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1 Introduction

We build a general equilibrium model of a small open economy, which includes
rule-of-thumb consumers, and staggered prices and wages as well as distortionary
taxes. We concentrated on the analysis of a government spending shock under three
different rule-based fiscal regimes, with and without distortionary taxation®. First,
there is a fiscal rule with the budget being balanced at all times. In a second rule
the tax rate is an endogenous variable and responds to both government spending
and the level of public debt, similar to the rule used in Gali, Lépez-Salido and Vallés
(2005). A third fiscal rule mimics, broadly speaking, the one in place in Chile since
2001%2. With this rule, spending slowly reacts to any deviation from fiscal balance,
leading to the fiscal deficit being countercyclical®.

The analysis of the interaction of the variables in the model is based on their
responses to the shocks and also on the sensitivity of several impact multipliers to
alternative calibrations and/or to changes in the policy parameters. The results
confirm that in a small open economy, the effects of government spending on con-
sumption and GDP depend on the price elasticity of net exports (Marshall-Lerner
condition), because of the currency appreciation it usually generates. If there is a
strong negative effect on net exports, public spending will not be much of a stimu-
lus to the economy. In this case, the results will be consistent with the traditional
Mundell-Fleming prescription: in an open economy with flexible exchange rate,
government expenditures are generally less efficient as a tool to expand GDP (Blan-
chard, 2001). It is even more the case when distortionary taxes are in place. In
addition, the impact of the shock on consumption and GDP grows with the share
of rule-of-thumb consumers and domestic goods in the government basket.

The presence of distortionary taxes plays a central role when explaining how

'Recent empirical work on the effects of government spending include Ramey and Shapiro
(1998), Fatds and Mihov (2001), Blanchard and Perotti (2002), Mountford and Ulhig (2002),
Perotti (2002). For emerging economies see Restrepo and Rincén (2005) also Cerda, Lagos and
Gonzélez (2004).

2The Chilean fiscal authority established that spending will be adjusted to meet the goal of
1% structural surplus. "Structural" refers here to trend revenues, which are associated with trend
GDP growth and the long-run price of copper. If GDP is growing less than its trend, government
spending will be larger than its revenues, resulting in a countercyclical fiscal deficit. Thus, spending
will grow with trend GDP, given that it gradually reacts to structural revenues and/or to any
deviation from the 1% structural surplus. The target of a 1% structural surplus was set to cover
secular deficit of the Central Bank and future pension liabilities.

3Since this is a business cycle model, our steady-state fiscal balance corresponds to the structural
one. Without loss of generality, instead of using a 1% surplus in steady state, we work in the model
with a balanced steady-state (structural) fiscal budget.
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the effects of an initially debt-financed government spending shock differs under the
three alternative fiscal regimes. In other words, it is not innocuous how a fiscal
deficit, initially financed with debt and caused by a spending shock, is closed later
on. For instance, the positive response of consumption is more persistent with the
rule that adjust spending than with the rule that increases tax rates to close the
debt-financed deficit. By raising taxes, the latter rule quickly offsets the initial
wealth effect of rule-of-thumb households. In addition, the more aggressive is the
central bank fighting inflation, the smaller is the impact of the government spending
shock on consumption and the more negative is the impact on investment.

As conclusion, our sensibility analysis shows that the most important factors
influencing the effect of government spending on consumption, investment, the cur-
rent account, and GDP are: the presence of rule-of-thumb consumers, the price
elasticity of exports and imports (Marshall-Lerner conditions), the share of domes-
tic goods in government consumption, the presence of distortionary taxes, and the
policy parameters in the fiscal and monetary rules.

This article is organized as follows. We present the model in section 2. In section
3, we discuss the calibration of the parameters and analyze the dynamic effects of a

fiscal shock. Finally, in section 4, we summarize the results and conclude.

2 Model

The small open economy is similar to the one presented in many recent New-
Keynesian optimizing models with sticky prices and wages, where aggregate
demand shocks affect output (Rotemberg and Woodford, 1992, Clarida, Gali and
Gertler,1999). In addition, we follow Gali et al. (2005), and include two types
of households: optimizing and rule-of-thumb consumers. Moreover, we introduce
distortionary taxation. There is also a continuum of perfectly monopolistic firms.
Finally, there are monetary (central bank) and fiscal authorities. Fiscal policy is

rule based and three alternative fiscal regimes are compared.

2.1 Household

There is a continuum of infinitely lived households indexed by i € [0, 1]. A fraction A
of households consume their current labor income, do not save, and cannot smooth
their consumption because they are credit restricted (rule of thumb consumers).

Another fraction (1— \) save, have access to capital markets, and are able to smooth
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consumption. Therefore, their intertemporal allocation between consumption and
savings is optimal (Ricardian or optimizing consumers).
2.1.1 Ricardian households

We assume that a representative Ricardian household maximizes the expected, F,,
present value of an infinite stream of utility by choosing consumption, Cy, hours of

work, N?, and government bonds, By:

E, 3" BU(CY ), Ny () 1)

where 3 € (0, 1) is the discount factor, and the utility function is U(Cy (i), Ny (4)).

The household is subject to the budget constraint in nominal terms:

(1400 L) = (1—7) WANF() + (1~ 7) DF() @)
~r B -5 (o (5E ) ) B
+B7(i) + S By (i)

Where C7 () is consumption, Dy (i) are dividends from ownership of firms, ® (fjﬁf)
represents the country risk premium, S; is the nominal exchange rate, B; () is pri-
vate net foreign assets, W, nominal wage rate, NP (i) hours, BY(i) government debt
held by households and ¢, and 7; are the rates of the consumption and income
taxes, respectively. We only include income tax at the consumer level (stockholder),
considering no tax on firms’ not distributed (invested) profits.

Thus, in this economy, the consumption tax could be assimilated to a value
added tax (VAT), which is commonly transferred by firms to the final consumer.
Therefore, it affects (distorts) consumption of both types of households. In the case
of Ricardian households, its change enters the Euler equation affecting intertemporal
decisions. On the other hand, it reduces disposable income and consumption of all
households. In addition, both types of taxes affect labor supply distorting production
(see appendix). On the contrary, taxes do not affect the relative price of investment

or distort it?.

