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This paper computes welfare-maximizing monetary and tax policy feedback rules in a
calibrated dynamic general equilibrium model with sticky prices. The government makes
exo-qenous final good purchases. levies a proportional income tax, and issues nominal
one-period bonds. A quadratic approximation method is used to solve the model and to
compute household welf'are. Optimized policy has a strong anti-inflation stance and
implies persistent fluctuations of the tax rate and of public debt. Very simple optimized
policy ruies, under which the interest rate just responds to inflation and the tax rate just
responds to public debt, yield a welfare level very close to that generated by richer rules.
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1 .  INTRODUCTION

There has been much recent work on the effect of monetary policy rules on
welfare and business cycles fsee survey by McCallum (1999)]. Fiscal policy rules
have received less attention. Existing studies tbllow two approaches: (i) dynamic
extensions of Ramsey (1921) that determine welfare-maximizing time paths of
fiscal instrumenn:l (ii) analyses of the macroeconomic eft-ects of simple fiscal
f-eedback rules [e.g., Taylor (2000)].

The Ramsey approach is appealing, as it uses micro-based models and focuses
on household welfare as the criterion for evaluating policy. However, that approach
faces technical difficulties, as Ramsey problems are generally not concave.Z Fur-
thermore. Ramsey-type studies typically use highly stylized models; also, Ramsey
policy rules are often complicated-which may make it difficult to apply them in
practice.
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By contrast. most studies on sin-rple f'eedback policy rulcs use models that arc
more realistic. but that are not fully micro-based; ad hoc criteria (such as the
implied volati l i t ies of output and inflation) arc employed to evaluate policy.

This paper computes welfare-maximizing operational feedback rules that link
mottetarl ancl.fisc'al policy to small sets of easily observable macro variables. lbr
a calibrated business cycle model wilh staggered price setting h la Calvo (19tt3).
The (potential) nonconcavity ol 'the Ramsey problem is inconsequential for the
approach hcre. The mcldel has rigorous micro foundations, but is richer than
those used in most applications o1'the Rarnsey approach. The cconomy features
capital. variable labor supply, monopolistic competit ion in goods markets, and
exogcnous shocks to productivity and to government purchases. The government
levics a proportional income tax and issues nominal unconditional one-period
bonds. Monetary policy lbllows a Taylor-style interest rate rule; the tax rate is
set as a function of real public debt. productivity, and government purchascs.
The steady state tax rate and the ratios of debt and of government purchases to
GDP are calibrated to OECD data. I focus on policies charactenzed by stationary
fluctuations of real public debt around its steady state value.

Under staggered price setting (as assumed here), inflation induces inefficient
dispersion of prices across firms [e.g., Erceg et al. (2000)]; in an economy in which
price stickiness is lhe only distortion. optimal monetary policy enLails full inflation
stabilization. as that policy eliminates inefficient cross-firm price dispersion Le.g.,
Rotemberg and Woodford (1991)1. The economy here has monopolistic compe-
tition and tax distortions. It is shown that, nevertheless. optimized policy under
sticky prices implies (almost) full inflation stabil ization. In all model variants
considered here. optimized policy implies persistent fluctuations of the tax rate
and sizable and persistent fluctuations of real public debt; productivity shocks are
much more important as a source of macroeconomic fluctuations than government
purchases shocks. Very simple optimized policy rules-under which the interest
rate jLtst responds to inflation, and the tax ratejust responds to public debt-yield
a welfare level very close to that generated by rules that stipulate a response to
additional variables.

As optimized policy in the baseline sticky-prices model (with nominal public
debt) entails strict inflation stabilizati on, real debt returns are (essentially) riskless
in that setting; the behavior of the tax rate and of real activity closely resembles
that generated by aflexible-prices model with indexed (real) non-state-contingent
debt.

By contrast. a flex-prices structure with nominal debt implies very different
optimized tax behavior than the baseline sticky-prices model. In such a structure,
inflation does not cause inefficient price dispersion across firms; when exogenous
shocks occur, the government can meet its intertemporal budget constraint by alter-
ing the real value of the inherited stock of (nominal) public debt via unanticipated
inflation changes. As a result, optimized policy in a flex-prices nominal-debt struc-
ture entails sizable inflation volatility, but only small movements of the tax rate.
Chari et al. (1991) showed that (optimal) monetary-fiscal Ramsey policy implies
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high inflation volati l i ty in a flex-prices economy with nominal debt; Schmitt-
Grohd and Uribe (2004b) and Siu (2004) demonstrated that Ramsey policy entails
much lower inflation volatility when prices are sticky. The paper here shows that
similar predictions (effbct of f lex vs. sticky prices) hold when policy is described
by simple optimized rules.

