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Abstract

Cox, Josue; Zilberman, Eduardo (Advisor). Fiscal Multipliers
in Times of War and Peace. Rio de Janeiro, 2014. 58p.
Dissertacao de Mestrado — Departamento de Economia, Pontificia
Universidade Catolica do Rio de Janeiro.

Fiscal multiplier literature uses war episodes as exogenous variation
to achieve identification. However, the economy behaves differently in war
episodes vis-a-vis peace periods; and hence the multiplier obtained using war
episodes may be different from the multiplier prevailing in peace periods.
To assess this assertion we use a calibrated New Keynesian model. We use
these model to assess how different multipliers are in times of war and peace.
We then turn to a Markov switching model in which government spending
process is regime dependent, and we take into account this dependence
when solving the model. We can obtain a difference of order four between
war and peace multipliers using different definitions. In addition, we obtain
a similar difference when we allow the presence of news in the model. These
results shed light on the possible bias of the multipliers presented in fiscal

literature.

Keywords

fiscal multipliers; Markov switching; price and wage rigidities; first

and second order approximations;
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Resumo

Cox, Josue; Zilberman, Eduardo. Multiplicadores Fiscais em
Tempos de Guerra e Paz. Rio de Janeiro, 2014. 58p.
Dissertagao de Mestrado — Departamento de Economia, Pontificia
Universidade Catolica do Rio de Janeiro.

A literatura do multiplicador fiscal usa episdédios bélicos como variacao
exdgena para alcancar identificagdo. No entanto, a economia se comporta
de forma diferente em episédios de guerra vis-a-vis em episddios de paz;
e, portanto, o multiplicador obtido usando episédios de guerra pode ser
diferente do multiplicador prevalecente em periodos de paz. Para avaliar
essa afirmacao, usamos um modelo novo keynesiano calibrado. Usamos este
modelo para avaliar como os multiplicadores sao diferentes em tempos
de guerra e paz. Logo, ¢ utilizado um modelo de mudan¢a de regimen
de Markov em que o processo do governo é dependente, e levamos em
conta esta dependéncia do regime ao resolver o modelo. Podemos obter
uma diferenca de ordem quatro entre os multiplicadores da guerra e da
paz que utilizam diferentes defini¢oes. Além disso, obtém-se uma diferenca
semelhante quando permitimos a presenca de noticias no modelo. Estes
resultados lancam luz sobre o possivel viés dos multiplicadores apresentados

na literatura fiscal.

Palavras—chave

multiplicadores fiscais; Markov switching; rigidez de precos e salario;

aproximacao de primeira e segunda ordem;


DBD
PUC-Rio - Certificação Digital Nº 1212330/CA


PUC-RIo - Certificacdo Digital N° 1212330/CA

Contents

B

C
C1
C.2

D

Introduction
Literature Review

Empirical Evidence
Switching model

Model
Households
Firms
Fiscal and monetary policy and aggregate constraint
Stationary Equilibrium
Model Solution
Calibration

Benchmark model
First order approximation

Markov DSGE model
Results

Conclusion

Bibliography

Steady state

Empirical Evidence, smoothed probabilities

Solution method
First Order approximation method
Second Order approximation method

Second order approximation, results

D.1 Second order approximation

14
15

18
18
22
25
28
30
32

35
35

39
39

46

47

50

54

55
%)
%)

57
57


DBD
PUC-Rio - Certificação Digital Nº 1212330/CA


PUC-RIo - Certificacdo Digital N° 1212330/CA

1
Introduction

The recent global crisis has brought a strong interest in assessing the
effectiveness of fiscal policy in mitigating negative shocks on the economy.
There is a vast literature dedicated to identifying the impact of government
intervention on key macro variables assuming that they do not depend on
the state of the economy. A growing area of research attempts to show that
fiscal multipliers are state dependent; for instance, they will vary depending
on whether the economy is in expansion or recession, interest rates are near
the zero lower bound, etc. This investigation uses this approach to find out
if the government purchase multiplier is different depending on whether the
economy is at peace or war'.

As suggested by Hall (2009), the exogenous variation for the government
process is of huge importance for identifying the effect of government
intervention in the economy. This variation is obtained from two important
episodes: (i) World War II and (ii) the Korean War. However, there are
considerable differences in economic behavior during peace periods and conflict
events such as World War II and the Korean War (McGrattan and Ohanian,
2010). Hence, extrapolating the multipliers obtained using this exogenous
variation to peace periods may introduce a bias to the real effect of government
purchases during peace times. To explore the existence of bias in these
estimates, we use a DSGE model to assess whether multipliers are different
if we assume that the government process is different in war and in peace
episodes.