4Based on Bustos, Engel and Galetovic (2004), we implicitly assume that depreciation al-
lowances and interest payments are roughly equivalent to the cost of investment. We also assume
that firms do not internalize taxes paid by their stockholders. Those authors find negative marginal
effective corporate tax rates for large corporations in Chile and also cite Jorgenson and Landau
(1993), who find negative effective tax rates on capital in France and Italy in 1990.
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The first-order condition for consumption is:

ezt = (ca g (7) (T52)) )

Following Gali et al. (2005), we have not listed the first order condition for labor

supply, because we have assumed some power market for household to determine

wages.
The utility takes the form:

lea N1+<p

U(C’L):l—a_l—l—(p

(4)
where (1/0) is the intertemporal elasticity of substitution in consumption and ¢

is the elasticity of marginal disutility with respect to labor supply.

2.1.2 Rule-of-thumb households

Rule-of-thumb households do not save or borrow. Therefore, they always spend
their current labor income (Jaffe and Stiglitz, 1990; Mankiw, 2000). Their utility is:

U(C;(2), Ni (7)) (5)

subject to:

(1+¢,) PCE(i) = (1 —7:) WiN/ (1) (6)

Thus, they consume the wages they receive.

2.1.3 The wage schedule

Following Erceg, Henderson and Levin (2000), we suppose that households act as
price-setters in the labor market®. There is a representative labor aggregator, and
wages are staggered a la Calvo (1983). Therefore, wages can only be optimally
changed after some random "wage-change signal" is received. A continuum of mo-
nopolistically competitive households is assumed to exist, and each one of them
supplies a differentiated labor service to the intermediate-goods-producing sector.

The representative labor aggregator combines, with a constant returns technology,

5 Another alternative consists of modeling the labor market as in Galf et al. (2005), where real
wages are determined with a general function, H, which is increasing in both consumption and
employment:% = H(Cy, Nt, ¢y, Tt).



household labor hours in the same amount firms demand them. The aggregate labor
index N; has the CES or Dixit-Stiglitz form:

N, = { /O 1 Nt@ﬁd@} o (7)

where N,(7) is the quantity of labor provided by each household.

The representative labor aggregator takes each household’s wage rate W;(i) as
given, and minimizes the cost of producing a given amount of the aggregate labor
index. Then, units of labor index are sold at their unit cost W; (with no profit) to

the production sector :

W, = l /0 1 Wt(i)—tdz'] o (8)

Households set their nominal wages that maximize their intertemporal objective
function (1), subject to the intertemporal budget constraint (2), and to the total

demand for its labor services, which is given by:

M@y%%m )

Ni(i) = | —=
0= |5

Rule-of-thumb households set their wages equal to the average wage of optimizing
households.

2.1.4 Demand for consumption goods

Overall, consumption is a CES aggregate of domestic and imported goods.

Ne— ne—1

C, - ((1 —a0) (CP) +a, (CF)' )— (10)

The demand for each bundle of differentiated domestic and imported goods,

derived from expenditure minimization, is given by:

I PtD e
Ct = (]_ — Oéc) ?t Ct (11)
PF e
cr-a (%) C (12)

The aggregate consumer price index (CPI) is defined as:



P = <<1 —ay) (PtD)lfm ta, (PtF)lnc)l;"C (13)

Each type of good is a composite (or weighted average) of either domestic or

imported differentiated goods, which also consists of a Dixit-Stiglitz index:

1 eg—1 . E%§T
(f:</6ﬁﬂ%do (14)
0

orn = () er (15)

with the respective price index:

Pf = ( /0 1 Pf(j)“ffdj) o (16)

for K = D, F.

2.2 Domestic intermediate-goods firms

There is a continuum of monopolistically competitive firms, indexed by j € [0, 1],

producing differentiated intermediate goods.

2.2.1 Cost minimization

The CES production function of the representative intermediate-good firm, indexed

by j, combines capital, K; and labor, N; to produce Y; (), and is given by

_9s
os—1 og—1 og—1

Y7 () = A [aB(5), " + (1= )N, 7 (j) (17)

where A; and o, are both > 0, and correspond to the technology parameter and
the elasticity of substitution between capital and labor, respectively.

Firms minimize costs taking the rental price of capital R and the wage W; as

given, subject to the production function (technology). The first-order conditions

yield the relative factor demands,

- () (R6) 19

and the marginal cost, given by:




1
1 —0Og l—0os

MEP = a7 ()7 4+ (1= )™ (W)

2.2.2 Price setting

Following Calvo (1983), when firm j receives a signal to optimally set a new price,
it chooses the price that maximizes the discounted value of its profits, conditional

on that price being effective:

maxZ@ B Aok Y2L () (PP*(5) — MCEL)} (20)
subject to
. PD* j —€D
o < (Fm) v (21)
t

where PP* (j) must satisfy the first-order condition

St ) (0 - —pmeg) b0 )

k=0

with the discount factor being

ceN\ (P
= () (5 (23)

Then, under the assumed price-setting structure, firms that did not receive the

signal cannot adjust their prices, while all those that are allowed to optimally reset
their prices choose the same price F;. Thus, the dynamics of the domestic price

index PP is finally described by the equation
P = 10p (P21)™ 4+ (1= 0p) (PP) 7] 77 (24)

2.3 Intermediate-goods importing firms

The import sector buys a homogenous good produced abroad, and using a linear
technology turns it into a differentiated import good for the home market. As in
the domestic good sector, importing firms also receive a random signal to optimally
set a new price when the exchange rate or the foreign price has changed (Smets and

Wouters, 2002). Thus, there is no perfect pass-through and the dynamics of the
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import price index is also described by an equation similar to (24). However, the
firms that are allowed to optimally reset their price, set it equal to the import price

abroad in terms of domestic currency S;P/™* (law of one price).
PE =00 (L)' ™" + (1= 05) (S:PF7) ™| 77 (25)

2.4 Optimizing investment firms

The firms that produce homogenous capital goods rent them to the intermediate-

goods firms. All of them are owned by Ricardian households.