The model is solved using Sims's (2000) method, which is based on a second-
order expansion of the equilibrium conditions. In contrast to the linear, certainty-
ecluivalent approximations that are widely used in macroeconomics. this method
allows capturing the effect of risk on agents' decision rules and is thus better suited
tor wcllare analysis. Compared to other nonlinear methods [see Judd ( 1998)], this
techniquc makes it possible to solve models with a rich structure easily. The
approach presented in this paper might thus provide a tractable way of computing
optimized policy rules using larger micro-based simulation models (such as those
currently developed by, among others, the Fed and IMF).

This study builds on my recent work that computed welfare-maximizing simple
monetary policy rules fbr calibrated New Keynesian models of open economies
[see Kof lmann (2002,2004a)l; that research abstracted from fiscal policy.3

2 .  T H E  M O D E L

A closed economy with a representative household. firms, and a government
(monetary-fiscal authority) is considered.4 There is a single final good that is
produced by combining a continuum ol intermediate goods indexed by s e [0, I ].
The final good is produced by perfectly competitive firms; it can be consumed
and used for investment. There is monopolistic competition in intermediate goods
markets-each intermediate good is produced by a single firm. Intermediate goods
firms use capital and labor as inputs. The household owns all firms and the capital
stock. which it rents to firms. It also supplies labor. The markets for rental capital
and for labor are competitive. The government sets the nominal interest rate,
purchases an exo-senous quantity of the final good. levies a proportional income
tax, and issues nominal non-state-contingent one-period bonds.

2.1.  Final  Cood Product ion

The final good is produced using the aggregate technology

Q t : with v > 1.

Q, is the date / final good output; q, (s) is the quantity of the type s intermediate.
Let p, (s) be the price of that good. Cost minimization in final good production
gives Q,(s) :  (ptG)l  P,)- ' '  Q,,  wi th P, :  ( f ;  pt(s\  r -u/r ; i  lo-v) .  The pr ice of  the
final good is P, (its marginal cost).

(f r' 
r, 1s1Q 
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2.2.  lntermediate Coods Firms

The technology ol the firm that produces intermediate good s is

) , , (s )  :  e ,K , (s ) ' t  t , (s ) l -v ' ,0  < .  l l  < .  l .

r;(s) is the l irm's output at date t. 01 ts an exogenous productivity parameter
(common to all intermediates'producers). K,(s) [!,(s)J,is the capital f iabor] used
by thc firm. Its marginal cost is MC,- Ole)n! W,'- ' l 'V-' l 'Q - lDv-r, where
R, lW,l is the rental rate of capital [wage rate]. The firm's profit rsn.(p, (s)) :
( t r , (s )  -  MC, ) (p , (s ) IP , ) - ' '  Q , .

There is staggered price setting. d la Calvo ( 1983), in the intermediate goods
sector: firms in that sector cannot change prices, unless they receive a random
"price-change signal". The probability of receiving this signal in any particular
period is I - d, a constant. Following Erceg et al. (2000), I assume that when a
firm docs not receive a "price-change signal," its price is automatically increased
at fI. the steady state growth factor of the final good price. (In this paper, the term
"steady state" ref-ers to the deterrninistic steady state.) Firms are assumed to meet
all demand at posted prices. They maximize the value of their profit stream, net of
the income tax paid by the household on prolits.

Consider a firm that, at date /. sets a new price.p,.t.If no "price-change sig-
nal" occurs between / and t + j, the price it p,.,f l l  at t + j.The firm sets
p t . t :Arg  Maxo ILo  d j  E , {P t . t+ i ( I  -  rya) t t ,a i (p l l i ) lP ,+ i } .  where  r1a7 is  the
income tax rate at" t * j; p,.,+; is a pricing kernel (for valuing date t + j pay-offs)
that equals the household's intertemporal marginal rate of substitution (see belorv).
Let 31.11; = ptt+.1( Pr+.i1"-t Qt+ j.The solution of the decision problem regarding

Prt  rs

p t . t  :  ( v l ( v -  1 ) )  

[ ;  

( d n - ' l i  E t E t  t + i ( t  -  r l s i ) r r , . , )  
/

The {inal good price P, evolves according to

(P , )1 - '  :  d ( .P t - r  n ) i - "  +  (1  -  d ) (p , . , )1 - "

2.3. The Representative Household

Household pref-erences are described by

E. i  f ' u (C , ,  L , ) ,w i tho  <  p  < .  1 .
/ :0

[ f  
, ' n r - r r ; r  E7E1,1a  i (7- ".rr]

( r )
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C, lL, l  is  consumption f labor el ' for t l .  U is a ut i l i ty  lunct ion given by U (C,.  L,)  -

ln(C, ) - L,. The houschold accumulates physical capital. subject to the law of

mot ion
(2)

(4)

with fl, : (fl, - D lfI, where flr : P, I P,-t is the final good gross inflation rate.

i is the steady state nominal interest rate. Throughout the paper, variables without

time subscripts denote steady state values, and .t1 : (x1 - x) lx is the relative

deviation of a variable x, fiom its steady state value, x.f! is a policy parameter.

