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Abstract

This paper constructs a New Keynesian model to study optimal tax and gov-
ernment spending rules and compares their welfare. The output gap, inflation
and the difference between the output gap and the government spending gap
all affect welfare. This paper finds that the optimal fiscal policy instruments
under technical shock and cost-push shock are government spending and tax,
respectively. If the policymaker is only concerned with the output gap and in-
flation, the optimal fiscal policy rule and actual social welfare loss will change.
However, the optimal fiscal policy instruments under technical shock and
cost-push shock are still government spending and tax. This paper also finds
that an imperfect financial market affects social welfare but does not change
the optimal fiscal policy instrument under different shocks.

Keywords

Social Welfare, Tax, Government Spending

1. Introduction

After the financial crisis broke out in 2008, the world economy sank into reces-
sion and many countries adopted proactive fiscal policies to stimulate the
economy. Between increasing government spending and cutting taxes, which is
more effective? Many scholars establish DSGE models to compare the effects of
tax and government spending. Denes and Eggertsson [1] and Eggertsson [2] argue
that when the nominal short-term interest rate is zero, a tax cut leads to deflation,
which in turn increases recession, while increasing government spending is more
effective. Erceg and Linde [3] study the effect of increasing taxes and decreasing
government spending on output to meet fiscal constraints in a monetary union.
Given the limited scope for monetary accommodation, raising taxes has a smaller

adverse effect on output compared to cutting government spending in the short
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term but has a bigger adverse effect in the long term. If the interest rate is close
to zero, the impact of cutting government spending on output increases.

Most related empirical studies use SVAR models. Blanchard and Perotti [4]
find increasing government spending has a positive effect on output, and in-
creasing taxes has a negative effect, and they both have a negative effect on in-
vestment spending. Mountford and Uhlig [5] and Caldara and Kamps [6] find
that the multiplier of tax cuts is greater than that of increasing government
spending. Batini et a/ [7] find that in order to meet fiscal constraints, increasing
taxes has a less adverse effect on output than cutting government spending. In
addition, Arin et al [8], using Bayesian model averaging, find that productive
public spending has a positive effect on output, while top corporate tax rates
have a negative effect, and fiscal variables with no robust effect on output in-
clude top income tax rates, government consumption, and distortionary taxes.

The studies are only concerned with the effect of fiscal policy on output.
However, what affects social welfare includes not only output but also inflation
and other things. What is more, they ignore the different effects of fiscal policy
under different shocks. This paper constructs a simple New Keynesian model to
study optimal fiscal instruments under different shocks. In contrast with Wood-
ford [9], the welfare loss function in this paper includes not only the output gap
and inflation but also the difference between the output gap and the government
spending gap. The optimal tax and government spending rules are given and
their welfare losses are compared. Tax can stabilize cost-push shock, but not
technology shock, while government spending can stabilize technology shock,
but not cost-push shock. This means that the optimal fiscal policy instrument
under technical shock is government spending, and the optimal fiscal policy in-
strument under cost-push shock is tax.

If a policymaker is only concerned with the output gap and inflation, tax and
government spending will eliminate the effects of cost-push shock and technol-
ogy shock on marginal costs and then further eliminate the output gap and in-
flation. However, the actual welfare loss increases when using tax (government
spending) to stabilize technology (cost-push) shock.

Finally, this paper assumes that households cannot access the financial mar-
ket. In this case, the optimal fiscal policy instruments under technical shock and
cost-push shock are still the government spending and tax respectively, and both
they can achieve the effective allocation.

This paper is organized as follows. Section 2 constructs a New Keynesian
model. Section 3 log-linearizes the welfare function and constraint conditions.
Section 4 considers the optimal tax rule and the optimal government spending
rule and compares their welfare. Section 5 analyzes the impact of imperfect fi-

nancial markets on fiscal rules and social welfare. Section 6 is the conclusion.

2. Model

According to traditional New Keynesian model, the households are evenly dis-
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tributed in the [0, 1] interval. Each household is both a consumer and a produc-
er. The product market is monopoly competition. Firms are owned by house-
holds. In addition, households have access to perfect financial markets.