2.4.1 Tobin’s Q

Firms invest the amount that solves the following problem:

VI(K?) = Rf K} — P I + E, (V' (K7,)) (26)

subject to capital accumulation

IO
K, =(1- 6)K°+¢(KO> Ky (27)
The first order conditions for the investment firm are:
[o PI
@ (1) - 5 =0 (28)
t t

L/ B\ R I, )H
0 — E{R(P) [Pt+1+@t+1(< )+ 1o (20)

The marginal cost of an additional unit of investment should be equal to the

present value of the marginal increase in equity that it generates (Tobin’s Q).

2.4.2 Demand for investment goods

Investment consists of a CES aggregate of domestic and imported goods

I, = ((1 — o) (ID) Ty oy (IF) ) i (30)

The demand for domestic and imported goods derived from expenditure mini-

mization is given by:



The aggregate price is defined as

P! = (1= a0 (RP) "+ (PE) )77 (53)

Fach composite of investment goods is itself a bundle of differentiated goods.
For K =D, F.

2.4.3 Aggregation

Aggregate consumption corresponds to the weighted sum of consumption by Ricar-

dian and rule of thumb households
A 1
Ci=XC7 +(1—-N)C7 = / Cy(i)di +/ CY(i)di (36)
0 A

Given that only Ricardian households invest and accumulate capital, total in-

vestment is equal to (1 — \) times the optimizing investment:

L= (1 =) (17) (37)

Similarly, the aggregate stock of capital is equal to

Ky = (1= A) (K7) (38)

Hours worked are a weighted average of labor supplied by each type of consumer:

Ny = ANJ + (1= A) N? (39)

In equilibrium, each type of consumer works the same number of hours:
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N, =N/ = N? (40)

Financial assets are only held by optimizing households:

By = (1=X)(B) (41)

Foreign assets (or debt) includes fiscal B“*and private assets BY*:
Bf = B + (1 -\ B (42)

2.5 Monetary policy

The central bank sets the nominal interest rate according to the following rule:

Ty =T+ ¢+ Oy (43)

with ¢, > 1 and 7 being the neutral or steady state nominal interest rate. This

rule is similar to the well known Taylor (1993) rule. In our baseline simulation,
¢,=0.

2.6 Fiscal policy

The government budget constraint is

PtGGt = ¢, PC+ 1 WiN, + (1 — X) 7. Dy (44)

S, B -
+R; ‘B 1 + S, (cb ( J-‘t’tYZ ) R;;) BE — B, — S, BE*

where income tax revenues can be expressed as:

o (PPY,” — PlI + (PF — S.P/*) Y,["). (45)

Thus, revenues are net of investment and include profits of the import sector.
For simplicity, we assume that whenever the government issues debt it maintains

a fixed proportion of domestic and external debt: S;B&* = v, BY
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2.6.1 Fiscal Rules

We propose a general fiscal rule that may encompass a wide range of different cases.
BY _B°
“t——, the rule takes the following form:

Letting g; = %, t, = % and b; =

b, PiCy + wri (PPY,” =PI+ (P = SiP[™) V') = ¢,Bi + ¢,PCGy - (46)

In order to have an interpretation of this rule, we choose some cases. if ¥, w =1,
the general rule becomes similar to the one proposed by Gali et al. (2005), where in
order to return to equilibrium tax rates (in consumption tax instead of a lump-sum

tax) adjust according to the levels of spending and public debt:

PGy + 74 [PtDY;tD — P/ + (PtF - StPtF*) Y;F} = B + ¢gPtGGt (47)

Ify =w=¢,=1and ¢, =0, we are dealing with a balanced budget, where

taxes also adjust to maintain the budget balanced each period:

¢, P.Cy + 1, [PPY,” — PIL, + (PF = SP/™) Y]] = PPG, (48)

We consider a third rule, where the government adjusts spending, instead of
taxes, to go back to equilibrium, whenever facing a debt-financed fiscal deficit. In
the meantime, the level of debt will grow up to the point where revenues and ex-
penditures equilibrate again. This new level of debt will remain forever unless there
is a shock that could take it to an even higher level or that increases revenues and
allows the government to run transitory surpluses and reduce its outstanding debt.
In other words, government debt follows a random walk®. In this case the coefficients
would be ¢y = w = 0 and ¢, = 1, so the rule becomes

» %k

1
B, — —t_8,B 49
144 '+ 14770 (49)

it

PtGGt :ﬁ—

Note that while the other rules include current tax revenue:

6The Chilean fiscal rule of structural overall surplus assures the financial solvency of the govern-
ment in the long run. However, it could still be possible under this rule to accumulate substantial
debt were the assumptions regarding potential GDP and the long-run copper price for several years
misaligned. Indeed, if authorities’ perception (or, in the case of Chile, the group of independent
analysts) regarding these two unknown variables only adjust slowly when persistent changes have
taken place, continuous deficit or surpluses are possible, given that they define the actual overall
fiscal deficit or surplus allowed each period (see Restrepo, 2005).
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-[/-Tt - QStPtCt + Tt [P,gD}/tD - Pt][t + (PtF - StPtF*) }/tF:| s

this rule considers steady-state (structural) taxes I7T. However, we cannot use such
a rule in our model because it would not converge, given that public debt corresponds
to a random walk. For that reason, we allow the debt to have some weight in the
rule. In such a way, the government expenditure has to pay the interest of the debt
and a little more [1?:% + 7 H*
should also react to the level of debt B, with elasticity p, = 0.001, so debt will

slowly converge back to the steady-state level.

vb} Bi+ p,By. In other words, government spending

¢5b

PG, =
t = ¢g

(50)

ot g H* vy + (b, | - Therefore, ¢, is not constant in this

rule. However, after linearizing we get that ¢, is constant and equal to [1 U+ ,ux} ,

where ¢, = 1 and ¢, = [ i

because in steady state not only the budget is balanced (but also B = 0)".
Plugging the rule in the budget constraint, a necessary and sufficient condition

for non-explosive debt dynamics is given by:

¢ 1 L,
(1—rbvb><(1+r),w_w_1 (51)

<1_ﬁ)<<1ir)’¢:“:0' (52)

2.6.2 Government demand for goods

and

Government spends on an aggregate bundle of domestic and imported goods.

n

G, = <(1 —ae) (GP) 5 4 ag (GF)M) - (53)

The demand for domestic and imported goods is derived from expenditure min-

imization and is given by:

PD —Na
GP =(1-agq) (P—t6,> G, (54)
t

TAs it is well known, the linearization of the model involves a tradeoff: understanding and
simulating the model is simpler but some of the action is lost.

