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1. Introduction

Thi s paper studies the effects of fiscal policies--
depi cted as stochastic changes in governnent spendi ng and
distortionary tax rates--when the governnent is constrained
fromusing lunp sumtaxes for achieving intertenporal budget
bal ance. This framework contrasts the nore standard anal ysis
in which spending and taxes foll ow exogenous Markov process
and where lunp sumtaxation is used to bal ance the
governnent's budget. Al though we al so nodel tax rates and
spendi ng as fol |l owi ng Markov processes, the transition
probabilities of these processes depend on the ratio of
governnent debt to gnp. The ratio of debt to gnp, therefore,
w || have consequences for the future choices of governnent
spending and distortionary taxation and hence will affect real
economc activity.

Qur depiction of fiscal policy gives bite to the
restriction inposed by intertenporal budget bal ance since debt
can not be viewed as a residual of policy that his dealt with
via lunmp sumneans. The results generated in our nodel can
differ substantially fromthose in standard stochastic nodel s.
For exanple, the effects due to changes in the tax rate on
capital depend on both the debt to gnp ratio and the
persistence in the tax process. Even for processes that are
fairly persistent, increases in the tax rate on capital can

lead to increases in investnent and this counterintuitive



result is nore likely to happen at very high or very | ow
| evel s of the debt to gnp ratio.

Al so, the economc effects of changes in governnment
debt depend on the way that intertenporal budget bal ance is
attained. |If budget balance is primarily due to future
changes in the tax rate on capital then debt crowds out
investnment. But unlike a standard Keynesi an nodel hi gher debt
ratios are associated with lower real interest rates. If on
t he ot her hand budget bal ance results fromchanges in the path
of tax rates on labor, then investnent is actually crowded in.
It is only when governnment spending varies and taxes are held
fixed that crowding out and higher interest rates are
associ ated with higher ratios of debt.

Qur nodel of fiscal policy inplies that the debt to
gnp ratio is nean reverting, which is consistent wth evidence
in Kreners (1989), King (1990), and Bohn (1991b). The nodel,
despite its sinplicity, also generates debt behavior that is
reasonably consistent with U S data. The final section of
t he paper also indicates that our depiction of fiscal policy
may hel p real business cycl e nodel s resol ve sone | abor narket

anonal i es.

2. The Model



The basic nodel is a standard neocl assical growth
nodel into which we introduce distortionary taxati on and
gover nnent spendi ng. These variabl es are nodel ed as Markov
processes. To naintain intertenporal governnent budget
bal ance the transition probabilities are functions of the debt
tognp ratio. As in Dotsey (1993) the stochastic process
characterizing fiscal policy is endogenous and the gover nnent
debt is mean reverting. Enpirically, neither Krenmers (1989)
nor King (1990) can reject nean reversion in U S governnent
debt, and Bohn (1991b) finds evidence that debt levels are
nmean reverting. Bohn (1991a) al so shows that deficits are
elimnated both by reductions in spending and i ncreases in tax
rates. Qur nodel is consistent with these observations.
Because all but the stochastic part of the nodel is standard,

we give only a brief description of the nodel.



Firns

Firms maximze profits, d ,, which are remtted to
househol ds, by produci ng output via a constant return to scale
technol ogy that enploys both capital, k, and labor, n. Both
factors are rented fromindividuals. Capital is always
supplied inelastically while we consider both inelastic and
el astic |abor supply. Fornally,

PF:

mx d, =f(k,n) - rki - wn,
{kn}

where r is the rental rate on capital and wis the real wage.
The first order conditions equate each factor's margi na
product with its rental rate.

| ndi vi dual s

I ndividuals maximze lifetime utility whi ch depends
on both consunption and | eisure. They are endowed with one
unit of time each period and an initial stock of capital.

I ndi vi dual s make their |abor-1|eisure, consunption, and

I nvest nent - savi ng deci sions taking as given wage rates and
rental rates. They al so purchase one period governnment debt
at a price p,. Each bond pays one unit of consunption in the
succeedi ng period. Consuners observe the current state of
fiscal policy sumarized by beginning of period per capita

governnent debt, B ,, current tax rates on capital and | abor



income, T and t", and the current |evel of governnent
spending. They al so know current aggregate economc
magni t udes such as output, the capital stock, enploynent,
investnent, and end of period debt B ,,,. Formally, the
individual's problem PI, is witten

Pl :

nmax U=E, 2z Bg" u(c,, 1-n,)
t=o

{c,ny, by K}

subject to
C, +i, +pby < (1-tPwn, + (1- t)rk, + b, + TR,

kt+1 = (l' 6)kt + it

where TR is aggregate per capita transfers, and | ower case
variabl es indicate

val ues at the individual |evel.

Maxi m zation yields the followng first order
condi tions

(1a) uy(cy, 1-ny) =u,(cy, 1-n)(1- 1w
(1b) uy(c,, 1-n) = BEA[(1-tX)r ., + (1-8)]u,(c,.,1-n )}

(10) ptul(cta l'nt) = BEtul(Ct+la 1'nt+1)



where u; refers to the partial derivative with respect to the
jth argunent.