Each household has the same preference. Suppose that the elasticity of the in-
tertemporal substitution of consumption and the wage elasticity of labor supply

are both 1. The representative household maximizes the utility function:
EY B[ xInC,+(1- z)InG,-L,| (1)
=0

where E'is the expectation, £ is the discount factor, C, is the consumption index,
L, is the labor time, yis the ratio of consumption to government expenditure in
utility. This form of utility function is easy for us to derive the second-order
welfare loss function.

The budget constraint of household is:
PtCt + Eer,t+1Dz < VVtLt +Dt +Ht _Pzrt (2)

+1
where P, is the price level, D,,, is the nominal return on the asset held by the

household in period £+ 1, Q,,, is the random discount factor, W, is the nominal

wage, II, is the firm’s profit, I, is the lump tax. Household consumption C,
- of(6-1)
(i) dz} ,

defined by Dixit and Stiglitz [10], and #>1 is the elasticity of the product
substitution.

is a set of products with differentiated products, C, EU;C

t t

Under the budget constraint and transversal condition }im E (Q;D;)=0,
—n

the optimal labor supply equation can be obtained by maximizing the utility
function:

W
(AR | 3
P (3)

€
Ct

Equation (3) shows that the positive marginal utility of increasing labor

supply is just equal to its negative marginal utility. We can also get the Euler eq-

uation:
1 1 P
—=pE, [——’Rt] (4)
Ct Ct+1 t+1

-1
where R, = (Eth,m) . Equation (4) reflects the optimal consumption path.

Consistent with the traditional New Keynesian model, capital is not consi-
dered here. There is a continuum of monopoly firms represented by the interval

[0, 1]. The product function is:
1(1)= AL (1) ©)

where Y, (i) is the product of firm 7 in period 4 L (i) is the labor demand,

t

A, 1is the level of technology, assumed to be common to all firms and to evolve
exogenously over time. Following Calvo [11], the firm resets price P, (i) with a

constant probability, 1—« , in each period to maximize the expected profit:
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EX a0, [(1-7,) (i)Y (i)~ (1-n)W L, (1)] (6)

T=t

where 7, is the sales tax rate, n is the government subsidies at steady state to
eliminate the monopoly distortion. The first-order condition for this optimal
problem is:

-6

E,ga“gtjl(l—n)[%ﬂ n—u(l—n)WT(e(i))“(PT)Ej—TT =0 (7)

where yz% , denotes price markup. Y, is the output, defined as

1 (oo 1O
A RG]

Calvo pricing means the price follows the rule:

B=[ar+(-a)p () ]"" 0

3. Log-Linearization

Log-linearization first requires determining the steady-state value of each varia-
ble. In the steady state, there are no exogenous shocks. Assume A=1,s0 Y=1L.
Social planner maximizes the welfare function yInC +(1— )()lnG — L, under
resource constraint ¥ =C+G . The optimal steady state values are Y =1,
C=y, G=1-y.Social planner at the steady state eliminates monopoly distor-
tion through subsidy.

When the price is flexible, L =1, Y, =4,, C,=y4,, G =(1-y)A4,.1f there
is no monopoly distortion under flexible price, a decentralized economy can
achieve the effective allocation.

Define X, =log(X,/X), X, denotes the log-deviation of X, from its steady
state X under sticky price; Define )A(t” = log(X,” /X) , )A(,” denotes the log-
deviation of X, from its steady state X under flexible price; Define X, =X, - X/,
X, denotes the gap between b'e , and its natural rate X . Then, we have
V"=4, (=4, G =4.

When the price is sticky, the welfare loss function can be obtained by the

second-order approximation method of Woodford [10]:
N DR I B e B 3
W:—E OZIB’{)’{2+;7Z3+71()7{—G£) }+np+0(||§|| ) )
=0

where tip is the terms independent of policy including constants and functions

of exogenous shocks, 0(||§||3) stands for the terms that are of order higher

(I—a)(-af) & o & oo
than the second, k=——-———%, Y, =Y -4, 7z, is inflation. The larger
a

~ ~ \2
4 (Yt - Gt) reflects the
X
second-order effect of government spending crowding out consumption. When

the output gap or inflation, the smaller the welfare.