13



The government price index (price deflator) is defined as:

1
PE = ((1=ag) (PP) ™" +ag (PF)' ) 7 (56)
and each type of good (domestic and imported) is itself a bundle of differentiated
goods
! k-1 =
6t = ([ i) ) 67)
0
. PrG)Y "

o) = (F5) e (58)

for K =D,F.

2.7 Market clearing conditions

The factor market-clearing conditions are given by

N, = i Ni(j)dj (59)

K = i Ki(j)dj (60)

and for the domestic market, by

D¢\ _ PtD(j> P D D D D
YP(5) = 5D (CP+IP+ G+ XP). (61)
t

Therefore, the supply of domestic goods equals the sum of consumption, invest-

ment, government spending and exports:

VP =CP+ 1P +GP + XP. (62)

The economy equilibrium is:
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PG+ PFG + P, = PPYP+ PIY = 5,PY ] (63)

3 Calibration and Dynamics

The model is first linearized (see the appendix), then the system of stochastic dif-

ference equations is solved with Dynare (Juillard, 2003)®.

3.1 Calibration

The most important parameter values in our baseline simulation are set to equal
standard values found in the literature and summarized in table 1. For instance, the
discount factor [, is set at 0.99. The risk aversion coefficient in the consumption
function is 1. We follow Gali et al. (2005) setting the elasticity of substitution
across intermediate goods £=6, and the rate of depreciation ¢ is 0.02. On the other
hand, the share of rule-of-thumb consumers amounts to 0.5. Finally, we impose a
relationship between local and foreign government debt (StBTGG*> of 0.21 at all times.

The policy parameters include: the share of domestic goods in the government
basket of consumption a;=0.9, as well as the coefficients in the monetary rule with
respect to inflation and the output gap ¢,=1.5, the original value used in Taylor
(1993), and ¢,=0, given that in our baseline simulation the monetary rule only
includes inflation. However, we report sensibility analysis which were run in order
to check how different values of both parameters affect the impact of government
spending shocks. Finally, other policy parameters are the ones included in one of
the fiscal rules, where taxes react endogenously to fiscal deficits, ¢,=0.30 and public
debt ¢,=0.12 similarly to the rule used in Gali et al. (2005)°.

In steady state consumption is set at 62% of GDP, government spending is 20%
and so are tax revenues, since the overall government budget is assumed to be
balanced in steady state!. This is equivalent to assuming structural balance —

instead of the structural surplus adopted in Chile. The ratio of investment to GDP

8The software is available at: http://www.cepremap.cnrs.fr/dynare

9The consumption tax rate is the one that changes in order to regain fiscal equilibrium here,
while in Gali et al. (2005), the tax that reacts is lump-sum.

10Several parameters used to calibrate the steady state are taken from Restrepo and Soto (2004).
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is 17%, exports are 34%, while imports are slightly less than that 33%, given that
the trade surplus covers the steady state interest payments on a 50% of GDP level
of foreign private debt (table2).

3.2 Effects of fiscal spending shocks

The effects of a government spending shock on our economy are shown in figure
1, that includes the response of a selected group of variables: GDP, consumption,
investment, real interest rate, inflation, hours of work, real wage, real exchange rate,
current account, fiscal deficit and nominal interest rate. Each small figure depicts the
response of the respective variable under the three different fiscal regimes, namely
endogenous tax, endogenous spending and permanently-balanced budget.

1. The contemporaneous response of consumption to a government spending
shock is positive, except under the rule of an always-balanced budget. Thus, the
rules are responsible for the differences in the responses of consumption, which are
also reflected on significant differences in the responses of the current account, the
real wage, the real exchange rate and obviously the fiscal deficit.

Indeed, the results show that:

i) after the shock, consumption drops with the balanced-budget rule because
the positive wealth effect that benefits rule-of-thumb consumers is partly offset by
higher taxes on their income and consumption. Besides, the distortion on consump-
tion and the negative wealth effect on Ricardian consumers are both so large with
this rule that they counteract the positive wealth effect received by rule-of-thumb
consumers, causing a deep fall in consumption, even in the presence of a significant
real appreciation. The consumption reduction is mirrored by the strong current
account improvement. The large current account surplus causes a reduction in total
foreign debt and the risk premium, which are associated with the strong exchange
rate appreciation (the IS curve comes back). As a result, the composition of aggre-
gate demand (GDP) changed.

ii) The spending hike has the largest positive impact on consumption with the
rule that adjust taxes (consumption tax) after the shock. It happens because the
negative wealth effect suffered by Ricardian households is more than compensated by
the increase in income and consumption experienced by rule-of-thumb agents. How-
ever the positive effect does not last long and becomes negative after two quarters,
similarly to what happens with the balanced-budget rule because taxes increase

significantly in order to take the budget back to equilibrium. Hence, the initial
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wealth gain of rule-of-thumb consumers is quickly reversed. At this time the effect
on optimizers is still negative.

iii) Under the fiscal regime that adjusts spending in order to gradually
return to equilibrium, total consumption increases less than with the last rule but
the positive effect is very persistent, lasting eight to nine quarters. This happens even
though inflation and the interest rate have the highest and more persistent increase.
Moreover, the increment in the wage bill of rule-of-thumb consumers is smaller here
than with the other two rules, because real wages do not move up significantly.
What is different here is that under the endogenous spending rule, tax distortions
though not absent are smaller because tax rates do not move. Thus, the increase
in tax revenues with this rule (figure 1), is an endogenous result of the increase in
GDP after the shock. On the other hand, the real exchange rate appreciates less
than when either of the other two rules operate, because the appreciating pressure of
fiscal spending is partially offset by the force towards depreciation coming from the
larger and more persistent current account deficit, and level of foreign debt, which
is also associated with a higher country risk premium.