Fi scal Policy

The governnent spends resources and finances its

spendi ng through taxes and debt. Debt evol ves according to

(2) p:Bu =G + B, - T{(rth - 1w N+ TR,

where capital letters refer to per capita aggregate

quantities. Gis governnent spending, Bis the stock of one-
peri od bonds outstanding, and TRis the |level of transfers.

Tax rates on capital and | abor incone, ™ and 1", and the ratio
of governnent spending to gnp, g , depend on the debt to gnp
ratio, b.' Governnent budget bal ance is achi eved through

changes in distortionary taxation and governnent spendi ng.
Specifically, we nodel the elenments of fiscal policy as a two-

state Markov process with transition probabilities given by

(3a) prob (1 = 14 | T = 1) = mn {max[(1- th)llu’ 0], 1}

(3b) prob ( Tty = Th | v = Th) = max {mn[ yvbY¥, 1], 0O}

W focus on the ratio of government spending to gnp rather
than the | evel of spending because the ratio is stationary maki ng
it easy to extend our analysis to economes with steady state
growth. One could easily add growth to our nodel by including
techni cal progress in |labor productivity. In that case one could
interpret our nodel as represening deviations fromtrend as in
King, Plosser, and Rebel o (1988).



(4a) prob (g n = 9, | g =9g) =mx {mn[ vb Y 1], 0}

1} (4b) prob (g m =gn | 9 = gs) = mn {max[(1- vb)*¥", 0],

where the subscripts (, h refer to | ow and hi gh val ues
respectively. These transition probabilities inply that the

debt to gnp ratio is bounded and only rarely lies outside the
interval [0, 1/ yv]. As b approaches a value of 1/ v, taxes will
be high and spending will be loww th probability one. As

| ong as a conbi nati on of high taxes and | ow spendi ng reduces
debt, the debt to gnp ratio will be driven dowmm. Smlarly as

b approaches zero the econony will be in a |lowtax, high-

gover nnent - spendi ng state and the debt will rise. Thus, there
is some tendency for debt to revert toward its nean. 2 |In what

follows we will call this policy a managed debt policy.

2The debt to gnp ratio can tenporarily nove outside [0, 1/ v]
because next period' s taxes and spendi ng depend on this period's
debt to gnp ratio. For exanple, the current state could be

1, =1, 0, =8, b, =(1/v)-e. Qven this state it is possible

that next period s taxes and spending will not change. Thus
tonorrow s debt/gnp could exceed 1/ vy and the debt/gnp two peri ods

hence could be larger still. However, since b,,, >1/y inplies
Tz = Th and §, , =0, the debt to gnp ratio will start to decline.

Since a conbination of 1, g, can only increase b~ by so much, b~ is
bounded above. Simlarly, b ~ is bounded bel ow Further our
process for fiscal policy rules out any Ponzi ganes. That is

T
limE[PB;,/ 1(1/P)] =0 for equilibriumpaths in this nodel.
Toeo s=t



The paranmeters g and n control the persistence of
the tax and
spendi ng processes. As these paraneters increase the
probabilities of remaining in a given tax or spending state
increase for any value of the debt to gnp ratio.

Equi l i brium

Equilibriumis a set of functions representing
quantities and prices that solve the firns and consuners
nmaxi m zation problens, do not let either consuners or the
gover nnent borrow nore than can be repaid, and obey the

foll owi ng aggregate equilibriumconditions.

(5 G +1, +G =f(K, N)
(6) b, = B,
(7) ke =K
(8 n =N

Ve solve for equilibriumby first using equation (5)

to substitute out consunption. Equation (la) together with

the relationship w, = f,[K, N], and equations (7) and (8) are
then used to solve for labor n , = n(k,, b,, " & g,, kiy) =
n(s,, ki) where the state s , = (k,, b,, ", & g,). W then

substitute for labor in equation (1b) to yield

(9)  ulf(ke, n(sy, ki) + (1- ke - 9 - Key 1-n(s ¢, Kin)]



= BEL(L1-tf ) f (k pn(s ki p)) + (1-3)]

X ul[f(kt+1a n(st+1a kt+2)) + (1' 6)kt+1 - gt+1 - kt+Za 1-

N(Siu1, Kis2)l

Equation (9) is a nonlinear second order stochastic difference
equation. dven n(s, k') where the """ indicates next
period' s value of a variable, we solve for the function, k' =
h(s) which is the fixed point of (9). This equilibriumpolicy
function for k' then yields the equilibriumpolicy function
for labor n, because n was a function of arbitrary k'. A
each step of the iteration we use equations (1c) and (2) to
determne b' based on the current state s and the policy
functions n and h. The algorithmis simlar to the discrete
state space nethod described in Baxter (1991) and Dotsey and

Mao (1992).