x =1, the welfare loss function is consistent with Woodford [9].
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Log-linearizing optimal pricing rule can obtain the New Keynesian Phillips
curve:
;rt:k[ift _I__lét-'-lft-'-l&tj-’-ﬂEtﬂHl (10)
X X 0
where /i, denotes the cost-push shock. An increase in output increases labor
demand and leads to an increase in wage, which in turn increases marginal cost
and inflation. The smaller the price stickiness, the larger k, then the higher the
inflation caused by the increase in output. Increasing the tax rate raises the mar-
ginal cost and increases inflation. Given the output, government spending will
crowd out consumption. According to Equation (3), the real wage will fall,
which will reduce inflation. When firms expect an increase in inflation, they
raise prices, which in turn leads to inflation.

Log-linearizing Euler equation can obtain the New Keynesian IS curve:

A

t o

i_EtA‘at+l)_(l_l)EtAG~t+l 1D

where i=1/—1. When the interest rate rises, current consumption declines,
resulting in a decline in output. Meanwhile, increasing government spending

will lead to higher output.

4. Optimal Fiscal Policy

If both tax and government spending can be used, efficient allocation will be
achieved. Then, ¥ =0, 7,=0, G, =0, 7 =—6i,, i =i+EA,, . The follow-

ing analyzes the optimal tax and government spending rules.

4.1. Optimal Tax Rule

Under the constraints of Equations ((10) and (11)), the central bank and fiscal
authority choose {2,7[,,1’, ft} to the maximize welfare loss function Equation

(9). The optimal tax and monetary rules are:

Y =—(1-2)4, (12)
7, =0 (13)

£ =-0p, (14)

i =i+EMM,, (15)

From Equation (14), we know that tax does not change under technology
shock, but decreases with the increase of cost-push shock to completely eliminate
the impact of cost-push shock on marginal cost. When there is a technology
shock, the tax rule is 7, =0, and the interest rate rule is i, =i +EtAz:l,+l . Then,
7,=0, Y =—(1- )()121, Because the fiscal instrument is tax, so ét =0, then
G = —1;1,. So ¥ #0, ¥ —G #0, that means tax cannot stabilize the technology
shock. When there is a cost-push shock, the tax rule is 7, =—6j,, and the interest
rate ruleis i =i.Then, ¥, =0, z,=0, G, =0, that means tax can stabilize the

cost-push shock, and achieve the effective allocation.
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4.2. Optimal Government Spending Rule

Under the constraints of Equations ((10) and (11)), the central bank and fiscal
authority choose {)7, ,ﬂ,,i,,é,} to the maximize welfare loss function. The op-

timal government spending and monetary rules are:

Y; :mﬂEtY;H +ZD’271 _wgk/}t (16)
1 -~

T, = —ZAYt (17)
G =0 (18)

L 0 .
i =i+|1-— |Ex,  +EAA4, (19)

X
where 3=——% — Undera technology shock, government spending can
(1+B) x + 6k

achieve the effective allocation, that means ¥ =0, z,=0, G, =0. The interest

rate rule is i, =i+ E,AA4,,. Under a cost-push shock, ¥, and 7, are not zero,

the effective allocation cannot be achieved. Meanwhile, GAt:GIZO,

0
i :i+[1-—jE,;zHl.
X

4.3. Simulation

To more intuitively compare the welfare losses of tax and government spending,
this paper will conduct simulations. All the parameter values are commonly used
in the literature. The discount rate fis 0.99, the elasticity of product substitution
01is 11, the price stickiness index a is 0.8, the share of consumption in output in
steady state yis 0.7 in the steady state, and the tax rate in the steady state ris 0.3.
The shocks are AR (1) processes with autoregressive coefficient 0.9 and innova-
tion variance 0.01. The simulation software is Dynare 4.4.3 running with
MATLAB 2013.
According to Woodford [9] and Gali [12], welfare loss can be expressed as:

W:%[var(ﬁ)+%var(ﬂt)+l;z Var(ft—ét)] (20)
where var(X) denotes the variance of X.