2. The effect of government spending on consumption and GDP depends also
on the reaction of the real exchange rate, exports, and imports after the shock. A
standard statement regarding open economies with flexible exchange rate regimes is
that fiscal policy is less effective expanding the economy, given that it has a negative
effect on net exports'!. To check this result in our model, we obtained the impact
multipliers (after a government spending shock) as a function of the price elasticity
of export demand, and as a function of the price elasticity of imports, which in our
baseline simulation are both 1.0'2. Figure 2 shows that the impact of the shock on
GDP, consumption, the current account, worked hours, the real wage and inflation
decreases whenever the elasticity of exports grows. The transmission mechanism
works through the real exchange rate. Indeed, a real appreciation takes place after
the shock, which engineers a reduction in total net exports by making domestic
goods more expensive or, the same, foreign goods cheaper. The more negative the
reaction of net exports to the real currency appreciation, the less expansive the
public spending shock and the smaller the impact multiplier. The effect of the

shock, at impact, on hours (employment) falls along with its impact on aggregate

"Tn the IS-LM jargon, what happens is that the IS comes back after the expansion due to the
subsequent reduction of the real exchange rate, lowering exports and aggregate demand.

12The effect of a depreciation (appreciation) depends on the elasticities of export and import
demands. After a depreciation, the trade account will improve if the Marshall-Lerner conditions
hold, as it happens in our case.
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demand, particularly on consumption, investment and net exports.

Similarly, whenever we increase the price elasticity of imports, there is a reduction
in the impact of the spending shock on GDP, consumption, investment, current
account, real wage and hours, as can be seen in figure 3. At the same time, and
pulling the appreciation of the real exchange rate is, at impact, smaller.

Therefore, there are two opposite forces pushing and pulling the real exchange
rate. On one hand, government spending puts downward pressure on the real ex-
change rate. On the other, the resulting debt-financed fiscal and current account
deficits increase the country risk premium and pushes the real exchange rate up. The
latter is a smaller effect that only comes out in a general equilibrium framework and
was typically missing in the Mundell-Fleming models. In figure 4, we illustrate
this effect by showing the evolution of the impact multipliers when we change the
debt elasticity of the country risk premium. The impact of the spending shock on
the variables is very different for each rule. Nevertheless, one can state that the real
exchange rate appreciation is smaller with the two rules that allow the surging of a
debt-financed deficit after the shock, but the effect is more significant with the rule
that has taxes reacting endogenously to the fiscal deficit and public debt.

3. Distortionary taxes play a significant role in the economy. The differences
generated by the three rules partly come from the distortion on consumption and
labor supply created by both taxes, as becomes clear from comparing figures 1 and
5. Indeed, figure 5 shows the responses of the variables to a government spending
shock when taxes are lump sum instead of being distortionary, as is the case in figure
1.

For instance, the effect of government spending on consumption is larger with
lump-sum taxes than with distortionary ones. Indeed, if the economy has only lump-
sum taxes, consumption reacts more after the shock resulting in higher responses of
inflation and real interest rates jointly with a lower response of the current account
balance. On the contrary, if distortionary taxes are in place, the change in the tax
rate on consumption that follows the spending spike distorts negatively the level of
consumption with two out of the three rules. In fact, the tax change that occurs
after the shock impacts negatively rule-of-thumb consumers and appears in the Euler
equation of optimizing consumers affecting their decisions (see linearized model in
the appendix).

It is important to point out that when the fiscal rule is built in such a way that
government spending, instead of taxes, reacts endogenously in order to gradually

go back to the target of a balanced budget (equilibrium), the positive effect of the
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shock on consumption is much more persistent than with the other rules and so is
the effect of the shock on inflation and the real interest rate, with a negative effect
on investment.

In addition, the reaction of real wages varies significantly depending on whether
taxes are lump sum or not. While real wages increase after the shock in the presence
of distortionary taxes with all three rules, they fall when taxes are lump sum with
the two fiscal regimes where taxes react endogenously. It happens mostly because
in the first case inflation is lower and labor supply falls. Finally, the real exchange
rate falls less with lump sum taxes because net exports are smaller. So debt is larger

and the country risk premium is higher.?

3.3 Sensibility analysis

To understand better how our economy works and to check the robustness of some
results, several sensibility exercises are carried out. The exercises allow us to pin
down the interaction of aggregate demand variables with a set of parameters of
the model, in order to see, after the same government spending shock, how the
impact multipliers of a group of variables change depending on the share of rule of
thumb consumers A, the degree of wage rigidity 6,,, the composition of government
expenditures ag, as well as the size of the coefficients in the monetary (¢, and ¢,),
and fiscal (¢, and ¢,) rules. The sensibility analysis shows that in several cases the

impact multipliers change not only size but also sign.

3.3.1 Model parameters

Figure 6 shows how the impact of the shock on each of the selected variables
changes when the share of rule-of-thumb consumers A, grows from 0 to 0.5, half
of a percentage point (0.05) at a time. It is clear that the effect of the shock on
consumption, starting from being negative, grows with the share of rule-of-thumb
consumers. The negative impact the shock has on the wealth of Ricardian (forward-
looking) consumers is more than offset by the positive wealth effect received by rule
of thumbers, who spend all their income. This result is in line with the findings of
Gali et al. (2005) for a closed economy. The impact of the shock on GDP, inflation,

and real interest rates also grows with the presence of credit-restricted consumers.

13 As a way of checking the functioning of the model we also introduced a monetary shock and
a shock to the price of exports. The responses are consistent with economic intuition in all cases.
However, we do not report them here.
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On the other hand, the impact on the current account and the real exchange rate is
more negative with a larger share of them.

The results that show how the impact on the variables changes with the degree
of wage rigidity 6, are reported in figure 7. The more rigid nominal wages the
smaller the impact of government spending on real wages, i.e., prices grow faster
than nominal wages. Simultaneously, while the impact on consumption is slightly
larger, it clearly increases more significantly on hours (employment) and is less
negative on investment and the real exchange rate. Also, when wages are more
rigid, inflation and the real interest rate grow less after the shock. The current

account balance decreases, but not significantly.