K t + t  :  K , ( 1  - 3 ) + 1 r ,  w i t h 0  <  3  <  l ,

where I is gross investment (6: depreciation rate of capital). The household holds

nominal one-pcriod bonds. lts budget constraint is

f l
A,+t  I  P , (C,  *  I , )  -  A t (1  *  i r * r )  - f  W,L ,  +  I  n (p , (s ) )ds  *  R,K,  -  T r .  (3 )

J o

A, is a stock of nominal one-period bonds that mature in period r: ir-r is the

interest rate on these bonds. T1 : r,(W,L, + I; " (pr(s)) ds -t R,K, - 6PrKr) is

the tax paid by the household.
The household chooses { '4111 ,  Kr+1, C,,  L,} [0 to maximize (1),  subject  to (2).

(3). The following equations are first-order conditions of'this problem:

( l  -  t , )W, l  P ,  -  C t ' .  I  :  (1  +  i r )  E t l tu . t+ t (P , l  P ,a1) l :

|  :  Er [P t . t+ r ( [R '+r  lP ,+ t  -  d ] ( l  -  r t+ t )  +  t ;1 '

w i th  py .111 :  FC, lC,+ t .

2.4. The Government Budget Constraint

The government budget constraint is PrGl * Dr(l * ir-r) : Dt+r * Tr, where

G, are (exogenous) government final good purchases: D, is the stock of nominal

one-period debt that matures in /.

2.5. Market Clearing Conditions

Markets for intermediate goods clear as intermediate goods firms meet all demand

at posted prices. Market clearing in final good, labor, and rental capital markets

requires Yr:Ct + I r  + G,,  L, :  I ;  L,(s)  ds,  K, :  I ;  K,(s)ds.  Bond market

clearing requires At : Dt.

2.6. Policy Rules

Much recent research has focused on monetary policy rules that stipulate a response

of the interest rate to inflation [e.g., Taylor ( 1999a)]. The baseline interest rate rule

considered here is:

i t : i + f l n r ,
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The tax rate is set as a l'unction of real public debt. and of the exogenous
variables

r r : r  + f :  i ( 8 ,  -  B ) +  f l 4 +  f ? G , ,  ( 5 )

where B,: D,l(P,Y) is real public debt, normalized by steady state real GDP"
Y .f :. f! and ff are policy parameters. Setting f f at a sufficiently high positive
value ensures government solvency.

Aiyagari et al. (2002) study optimal (Ramsey) fiscal policy in an infinitely l ivcd
economy with a proportional income tax and unconditional real dcbt;s they show
that Ramsey policy may entail long-run values of debt and taxes that differ greatly
liom the valucs observed in reality. For example. under certain assumptions, the
government runs fiscal surpluses, unti l i t owns a stock ol assels whosc income
covers all subsequent government purchases (at that point the tax rate is set to zero).

To rule out unrcalistic long-run behavior of public debt. I impose the restriction
that the unconditional mean ol'real debt has to be close to its steady state value B:6

l E B ,  - . B l  <  0 . 0 1 .

I  se t  B , r  and the  s teady  s ta te  ra t io  o f  G to  GDP a t  B :0 .5 , r :0 .25  and
G lY - 0.20, respectively; these values are in the range ol post-WWII fiscal data
for OECD economies [see Kollmann (1998)].

Equatirln (6) is also used fbr a technical reason: the solution method used here
is based on a second-order Thylor expansion of the model around a given steady
state (see below); this method is not suitable for the analysis o1-large changes in
state variables. Equation (6) ensures that real debt (and other state variables) stay
in the neighborhood o1 the steady state.T

At an initial date r :0, the government makes a commitment to set the param-
eters ff , fi, f:, and I-f at time-invariant values that maximize the conditional
expected value of household lif'etime utility (1), subject to the laws of motion
of the endogenous variables implied by household decisions, and subject to (6).
I assume that at / - 0 the predetermined state variables equal their steady state
values, and that the exogenous variables at / :0 equal the unconditional means of
these variables.

Note that the government takes the steady state values of the tax rate and the real
debt/GDP ratio as given (perhaps because those values are determined by politi-
cal/institutional constraints that are beyond its control); hence, the government's
only goal is to optimize the "cyclical" characteristics of policy. (The government
also takes the steady state gross inflation rate, fI, as given: fI has no real eff'ects,
because of the assumed price indexation scheme.)