Our model includes two key components: (i) real rigidities with the
inclusion of capital adjustment costs and variable capital utilization; and (ii)
nominal rigidities with the inclusion of price and wage rigidities. In this kind
of model, as in the standard RBC model, fiscal policy operates through the
canonical wealth effect channel. This channel was explored by Baxter and
King (1993). It states that when government spending increases, agents in the
model have to pay higher taxes (negative transfers in our model). This causes
a decrease in consumption, which is mitigated by an increase in hours worked.
The increment in labor causes real wages to decrease. Our model does not
include any other mechanism for government purchases to affect the economy

apart from this channel.

!By war we mean large war episodes, for instance World War II or the Korean War. By
peace we mean peace periods and other lesser conflicts.
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To asses how different multipliers are, we use two approaches. In the first
one we use the model with a different calibration for the government spending
process (each one identifying peace and war behavior for the fiscal authority)
as if we were handling two separate economies. We solve the model using a first
and a second order approach. With the first order solution we explore the role of
government purchases’ persistence and steady state government expenditure to
GDP ratio. We perform this analysis for two reasons: (i) to isolate the effect of
the government persistence in the magnitude of the multipliers and (ii) to gauge
the effect of government expenditure to GDP ratio in steady state. As we will
explain later, the effect of the steady state values is not significant and can be
neglected. This is an important result because in the Markov model we do not
perform steady-state changes due to technology limitations. Then, we explore
the role of the government process variance using a second order approach
methodology. There is some evidence of precautionary behavior against fiscal
rule volatility; however, given our preference specification, the magnitude is
not large.

Then, we introduce a switching government rule in the model and take
into account this regime dependence in the solution approach. This approach is
similar to Davig and Leeper (2006, 2011), who introduce an estimated Markov
switching Taylor rule in a DSGE model. This model uses the output of a
Markov switching estimation for the government rule. We estimate this process
using the methodology in Hamilton (1989), allowing the persistence parameter
and the variance of the process to vary across the regimes. We assume that the
underlying state variable is subject to a two-regime process, which we identify
as war and peace episodes. We estimate a rule that assumes that government
purchases follow an AR(1). In general, we find that the persistence parameter
in times of peace is higher than in times of war, but the volatility of the process
is higher in times of war.

Both approaches (the standard one and the Markov DSGE) predict that
the government multiplier for war episodes is higher than the peace multiplier
at impact. However, the war multiplier decreases quickly after the government
shock. The gap between these two multipliers increases as time passes. Present
value multipliers are also higher during peace episodes. The consumption
multiplier is higher during the war episodes because the negative wealth effect
is stronger when the government process is more persistent (peace episodes).
The model predicts that investment decreases more in response to a more
persistent government process. This result is very interesting since government
purchases are financed with lump-sum taxes; therefore, agents want to save

more to pay future higher taxes; as a result, investment should be higher for
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the more persistent government process.

The paper is organized as follows. In the second chapter we present
the estimation of the Markov switching process for government purchases
which is a key input in our model. In the third chapter we introduce the
DSGE model and the method used to solve it under the assumption of regime
dependence. The fourth chapter presents multipliers when we use first and
second order approaches to solve the model. The fifth chapter presents the
results of the Markov DSGE model and shows how the model behaves when

news are introduced — in the spirit of Ramey (2011). Chapter six concludes.

1.1
Literature Review

The Literature on fiscal multipliers can be divided in two broad groups.
Research works in the first one use empirical methods to infer fiscal multipliers
from the data. Authors in this group generally use reduced form vector
autoregression (VAR) models and make structural assumptions to recover the
effect of a structural government shock. Works in the second group use general
equilibrium models and calibrate or estimate them to obtain the impact of
government intervention in the economy. In recent years both research agendas
have used the assumption that the impact of economic policy varies depending
on the state of the economy.

Empirical literature on fiscal multipliers has addressed the estimation
problem of endogeneity by using military spending as an exogenous source
of variation to measure the impact of government purchases on GDP (see
for example Barro 1981, Hall 2009, Barro and Redlick 2011, and Ramey
2011). These authors state that military buildups are least likely to respond to
economic activity; hence the problem of reverse causality is solved. Typically,
they obtain impact and cumulative multipliers between 0.4 and 1.2 for
temporary military spending shocks, depending on the sample and on the
identification approach. In the case of Ramey, a new variable, constructed
using news from articles in Business Week from future military spending, is
used to identify the VAR.

The methodology suggested by Ramey (2011) has interesting
implications. It states that from the point of view of the statistician and
the people in the economy, the information set is dramatically different. The
statistician will identify an increase in military spending as an unexpected
shock; however, people in the economy have information of the possibility
of future wars prior to the increase in military spending. As a result, this

future increment will be internalized in their expectations well before it takes
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place. Therefore, the unexpected shock observed by the statistician will be an
anticipated shock for the people in the economy.