3.3.2 Policy parameters

In figure 8, we report how the impact of the shock on each variable varies with the
composition of government expenditures a. The more the government spends on
domestic goods the larger its impact on aggregate consumption, GDP, employment,
inflation and the interest rate, no matter which of the three rules is in place. At the
same time, the impact of the shock on the current account is less negative, given
that each time the government is spending less on imported goods. Where the rules
differ most is in the impact of the shock on investment. In fact, with the endogenous
spending rule, the impact of the shock on investment is more negative than with the
other rules, even though in all cases the negative effect decreases whenever the local
component of goverment spending grows. Two elements play a role regarding the
impact on investment: the real interest rate, and the price of capital. Under this
specific rule, the demand for capital and its price are smaller at impact, discouraging
investment!4.

The relation between the size of the impact of the shock on the variables and
the coefficients in the monetary rule (¢, and ¢,) are shown in figures 9 and 10,
respectively. The results show the interaction between monetary and fiscal policies.
For instance, the more aggressive the central bank is fighting inflation (larger ¢, ),
the smaller is the impact of the government spending shock on consumption and
more negative is the impact on investment. In this case, the impact of the shock on
the real interest rate is obviously larger. Consistently with the latter, the impact of

the shock gets smaller each time, in the case of inflation, and more negative in the

14To some extent, capital is substituted for labor, given that real wages are also lower in this
case than with the other two rules.
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case of the real exchange rate (figure 9). When the rule with endogenous tax rates
is in place, figure 9 shows that even with a strong reaction to inflation (larger ¢, )
the impact of the shock on GDP is still large, making it more difficult for monetary
authorities to get close to a flexible price equilibrium allocation. We believe that is
a consequence of the introduction of wages rigidity in the model!®.

If monetary policy cares more about stabilizing output (larger ¢,), the impact
of the spending shock on GDP is smaller i.e. authorities dislike deviations of output
from potential (steady state) even if they are positive (figure 10). As a consequence,
interest rates move strongly upwards in order to counteract the aggregate demand
hike, reducing consumption, investment, the real exchange rate, employment and
inflation. On the contrary, each time we increase the coefficient ¢,, the impact of
the shock on real wages is more positive due to the deflation that the policy reaction
engineers. This exercise confirms what we said above: the impact of the spending
shock on GDP and consumption is larger when the fiscal regime in place is the one
with endogenous taxes. However, we also know from above, that with this rule
the effect on consumption is less persistent than in the case of a fiscal regime with
endogenous spending, because tax growth counteracts the wealth effect and distorts
consumption.

The sensibility of the results to changes in the parameters of the fiscal rules,
only apply to the rule where tax rates react endogenously to what happens with
spending ¢, and the level of the debt ¢,. The larger those parameters, the faster
the economies return to equilibrium. In other words, the fiscal authority is more
intolerant to deficit or debt levels deviating from equilibrium. In figure 11, this
rule is equivalent to the one that always keeps the budget balanced when ¢, =1.
If ¢,>1,the fiscal authority reacts more than what is needed to close the deficit,
which results in reduced consumption and GDP. Figure 12 shows that the impact
multipliers of consumption, investment and output grow slightly with ¢,. Therefore,
a small ¢, combined with a large ¢, produces a larger response of consumption and
output to the shock, as was also found by Gali et al. (2005).

4 Summary and Conclusions

We build a general equilibrium (business cycle) model of a small open economy,

that includes rule-of-thumb consumers, and sticky prices and wages as well as dis-

15Galf et al. (2005) and in particular Blanchard and Galf (2005) discuss this issue extensively.
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tortionary taxes. The economic structure is used to study the effects of government
spending under three different fiscal regimes by: i) comparing the responses of the
variables to government spending shock, with and without distortionary taxation;
ii) running a set of exercises to see the change of the initial impact of the shock
on the variables when the value of several parameters of the model are purposively
modified within a range (one at a time).

The first rule-based fiscal regime keeps the budget balanced at all times. In the
second, taxes react endogenously to both government spending and the level of debt.
The third fiscal rule roughly mimics the one in place in Chile since 2001. With this
rule, spending reacts slowly to any deviation from fiscal balance, leading to the fiscal
deficit being strongly countercyclical.

Being this a small open economy, the impact of government spending on con-
sumption and other variables changes with the value of the respective price elasticity
of exports and imports (trade balance). In other words, the effects of the spending
shock depend on the Marshall-Lerner conditions. If exports are more elastic, the
impact of government spending on consumption, output and the current account
is smaller. This last result is consistent with the traditional conclusion based on
the Mundell-Fleming model about open economies with flexible exchange rates. In
this case, government spending is less efficient than monetary policy expanding the
economy. In addition, a sensibility analysis shows that the positive reaction of con-
sumption to the government spending shock grows with the share of rule-of-thumb
consumers and the proportion of domestic goods included in government expendi-
tures.

Moreover, the positive effect of the spending shock on consumption is more
persistent with the rule that slowly adjust spending than with the rule that increases
tax rates to close the debt-financed deficit. The latter rule quickly offsets the initial
wealth effect on rule-of-thumb households by raising taxes.The results also show that
the response of consumption is larger when taxes are lump-sum than when they are
distortionary.

The sensibility analysis shows that the degree of wage rigidity affects the impact
of the shock on consumption only marginally. On the contrary, when wages are more
rigid the impact of the government spending hike on investment, hours, inflation and
the real exchange rate increases more significantly. Finally, the more aggressive is
the central bank fighting inflation, the smaller is the impact of the government
spending shock on consumption and the more negative is the impact on investment.

In conclusion, our analysis shows that the most important factors influencing the
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effect of government spending on consumption, investment, the current account, and
GDP are: the presence of rule-of-thumb consumers, the price elasticity of exports
and imports (Marshall-Lerner conditions), the share of domestic goods in govern-
ment consumption, the presence of distortionary taxes, and the fiscal and monetary

rules.

5 Appendix: Linearized Model

For the solution of the model we linearize the model equations around a non-
stochastic steady state.

