1) (2) (3) (4) (5)
Standard Deviation of Linearly Detrended Output (%)

No Governmentg e�f2 e�f� e�SS e�H� ��SH
Feedback
Rules Onlyg ��2b ��eH ���S e�f� ��2H
Exogenous
Shocks Onlyg e�Hb e�H� D�.H D�eb e��2
Full Systemg ��bf ��be e�fH e�e2 ��De
Full System less
No Government �f��2

Ef��b�
�f�fH
Ef��e�

�f�D.
Ef����

�f�e�
Ef�2b�

�f��D
Ef��2�

Standard Deviation of HP-filtered Output (%)
No Governmentg ��fe ���f ��2� ���S ���.
Feedback
Rules Onlyg f�b. ��fH ��f� ���. ���e
Exogenous
Shocks Onlyg ��2b ��2. ��D� ���f ���.
Full Systemg ���H ��2f ��2e ��2. ����
Full System less
No Government f��e

Ef�fS�
f��f
Ef�fD�

f�f�
Ef�fH�

f���
Ef�fS�

f��e
Ef�fD�

aSee notes to Tables 4 and 5.
bModel presented in Tables 4 and 5.
cModel presented in Tables 4 and 5 using the sparser fiscal policy feedback rules shown in Table 8.
dModel presented in Table 4 and 5 under the assumption of logarithmic preferences for leisure.
eModel presented in Table 4 and 5 with revised measure of government spending.
fModel presented in Table 4 and 5 with revised measure of labor hours.
gThese four rows correspond to columns (2) through (5) of Tables 4 and 5.
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Table 8

Parameter Estimates for Fiscal Policy Feedback Rulesa

Dependent Variable
Explanatory Capital Labor Government
Variable Taxes (e�g|n�) Taxes (e�u|n�) Spending (e}|n�)e�|n� f�2��

Ef��fb�
f�ffD
Ef�fDD�

�f�fDD
Ef�fe��e�| �f��D�

Ef�����
f�fHH
Ef�fS��

f�f..
Ef�fD��e�|3� f��e.

Ef�fD��
�f���D
Ef�f2S�

f�f�f
Ef�f2f�e�|32 NA NA �f�fSH
Ef�f�b�e�|3� NA NA f�fef
Ef�f���e+|n� f�eHH

Ef�fHf�
�f�fe�
Ef�fe.�

f�f2�
Ef�fe��e+| �f�S��

Ef��2S�
�f�ffD
Ef�fDe�

�f�ffe
Ef�fDD�e+|3� f��H.

Ef�fSH�
f�fSS
Ef�f2e�

�f�f�b
Ef�f2��e+|32 NA NA �f�ffb
Ef�f2f�e+|3� NA NA f�ffb
Ef�f���e�g| f�HbH

Ef�f�D�
NA NAe�g|3� f�f.H

Ef�f�S�
NA NAe�u| NA f�H.e

Ef�f���
NAe�u|3� NA f�fDe

Ef�f���
NAe}| NA NA f�bH�

Ef�fDe�e}|3� NA NA f��2.
Ef�f..�e}|32 NA NA �f�f�.
Ef�fD.�e}|3� NA NA �f��Hb
Ef�fS��

aParameters estimated using equation (25). c denotes logged labor hours, | logged output. Carats
‘‘ e’’ denote deviations from values along a balanced growth path. Standard errors (in parentheses)
calculated using a Newey-West covariance estimator with six autocovariances.
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