Barro and Redlick (2011) estimate annual equations to obtain the
contemporaneous effect on GDP from temporary military government
purchases. They allow for interactions between government purchases and
other variables (for instance unemployment) to see if the fiscal multiplier differs
depending on the state of the economy. Depending on the data sample, these
authors estimate that contemporaneous fiscal multipliers are around 0.44 -
0.68. Intertemporal effects in their regressions are important; then one lag for
government military purchases is included. The total effect converges to 0.64 -
0.73 for periods including World Wars I and II. In the case of the Korean War it
is not significant. In addition, if Ramey’s news variable is included (to measure
the time t increase due to expected higher government purchases) to obtain
a permanent effect of fiscal intervention, the multipliers converge to values
around 0.6 - 0.8 (They find similar results if government defense spending is
replaced by total government purchases; see tables II and VI in their paper).

Blanchard and Perotti (2002) use a structural VAR and identify it using
institutional information about tax and transfer systems, which permits them
to identify fiscal shocks. They use a VAR specification including three variables:
taxes, government spending, and GDP. In the identification, authors assumed
that tax and government shocks depend on the response to unexpected
movements in GDP and the response to structural shocks on spending and
taxes. The sample covers the period 1960-1997 (no large war episodes are
included). The multipliers in the case of the difference stationary assumption
vary from 0.45 to 1.13 depending on the horizon, and the peak multiplier is
1.29. In the case of the stationary trend assumption, multipliers are between
0.55 and 0.90 depending on the horizon, and the impact multiplier is 0.90.

Barro and Redlick (2011) show that the war episodes are the only periods
in which there is the necessary exogenous variation for identifying government-
induced structural shocks. They also state that there is not enough information
in the years after the Korean War to obtain accurate fiscal multipliers. They
also argue that the VAR approach used in Fair (2010) and Blanchard and
Perotti (2002) is correct for war-driven spending, but is not satisfactory
for other types of spending and for samples where this spending is almost
unchanged. When the Korean War is included, Blanchard and Perotti show
that for the case of first-difference VAR, the multipliers are very similar to the
sample without including it. However, in the case of the stationary trend VAR,
the effect on GDP is less persistent.

On the other hand, there is a strong interest in investigating the channels
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through which fiscal policy affects the economy. For this purpose, many
authors have relied on general equilibrium models. The neoclassical model? is
considered the starting point for assessing the impact of government spending
on the economy. Baxter and King (1993) is a comprehensive reference for
this model. This paper (as well as Barro and King 1984, and Aiyagari,
Christiano and Eichenbaum 1992) stresses the importance of wealth effects
and intertemporal substitution when fiscal shocks affect the economy. The
idea is that when the government spends more, households become poorer
and have to reduce consumption and leisure; hence a feature of these types
of models is an increase in labor supply that generates an increase in capital
utilization (because capital becomes more productive due to the presence of
diminishing returns in labor). This creates an increase in GDP, which, however,
in many cases is near unity. Baxter and King explain that the multiplier is
reduced when the increase in government purchases is temporary and when
distortionary taxes are used to finance spending.

McGrattan and Ohanian (2010) use World War II as a laboratory for
assessing how well the neoclassical model replicates the main variables of the
economy in the context of a large military buildup. They conclude that this
model seems to be a good starting point to assess fiscal impact on product and
other variables.

In the New Keynesian approach, Gali et. al. (2007) use a model with
sticky prices, “rule of thumb" consumers, and a non-competitive labor market
to obtain multipliers well above 1.5 for GDP, 1 for consumption, and almost
zero for investment. In this case they need a rule of thumb share of 0.5. When
they assume a competitive labor market, multiplier for GDP is bellow 1 and
for consumption it is negative. Hence they need very strong assumptions to
obtain the positive effect observed in empirical models.

There is an alternative approach besides the rule of thumb assumption,
whereby the model can predict a positive response of consumption and GDP
multipliers above 1. As shown by Zubairy (2009, 2014), deep habits introduced
in Ravn, Schmitt-Grohe, and Uribe (2006) generate a demand function with
a price-elastic and a perfectly-inelastic component. An increase in government
purchases increases the share of the price-elastic component which induces
firms to reduce the markup over marginal cost. Hence, labor demand and

wages go up, which generates an increase in labor supply and consumption.

2As explained by McGrattan and Ohanian (2010), the neoclassical or RBC model is a
one-sector optimal growth model with a production function homogeneous of degree one
using as inputs labor and capital, a simple law of motion for capital stock, preferences
over consumption and leisure, and a constraint that divides output among consumption,
investment, and government spending. In addition perfect competition is assumed in all the
markets.
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Zubairy uses Bayesian methods to estimate a model with this mechanism and
obtains multipliers around 1 using a sample covering the period 1954-2008.

