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Abstract

A stochastic general equilibrium model is set up in order to analyse
whether automatic stabilizers are a good tool in terms of mitigating risk.
It is found that the potential benefits to be derived from automatic stabi-
lizers depend on various factors including the degree of real wage rigidity
and the size of the public sector. In countries with large public sectors
automatic stabilizers in the sense of procyclical tax revenues can provide
significant welfare improvements compared with a passive fiscal policy.
For countries with smaller public sectors the predictions of the model are

less favorable.
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1 Introduction

In recent years inflation targeting has become a predominant strategy for mone-
tary policy. This potentially leaves a greater role for fiscal stabilization policies,
especially through the workings of the so-called automatic stabilizers.! An im-
portant criticism against automatic stabilizers is that they only allow fiscal
policy to respond to aggregate economic activity. This is not critical if there is
a one—to-one correspondence between output and the variables to be stabilized.
If, however, business cycles are generated by a variety of underlying shocks this
is not the case, and the appropriate response to output fluctuations depends
critically on the kind of shock by which they are driven.?

To analyse the potential role for automatic stabilizers we will set up a
stochastic general equilibrium model with optimizing agents and wage rigidi-
ties. This is a class of models that has been used extensively to study optimal
monetary policy, see e.g. Obstfeld and Rogoff (2000) or Sutherland (2000) for
open economy models or Woodford (2003) chapter 6 for a closed economy model.
Quite recently the framework has also been adopted for the study of optimal
fiscal policy, see e.g. Andersen and Spange (2002), Beetsma and Jensen (2002)
and Lombardo and Sutherland (2003). Previous papers dealing with fiscal pol-
icy has to a large extent taken government spending to be exogenous. Obstfeld
and Rogoff (1995), Betts and Devereux (2000), Corsetti and Pesenti (2001) and
Ganelli (2003) all study the effects of exogenous government spending shocks
in non-stochastic general equilibrium models. Another branch of the literature
that considers exogenous fiscal shocks has been occupied with the cyclical im-

plications of a given process for fiscal policy, see e.g. Baxter and King (1993)

1Tn the ECB Monthly Bulletin November 2001, p. 58, it is stated that By keeping national
budgets close to balance or in surplus over the medium term, national governments should be
in a position to smoothen the economc effects of cyclical fluctuations through the operation

of automatic stabilizers.
2See European Commision (2001), part III for evidence on different types of shocks.



or Linnemann and Schabert (2003) for a model with price stickiness. Papers
on optimal fiscal policy have primarily considered the optimal tax profile to
finance exogenously given government spending, relevant references here being
Lucas and Stokey (1983) and Aiyagari et al. (2002).

Our model will contain both a demand and a supply shock. This allows us
to address the above-mentioned criticism concerning the inability of automatic
stabilizers to react to the particular type of shock that drives the fluctuations in
output. In fact our setup allows us to compare the welfare properties of a fiscal
policy based on automatic stabilizers with the theoretically optimal fiscal policy.
As stabilization policies are often called for in order to overcome inefficiencies
associated with sluggish adjustment of wages and prices, it is assumed in the
model that a fraction of the workers have rigid real wages. The fact that it is the
real wage and not the nominal wage that is rigid distinguishes our model from
the majority of papers in the literature, but especially in a European context
our assumption is the appropriate one.?

We start out by considering the optimal fiscal policy under the assumption
that fiscal policy is contingent on the underlying disturbances. Under this as-
sumption we find that in order to allocate risk efficiently, public spending should
respond procyclically to supply shocks. However, in case of demand shocks the
results are ambiguous. If the public sector constitutes only a small part of the
economy, it is optimal to let public spending be negatively correlated with out-
put. The reason is that in our model a demand shock strengthens the preferences
for private consumption. Hence, by contracting public consumption the policy
maker can allow the agents to enjoy more private consumption and thereby in-
crease welfare. However, by affecting labour supply, demand shocks also affect
output which is important as public spending is assumed to be financed through

a proportional tax. A demand shock implies that output is above expectations.

3See eg. Berthold et al. (1999) for a quantification of real wage rigidities in Europe and a

discussion of the likely consequences thereof.



Hence, assuming that public sector activities are positively related to the size
of the demand shock, tax revenues will tend to be high when activity is high,
which stabilizes the tax rate. This is especially important when the public sec-
tor is large. In fact, if the public sector is sufficiently large, a procyclical fiscal
policy may be preferable also under demand shocks due to the tax smoothing
argument.