3. St ochasti c Taxes

VW can highlight the effects of distortionary
taxation by conparing an equilibriumgenerated by a policy
wi th managed debt with the standard case in which taxes follow
an exogenous Markov process. Qur conparisons are based on an
exam nation of policy functions, inpulse response functions,
and inpact effects. To understand the effects of fisca

policy, we proceed sequentially by first taking the sinplest



10
case--a stochastic tax rate on capital and a fixed tax on
| abor with inelastic | abor supply--and then proceed to the
nore general cases.

The experinents in this section are dynamc
stochastic anal ogs to conparative static analysis. Qur
fundamental concern is understanding the workings of a fairly
intricate fiscal policy process. W use post-Korean Wr U. S
data as a rough guide for calibrating the nodels. W fix the
rati o of governnent spending to gnp at .18, which is the ratio
reported in Christiano and E chenbaum (1991). W also fix the
| evel of transfers at 8%of gnp. |In our experinents the debt
tognp ratio essentially lies between 0 and 1/2. Until
recently, measured governnment debt/gnp has remai ned within
this range. Picking a limted range al so hel ps conserve on
grid points.

Qur remaining paraneter values are within the real m
of nost real business cycle nodels. Labor's share of gnpis
chosen to be .6, utility is logarithmc and separable in
consunption and | eisure, the discount factor is .97, and the
depreciation rate on capital is .10. W paraneterize the
utility function so that individuals spend 20%of their tine

wor ki ng. 3

3Thi s nunber is taken fromKing, Plosser, and Rebel o (1988).



(a) Fixed Labor Supply with the variable tax rates on i ncone

fromcapital

In this exanple we allow the tax rate on capital to
vary and use a persistance paraneter of p=4. Wth this
paraneter, tax rates are unlikely to change for nost of the
values for the debt/gnp ratio. # The tax rate on capital takes
on the value of either .20 or .50. The nean of the tax rate
is .37 with a standard devi ation .149 and an ARL coeffi ci ent
of .64. This paraneterization is roughly consistent with one
of the series reported in Auerbach and H nes (1988) which has
a nmean of .40, a standard deviation of .141, and an ARL
coefficient of .82. W choose a sonewhat |ower than actual
persistence to illustrate an interesting result, that it can
be optinmal for agents to invest nore when taxes are high even
when taxes on capital are persistent.

The policy functions for capital and consunption,
and the equilibriumfunction for the real after-tax rate of
interest are displayed in Figure 1. The policy functions are
drawn for a capital value chosen fromthe mddle of capital's

ergodic set. As shown, the capital stock in the high tax

‘For exanple, the probabilities of taxes remaining in the
lowtax state for debt/gnp ratios of (-.10, -.063, -.026, .011,
.047, .084, .121, .158, .195, .232, .268, .305, .342, .379, .416,
. 453, .489, .526, .563, .60) are (1.0, 1.0, 1.0, .99, .98, .95,
.93, .91, .88, .85 .82, .78, .75 .70, .64, .55, .38, 0, 0, 0).
It is not until the debt/gnp ratio reaches .49 that next
period's tax rate is nore likely to be high than | ow

11



state (dotted line) lies above the capital stock in the | ow
tax state. This result inplies that investnment is higher when
taxes are high even though a high tax rate today general ly
inplies a high tax rate next period. This result is the sane
as the one in Dotsey (1993) for an econony using a |inear

t echnol ogy and occurs for the sanme reason. A high tax rate
today lowers the debt to gnp ratio inplying that the future
path of taxes will be |lower and that investnent is profitable.
This response is only optimal if tax rates are not too
persistent. If we set p=6 inplying an ARL coefficient on
taxes of .69, agents will invest |ess when taxes are high.
Therefore, for a tax process displaying persistence that
conforns nore closely to the data investnment will fall when
the tax rate rises. Further, investnment declines with debt
because hi gher debt |evels inplies higher future taxes.

The above result stands in sharp contrast to the
standard tax literature 5 where |abor supply is typically
fixed and taxes follow a Markov process. As long as tax rates
are positively correlated the standard case inplies that high
taxes today result in higher future tax rates reducing

i nvest nent .

SFor exanpl e see Col eman (1991) or Dotsey (1990). In a
nonst ochasti ¢ envi ronment see Judd (1987), Abel (1982), Abel and
Bl anchard (1983), Becker (1985), Brock and Turnousky (1981),
Dant hi ne and Donal dson (1985), and Hal |l (1981).
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The policy function for consunption is a mrror
image of the policy function for capital. Wth inelastic
| abor supply investing nore inplies consumng |less. The
equilibriumfunction for interest rates is also show in
Figure 1 and its shape is related to the policy function for
consunption. Interest rates are lower in the high tax state
due to the upward sl ope of the consunption policy function.
Wen taxes are high today, debt and consunption will fall next
period, while if taxes are |ow, debt and consunption will
rise. This inplies that for any given debt |evel interest
rates in the high tax state lie below those in the | ow tax
state. The interest rate equilibriumfunctions are al so
downward sl oping attaining their |owest val ue when debt is
high. 1In the high tax-high debt state there is little
probability that a lowtax rate will occur tonorrow, hence the
expected consunption decline is relatively large inplying a
lowreal interest rate. In the lowtax state thereis a
reasonably high probability that high taxes wll occur
tonorrow, inplying a relatively snall expected increase in
consunption and hence a lower real interest rate. Simlarly
rates are higher when the debt is | ow

The extent to which debt is non-neutral in our node
can be illustrated by the elasticity of the various policy
functions with respect to debt around the steady state debt to

gnp ratio (see Table 1) and by the correl ations between debt



and ot her endogous variables (see Table 2). An increase in
debt crowds out investnent and slightly increases consunption.
The non-neutrality in this nodel differs froma standard
Keynesi an nodel because real rates in this nodel are
negatively related to the level of debt. These features also
appear in the correlation coefficients which show a negative
correlation between debt and investnent as well as a negative

correl ation between debt and the real interest rate.