Our model is calibrated using a Markov estimation. This approach was
used in Davig and Leeper (2006) and Davig and Leeper (2011). In the latter
they use a Markov switching model to estimate the parameters of two regime
switching policy rules: one for the monetary policy rule (interest rate) and one
for the fiscal policy rule (lump-sum taxes). They define a two-state process,
where the states are defined as active and passive policy, respectively. Since
there are two states and two policy rules, their model reports four different
scenarios. In our model we do not have money and distortionary taxation;
therefore, only government spending is subject to the Markov process. In
addition, they use projection methods to solve their model, whereas we use
perturbation methods; i.e., we use a first-order log linear model.

Along these lines, Bianchi (2013) estimates a model with a Markov
switching process using Bayesian methods. The author proposes a variation
of the Kalman filter to estimate models with Markov switching processes. A
direct extension for our paper is to use this proposed filter to estimate the
model.

However, all the investigations discussed above rely on the assumption
of constant multiplier. Implicit in these works is that government process is
not regime dependent. We depart from this assumption and assume that the
government rule behaves different across regimes. This allow us to obtain
multipliers that depend on whether the economy is in the peace or war
regime which gives us an idea of the possible bias when using an invariant
instrument. In addition, part of the fiscal multiplier literature attempts to
measure the magnitude of the fiscal multiplier to argue (or not) for fiscal
intervention when the economy is in a contractionary phase. Our approach
is different in that we are not interested in the magnitude of the multiplier
but in the difference between multipliers in war and peace periods. This is in
line with Andolfatto (2010), who shows (theoretically) the difference between
war and peace multipliers in a neoclassical framework. However, his approach
is different from ours, as spending buildup in a war episode is defined by an
increase in the weight of government consumption in the utility function and a
spending buildup in a peace episode is defined by a decline of the productivity

parameter in the production function.


DBD
PUC-Rio - Certificação Digital Nº 1212330/CA


PUC-RIo - Certificacdo Digital N° 1212330/CA

2
Empirical Evidence

Figure 2.1 shows government spending from 1939:1 to 2008:4. We have
shadowed periods of wars and conflicts involving the U.S. There are (at least)
five major episodes of military tension: (i) World War II, which spans from
1942:1 to 1945:3; (ii) the Korean War, which spans from 1950:3 to 1953:2;
(iii) the Vietnam War, covering from 1965:1 to 1969:4; (iv) the Afghanistan
invasion by the USSR from 1980:1 1989:1; and (v) The Afghanistan and Irak
War, starting in 2001:3.

FIGURE 2.1: GOVERNMENT SPENDING IN PER CAPITA TERMS

14.0

Il World War

Afghanistan
and Irak

Vietnam War Afghanistan

Invasion by USSR

12.0 Korean War

10.0

8.0

6.0

4.0
20 ‘

Note: The figure presents the government spending in per capita terms. We use government series
in NTPA tables and population over 16 years.

These episodes, however, are heterogeneous. For example, during World
War I1, the U.S. government introduced several restrictions, including nominal
wage and price controls, rationing of necessity goods (through ration coupons),
and rationing of some durable goods, as suggested by McGrattan and Ohanian
(2010). This did not happen, for example, in the most recent war. Another
source of heterogeneity is the magnitude of military spending during these
periods. Ramey (2011) stresses the magnitude of military spending during the
first two episodes relative to the other ones.

Figure 2.2 shows the path for military spending in the same period. Note
that World War II and the Korean War are the most important episodes. We
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can distinguish these two episodes as large war episodes as, for example, the
increment in military spending during World War 1T was almost five times as
large as during the Vietnam War, the Afghanistan invasion, and the Irak war.
In addition, military spending during the Korean War was almost twice as

large as during the Afghanistan invasion and the Irak war.

FIGURE 2.2: DEFENSE SPENDING IN PER CAPITA TERMS

Il World War

Afghanistan
and Irak

Vietnam War Afghanistan

Korean War Invasion by USSR
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20

Note: The figure presents the defense spending in per capita terms. We use government series in
NIPA tables and population over 16 years.
In this section we present a Markov Switching estimation, which will be

used as an input in the calibration of our model.

2.1
Switching model

We estimate a government policy behavior implied by simple rules as
used in the existing literature. In addition, we allow this rule to depend on
a non-observable state variable that governs the regimes in this model. We
allow the parameters of this rule to depend on these non-observable variables
and, hence, to switch depending on the regime. The methods developed in this
section were proposed by Hamilton (1989) and Kim and Nelson (1999). We
use the algorithm suggested by Perlin (2012).

The algorithm uses a maximum likelihood approach to estimate the
persistence parameters and the standard deviation of the process. Briefly, we

can summarize this method as follows:
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1. Find the parameters that maximize the following likelihood function:
t=1 S
InL=> Y {f(alS=70)Pr(S =j}
T =1
where © is the set of parameters to be estimated. Note that Pr (S; = j)

is not directly observable.