2.7. Parameters and Solution Method

The model is calibrated to quarterly data. The steady state real interest rate r is set
at r - 0.01. a value that corresponds roughly to the long-run average (quarterly)
return on capi ta l .  Thus, F:111.01 is used (P( l  + r) :7 holds in steady state).

' 4 "17

(6)
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The steady state price-marginal cost markup factor lbr intermediate goods is set
a t  v f  ( t '  -  l ) :1 .2 ,  cons is ten t  w i th  the  f ind ings  o f  Mar t inse t  a l .  (1996)  lo rOECD
countries. The technology parameter ry' is set aL rfi:0.24, which entails a607o
steady state labor income/GDP ratio, consistent with OECD data. Aggregate data
suggest a quarterly capital depreciation rate of about 2.57c; thus. d :0.025 is
used.

Empirically, the mean price-change interval is about 4 quarters ITaylor ( I 999b)].
Thus, I set d : 0.75. Ther steady state growth factor of prices is set at fI : 1; hence
the stcady state nominal interest rate is i:0.01. Thc exogenous variables lollow
AR( I ) processes:

i , : p ? i , - r * r ' , ' ,  0  <  p H  <  l . :  G , :  p o  G , _ � r * e f ,  0  <  p G  < 1 .  ( 7 )

ef and ef are inclependent white noises with standard deviation od and oc, respec-
tively. I set pd - 0.95 , oH :0.01 : these (or very similar) values are widely used
in the RBC literature. and are consistent with time series evidence on aggregate
productivity [e.9., Prescott (1986)]. Fitt ing (7) to quarterly government purchases
in G7 countries gives estimates of pc and oG in the range of 0.95 and 0.01,
respect ively [see Kol lmann (2004b)] ;  thus.  I  set  pG -0.95. o(]  :0.01.

The model is solved using Sims's (2000) algorithm/computer code, which is
based on second-order Thylor expansions of the equilibrium conditions around
a (deterministic) steady state. I numerically solve the government's optimization
problem; attention is restricted to values ol'the policy parameters [see (4), (5)] for
which a unique stationary equilibrium exists.

3.  RESUTTS

Simulation results are reported in Tables 1 and 2. The variables are quarterly. Y,
is (real) GDP. Def' - (Dr+r - D,) lQ,r) is the real (secondary) fiscal deficit,
normalized by steady state GDP. In the tables, the statistics for Def,, the interest
rate (ir), the tax rate (r1). and real debt (8,) refer to differences of these variables
fiom steady state values (i, is a quarterly rate expressed in fractional units), whereas
statistics for the remaining variables ref'er to relative deviations from steady state
values. All statistics are expressed in percentage terms.

I express welf-are as the permanent relative change in consumption
(compared to steady state), q, that yields expected / :0 lifetime utility:
(1  -  P) -  

tu ( ( l  +  q )c ,  L ) :  Eo ISn f r 'u  (c , ,  L , ) .Note  rhar  rhe  po l i cy  maker
maximizes (. I decompose ( into components, denoted (' a1d f 

',that reflect the
conditional expected values of consumption and hours lEoC,, EoL,)r,,0 and the
conditional variances of consumption { yrr (d, ) },us, rcsp€ctively.s

Columns 1 to 4 in Thble I show results under sticky prices; columns I and 2
pertain to the baseline model (with policy rules (4) and (5)); columns 3 and 4
assume alternative policy rules. Columns 5 and 6 assume flexibleprices. Columns 7
and 8 pertain to the first-best allocation, that is, to the solution of a social planning
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Trsln 1. Optimized policy rules and first best outcome

Sticky prices Flexible prices

Baseline
rules

Richer
rules

Simpler Nominal
rules debt

Indexed

debt First-best

( t .  G 0 . G 0 . G 0 . G  0 . G

i l )

6 .58
6.62

20.65
0.00
0 . 1 4
3.20
I 

-7 
I

I  I l

l 7  . 2 1
0 .76

- 0 . 1 9

0.04
- 0 . 8 1

0 .96
0.9.1
0.99
0.99

0 . 1 0
0.05

-0.07

0.49
0.09
1 .00

8660

9.09
-0.07

-0.08

(2)  (3) ( 4 ) ( 5 ) (8 )( 1 1(6)

Y

C
i
fI
i
G
T

B
Def

I

G
T

Y
i
T

B

0.98
1 .03
3 . 7 1
0.00
0.02
-1 .  i t . ,

0.69
1.99
0.3,s

0.06
0.29

-0 .61

0.93
0.94
n o o

0.99

Means (in Vc)
-0 .00 0.10 0.07 0.  l0
-0.00 0.0-5 0.03 0.08
-0.00 -0.07 -0.07 0.01