The consumption equations for Ricardian and rule-of-thumb households are given
by

o o 1 1 ¢
C; = Ct—l-l — ; (Tt — 7Tt+1> + ;mAgbtJrl

i~ e (1) (o (7)) (759) )

Then, aggregate consumption is given by

=X +(1-N¢

The supply of labor with sticky wages is given by

(Wi1 — D) +

1
(wt - pt = f m(wt—1 - pt—1)

(1—-p¢,) (A -¢,)
1 + ﬁ + (1+9w)90) €’u)

pt (1+¢)¢t < iT)Tt—SOnt—UCt}

For the optimizing investment firms, the investment equation is given by:

@ —n (i — k) = (of — pe)

The corresponding ¢ equation is given by:
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61 =Bl + (L= B(1=0) (ry = pera) = (re — Tep1)

Capital accumulation is standard:

Kl = k4007 — kY)

Aggregation for investment and capital can be written as:

Z.t:i?

ke = kY
The goods-market equilibrium condition is:

cP I GP XD
s iy + ﬁgf) Tyo T

where the components for the demand are:

ytD:ﬁCt +ﬁ

¢ =—n¢ (ptD —pt) +
i =—n; (pP — i)+

9 =—ng (pf —p7) + o

and exports are given by

af =" (0 —pe) — (e — o) —p7*) +c*

The budget constraint for the economy is:
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() (5) O =2
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B

&

S i . =
)(1 r) =)+ by =i+ )
We assume a risk premium of the form:

1~|—r> —pe) +b1)

O, = by +dux (e —py) —duxy,
Imports are given by

cr Ir GF
yl = ch + Wlf + ﬁgf

where the components for the imports are:

of =—nc(pf —p) +a
i =—=n; (pf —pf) +is

9 =—ne 0 —pf) + o

The production function can be expressed as:

Y= a+ @k +(1—p)n

Uncovered interest parity condition is:

Tt — Myl = ((5t+1 —py1) — (8¢ —p) + 1] + pq)t)
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Real interest rate (ex-ante) is defined as

r_exy =Tt — Tt41

Inflation of domestic goods corresponds to the standard New-Keynesian Phillips

curve:

1—-4
o = g0+ (1 - 50) L Ve

where domestic marginal costs are given by

mep =@, (rf =) + (1= ¢,,) (we = pr) — ar — (pf — pr)

We assume that the inflation equation for imported goods is also given by the

standard new-Keynesian Phillips curve:

1—-4
f =l + (1 30) S et

where the marginal cost of imports is determined by

mef = (se—p) +p " — (o —pr)

In order to solve the model we need to define the following relative prices:

Price of domestic vs. consumption good.

ya (17776’)
(1) (%)

o (P
Yo+ (1 =7¢) (%) )

Price of domestic vs. investment good.

(pf — ) = (




Price of imports vs. consumption good.

—(7e) <£—g> e

(v = pr) = N (b = pt")
(W’C <1€_D) +(1- 70))
Price of import vs. investment good.
(1-nr)
pF
o (/71) (P_D>
=D (p’ = i)

(pt _pt) =
(1-ny)
<’71 (%) +(1— ’YI))
Price of import vs. government good.
F (1_77G)
- (0) () :
by — Py
(1-nc)
(VG (fi—ﬁ) +(1- 70))

Price of domestic vs. import good.

(pf —pf) =

(o =) = (01 —pi_y) + 70 —7f

Price of investment vs. consumption good.

(i —pe) == (07 — i) + (o — 1)

Price of government vs. consumption good.

(7 —pe) = — (0 —p7) + (0 — 1)
Cost minimization implies:

(wy — pe) — (Tf —Pt) = (i> (ke — )

Os
Aggregate inflation is given by:
mo=xm + (1 =x)7

GDP can be written as:

27



w = (%) (5 ) 08 -m v+ (%) (5) (6 = +a0)

(5) () 7 ot )

We add the following monetary policy rule

=1+ ¢7rﬂ—t + ¢7ryt +u:

The cases for the fiscal policy are

Case 1 where ¢ = w = 1. The rules is given by:

vpcra) = = () (F) eormw+og () Ger 61 =) + )
- (P?f) (Y7F) (re+ (1 =) +97)
tr(2) () (ot o=+ 48 )
+oubi + by + B (g) (%) (pf — pr)

In this case government expenditure and income tax are exogenous, they evolve

according to a first order autoregressive processes:

9t = PgGt—1 + €

-
Tt = P, Ti—1 T €

Case 2 where ¥ = w = 0. The rules is given by:
P G pP¢ o)
(?) (7) (P = i) + (?) gt = —gbbt + uf
g
In this case both taxes follow a first order autoregressive process:

.
Tt = PrTe—1 T €
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¢y = P¢¢5t71 + Ef
Additionally we suppose a shock for the fiscal rule associated with government
expenditure:
ui‘] = pgué]—l + 6?

Case 3 where vy = w = ¢, = 1 and ¢, = 0.The fiscal rule is given by the

government budget constraint because we assume a balanced budget at all times:

CIIC
oo (5) (F) ew

K (P! .
—b5> <?) (Te+ (pf — pe) +147)

PN (YT

+TCF)(S7)QV+@f—MW+%)

- (%) (Y7F> (re+ (er —po) + " + )

where income tax and government expenditure also evolve according to first order

autoregressive processes:

Gt = PyGi—1 + €

_ T
Tt = P;Ti—1 T €

In each case the fiscal deficit is defined as:
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deficit = (%f) (g) (pf —pe) + (%ﬁ) gt
—wg (¢ +ci) — T (P?j)) (YTD> (Te + u1)
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7))
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Other exogenous shocks evolve according to first order autoregressive processes
as well:

External interest rate shock.

* * r¥
Ty = PpsTy_q + €

Monetary policy shock.

T __ T T
Up = ppupg + €

Foreign price shock.

Fx

Pit = pprepiy el
External demand for domestic good shock.
Dx*

Dx cP*
Cy = Per=Ciy + €

Foreign price of the domestically-produced export.

Dx __ D pP*
Dy = PpreDy_y + €

Technology shock.