The assumption that the policy maker is able to make policy contingent on
the underlying shocks may not be entirely realistic. Hence, we will also consider
policies under the constraint that the policy maker cannot observe the individ-
ual shocks, but instead bases the policy reaction on aggregate activity. Since
automatic stabilizers are in fact characterized by such a mechanical reaction of
fiscal policy to variations in activity, we will denote this information constrained
policy the policy of automatic stabilizers. The performance of the automatic
stabilizers relative to the theoretically optimal policy depends on whether the
optimal response to supply and demand shocks are reasonably similar. Since the
optimal response to supply and demand shocks are most similar in economies
with a large public sector, these economies experience the best performance of
automatic stabilizers compared with the optimal shock contingent fiscal policy.

The paper is structured as follows: Section 2 outlines the model. Section
3 develops the optimal policies and provides numerical illustrations to evaluate
the quantitative importance of automatic stabilizers in terms of welfare. Section

4 concludes.

2 The model

Consider a stochastic closed economy model with firms, households and a public

sector.

Firms



The representative firm produces subject to a decreasing returns to scale pro-

duction function with labour as the only input

Y:Z%LB , B<1 (1)

where Y is production, L is input of a labour aggregate, and Z is a measure of
productivity which is assumed to be log normally distributed N(0,02). Firms

take the real wage as given, and hence labour demand is given by

()

where W is the real wage per unit of labour. Firms are owned by households,
and profits are assumed to be distributed uniformly across all agents in the
economy. To examine how the presence of real rigidities affects the optimal
fiscal policy we follow Sutherland (2000) in assuming that labour is defined as
an aggregate over two subtypes, type r for which real wages are rigid, and type
f for which wages are flexible. The labour aggregate is defined as

_ o)™
-9

Minimizing the cost of obtaining one unit of this aggregate leads to the overall

L , 0<y <l

wage index

W = (Wr)w (Wf)lfl/)

implying that demand for the two labour types is given as

N —1
o= ¢<W> L

w

L' = (1-1v) <WWf>_1L

The assumption of a unit elasticity of substitution between labour types implies
that the fractions of total labour income going to each of the two labour types
are constant across states. Since the share of total wages going to the category

of labour with rigid wages will be equal to %, this parameter is interpreted as



the degree of real wage rigidity. To allow for market power in the labour market
without having labour suppliers possessing power over the whole economy, each
of the two labour types is defined as a composite labour input specified over

different subtypes of labour, i.e.

?
1 Le=1 #=1
Ly = |:/ Lh(]) ¢ d.]:| ) 7h:Taf
0

Demand for labour of a given type 7 is given as

Ly (i) = (%?h)_%h, ch=rf

and the costs of acquiring one unit of the composite labour input can be written

1 =
W), = U W(z‘)ﬁdi] . h=nrf
0

Households

There are two types of households in the economy. A fraction v of the house-
holds are of type r, each supplying a particular variety of labour type r, whereas
the rest of the households are of type f, each supplying a particular variety of
type f labour. Since the fraction of workers of a given type equals the fraction
of wages paid to each type of labour, all agents have the same income. The
households have a utility function depending positively on private and pub-
lic consumption and negatively on labour supply. Specifically, we assume that

utility of household i is given by
U(i)=VliegC (i) — AL (i) + {log G (3)

where C is private consumption, G is public consumption, L is the amount of
labour supplied by the households and V' is an exogenous demand shock which
is assumed to be log normally distributed N(0,02). Assuming that V and Z are

jointly log normally distributed, all endogenous variables in the model will be



log-normally distributed. Demand shocks are assumed to be uncorrelated with

supply shock. The households maximize utility subject to a budget constraint
C()=QQ—=t)(W()L()+1I) (4)

where W is the real wage, II is real profits, and ¢ is the tax rate. We assume
a right to manage structure in which each agent sets the real wage for his
particular labour services, and the firms subsequently decide how much of each
type of labour to employ at the prevailing wages. The type f households set
their wage for the current period after having observed the shocks, whereas the
type 7 households set the wage without knowledge of the shocks. Monopoly
power in the labour market implies that the real marginal consumption value
of the wage exceeds the marginal disutility labour. Hence, for sufficiently small
shocks the agents are willing to supply the amount of labour demanded by the
firms.* In equilibrium all agents within each of the two groups will set the same

wage. This leads to the following first order conditions for wages.

ro_ AP E(L")
W= p—1E(VC-1(1-t)L") (5)

wl = %V’l(](l—t)_l (6)

The important distinction is that whereas type f wages are a function of the
actual values of the endogenous variables, type r wages are set based on expec-

tations.