Table 1 shows the welfare losses under technology shock and cost-push shock.
Consistent with the above analysis, government spending can fully stabilize
technology shock to achieve effective allocation, and the welfare loss is zero. If tax
is used to stabilize technology shock, the welfare loss is 0.0079. That means wel-
fare loss accounts for 0.79% of output in the steady state. The output gap, infla-
tion, and the difference between the output gap and the government spending
gap cause welfare loss by 0.0024, 0, and 0.0055, respectively. This case is the same
as in the absence of fiscal policy, and tax under technology shock is superfluous.

Tax can fully stabilize the cost-push shock with zero welfare loss. If govern-

ment spending is used to stabilize cost-push shock, the welfare loss is 0.0161,
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which accounts for 1.61% of output in steady-state. The output gap, inflation, and
the difference between the output gap and the government spending gap cause
welfare loss by 0.0102, 0.0015, and 0.0044, respectively. That is, the same as in the

absence of tax under technology shock.

4.4. Alternative Welfare Objective

Equation (9) shows that welfare loss is caused by ¥, 7, and ¥ -G three
parts. What occurs if a policymaker is only concerned about the output gap and

inflation? The welfare loss function in this case is:
— 1 & -, 0
oL OZIB’[Yf+—7zf]+tip+0(||§||3) (1)
2 k

The central bank and fiscal authority choose {f, V7T, f,} and {IZ ,ﬂ,,i,,ét}
to maximize welfare loss function (21) under the constraints of Equations ((10)
and (11)). The optimal path of each variable under tax policy is: ¥, =0, 7,=0,

1-y)0 ~ N
z :_&Al -0, i,=i+EAA,, . In this case, tax decrease with the in-

creasing of technology shock and cost-push shock to offset their effects on the
marginal cost. The optimal path of each variable under government spending

policy is: ¥, =0, 7,=0, G, =1L,[t, > 1, :i-I-EtAzzlHl —EAf,, . Government
4
spending can eliminate the output gap and inflation.
As shown in Table 2, although the output gap and inflation both are zero, the
real welfare loss function expressed as Equation (20) is worse when using govern-

ment spending to stabilize cost-push shock or using tax to stabilize technology

Table 1. Welfare Losses.

7 , ¥ -G, Total
Government Technology shock 0 0 0 0
Spending Cost-push shock 0.0102 0.0015 0.0044 0.0161
Technology shock 0.0024 0 0.0055 0.0079
Tax
Cost-push shock 0 0 0 0
Technology shock 0.0024 0 0.0055 0.0079
No Fiscal Policy
Cost-push shock 0.0102 0.0015 0.0044 0.0161
Notes: The values in the third, fourth and fifth column are welfare losses caused by ¥, z,,and ¥ -G,
respectively. The values in the sixth column are the total Welfare losses. The same below.
Table 2. Welfare Losses Under Alternative Welfare Objective.
)4 I, ¥ -G, Total
Government Technology shock 0 0 0 0
Spending Cost-push shock 0 0 0.0614 0.0614
Technology shock 0 0 0.0113 0.0113
Tax
Cost-push shock 0 0 0 0
DOI: 10.4236/tel.2017.76115 1708 Theoretical Economics Letters
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shock. However, the optimal fiscal policy instruments for technology shocks and

cost-push shocks are still government spending and tax, respectively.

5. Imperfect Financial Market

As per Gali ef al [13], this paper will analyze households without access to the
financial market. The households cannot use bonds to smooth consumption as

before. The budget constraint of households is:

FC =WL, (22)

From Equations ((3) and (22)), we can get:
L=y (23)

Equation (23) means if households cannot access the financial market, labor

supply is constant. We get:

A A ~

Y =4,7=0 (24)

t t

The welfare loss function under an imperfect financial market is:

— 1 & 17 -y ~ 3
W=—— ‘| =x’ +—2LG! |+tip+ O 25
20§ﬁ(kt ; ] p+0(lel) (25)
The New Keynesian Phillips curve is:
7, :k[—l_—lé, +éﬁ +'&’j+ﬂEﬂ’” (26)
X