(b) Variable |abor supply with variable tax rates on i ncone

fromcapital

For these experinents we keep the sane paraneter
val ues but allow |abor to vary. The policy functions for
capital, labor, consunption, and the equilibriumfunction for
the real after-tax interest rate are depicted in Figure 2.
The policy functions for capital and consunption differ from
those in the fixed | abor case. Wth varying | abor, agents now
invest nore, work nore, and consune less in the |lowtax state
over much of the debt space.

Vari abl e | abor creates another degree of freedomin
the nodel. Wth |abor fixed, changes in investnent nust be
of fset one for one with changes in consunption. Wth variable
| abor that need not be the case since output can adjust

cont enpor aneously. Variable [ abor allows consunption to be
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much snoot her and at the sane tinme allows investors to take
advant age of | ow persistent marginal tax rates.

Persi stence of the tax processes also plays a role
in the shape of the policy functions. Reducing the
persi stence of the tax series by setting p=2.5, which inplies
p=.53 yields the sane qualitative results as the fixed | abor
case. Qossovers in the policy functions occur because the
expected duration of remaining in any particul ar state depends
on the value of the debt to gnp ratio. For exanple, if debt
were high and taxes were | ow, agents woul d expect taxes to
rise and stay high for a greater nunber of periods than if
taxes were currently high. Hence they invest less in the | ow
tax state. One surprise is that variable |labor has little
affect on the equilibriumfunction for real interest rates.
The interest rate depends on intertenporal rates of
substitution and, therefore, depends on next period' s
consunption. The consunption policy function is drawn for a
specific value of capital, and capital is changing over tine.
Because next period's capital is higher inthe lowtax state
next period s consunption will be higher despite rising debt.
The shift in the curves due to capital accumul ati on dom nates
novenent along the curve and there is greater consunption
growt h when taxes are | ow

Evaluating the elasticities of the various policy

functions with respect to debt and the correlation



16
coefficients leads to the conclusion that only half of the
standard Keynesi an story occurs. H gher debt crowds out

i nvest nent but reduces the interest rate.

(c) Variable labor with a varying | abor tax and fi xed tax on

capital incone

V¢ next examne the effects of varying the tax on
| abor inconme rather than the tax on capital. Here we allow
| abor tax rates to vary between .16 and .24. Wth p=8, these
rates have a nean of .217, a standard devi ation of .036, and
an ARL coefficient of .76. Using post-Korean WAr data our tax
process mat ches the one constructed by Barro and Sahasaku
(1986), which has a nean of .278, a standard devi ation of
.039, and an ARl coefficient for their detrended series of
. 78.

I ntratenporal substitution effects in the |abor-
| ei sure decision domnate the results. Individuals substitute
| abor effort into lowtax states, driving up the margina
productivity of capital and hence increasing investnent
demand. Geater |abor effort results in nore output and nore
is invested. As debt rises, the probability of high taxes
next period increases thus inducing individuals to take even
greater advantage of the current lowtax rate. In the |ow tax
state, high debt nmeans that future taxes are nore likely to be

high so the incentive to work is greater than when debt is
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low. Thus the policy function for |abor effort is upward
sl oping (see Figure 3).

Because the policy function for both | abor and
capital are now upward sl oping (a non-Keynesian result) the
policy function for consunption is downward sl opi ng even
t hough there is nore output avail able at high |levels of debt.
Agents, however, consune and invest nore in the lowtax state
due to increased | abor effort and greater output. As in the
previous case interest rates are hi gher when taxes are | ow
This is because capital and, therefore, next period's
consunption increase when taxes are | ow.

The variable tax on | abor income creates crowding in
rather than crowdi ng out, just the opposite of the standard
Keynesi an story. The policy function for investnment has a
positive elasticity and positive correlation with respect to
debt while the real interest rate is negatively correl ated
with debt.