0.00 0.49 0.40 0.40
0.01 0.09 0.08 0.00
0.06 1.00 1.00 -  1 .00

Policy parameters
8660 8660 -9.53 0.97

0 .38
-0.48

9.09 9.09 8.-56 -0.-57

-0.07 -0 .07 0.10
-0.08 -0.08 -0.02

-0. :8

6.61 -5 .58 0.38
6.64 4.30 0.09

20.19 t9.02 0.41

3.20 3.20 3.20
t . 1 l

16.76
0.14

0.02 0.06 0.99
-0.8  r

0.96 0.92 0.94

0.99
0.99

0 . r 0  0 . 1 0
0.05 0.07

-0.07 0.01
0.-50 0.30
0.09
1.00

0.00
0.00
0.00
0.00

9 . 1 2
-0.08

0.00

Standard deviations (itt Vcl
6.-58 6.23 4.92
6.62 6.40 4.44

20.65 t8 .58 18.73
0.00 0.01 13.24
0 .14  0 . t  I  12 .9 .5
3.20 3.20 3.20
t . ] t  1 . 6 9  0 . 1 3

17.21 19.-s3 46.20
0.16 0.84 26.10

Correlations u'ith GDP
-0.19 -0 .20 *0.87

0.04 0.03 0.09
-0.81 -0 .76 0.11

Autocorrelations
0.96 0.9'7 0.9-5
0.94 0.95 0.96
0.99 0.99 0.81
0.99 0.99 0.98

,,
C
L
K
T

B

ant

( -

fi
f;'

fl*t
f:'

rl
f:

f l

Welfare (Vo equivalent permanent variation in consumption)
-0.0'72 -0.004 -0.012 -0.072 -0.056 -0.072 -0.031 *0.000

0.101 -0 .001 0.101 0.087 0.021 0.103 0.046 -0 .000
-0. 173 -0.003 -0. 173 -0.160 -0.083 -0.17,s -0.078 *0.0110

Nores: Columns labeled "0.G"'. simultaneous productivity and government purchases shocks; columns labeled "G":

just government purchases shocks. Y: GDPI C: consumption; 1: physical investment. fI: gross inflation rate: i:
nominal interest ratel G: government purchases: T: tax rate; B: real public debtl Def: real budget surplus; Z: hours
worked: K: capital stock. (, C'n .e"'. rvelfare measures. Moments of i. z" B, Def refer to ditl'erences fiom steady
state values. N'loments of remaining variables: relative deviations from steady state values. All statistics have been
expressed in percentage terms.
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problem in which household well-are is maximized subjecl to the economy's
resource constrainl.s (taking {G,}as exogenously given). Table 2 shows dynamic
rcsponses tcl shocks.

3.1.  St icky Pr ices

In the baselinc model (sticky prices, nominal debt). the optimized policy param-
eters are fI : 8660.71 and f.B :9.09. Thus, optimized monetary policy has a
strict anti-inflation stance (an increase in inflation triggers a sharp increase in the
nominal interest ratc): as a result. the standard deviation of the inflation rate is
(essent ia l ly  )  zcro.e

Under staggered price setting, inflation induces inefficient dispersion of prices
across intermediate goods producers [e.g., Erceg et al. (2000)1. In an cconomy in
which price stickiness is the only distortion (so thal. the flex-prices equil ibrium
would be efficient). optimal monetary policy lully stabilizes inflation, as that policy
eliminates inefficient cross-firm price dispersion [e.g., Rotemberg and Woodfbrd
(1997)1. The economy here has other distortions (monopolistic competition, in-
come tax)-nevertheless, optimized policy under sticky prices entails (almost) full
inf l  at ion stabi l  izat ion.

Optimized fiscal policy implies that an increase in the stock of debt by an
amount equal to (quarterly) steady state GDP ()z) raises the tax rate by 9.09
percentage points (roughly one-third of the steady state tax rate). Experiments
with alternative values of frB {holding constant fI,f:,f.") show that the model
has a stationary solution when f ,' Z 1.62. Values of frB that are smaller than
the optimized coefficients (but larger than 1.62) entail violations of the long-run
constraint on real debt (6).

Real debt fluctuations are highly persistent (autocorrelation 0.999) and volatile:
the standard deviation of real debt (normahzedby y) is 17.Z%o-which is markedly
larger than the standard deviation of (quarterly) GDP and consumption (6.587a
and 5.587o. respectively), but smaller than the standard deviations of investment
(20.657o) and of the capital stock normalized by I (49.137o). The tax rate under-
goes nonnegligible, countercyclical f luctuations (standard deviation of z,: l.7l7o;
correlation with GDP: -0.81 ). Because the tax rate is a function of the stock of
real debt. it too is highly persistent (autocorrelation 0.998).