2. Use Hamilton’s filter to estimate Pr (S; = j). This is an iterative process

which updates the probabilities using the following equation

[ (gl St = 4, Q1) Pr(Sy = j[$%-1)
S
> f (gl Se =3, Q1) Pr(S; = jI%-1)
j=1

Pr(S,=j)=

where €);_; is the matrix containing the information until ¢ — 1.

We consider a government rule that follows an AR(1) process as in
Zubairy (2009) and Bianchi (2012). This rule makes government process g

to follow:

gt = Pg(St)gt—l + U(St)c‘ig,t (2-1)

where S; is the government purchase regime, which evolves according to a
Markov chain with transition matrix P. ¢, stands for government purchases
in per capita terms. We detrended this variable, since all the variables in this
model are stationary. We allow for two states, which will be interpreted as big
war episodes and small war or peace episodes. Therefore, P is a 2 x 2 matrix.

Results: To estimate this model we use the time series for government
purchases used by Ramey (2011), g; is detrended to ensure stationarity. Data
are from NIPA tables and span from 1939:1 to 2008:4.

Parameter estimates for the first process are presented in the following
table. We also present the estimated transition matrix. Standard errors are in

parentheses.

TABLE 2.1: MS estimation result for process in (2-1)

State | p,(St) a(S)

Peace | 0.9929 0.0057
(0.0063) (0.0001)
War 0.8900  0.1102
(0.1372)  (0.0002)
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The transition matrix for this process is:

99 0.01
b | 099 00 (2:9)
0.17 0.83

Note that the state named as peace is characterized by a persistent
coefficient p,(S:) = 0.9929 and a low standard deviation o(S;) = 0.0057. Note
in Figure B.1 of Appendix B that smoothed probabilities in this estimation
imply that the peace regime is active in all periods except for major war
episodes: World War II and the Korean War. On the other hand, the war
regime is characterized by a lower persistence coefficient p,(S;) = 0.89 and a
higher standard deviation o(S;) = 0.1102.

The transition probability matrix is defined in (2-2). Note that the peace
regime is more persistent, since the probability of being in the first regime,
given that in the previous period the peace regime prevailed, is 0.99. The
second regime, which we interpret as a war regime, is not as persistent, with
a 0.83 probability of remaining in it. The peace and war regimes have an

expected duration of 79.9 and 6 periods (quarters), respectively.
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Model

We use a version of the model presented in Christiano et al. (2005)
and Fernandez-Villaverde (2010). The economy consists of a large number
of identical households who buy a final good in the final good market and
hires capital and labor to intermediate firms. They set wages in a monopolistic
labor market. A continuum of firms produce differentiated goods being sold
in monopolistic goods markets. They hire labor and capital from households.
Government purchases follow an exogenous Markov process.

Households in the model are heterogeneous in two ways. First, they
consume and save in different amounts for they provide particular quantities
of labor. To overcome this characteristic of the model we assume complete
markets which guarantee that households consume and save the same. Second,
households charge different wages; nevertheless, Calvo’s (1983) scheme assures
the possibility to express optimal wages as an average of past inflation and

current optimal wages.

3.1
Households

The economy is populated by a continuum of households of measure one
indexed by j € (0,1). Preferences of the j-th household are represented by the

following utility function:

oo
m .
U= EO Z ﬁtU {Ct - (I)Ct_l; —j7t; hjﬂg} (3—1)
—0 Y2
where [ is the discount factor, ® is an external habit parameter which is
introduced to obtain consumption dynamics similar to what is found in VAR
impulse responses (hump - shaped responses); ¢; denotes consumption in period
t, hj. is the labor supply of j-th household, and % are real money balances

(p¢ is the price level which, as we show later, is a price index).
We assume that the momentary utility is separable in all of its arguments:

M L

U =log(c; — ®c;q) + vlog —2= — op—L1— 3-2
(o1 = ery) + vlog " — i (32
where ~ is the inverse Frisch labor supply elasticity. Note that this

specification implies that the marginal relation of substitution between labor
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and consumption is linear; therefore, we can obtain a balanced growth path
with constant hours.

We assume complete markets, for this reason households trade Arrow-
Debreu assets indexed by household j (isiosyncratic wage-adjustment risk) and
by time ¢ (aggregate risk). a;;+1 denotes the amount of assets that pay one
unit of consumption in event w;;41 purchased by household j at time t at
the real price g;;41+ Households hold an amount bj; of government bonds that
pay a nominal interest rate R;. The household budget constraint is:

bj i1

. mizt d _
Ce + 1 + _p + p— + | Q11,050 10W 010 =
t t

mji—1
Dt

b.
= wjytlﬁt + (rtujt — Cl[?l,]’t])l{jﬂgil -+ + Rtflp%’t + aj + Tt + Ft
t

(3-3)

where w;, is the real wage set by household j in period t. We assume
that households rent labor services in a monopolitic labor market using
the framework proposed by Calvo (1983). Therefore, the unique source of
heterogeneity between households comes from wage setting and labor supply.
T; is lump sum transfer and F; are the profits of the firms in the economy.
In addition, k; is the physical capital stock that households rent to the
intermediate firms. u; denotes utilization rate of capital which is a control
variable for the household. alu| denotes the cost in consumption units of a
given utilization rate u;. Note that this introduce a trade off between utilization
rate and the cost it implies. The higher u, the costlier the utilization of k;. This
function is increasing, convex, and equal to zero in the steady-state, i.e. when
w =u=1,a[l] =0, o and a” are both positives.