The managed debt case al so yi el ds somewhat greater
i npact effects than the standard exogenous Markov case because
of the stronger intertenporal substitution effects on |abor
effort (see Table 3). Wth debt managenent, |ower current
taxes inply a higher future path of taxes naki ng agents work
even harder today. The greater inpact in effort feeds over

into output and investnent.
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(d) Taxing both | abor and capita

In this exanpl e both | abor and capital are taxed at
the sanme rate, which is equivalent to a production tax. The
results are a hybrid of the results in the |last two sections.
The large divergence in policy functions (Figure 4) between
high and low tax states reflects the responsi veness of |abor
to a tax on wage i ncone. The negative slope of the capital
and | abor policy functions as well as the positive slope of
t he consunption policy function reflect the influence of the
tax on capital. Because this case is hybrid of the previous
two experinents, the elasticity of investnent with respect to
debt is greatly dimnished fromthe case when only ¢ vari es.
Thus with a production tax there is nmuch | ess crowdi ng out
than in the case where only inconme fromcapital is taxed. The
interest rate, however, varies indirectly with governnent debt

and thus only half of the traditional Keynesian story holds.

4. Gover nment Spendi ng

This section exam nes the effects of governnent
spending. To highlight the differences fromstandard nodel s,
we first keep tax rates constant throughout and allow | unp sum
taxes to bal ance the budget when spending foll ows an exogenous
two state Markov process. Wen there are no | unp sumtaxes

gover nnent spendi ng nust adjust so that the debt to gnp ratio
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is bounded. W allow governnent spending relative to gnp to
vary between .14 and .22. Its nean is .17 in the foll ow ng
experinments and its standard deviation is .039. The paraneter
n is varied between 6 and 1 inplying ARL coefficients of .73
and .10. This allows us to explore the effects that
persi stence has on economc activity. The government taxes
production at the constant rate of 26% After isolating the
effects of government spending, we allowtax rates and

spending to vary sinmultaneously.

(a) Persistent Government Spendi ng

V¢ assune that governnent spending is useless. The
econom c response to changes in governnent spendi ng,
therefore, mainly arise through wealth and crowdi ng out
effects. The policy functions in Figure 5 show that agents
wor k harder and consune | ess when spending is high. A though
hi gh government spendi ng causes hi gh out put through increased
| abor effort, output rises by |ess than governnent spendi ng.
Hence next period' s capital stock falls.

As debt rises the expected future path of government
spending falls. The policy function for labor is, therefore,
downward sloping with respect to debt while the consunption
policy function is upward sloping. As |abor hours decrease,
output and the capital stock fall. Hence debt crowds out

investnent. H gh governnment spending raises interest rates
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notivating agents to work harder and consune |ess. As the
debt rises, inplying | ess future governnent spending, | abor
effort, capital, and consunption growh decline. Thus the
equi libriumfunction for interest rates is dowward sl opi ng
with respect to debt.

Even though the equilibriumfunction for the
interest rate is negatively related to debt, the correlation
between interest rates and debt is positive. The intuition
can be seen by examning the econony's response to a high
gover nnent spendi ng shock, which is displayed in Fi gure 6.
Debt rises when spending is above its average val ue causing
spending to eventually fall belowits steady state expected
value. This mld oscillatory behavior in spending sets up
oscillatory behavior in the other variables. As spending
falls and debt rises, labor effort declines. However,
decl i ni ng government spending all ows agents to increase
consunption and i nvestment even though output mmcs the
behavi or of labor. The real rate is generally above its
steady state value as a result of consunption growh, so the
correl ati ons between debt and investnent and debt and i nterest
rates resenbl e the predictions of standard Keynesi an nodel s.
| nvest ment is bel ow average when the debt is relatively high
while interest rates are above average.

Wth the exception of |abor (and as a result

output), the behavior of the other endogenous variables is not



strikingly different fromwhat occurs when spending follows an
exogenous Markov process. The inpact effects in Table 4 show
that | abor responds with nore vigor to an increase in

gover nment spendi ng when spendi ng foll ows a Markov process.

In the debt managenent case higher spending raises the |evel
of debt inplying that future spending nmust be |lower than it

ot herwi se woul d have been. The wealth effects are, therefore,

snal | er than when spending i s exogenous. °©

(b) The effects of |owering persistence

Wien t he persistence in government spending is
greatly reduced by setting n=1 inplying an ARL coefficient on
spending of .10, the results for the exogenous NMarkov process
and the managed debt process are very simlar (see Figure 7).
Governnent spending is nore transitory and causes snal |l er
wealth effects. Thus the inpact effects of a rise in spending
are much snaller (see Table 4 and Figure 7). These results
are consistent with those in Aiyagari, Christiano, and
Ei chenbaum (1991) and Baxter and King (1993). Al so, because
gover nnent spendi ng changes states so frequently the debt

doesn't fluctuate very nmuch and the path of shocks generated

®W¢ cal cul ated the present val ue of government spending to
be about 10%I| ess for the nmean reverting debt policy in this
exanpl e.
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by each process are alnost identical. As a result al

endogenous vari abl es behave in a |i ke nmanner.

(c) The effects of very high persistence

In this experinent we examne MGattan's (1992)
suggestion that very high persistence in governnent spending
can lead to increased investnent in the high spending state.

To generate high persistence we set n=100 whi ch corresponds to
an ARL coefficient of .92. W find that with log utility and
hence a relative risk aversion paraneter of o=1it is possible
for investnent to be hi gher when spending is high, but only

over a narrow range of the debt space. Wth an exogenous

Mar kov process for spending, investrment is higher when

spending is high, but this result is sensitive to the degree

of relative risk aversion. Wth increased risk aversion ( c=2)
investnent is | ower when spending is high in both the managed

debt and exogenous Markov process cases.