The unconditional mean value of the capital stock exceeds its steady state
value by 0A9%a-which can be viewed as reflecting precautionary saving (in
the stochastic economy). Mean consumption is slightly above steady state (by
O.05Vo), whereas mean hours are below steady state (-0.07Vo). Conditional
welfare is lower than steady state welfare, ( : -0.0727o. The "mean compo-
nent" of the welfare measure is positive, C":0.10157a; however, that effect
is dominated by the negative efl'ect of consumption variance on welfare: f 

'' -
-  0.  I  737o.

These predictions are based on the assumption that the economy is simulta-
neously subjected to shocks to productivity and to government purchases; see
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column I in Table l. Column 2 shows predictions for the case where there are
just government purchases shocks. These shocks explain only I 6%, of the variance
ol- thc tax rate. and less than 3%o o1 the variances of consumption and output
(which are generated when there are simultaneous productivity and government
purchases shocks). Gr shocks also have a markedly smaller effect on well'are than
productivity shocks (( : -0.0047a when there are.just G, shocks).

Dvnantic' responses. Under optimized policy. a positive productivity shock
triggcrs a rise in output. consumption. investmcnt, and hours worked: the price
lcvel remains (essentially) constant, and the tax rate falls. lnitially, tax revenues
rise: rcal debt f alls. with a one-period delay (in the long run, real debt reverts to
its preshock level). On impact, a positive shock to government purchases raises
output. investment, and hours worked, and it lowers consumption: tax revenues
rise. and real debt increases. (See panels (a.l) and (b.1) in Table 2.)

Richer/sirnpler policl rules. Experiments with richer policy rules (which per-
mit a direct response of the policy instruments to selected additional variables)
only yield very small welf-are gains, compared to the baseline rules (4), (5).

For example, column 3 (Table 1) assumes that i, is set as a function of in-
flation. GDq and the real deficit, whereas r, is a function of rcal debt. pro-
ductivity. governmentpurchases and inflation: ir: i + fIfr, * f!?,+ ff 'rDef,:
r t : r  + f ,Bi  (8,  -  B) + f i i ,  +f?G, + f I f i , .  sorn" prominent cr i t ics of  the
ECB's single-minded pursuit of price stability advocate a "responsiveness" of
monetary policy to broader macroeconomic/fiscal conditions [e.g., French pres-
ident Chirac (2004)]: the interest rate rule shown above permits such "respon-

siveness." The optimized interest rate rule exhibits a positive Inegative] response
coefficient lor GDP [the deficit.], whereas the optimized tax rate rule has a negative
response coefficient for inflation. However, the optimized coefficients fi. f ,u. f 9,
and frc, as well as predicted behavior ancl welfare. are essentially the same
as under the baseline rules-the welfare gain from using the richer rules [in-
stead ol (4) and (5)l corresponds to a perrnanent consumption increase of merely
0.000017o.

Column 4 assumes that the tax rate just responds to real debt fwhereas the
interest rate just responds to inflation, as under (4)]. There, the optimized policy
parameters are ff : -9.53, fru :8.56. Again, predicted statistics are close to
those under the baseline specification (e.g., standard deviations of GDP. tax, rate,
and inflation6.237o,1.697o, and 0.0lVo,reSpectively); the welfare loss from using
the simpler tax rate rule finstead of (5)] is 0.00O76Vo.to

Comparison w,ith first-best economy. A comparison between the distorted
sticky-prices economy and the first-best (undistorted) economy (columns 7 and 8)
shows that

(i) The levels of economic activity and welfare are noticeably lower in the dis-
torted equilibrium-for example, steady state consumption and hours worked are
437c and 347o lower, respectively (than in the first-best economy): the welfare
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TneLE 2. Dynamic responses to shocks

I Taxrev.

Exogenous

variable

(a) 7c responses to LVc productivity innovation
(a.1) Sticky prices
i :  0 1.62 0.90 7 .78 0.8 l  0.19 0.00 0.0,: l  -0.07

i  :4  t .44 1 .03 5.76 0.61 0.81 0.00 0.02 -0 .1-s

i  :21 0 .11 0.92 0.96 0.13 t .46 0 .00 -0 .02 -0 .23

i :  100 0.06 0.10 -0 .06 0.01 0.19 0.00 -0 .00 -0 .04

(a.2) Flexible prices (nominal debt)
i  : 0  1 .52  0 .74  7 .85  0 .67  0 .19  -1 .63