The stock of installed capital is owned by the household and is subject

to the following law of motion:

b= (1= 9+ (1-5 (2) ), (3-4)
15t—1

where i, is period t investment and S(-) introduces adjustment cost. This

function is such that S(1) = 0, S'(1) = 0, and S”(-) > 0. As in Christiano

et al. (2005), Fernandez-Villaverde (2010), and Zubairy (2009), we will define
S(-) explicitly.

Household maximizes with respect to cj, bj, uj, kji, and 4. It is not

necessary to take derivatives with respect to Arrow-Debreu assets since, with

the specification of utility (separable in consumption and labor), their demand

ensures that consumption does not depend on idiosyncratic shocks. In addition,
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we do not take derivative with respect to real money balances because its
maximization comes from the budget constraint.

We will define the marginal Tobin’s Q as ¢;; = % (the value of capital
in terms of its replacement cost). Where @), is the Lagrangian multiplier on
the investment-capital constraint and \;; is the Lagrangian multiplier on the
household budget constraint. Using this concept, the equilibrium condition of

the households are:
(Cja — Peje1) " = PBE(cjum — Peje) ™' = Ny

R
Ajt = BE {)\j’tHH d }
t+1

re = a'[u;4]

)\4
qit = BE; {%ﬂ(( — 0)qj i1+ T U1 — Cl[“j,tﬂ])}

j?t
. . . . . 2
Ujt TR N1 o (Ggar1 ) [ Gt
l=qu(1-S|{—— | -9 |—— ) —— ) +BEq+ ST = .
U1 U1/ b1 Ajit Uit Uit

Wage decision

Household j is a monopolistic supplier of differentiated labor services [, ;.
These services are aggregated by a representative competitive firm that hires

the labor supplied by each household using the following technology:

1 n—1

n—1
14 = / L dj (3-5)

0

where 0 < 1 < oo is the elasticity of substitution among different types of
labor. In addition, we denote the aggregate labor demand with I¢. Aggregating

firm seeks to maximize profits by choosing [;;:

1
v, = max wtlf — / wiljedj
Lt 0
_n_

1 n—1

n—1
st 1 = /zjg’ dj

0

where w;; and w, are time ¢ wage of the labor services j and the aggregate
wage. The first order condition of this problem implies a demand for labor j

that is decreasing in its relative price and increasing in aggregate labor [¢.

N\ 1
L — (w—) i (3-6)
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Wage index w; is obtained by noting that profits of the aggregating firm are

1 e
= g 3-7
Wy wjt ] ( )
0

Idiosyncratic risk arises due to the presence of Calvo’s price setting. We

zero, using (3.6) in vy,:

will assume that a fraction 1 — 6, of households are allowed to change their
prices. The remaining 6,, can only partially index their nominal wages by past
inflation. Indexation is controlled by x,, € [0, 1]. Let nominal wage at period ¢

be denoted by W;, hence the real wage in the next period is:

W, W,
_ X gl ppxw Vit Pt
Wj,t+1 = Hthj,t — — = Htw——
DPi+1 Pt Di+1
HXw
t
— W, = —w;
Jit+1 Jit
11,
therefore, after 7 periods:
Xw
_ Ht+s 1
Wi t4r = I Wy ¢
s—1 t+s

The relevant part of the household’s optimization problem is:

) 11‘1 T ]:[Xw L
mwafc EtZ(ﬁew)T 1/’ T ]tH Ers* Wiitljtr

=0 s=1 t+s
s.t
-1
_ H t+s 1 Wit 14
j t+17 — t+T1
HtJrs W4T
Using the restriction in the value function:
—n(1
oo 1=n (HT Miay wje n(1+7)
t—l—s 1 w]t d s=1 Ii1s wigr d 1+
max F; E (80.)" § Ajit Wiprliy, =9 (L)
7t —0 t+s Wiyr vy

All houses, which are allowed to change wages, set the same wage because
complete markets allow them to hedge the risk of the timing of wage change.