The reason for the disparity inresults is that with
debt nmangenent the wealth effects of high or | ow governnent
spending are al nost identical near the boundaries of the debt
space. |If, for exanple, debt |evels are very high the
probabi ity that next period s governnent spending wll be | ow
and stay lowis high no matter what the current state.

Therefore, |abor effort and consunption do not differ by very

much across spending states and the najor difference across



the two states is in investnent. In particular, investnent is
lower in the high spending state. An anal ogous ar gunent
indicates that investnent is lower in the high spending state
when debt is very low It is only in the mddle of the debt
space that the wealth effects of high spending can cause
enough of an increase in |labor effort and decline in
consunption that investment is higher. The large increase in
| abor effort also increases the narginal product of capital
reinforcing the wealth effects on consunpti on and i nvest nment.
When gover nment spendi ng foll ows an exogenous Markov process
the persistence of the process is independent of debt |evels.
Therefore, wealth effects and the acconpanying substitution
effects are either strong enough to encourage investnent when
spending is high or they are not.

An i ncreased persistence in governnent spendi ng and
t he acconpanyi ng hi gher investnent in the high spending state
results in greater consunption variability as well. Wth CRRA
utility, an increase in relative risk aversion inplies a
reduction in the elasticity of intertenporal substitution of
consunption. Wth agents less willing to substitute
intertenporally, investnent becones |ess variable, and
therefore it is less likely that investment will rise in

response to hi gh government spendi ng.

(d) Taxes and Spending Both Vary
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In this case we now add persistent taxes and conpare
how si mul t aneously varyi ng taxes and spending affects
behavi or. These conpari sons are done by examning the inpul se
response functions in figures 8 and 9 which are responses to a
hi gh spendi ng-1 ow tax shock and a hi gh spendi ng- hi gh tax
shock.

The conbi nation of | ow taxes and high spending is
nore expansi onary than just |owering taxes or increasing
spending. The tax induced substitution effects augnent the
weal th effects of governnent spending inplying that |abor
effort increases by a |large anmount. This increases output by
enough so that the inpact effect on both consunption and
investnent is positive.

Wien the initial inpulse to taxes is high, (Figure
9) the inpact effect of fiscal policy is reversed. Wth an
increase in the tax rate substitution effects outwei gh wealth
effects and | abor effort falls. The fall in |abor effort
results in | ower output, consunption, investnent, and a drop
inthe real rate of interest. Thus the expansionary effect on
out put of government spendi ng prograns can be totally
overturned if they are financed out of current tax revenue.
This latter result is consistent with the analysis in Baxter

and King (1993).
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5. | mplications for Debt Behavi or and Busi ness Cycles
(a) Debt
In this section we paraneterize our tax and
gover nnent spendi ng processes to roughly match the actua
post - 1916 stochastic processes exhibited in Bohn's (1991a)
data on U S fiscal policy. 7 To do this requires sone
essential nodifications both to the perm ssible debt space and
the stochastic structure. The nean reverting debt nodel wth
two states generates too nuch oscillatory behavior. W thus
construct a hybrid process that allows taxes and spending to
f ol | ow exogenous NMarkov processes on sone portion of the
interior of the debt space but force both processes to be
responsi ve to debt/gnp rati os near the boundari es.
Specifically, we use three states for tax rates and two for
governnent spendi ng. The admssible range for the debt to gnp
ratiois [-.1, 1.1]. The nodel generates tax data that has a

mean of .14, a standard deviation of .04, and an ARl

"\ use his data because it doesn't net out any conponents
of government spending. |If we are to have any chance of natching
the series on debt we nust either use inclusive neasures or nodel
the different conponents of spending separately. W start in
1916 because that is the inception of inconme taxes, and the data
over the entire sanple, 1800-1988, does not appear to be
generated by the sinple nodel in this paper (i.e. the nean of
gover nnent spendi ng and tax revenue vary greatly over the |ast
two centuries). To match the data we woul d need nore than one
fiscal policy regine. As it is the nodel is forced to confront
two major wars in order to get enough data points for the spectra
to have any neaning. Wat we would like is 100 years of post-
Korean war dat a.
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coefficient of .87, while governnment spending has a nean of
.15, a standard deviation of .07, and an ARl coefficient of
.80. Qur paraneterization thus produces tax rates and
spending ratios close to post-1916 data. The conparabl e
statistics for the data are .14, .04, and .89 for taxes and
.158, .08, and .80 for governnent spending. The spectra for
actual debt to gnp ratios and the average of 200 sinul ations
of the nodel are shown in Figure 10 along w th the coherence
bet ween actual debt and the nodel's debt (one standard
devi ation error bands are represented by the dotted |ines.) 8
The coherence is roughly 50 percent with a dowward spi ke at
approxi mately the frequency exhibited by wars. dven the
sinplicity of the nodel, its ability to match actual debt
behavior this well is encouraging. For instance, the |evel of
coherence is higher than that displayed by real business cycle
nodel s for many rel evant econom ¢ nagni t udes (see Wt son

(1990))..