The central bank and the fiscal authority choose {ﬁ,,f,} and {ﬂ,,é,} to
the maximize welfare loss function (25) under the constraint of (26). The optim-

al path of each variable under the optimal tax policy is: ¥, =0, 7, =0,

(1-2)6 -

7,=- A -0, G, =—z:1t. As in the perfect financial market, tax can

stabilize cost-push shock, but not technology shock.
When the fiscal instrument is government spending, the optimal government

spending rule is:

G =wpEG

t o+l

+ 0G| + w0k, (27)

X
(1-)k0+(1+8) 1

The inflation target is:

where o=

1 -
7, =5 AG, (28)

From Equations ((27) and (28)), we can get Gt =0, 7z, =0, under technology
shock, but G, #0, 7, #0, under technology shock. So as in the perfect finan-
cial market, government spending can stabilize technology shock, but not
cost-push shock.

Table 3 presents the simulation results under an imperfect financial market.

Consistent with the previous analysis, if households cannot access the financial
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Table 3. Welfare Losses Under the Imperfect Financial Market.

Y b Y -G, Total
Government Technology shock 0 0 0 0
Spending Cost-push shock 0 0.0077 0.0382 0.0459
Technology shock 0 0 0.0113 0.0113
Tax
Cost-push shock 0 0 0 0

market, the optimal fiscal policy instruments under technology shock and
cost-push shock are government spending and taxation. What is more, govern-

ment spending (tax) harms social welfare under cost-push (technology) shock.

6. Conclusions

Many studies compare the difference between the tax multiplier and government
spending multiplier, but they only focus on the effect of fiscal policy on output,
not on social welfare. In addition, these studies also ignore that the effects of fis-
cal policy are different under different shocks. In this paper, a simple New Key-
nesian model is established to study the optimal tax and government spending
rules and compares their welfare difference. This paper finds that the optimal
fiscal policy instruments under technical shock and cost-push shock are gov-
ernment spending and tax, respectively. The factors affecting social welfare in-
clude the output gap, inflation, and the difference between the output gap and
the government spending gap. If the policymaker is only concerned with the
output gap and inflation, the actual social welfare loss will change. However, the
optimal fiscal policy instruments under technical shock and cost-push shock are
still government spending and tax, respectively. Finally, this paper assumes that
households cannot access the financial market. In this case, the optimal fiscal
policy instrument under different shocks does not change.

There are rooms of improvement in this paper. In order to simplify the model,
this paper sets the relative risk aversion coefficient to one, and a general utility
function can be set up in the future. In addition, this paper does not consider
fiscal budget, and government sector can be introduced into the model. Finally,
interest rate in many developed countries approaches to zero, and this means
fiscal policy is more important, and we can study the optimal fiscal instrument

in this case.
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Appendix A: Log-Linearization of Welfare Objective

Taking second-order approximations to the representative household’s utility
function, we can get:
U=xInC +(1-y)lnG,-L,
_ G _C_Z(Ct —ZC)2 +(1- )=
C 2 C G
(1-2)(G.-6) I,- (A1)

L—-L
L i+ O

A A~ 1
=2C +(1-x)G, —L(Lt +5ij+tip+0(||§”3)

From the firm’s production function, we can get:

YA
L=-+1 (A.2)

"4

-6
P(i
where A, = J.; {%} di , denotes the price dispersion.

t

(A.2) can be log-linearized as:
L=Y+A -4 (A.3)
According to (A.3), (A.1) can be rewritten as:
A 5 . 3
U,=xC+(1-2)G, (A +Y +— (Yt A,) j+tlp+0("§" ) (A.4)
The market clearing condition is:
=C +G, (A.5)

Above equation can be log-linearized as:

é:lf_l‘_lé_l_l(ﬁ_é,)z (A6)

According to Woodford (2003), we have:

0 A 1 3
‘N =———— ! tip+0 (A7)
5 LS e o
According to (A.4), (A.6) and (A.7), social welfare can be rewritten as:
. 9 1 .
== oZﬂ {(Y ) l"(Y, G) }+tip+0(||§||3) (A.8)
Since the definition X, = X A, ,and IA’Z” = ;1, , (A.8) can be rewritten as:
= 1< -, 0 l—y/o =~
W__E ; [Yt ; +7(Yl G) :|+l‘lp+0("§" ) (A.9)
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