Therefore, in the first order condition we can drop the j index from wages and
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the lagrange multiplier:

0o T 1 1-n —
n— 1 * i(fsfl w;fk ! d
—w;FE E Ow) Aisr | | — l
T] wt t (/8 ) t+ ( Ht+s t“rT

=0

o0 T e w* —n(1+7)
= 5> (80,7 (H *——) (i, )

7=0

Define the above equation as:

n— Iy T o
fi = . thtZ B0u)" Aitr H HJ,:S ( t) Ly

w
s—=1 t+1

o e w* —n(14+7)
fi= Zwe)w(ﬂ b=t ) (I

=0 s—=1 Ht+s wt+T

The above equations can be expressed recursively as:

_ 1 HXw 1-n w* n—1
fe = L (wt)l n)‘tw?ld + B0, Ey ( ) <i*1> Jea1

n T4 Wy
w n(1+7) X —n(1+7) w n(1+y)
fe=1 (—t> (D™ + B0, E, ( : ) (_Hj) fie1
wy 1T 44 Wy

The real wage index evolves as:

1-n _ Hiﬁul - 1-n *1—n

3.2
Firms

The supply side of this economy is characterized by a firm which buys
intermediate goods from a continuum of monopolistic firms and aggregate them
into a composite good which is sold in the final good market to households.
Hence, the supply side has two problems: the final good producer problem and

the intermediate good producers problem.

Final good producer

Final good y? is produced by a competitive firm which uses a CES
technology to aggregate the different goods produced by intermediate firms:

1., =
= | [ i 39)
0
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where ¢ is the elasticity of substitution. Final good firm seeks to maximize

profits by choosing y;:

1
v =max pyy — / pitYirdi
0

Yit

1 e—1 ﬁ
s.t yg = {/ Yir d@}
0

where p;; and p; are time t prices of the intermediate good 7 and the

consumption good. The first order condition of this problem implies a demand

for good 7 that is decreasing in its relative price and increasing in aggregate

pit \ 4
L= (2 3-9
Yit ( ) ) Y ( )

Price index p; is obtained by noting that profits of the aggregating firm

demand y¢.

are zero, using (3-9) in v:

1

1 1—e¢
Pty = |:/ pgt_adi} (3—10)
0

Intermediate good producers

Intermediate good i € (0,1) is produced by a price-setting monopolist

with a Cobb-Douglas technology:

(3-11)

Atkiat(lzc'lt)l_a — ¢z if Atkiat(lzc'lt)l_a > 0z
Yix = B o
0 otherwise

Each firm ¢ produces output using capital services k;; and labor services lf{t

supplied by the aggregating labor firm. ¢ denotes fixed costs of production and
1

2z = A}~ implies that profits are equal to zero in the steady state. For this

reason, we assume that A; follows the following process:
A, = AtileAA+2A,t
where 24, = 04e4, and €44 ~ N(0,1). Therefore, z follows:

2 = thleAZ+ZZ’t

z
where z;;, = 2 and A, = 1A—_AQ

The i-th firm faces two different problems. It has to decide how much
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labor and capital services it will demand and it has to set the price that it will

charge to the final good firm for its differentiated good.

Factor markets: The ¢-th firm demands capital and labor services in

perfectly competitive factor markets, optimal demand of factors are obtained

from the following problem:
min 7k; 1+ wl?,
ki,til?t 7

s.t Atkzt 1( ) ¢Zt

where r¥ and w; are real capital return and real wage rate, respectively. The
solution of this problem implies a capital-labor ratio equal across firms:
ki1 Wy

d 1 _ ok
[ 1 —ar;

Real cost is:

1
RC’t = (E) wtlzt

Real marginal cost:

e (L) () e o2

Real marginal cost does not depend on the index ¢ since all firms face the same

technology and they do not have price power in factor markets.

Price setting: We assume that firms set prices according to Calvo

(1983). We will use a variation of the indexation scheme presented in Christiano
et al. (2005). Assume that 1 — 6, of the firms are permitted to reoptimize. The
remaining 6, firms that are not permitted to set new prices index their prices
using past inflation with an indexation parameter x € [0, 1] (the scheme is the
same used by households).

The problem of the firms is defined as follows:

m.aX Ey 2(69 T H—T (H Ht+s 1pt+7— o mctJrT) Yit+r

Pbit
! =0

s.t.

d
Yittr = (H I o 1 ) Yirr
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Substituting the constraint in the value function:

00 T 1—e T —€
At I 1 pat I 1 pir
max F, g )T T _tts—1 fut _ Zltts—1 Lt me d
Pit t;(ﬁ p) At (Sl:[l I s p 51;[1 Iy s p v | Uit

Lets define p; as the value of p;; set by a firm that can reoptimize at time .
p; does not depend on ¢ since all firms that are able to reoptimize choose the
same price. See Christiano et al. (2005) for additional details. The first order

condition is:

o0 T 1—¢ N T —E
EZ(BQ)T/\ (1—¢) H% Bye H% me d =0
t p) At+r .. .. t+r | Yepr ¢ =

=0 s=1 s=1

As in the household wage problem, we can define the first order condition
recursively:
—&

d
MCty 7Y+

oo T ]___[X .
9t =E Y (80p) Miir (H g—+1

7=0 s=1

2 C - Hi<+ -1 o 12
9; = By Z(ﬁep)‘l-)\lH*T . —Yiir

II
e o s Pt

which can be written as:

X\ ¢
g = Mmeyl + B0, E; <H—t) Gin (3-13)
t+1
. X\ 1
th = )\thyf + BepEt ( L ) *t gt2+1 (3'14)
i 1bs)

where I} = Z;—f and g} = (¢ — 1)g7.