8The spectra were estimated using linearly detrended dat a.
Since the nodel data do not display any trend the nodel data is
in deviation frommean form



(b) business cycl es

Recent work by Braun (1988), Christiano and
E chenbaum (1991) and McG attan (1988, 1991) indicate that
including fiscal policy in standard real business cycle nodel s
can produce noticeable inprovenents in the fit of these
nodel s, especially with respect to | abor market behavior.

Most RBC nodel s understate the relative volatility between
hours and output and overstate the relative volatility between
productivity and hours. The nodels al so overstate the
correlation between | abor productivity and output and | abor
productivity and hours (see Hanson (1985), King, Plosser and
Rebel o (1988), and Christiano and E chenbaum (1991)).

An increase in governnent spendi ng produces negative
weal th effects which induce nore | abor effort and nore out put.
Because of |abor's declining marginal product, governnent
spendi ng shocks reduce average productivity and set up a
negative correl ati on between average product and either output
or hours. This negative correlation, however, only occurs
when gover nnment spendi ng foll ows an exogenous Markov process
(see colum 7, Table 5). ° In this case all increases in
spendi ng are financed by |unp sumtaxes and future spending

does not have to respond to budget inbal ance. This nodeling

°For both the case of nmanaged debt and t he exogenous Markov
process, g varies between .22 and .30. The standard devi ati ons
for g are .0387 and .04, respectively.
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of fiscal policy is at odds with the enpirical findings of
Bohn (1991a) who finds that 65-70 percent of a deficit caused
by hi gher spending is reduced by decreases in future spending.
Thus a process that captures this type of behavior represents
a nore realistic nodel

In the nore realistic nmanaged debt case, when only
governnent spending varies, the relevant correlations are only
sonewhat | ower than those produced by standard RBC nodel s (see
colum 6, Table 4). The positive correlation between average
productivity and either output or hours occurs despite the
fact that |abor hours and output rise on inpact while wages
fall. The inpul se response functions in Figure 5 show t hat
| abor hours (or output) and wages are below their steady state
values in periods 5-15 and above their steady state values in
periods 15-25. Labor hours and the wage rate both reach their
m ni muns when debt |evels reach their naxi num As debt
i ncreases the expected future path of spending falls belowits
steady state value. At the same tine the capital stock has
fallen and wages remain below their steady state value. This
behavi or accounts for the positive correl ation displayed by
t hese two seri es.

Wien spending and taxes both vary, the debt
managenent policy produces the desired negative correl ations
in the labor narket and a lower relative variability in

average productivity than a technol ogy shock (see colum 8,
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Table 5). *® In this case there is also little to distinguish
t he managed debt process fromthe exogenous Markov process,
indi cating that when taxes and governnent spending jointly
depend on debt, our methodol ogy should be able to replicate
much of the inprovenent in RBC nodels reported by Braun (1988)

and MG attan (1988, 1991).

6. Concl usi on

Thi s paper has examned an al ternative nethodol ogy
for studying the effects of fiscal policy. Qur nodel of
fiscal policy takes the consequences of intertenporal budget
bal ance seriously and at the sanme tine allows for uncertainty
in the fiscal policy process. The conbination of these two
elenents is able to generate behavior that is, in sonme
instances, strikingly different fromstandard results. Nanely
debt is non-neutral, the expansionary effects of government

spendi ng are danpened, and the taxation of capital can have

®¥I'n this experiment with p= n=10, taxes and spendi ng are
highly persistent. Tax rates take on values of either .228 or
.292 and g takes on values of either .24 or .28. W do this in
order to lower the variability of both processes to better
conformwith the data. The standard deviation of tax rates is
.03 which corresponds to the Barro and Sahasakul (1986) series
while that of the ratio of governnent spending to gnp is .019.
The latter figure is consistent with the standard devi ation of
spending net of mlitary, transfers, and debt financing relative
to gnp over 1947-1988. However, od o, = 2.33 (1.60 for the
Markov case). This latter figure is still sonmewhat higher than
the 1.15 figure reported by Christiano and E chenbaum (1991).
Addi tional sources of output variability would allow us to better
match this data.



30
surprising and counterintuitive results. The nodel generates
cases where debt crowds in investnent and the behavior of the
real interest rate differs frombehavior portrayed in standard
Keynesi an nodel s. The nodel is also consistent with enpirical
evidence on U S. fiscal policy as well as with the behavior of
U S government debt. Finally this nodeling strategy shows
promse in helping to correct sone of the |abor narket

anonal i es found in standard real business cycl e nodels.
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TABLE 1

El asticity of Policy Functions Around Steady State
Debt/ GNP Rati os”