Public sector

The public sector provides public goods and services to households which are
produced by use of the private good as input. For simplicity the production
function is assumed linear (output=input=G). Public activities are financed by

a proportional income tax, and the government is assumed to run a balanced

41t is assumed that this constraint is never violated.



budget.® The public budget constraint is given as
G=tY

As an expression for the steady state level of public consumption, define

~—

-2

~—

The objective of the government is to maximize consumer welfare. When the

shocks equal their expected values, the optimal size of the public sector is®

_ 3 op
"CEmEe % ®

Obviously, p is increasing in the weight that the agents attach to public con-
sumption. Since the economy is closed we must impose a resource constraint

stating that the sum of private and public consumption equals production, i.e.

Y =C+G 9)

Economic policy

By considering stabilization as running through automatic stabilizers it is rea-

sonable to assume that fiscal policy responds without delay to aggregate eco-

nomic activity, and especially that fiscal policy lags are shorter than the contract
X

length for wages. For a generic variable X, define z = log (m) The fiscal

policy rule reflecting automatic stabilizers can now be written
= Kpy (10)

where R is tax revenues, and k), is the degree of state contingency in public

spending or the size of the automatic stabilizer. This relatively simple functional

5This assumption is made to allow for an analytical solution of the model.
6This expression is derived setting V = EV = (1 + %a%) in the utility function and

imposing the resource constraint.



form allows us to compare our k, values with the actual sizes of automatic
stabilizers in the OECD countries reported by van den Noord (2000). Moreover,
if there are stabilization gains using this simple rule, there will also be gains if

we allow for more advanced rules. Budget balance implies that

9= Fpy (11)

For (10) and (11) to be satisfied for any given value of £, the tax rate ¢ is allowed
to adjust endogenously. FEmpirical evidence suggests that fiscal stabilization
mainly runs through the revenue side with public expenditures being roughly
constant over the cycle, see e.g. van den Noord (2000).” By forcing government
spending to equal tax revenues we preclude smoothing of public consumption,
thereby biasing the gains from an active stabilization policy downwards.

To evaluate automatic stabilizers relative to the optimal ”shock-contingent”
policy, we consider as a reference point the case in which fiscal policy is contin-

gent on the individual shocks, i.e. we consider the policy rule

r =Ky (2) + Koy (V) (12)

y (2) (y(v)) is the log deviation from the output level that would have pre-
vailed under the current realization of the supply (demand) shock, but with
the demand (supply) shock set equal to its steady state level.® Again budget
balance implies » = g. Under the policy rule given by (12), private and public

consumption can be written as®

c= ¢cz (K:Z)Z+¢CU (K’U)U ) g:¢gz (HZ)Z+¢9U (KU)U (13)

7See Lane (2003) for an examination of the cyclical properties of a variety of fiscal policy

variables.
8Since log output is linear in the logs of the shocks, it would make no difference if log

revenues were instead written directly as a linear funcion of the logs of the shocks. However,
we prefer the current formulation to facilitate comparison with the rule under automatic

stabilizers.
9These expressions are derived using a log linearized version of the resource constraint. See

Appendix B for derivation.



Since the coefficients in (13) are contingent on the parameters of the policy
rules, the fiscal authorities are able to affect the variances of private and public
consumption. If the shocks are not individually observable, the condition that

Kz = Ky = Kp must be imposed.
Welfare

As a measure of welfare we use expected utility of the consumers. Hence, the

objective of the government is to maximize
EU=FE[VlegC+¢logG — AL

We will work with a second order Taylor approximation of EU around the
steady state. In appendix B we show that for a given value of p, maximizing
the approximation is equivalent to maximizing the following criterion function

0= 6,02 = 3B (V) Var (¢) - 36Var (g) (14)