_ t a
= Palt_1 + €

30



6 References

Blanchard, O. (2001) Macroeconomics, Prentice Hall.

Blanchard, O. and J. Gali (2005) "Real Wage Rigidity and the New Keynesian
Model," mimeo (Gali web page).

Blanchard, O. and R. Perotti (2002) "An empirical Characterization of the Dy-
namic Effects of Changes in Government Spending and Taxes on OQutput," Quarterly
Journal of Economics, 117(4): 1329-68.

Bustos, A., E. Engel and A. Galetovic (2004) "Could Higher Taxes Increase
the Long-run Demand for Capital? Theory and Evidence for Chile," Journal of
Development Economics, 73(2): 675-97.

Calvo, G. (1983) "Staggered Prices in a Utility Maximizing Framework," Journal
of Monetary Economics, 12: 383-98.

Cerda, R., L.F. Lagos and H. Gonzélez (2005) "Efectos Dindmicos de la Politica
Fiscal" Cuadernos de Economia 42: 63-77.

Clarida,R., J. Gali and M. Gertler (1999) "The Science of Monetary Policy: A
New Keynesian Perspective," Journal of Economic Literature, 37(4): 1661-707.

Erceg, C., D. Henderson, and A. Levin (2000) "Optimal Monetary Policy with
Staggered Wage and Price Contracts," Journal of Monetary Economics, 46:281-313.

Fatds, A. and Mihov (2001) "The Effects of Fiscal Policy on Consumption and
Employment: Theory and Evidence," INSEAD, mimeo.

Gali, J., J. D. Lépez-Salido and J. Vallés (2005) "Understanding the Effects of
Government Spending on Consumption," CREI, mimeo.

Jaffee, D. and J. Stiglitz (1990) "Credit Rationing," in Benjamin Friedman and
Frank H. Hahn, Handbook of Monetary Economics, Amsterdam: North-Holland.

Jorgenson, D.W. and Landau, R., editors (1993). Taz Reform and the Cost of
Capital: An International Comparison, Washington, DC. The Brookings Instititu-
tion

Julliard, M. (1996) "Dynare: A Program for the Resolution and Simulation of
Dynamic Models with Forward Variables through the Use of a Relaxation Algo-
rithm," CEPREMAP. Couverture Orange. 9602.

Mankiw, G. (2000) "The Savers-spenders Theory of Fiscal Policy Shocks?"
American Economic Review, 90:120-25.

Mountford, A. and H. Ulhig (2002) "What are the Effects of Fiscal Policy
Shocks?" CEPR Discussion Paper 3338.

Perotti, R. (2002) "Estimating the Effects of Fiscal Policy in OECD Countries,"

31



Working Paper 168, Furopean Central Bank.

Ramey, V. and Matthew Shapiro (1998) "Costly Capital Reallocation and the
Effect of Government Spending," Carnegie-Rochester Conference Series on Public
Policy, 48: 145-94.

Restrepo, J.E. (2005) "The Chilean Fiscal Rule in Real Time: An Assessment,"
Central Bank of Chile, mimeo.

Restrepo, J.E. and H. Rincén (2006) "Identifying Fiscal Policy Shocks in Chile
and Colombia," Central Bank of Chile, mimeo.

Restrepo, J.E. and C. Soto (2006) "Regularidades Empiricas de la Economia
Chilena," Economia Chilena, forthcoming.

Rotemberg, J. and Michael Woodford (1992) "Oligopolistic Pricing and the Ef-
fects of Aggregate Demand on Economic Activity," Journal of Political Economy,
100: 1153-297.

Smets, F. and R. Wouters (2002) "Openness, Imperfect Exchange Rate Pass-
through and Monetary Policy," Journal of Monetary Economics 49: 947-81.

32



7 Tables

Table 1: Baseline Parameters

Discount factor

Risk aversion coefficient

Weight of rule-of-thumb consumers

Rate of depreciation

Elasticity of investment with respect to Tobin’s Q
Elasticity of substitution across intermediate goods
Parameter of CES production function

Fraction of firms that keep their prices unchanged
Fraction of wages that remain unchanged
Elasticity of substitution across hours worked
Elasticity of substitution between capital and labor
Response of monetary authority to inflation
Response of monetary authority to output
Response of fiscal authority to government spending
Response of fiscal authority to public debt

Autoregressive coefficient government expenditure shock

Autoregressive coefficient lump-sum taxes shock
Autoregressive coefficient monetary shock

Weight of domestic good in consumption

Weight of domestic good in investment

Weight of domestic good in government expenditure

Foreign-domestic good (consumption) elasticity of substitution
Foreign-domestic good (investment) elasticity of substitution
Foreign-domestic good (government) elasticity of substitution

Government domestic to external debt ratio

Inverse of the elasticity of work effort with respect to real wage

1__BY
(% St,BtG*

P

0.99
1.00
0.50
0.02
1.00
6.00
0.33
0.75
0.75
6.0

1.00
1.50

0.12
0.30
0.90
0.90
0.70
0.75
0.50
0.90
0.99
0.99
0.99

0.21
0.2

Table 2: Steady State Values

Consumption output ratio % 0.62
External debt output ratio L~ 0.50
Investment output ratio é/ 0.17
Export output ratio % 0.34
Import output ratio YT 033
Government expending output ratio é 0.2
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8 Figures

Figure 1: Shock to Government Spending with Distortionary Taxes
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Figure 2: Impact Multipliers and Price Elasticity of Exports
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Figure 3: Impact Multipliers and Price Elasticity of Imports
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Figure 4: Impact Multipliers and Elasticitv of risk Premium to Foreign Debt
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Figure 5: Shock to Government Spending with Lump Sum Taxes
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Figure 6: Impact Multipliers and Share of Rule-of-thumb Consumers
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Figure 7: Impact Multipliers and Wage Rigidity
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Figure 8: Impact Multipliers and Government Spending Basket
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Ficure 9: Tavlor Rule: coefficient on inflation
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Figure 10: Taylor Rule: coefficient on output gap
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Figure 11: Fiscal Rule Government Spending Coefficient
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Figure 12: Fiscal Rule Government Debt Coeflicient
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