Case 1 Case 2 Case 3 Case 4

Case 5

k(low) t*Chigh) t&(low) t*(high) <"(low <"(high) <t(low t(high)
g(low g(high)

c . 079 . 079 . 058 . 061 -. 009 -. 007 . 015 . 015

. 024 . 028

n . 000 . 000 -.090 -.095 . 014 . 012 -.021 -.026 -
.038 -.042

i -. 267 -.264 -. 427 -. 474 . 058 . 056 -.071 -.127 -
.141 -.185

y . 000 . 000 . 004 . 004 -.001 -. 005 . 001 . 001

. 001 . 001

r -.122 -1. 14 -.399 -1. 47 -.020 -.018 -. 146 -.478 -
.079 -.083

"Case 1 is for fixed labor and variable tax rates on rental incone fromcapital;
Case 2 is for variable tax rates on capital with variable |abor; case 3 is for
vari abl e taxes on | abor incone; case 4 is for variable taxes on total incone,
and case 5 is for variabl e governnment spending.
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. 26

.40

.72

. 54

. 93
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.75

.40

.45

. 85

.72
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TABLE 2
Correlation Coefficients with Respect to the Debt to
G\P Ratio
(3000 observati ons)

Case I
Y
T varies N fixed (p=4) -.95
-.24
T varies Nvaries (p=4) -.93
-.69
Ty varies (p=8) .08
.25
T varies (p=10) -.15
.22
g varies ( n=6) -. 57
-.80
g varies ( n=1) -.40

-. 74

g varies ( n=6),

. 09

.19

g varies ( n=10),

. 20

-.08

T varies (p=4)

Tt varies (p=10)

. 99

.21

.47

.52

.42

. 96

. 68

.51

|z

na

.92

.03

.02

.51

.37



TABLE 3
| npact Effects for a Decline in Taxes
(rmeasured as mnus the ratio of the percent deviation

fromsteady state values to the percent deviation
in the decline in taxes)

Managed debt

Case Y N C Lo w

¢ varies N fixed (p=4) 0 0 . 004 -.008

1.73 0
T varies Nvaries (p=4) .010 .011 -.006 . 061

1.53 -.003
Ty varies (p=8) .194 . 327 .062 . 604

. 508 . 145

T varies (p=10) .296 .494 . 056 . 934

2.09 . 175

Mar kov
T varies Nfixed ( p, = 64) 00 0 -. 077 .24 1.41
K
T varies Nvaries ( p, = 64) 1025 l08§6"060 . 421
K
Ty varies ( p, = 76) .15%5 . 286 .992 . 510
N

T varies ( p,= 70) .304 .504 .030 1. 016

1. 549 . 155



TABLE 4

| npact Effects for a Rise in Governnment Spending

Case

fixed n=6

fixed n=1

varies n=6, p=4

varies n=10, p=10

fixed p,= 73

fixed p,=. 10

varies p.=.56, pg=. 60

varies p.=.77, pg=81

<

. 049
-.434

. 020
-.625

. 407
. 490

. 388
. 651

. 083
-.265

. 038
-. 559

. 507
1. 027

445

1.01 2.40

N

Managed debt

c

. 082
. 221

. 033
. 126

. 680
. 20

. 653
. 58

. 223

. 144

Mar kov

. 138
. 325

. 062
. 187

. 844
.10

. 744
. 097

. 183

r

. 052
. 032

. 021
. 013

. 062

. 017

. 090
. 055

. 040
. 025

. 029

. 088

W
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TABLE 5!

Correl ation Coefficients and Rel ati ve Vari ances

US Data RBC Model G varies( n=6, p,=.73) G
vari es( n=10, py=. 81)
t fixed T

varies (n=10, p.=. 77)

Managed Managed

H CE H CE KPR
Debt Mar kov Debt Mar kov
(1) (2) (3 (4 (9 (6) (7) (8)

(9)
ol o, .73 .44 .31 .57 .64 . 39 1.70 . 67 .72
ol o, 4. 89 3.14 2.31 3.76 3.26 2.38 2.61
o, o .94 . 86 .52 .36 .48 . 80 2.01 1.31 1.29
Gynl Oy . 67 .71 .50 .67 .69 2 .40 1.21 .52 .59
Gynl On .71 .61 .97 1.85 1.43 3% .50 . 60 .40 . 46
corr (c,y) . 85 . 89 .87 .19 -.75 . 50 .58
corr (i,y) .92 .99 .92 -.03 -.99 77 . 85
corr (n,y) .76 .98 .79 .92 .90 .93 .90
corr (y/n,y) .42 . 98 .90 4 .64 -.67 -.42 -. 27
corr (y/n,n) .16 .95 +. 29 -.93 -. 72 -. 66

The data reported in this table are fromHansen (1985) and the establishnent data in
Christiano and E chenbaum (1991). The nonents for RBC nodel s are from Hansen (1985) and



Christiano and Ei chenbaum (1991) for the cases where | abor is divisible and gover nment
spendi ng has no value. The nodel nonents fromKing, Plosser, and Rebel o (1988) and for
the Long and Pl osser nodel with realistic depreciation and persistence in the technol ogy
shock.

2This ratio is the one reported for wages and out put.
%This ratio is the one reported for wages and hours.

“This correlation is the one reported for wages and out put.
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