This utility measure holds for both types of agents. The optimal shock contin-

gent policy rule is found as the solution to the first order conditions

o _, . 00 _

Ok, | Ok, =0

If stabilization runs through automatic stabilizers, the coefficient of the optimal

rule is given as the solution to
o
Ok,

We show in appendix B that the optimal &, is a convex combination of £, and

0

Ky, 1.€.
kp = kz + (1 —¢) Ky, @ € [0;1]
3 Optimal policies

The government’s objective is to choose the k-values in the policy rule (10) or

(12) that maximizes expected utility of the representative agent (14). As a ref-

10



erence point, consider first the optimal parametervalues in the shock contingent

reaction function.®

K. = HE (V) 5> 0 (15)
pE(V)+&(p—1)
B —1) (WEWV)+E(n—17)

Assuming that p is determined by (8) we obtain

EM)+HBH -1 +1-5¢
B -D(ENV)+E

Kk, =1, Ky =

VIIA
o

The agents are risk averse with respect to both private and public consumption.
In order to stabilize private consumption, the optimal fiscal policy under supply
shocks is procyclical. However, as an active fiscal policy induces variability in
public consumption, the policy maker is faced with a trade off between private
and public sector variability, implying that private consumption is not com-
pletely stabilized under the optimal policy. Assuming that the size of the public
sector corresponds to its relative weight in the utility function, the optimal pol-
icy response to a supply shock ensures that private and public consumption
increase by equal proportions. For a given public sector size, stronger prefer-
ences for public consumption call for a less aggressive fiscal policy by increasing
the welfare loss associated with public sector volatility.

In the case of demand shocks, matters are more complicated as both the
level of output as well as the marginal rates of substitution between private
consumption, public consumption and leisure are affected. It turns out that
the optimal policy response depends qualitatively on the degree of real wage

rigidity. The unexpectedly high marginal value of consumption caused by a

10Note that we are assuming precommitment to policy rules in the sense that the policy rules
are formulated before the marginal utility of consumption (V') is known. However, one can
easily show that due to certainty equivalence implied by the linear-quadratic approximation
to expected utility, the optimal policy rules under commitment are also optimal ex post after

the demand shock is realized. Hence, time inconsisteny is not an issue here.

11



demand shock implies that it will be optimal for the government to let private
consumption increase. If the degree of real rigidity in the economy is high, the
expansion in activity caused by the shock will not be large enough to match the
desired increase in private consumption, which calls for a contraction of public
consumption.

In economies with more real flexibility there is less need to contract public
consumption since flex wage agents subject to a demand shock will supply more
labour and thus consume more. If the degree of real flexibility is sufficiently
high, public consumption should actually increase in periods where preferences
for private consumption are particularly strong. The reason is that the increase
in labour supply associated with a demand shock expands output. This increase
in output lowers the tax rate needed to finance a given level of government
spending. Hence, by running a procyclical fiscal policy in response to demand
shocks, the government can smooth tax distortions across states.!! However,
because of the decreasing returns to labour in production, more production of
private goods makes it more labour demanding to supply a given level of public
consumption, which calls for a countercyclical fiscal policy. Which effect domi-
nates depends on the parameters of the model. The relation between the degree
of real rigidity and the optimal response to demand shocks can be summarized

as follows
0Ky
oY

In addition to the degree of real rigidity, an important determinant for the

<0

VIIA

lim k, = —oc0, lim k, =0,

Pp—>1 P—s0

optimal fiscal response to a demand shock is the relative size of the public
sector, u. We find that

Oky >0 0Ky
ou o0&

>0

P
BO)TE
With large steady state tax revenues, whether they are determined exogenously

or endogenously by (8), demand shocks will induce relatively large fluctuations

M Lucas and Stokey (1983) analyse how to distribute tax distortions optimally over time.

12



in the tax rate if tax revenues are held constant across states. Hence, a large
public sector is more likely to be associated with a positive k,, that is, a policy
that increases tax revenues when activity is high. However, since a demand
shock makes private consumption relatively more valuable to the agents com-
pared with public consumption, private consumption should increase most. This
explains why k, < 1 for all parametervalues, or equivalently, why the tax rate
should be countercyclical under demand shocks even though total tax revenues
may be procyclical. As with supply shocks, with p being exogenous, a larger
weight on public consumption in the utility function pushes the absolute value

of the optimal state contingency parameter towards zero.
Numerical illustrations

To assess the quantitative gains from stabilization we make some numerical il-
lustrations. It is assumed that half of the wages are preset, i.e. ¥» = 0.5, and to
obtain a reasonable capital-labour ratio we set 8 = % We choose 02 = 0.000104
implying that with 95% probability, productivity will be within a band of +2%
from its expected value. We then set o2 = 0.00093 implying that for % = %
and with x, chosen optimally, half of the variation in consumption will be gener-
ated by supply and demand shocks respectively. Since the optimal stabilization
policy depends on the size of the public sector, the model is calibrated for three
different values of £, assuming that u is given by (8). Note that G includes all
revenues raised by the public sector, including those passed back to the private
sector as transfers. We start out by considering the optimal policy rules under

automatic stabilizers and the shock contingent rule, respectively.