. i  : 1  1 .30  0 .8 -5  5 .62  0 .41  0 .82  -13 .98

i  :21 0 .40 0.60 0.02 -0 .20 1.00 -42.48

i :  100 0.01 0.02 -0.04 -0.01 0.04 -,53.78

(a.3) First-best
i  :0  2 .07 0.66 9.40 l .4 l  0 .23

.i  :  4 1.,5 I  0.82 -5.215 0.69 0.86
i - - 24  0 .37  0 . -58  -0 .23  -0 .21  0 .91
7 : 100 0.00 0.01 -0.03 -0.01 0.03

(b\ Vc responses to 1 Vo government purchases innovation
(b.1) Sticky prices

i :  0 0.3-5 -0.08 1.-59 0.46 0.04 0.00 0.01 -0.02

i  :4  0 .  t9  -0 .06 0.60 0.22 0. r2  0 .00 0.00 0.03
i - - 21  -0 .09  -0 . r2  -0 .53  -0 .11  -0 .06  0 .00  0 .00  0 .10
i :  100 -0.02 -0.04 0.01 -0.01 -0.07 0.00 0.00 0.02

(b.2) Flexible prices (nominal debt)

. /  :  0  0 .19 -0 .07 0.36 0.26 0.01 1.26
i  :4  0 .11 -0 .06 -0 .02 0.1 .5  0 .01 6.03
i --24 0.04 -0.02 -0.01 0.0-5 0.00 23.94
i : 100 0.00 -0.00 0.00 0.00 0.00 44.04

(b.3) First-best

i  : 0  0 .12  -0 .04  0 .20  0 .16  0 .00
i  :  4  0 .10  -0 .03  0 .1 I  0 .12  0 .02
i :24 0.03 -0.00 -0.00 0.03 0.02

i : 100 0.00 *0.00 -0.00 0.00 0.00

-2.91 0.07
-2.72 0.02
-1.25 0.00

0.0r 0.00

1.24 0.01
1.08 0.02
0.54 0.01
0.04 0.00

0
0.34 0.00 1.00
0.20 -0 .96 0.81

-0.06 -2.29 0.29
-0.02 -0 .38 0.01

e
0.44 6.37 1.00
0.32 11.20 0.81
0.07 .1.-56 0.29
0.00 0.04 0.01

e
1 .00
0 . 8 1
0.29
0.0r

G
0.07 0.00 1.00
0.07 0.49 0.81
0.07 t.23 0.29
0.01 0.20 0.01

G
0.05 -2.43 1.00
0.04 -4.07 0.81
0.02 -t .77 0.29
0.00 -0 .10 0.01

G
1 .00
0 .81
0.29
0.01

Notes: .i: periods alter shock. Columns labeled Y,C,etc. show responses of the corresponding variables. Taxrev.:real
tax revenue. normalized by steady state real GDP. (See Table I lbr definitions ofother variables.) Responses ofcapital
pertain to end-ol'-period stocks (Ki+r ). Responses are generated as follows. At some date 1' all state variables are set
at steady state values. A "baseline" path for endogenous variables is computed by setting all exogenous innovations to
zero at t > 7'. Then responses to one-time l7o innovations at ?' are computed: the table reports deviations (multiplied
by  100)o f theseresponses f romthebase l inepaths( responsesof in te res t ra te ( i ; ) , tax ra te ( r ; ) .Taxrev . ,andrea ldebt
(Bi: Di l(Pif)):  dif ferences t iom baseline paths: responses of other variables: relat ive deviat ions from baseline
paths ).

difference is equivalent to a permanent 21.467o consumption loss (not reported in
Table I ) .r  

I

(ii) Responses to shocks are qualitatively similar across the two structures. In the sticky-
prices economy, output, hours worked, and investment respond less stron,ely-on
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impact-to productivity shocks, and more stron-ely to government purchases shocks.
than in thc {irst-best economy. See panels (a.3) and (b.3) in Table 2.

3.2.  Flexible Pr ices

Nominal debt. Optimized policy under flexible pnces (and nominal debt) dif-
f-ers markedly lrom optimized policy under sticky prices: with flex-prices, the op-
timized inflation and debt coefficients are f ;f : 0.91, f f : -0.57 (see column 5).
In a flex-prices nominal-debt structure, inflation does not cause inefficient pricc'
dispersion across firms: when exogenous shocks occur, the government can meet
its intertemporal budget constraint by altering the real value o1'the inherited stock
of (nominal) public debt via unanticipated inflation changes. As a result, optimized
policy entails sizable inflation volati l i ty and much smaller movements clf the tax
rate than under sticky prices (standard deviations of fI, and r, under flexible prices:
13.2c/c and 0.17c. respectively). As in the baseline sticky-prices structure, the real
value of the stock of debt is highly volatile, and debt and the tax rate are highly
serially correlated.