13



Table 1: Optimal policy parameters

EG) _ 1| EQG _ 1| EG _1
EY) 4| B 3| B "2
Kp | 0.26 0.34 0.50
Kk, | 1.00 1.00 1.00
Ky | -0.49 -0.32 0.0079

The general pattern is that a larger public sector calls for increased cyclical
sensitivity. This is entirely due to the change in the optimal response to demand
shocks as with p determined by (8), k., = 1.

Next we compare the gains from automatic stabilizers with the welfare gains
from the optimal shock contingent fiscal policy. The stabilization gains are
expressed as the percentage increase in steady state consumption that would

bring about an equivalent welfare improvement compared with the case of no

stabilization (x = 0).

Table 2: Gains from automatic and optimal stabilization

Ve Ny oy o
(i) Optimal policy gain 0.0065 0.0098 0.024
(ii) Automatic stabilizer gain | 0.00068 0.0020 0.012
(iif) Ratio (ii)/(i) 0,105 0,207 0,507

In all cases the gains from stabilization seem small.!> However, the relative
performance of automatic stabilizers is better the larger the public sector is. The
reason is that with a large public sector it is optimal to let tax revenues move
procyclically in response to both supply and demand shocks. This is important
since automatic stabilizers are not able to discriminate between the shocks.

With a small public sector, supply and demand shocks call for opposite policy

12This is a standard result for models with this kind of preferences, see e.g. Lucas 1987.
Storesletten et al. (2001) show that the welfare costs of business cycles may increase substan-

tially when heterogeneity is allowed for.

14



reactions. Hence, when the policy maker cannot make his reaction contingent

on the underlying disturbances, the scope for welfare improvements is limited.

4 Conclusions

This paper has analysed under which conditions automatic stabilizers can be
used successfully to mitigate risk caused by a mixture of underlying shocks. It
has been shown that even with different underlying sources of volatility, the
agents benefit from the workings of automatic stabilizers. However, the perfor-
mance of automatic stabilizers relative to the optimal shock contingent policy
depends critically on the exact structure of the economy. The crucial factor
is whether fluctuations caused by different kinds of shocks call for reasonably
similar policy responses. We find that supply shocks always call for procyclical
tax revenues, whereas the result is ambiguous in the case of demand shocks.
Although our model suggests that a policy based on automatic stabilizers
may be very inferior to the theoretically optimal policy, this does not necessar-
ily mean that policy makers should aim at conducting a discretionary policy
conditioning the policy reaction on the underlying shocks. In the model time
lags are absent. However, in actual policy making it is reasonable to assume
that both the gathering of information on the shocks as well as the subsequent
implementation of the shock contingent policy take a considerable amount of
time. Hence, automatic stabilizers may be seen as a valuable second best option
when the first best is not feasible due to information and implementation lags.
Our quantitative results suggest that the gains from stabilization are small in
any case. This may, however, reflect the fact that the model does not capture all
the benefits of stabilization. Comparing the welfare gains from a policy relying
on automatic stabilizers with the gains from an optimal shock contingent policy,
we find that for reasonable parameter values automatic stabilizers are able to

contribute importantly to the stabilization policy in an economy with a large

15



public sector. However, if the public sector is small, automatic stabilizers are
very inferior to the theoretically optimal fiscal policy.

In future research it would be interesting to construct an intertemporal
model by introducing a capital market and allowing the government to issue
debt. Another interesting extension would be to analyse a two country model

to focus on international aspects of stabilization policies.
Appendix A: Utility function

In this appendix the approximation to the utility function used to evaluate
expected utility is derived. We start by showing that EY, EC, and EG are
unaffected by stabilization policy. Letting a lower case letter denote the log-
deviation from the mean value of the corresponding upper case letter, the model

can be written

w = 0

wl = vty

y = z+4+pl

I = YIr+(1—-y)lf
" = —w 4w+l
Vo= —wl w4+l
= G-
w o= gu+ (1w

Use this system of equations to solve for [" and y

. B(1—)
" = 1_51/)24- 1—57/1U

o B(1—1)
O e A

16



It follows that the choice of policy parameters does not affect the way shocks
affect employment of type r workers and output. Hence, all variance and co-
variance terms involving either ¢ or [" are unaffected by policy. Now, using the

properties of the log normal distribution, (5) can be written as

logW” = FElogW/ 4+ RP
where
RP = —1o2-ip2
= _50” - §O'y + Ovy — Opir + Oyir

In the literature, RP is often referred to as a risk premium demanded by work-
ers with rigid wages to hedge against uncertainty, see e.g. Obstfeld and Rogoff
(2000). This is the channel through which risk potentially affects the expec-

tations of the endogenous variables. However, since o2

s Oulrs and oy are

unaffected by policy, it follows that RP is unaffected by policy. Hence EY, EC,
and EG are unaffected by policy.
We are now ready to work out the welfare measure used in the text, which

is based on the following expression for expected utility.
EU=FE[VlegC+ ¢logG — AL

First we substitute in for labour. From (5) and (6) we have that

AE (L") = %E(Vcﬂ(l—t)L’“W’“)
AE (LT) = %E(VC*l(lft)Lfo)

But from the following relationships

C
1-t = ?
, W\
o= ¢<W) L
-1
L= (1¢)<Wwf> L
BY = WL



the following can be derived

E(L") WEV
E(Lf) — 5(¢1\)¢(1¢)EV

implying that
AE(L) = AE (17 + 1) = P2 Dy

¢
Use this to rewrite expected utility as
EU=FE{VInC)+¢E (logQ) — %EV
We now approximate the term
E(VlegC) = E (exp (v)c) (19)

In appendix B it is shown that
g C = ¢, 2 + Py ¥ + e
Substitute this into (19) and get
E(VInC)
= ¢ E(exp (v) 2) + 6, E (exp (v) v) + p B (exp (v))
= ¢ B (exp (0) V) + pE (exp (v))

where the last equality follows from the independence between the supply and

demand shocks. Now consider the expression

g(v) =exp(v)v
Take a second order Taylor approximation around pu, and obtain

(2 + p,) exp (1) (v

2
5 Fy)

g (v) ~ exp (1) py + (1 + p1,) exp (1) (v — p,,) +

Take expectations and remember that

ty = 0

o2 = Blw-u)]

18



to end up with
Elg(v)] =0}

v

By a similar approximation we can show that
L,
E(exp(v)) =1+ 5%
Substituting into the expression for expected utility we find that

EU = ¢.,05 + pie (%af, + 1) +&py + W (1 - %gg)

Now use that

1 2 1 2
IOgE(C) = fhe + §O—c ) IOgE(G) = Hg + 50—9

to rewrite expected utility

EU = ¢cu012,—|—<%012, + 1) <log EC — %Var (c))—i—f (log EG — %Var (g)) —% <1 + %ag)

Since EC and EG are independent of policy, expected utility is maximized with

respect to policy when the following criterion function is maximized

1/1 1
Q = (bwag -3 (503 + 1) Var (c) — §£Var (9)

= ¢,,0°— lE (V) -Var(c) — %ﬁVar (9)

cv- v 2
This is the utility measure that we apply in the analysis.

Appendix B: Derivation of optimal policies

Loglinearize (9)
y=(1-p)c+pg (20)

Now apply (20) together with (18) and (12) to derive

C:¢cz (K:Z)Z+¢cv (K’U)U ) g:¢gz (K:Z)Z+¢gv (HU)U

19



where

_ 11—k, _ Kz
Ger (KZ) = Wlfﬁlﬁ) ¢gz (KZ) =159

(21)
— (A—rop)B(A=9 — kB
Gev (Fi0) = % Do (i0) = =0
Hence
Var (C) = ¢cz (KJZ)2 O'g + ¢cv (KJU)Q 012) (22)
VGT (g) = ¢gz (52)2 0—3 + ¢gv (KJU)Q 0121 (23)

So the objective of the government is to maximize (14) subject to (22) and (23).

The first order conditions with respect to k., and k,, respectively, are

(302 +1) e 460,52 = 0 (24)
[(;o— + 1) by — 1} a% +5¢gva¢9“ =0 (25)

If we are considering automatic stabilizers we have to solve the minimization

problem imposing the condition that x, = x,. Hence, the solution becomes

1 2 a¢cz a(b z v 1 2 8¢cv 8¢ v
(ot s e o) v ) -

implying that &, will be a weighted average of k. and &, i.e.

Kp =@k, + (1 —¢) ky, @ €[0;1]

where ¢ depends on the relative magnitudes of the supply and demand variances.
Inserting (21) in (24) and (25) and using that E (V) = (302 + 1), the optimal

parameters are found to be

I pE (V)
’ HE (V) + € (u - 1)°
wy = PWVEV)+(1-FY) )

B —1) (R2E(V)+¢(n-1)°)
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