Thble 2 [panels (a.2) and (b.2;1 shows that. in the flex-prices nominal-debt
model variant, the government responds to a positive productivity innovation and
the ensuing rise in tax revenues by inducing an unanticipated fall in the price level,
and thus a rise in real public debt (therealler. real debt reverts to its steadr, state
value); a positive shock to girvernment purchases triggers an unanticipated rise in
the price level. and thus a tall in real debt.

Chari et al. (1991) showed that (optimal) monetary/fiscal Ramsev- policy implies
high inflation volatility in a flex-prices economy with nominal debt; Schmitt-Croh6
and Uribe (2004b) and Siu (2004) demonstrated that Ramsey policy entails much
lower inflation volatility when prices are sticky. The paper here shows that similar
predictions (eff'ect of flex- vs. sticky prices) hold when policy is described by
simplc optimized rules.

Indexed debt. Column 6 considers a flex-prices economy with indexed debt.
The government cannot use unanticipated inflation changes to meet its solvency
condition in that setting (as monetary policy has no real eff-ects there). Welfare
(( : -0.0727a) is lower than in the flex-prices structure with nominal debt. The
optimized fiscal policy rule and the implied behavior of real variables are very sim-
ilar to those generated in the sticky-prices economy with nominal debt. Intuitively,
this is due to the fact that the strict inflation stabilization entailed by optimized
policy in the sticky-prices structure implies that (i) all firms set identical prices (as
is the case under flexible prices); (ii) nominal bonds are riskless, in real terms (as
under indexed clebt). l2

NOTES

l . Forexample. Aiyagari et al. (2002), Benigno and Woodford (2003), Chari et al. (1991), Correia
et al. (2001), Schmrtt-Grohd and Uribe (2004b), and Siu (2004) (several of these papers also determine
optimal monetary policy).
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2. Most papers on Ramsey problems concentrate on the associat.ed first-order conditions, without
establishing that second-order conditions are met.

3. Schmitt-Grohi and Uribe (2004a) [SU] also use a second-order approximation to compute
optimized simple monetary/fiscal rules for a New Keynesian model, but SU fbcus on a setting with
a lump-sum tax (and. contrary to the paper here, SU do not describe the effects of policy on macro
aggregates). Second-order approximations are also used by Benigno and Woodford (2003), who
urtult,t ic'ullt 'derive optimal monetary-fiscal policy for a more stylized economy (without capital and
w'ith a more restrictive structure of shocks), and by Kim and Kim (2001). who numerically compute
optinized tax policv rules fbr a two-country RBC model.

.1. The structure of prel'erenccs. technologies, and marliets resembles that in Kollmann (2001, 2002,
2004a).

-5. The Aivagari et al. model is more stylized than the structure considered here (it assumes a
perfectly competitive, real econonty, without capital or productivity shocks).

6. Aiyagari et al. suggcst an alternative way of ruling out unrealistic public debt behavior: an
exogenous positive lower bound on debt. The numerical algorithm used here cannot handle such a
bound. Another approach might be to assume that public debt provides liquidity services to households;
see Woodford ( 1990); if those services are strong enough, then a benevolent government would always
select posit.ive debt.

7. When (6) is not imposed. then welfare maximization with respect to policy parameters (see be-
low) selects parameters tbr which the numerical approximation is very poor and results are nonsensical
(astronomical welfare gains, associated with long-run values of debt and taxes that are markedly below
steady state values).

[ J .  No te tha t  t / ( ( l  +OC.  L )  =  U(C.  L )+  ( l  - f t )  t f  f ,Vo (e  ,  -  L t , )  *  * v , , t d , l l .  Cn ' ,  ( ,  e , re
g i v e n b y U ( ( l + q ' ' ) C . L ) : L l ( C . L ) + ( t * t t l L t p ' W o e , * L E o T , , l a n d U ( ( 1  + C r , ) C , L ) :
u ( c . L )  -  ( l  -  t )  j  I f  f ' v o ( e  , ) . l r a p p e a r s r h a r  ( l  *  ( ) : 1 1  +  ( " ' ) ( l  + ( " ) .

9. The optinuzed parameter f;I is very large. Welfare is a very flat function of fi. Imposing a
moderate bound on fi (e.e., lf,r I 5 l0) does not affect the results.

10. Following a suggestion made by a referee, I considered a model variant with a fixed capital
stock (detailed results available from author). The key findings go through in that variant (optimized
policy entails strict inflation stabilization under sticky prices, very simple rules do well. etc.).

I l. The welf'are figures (q, E'", (') fbr the first-best economy in columns 7 and 8 are 7o equivalent
Variations in consumption, relative to the steady state of thelrst-best economy.

12. The nominal interest rate cannot be determined uniquely from welfare maximization in the
flex-prices indexed-debt structure; thus no predictions for nominal variables (or fi ) are reported in
column 6.
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