In addition, price dynamics is defined by the following relation:

=6, (HH) (10, (315)

3.3
Fiscal and monetary policy and aggregate constraint

Conditional on a specific regime which is captured by the non observable

variable S;, we assume that government purchases follow:

Gy = Gy eoa(S0za (3-16)
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S; is a state variable which follows a Markov process with a transition matrix
[P;;] for i,j = 1,2. We will identified each regime of this process with periods
of big wars: World War II and Korean War; and periods of peace or small wars
(low government military spending as a percentage of GDP).

Monetary policy is assumed to follow a Taylor rule with interest rate

smoothing:

yf Yy

Ry Ry \" A\ [ v, ReR
IR -t ORER,t _1
i () \(n) (8) oo

where ep; ~ N(0,1). Transfer are such that deficit is equal to zero every

period:

1 . 1 . 1 . 1 .
Jo misdi  Jy miiadi | fo bjenad Jo idj
_ + _ Rt—l—

Dt Dt Dbt Dt

Gt + E —
Household’s aggregate budget constraint becomes

Ct + it —+ Gt = wtlf + (Ttut — a[ut])kt,l + Ft (3-18)

Aggregate resource constraint Aggregate demand is given by:
yl =+ + Gy + alugki (3-19)

We can use this expression in (3-9) to obtain the demand for each

intermediate good:

Yir = (& + i + G + aug] ki) (@>

g

Note that y;; is defined by the production function in (3-11), then:

A ?’t_l(li)l_a — ¢z = (¢ + iy + Gy + alug ki) (%)
t

Since the capital-labor ratio is the same across firms and fol kip—1di = wpky_q:

ki,t—l . Uk _q
d d
li,t lt
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This implies the following condition for the production function:

o _a ki, -1 “ u k 1 o
=) a4

t

After integrating out the above expression:

! wke o\ ", wki—1 \© 1 ,
/ Ay (tl—;l) lgtdl = A < tl; l) / l?,tdz
0 t t 0

= Ay (ushe—1)® (1)

All the above framework is useful to obtain the price distortion on the

aggregate resource constraint:

1 ) —€
Apluke 1) ()7 = bz = (¢ + i + Gy + aluilki ) / <%> di
0 t

—€
Denote v} = fol (%) di. The dynamics of this new term is determined by

the Calvo’s assumption:

e\ °
=0, () e

Therefore, the resource constraint becomes:

At(utkm)a(lf)l_a — Oz

D
Vy

= Ct 'f‘ it ‘I‘ Gt + a[ut]k‘t_l

Finally, we need to find an expression for aggregate labor demand [, = fol Li+dj

as function of [¢. Labor demand of labor variety j is:

Integrating out

we

Define v = fol <M>_n dj, then:

_ wid
lt—tht
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The new term has the following dynamics:

Wt—1 Hiciﬂl - *\ —
wo_ w 1 — [Tw*)—"
o =0 (M) ok (- )

3.4
Stationary Equilibrium

Equilibrium is characterized by an allocation of quantities and prices that
satisfy the households’ optimality conditions, the final and intermediate firms’
optmality conditions, the monetary policy rule, the government process, and
markets clearing conditions.

This model presents technology growth which implies that variables are
growing in steady state. For this reason, we need to express the model in
stationary terms. To accomplish this goal, we deflate all variables by z;; hence,
stationary variables are defined in the following way:

~ _ ¢ ~_ 'T_
Ct—z_i M=M=

.
5, — Wt ok — Wi _ ke
oz t Tz kt_
~ G, d

gt = 7, yp = Z_i
Therefore, a stationary symmetric equilibrium of this economy is:
— A contingent path of variables that satisfy household’s first order
conditions.
— A contingent path of variables that satisfy firms’ first order conditions.
— Price and wage dynamics.

— Government rules and market clearing conditions.
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Household’s first order conditions:

- - Zt—1 . _ - z N ~
(61— e 1=—1) L = BBE (G T — D) = Ay
2t 2t
- ~ zz R
At = BEy {)\t+1t ' }
Zpp1 gy

re = a'[u)

Nerq 2
q = BEy { L2 (1= 8)qer1 + repruers — a[”tﬂ])}
At R+l

~ ~ ~ < ~ ~ 2
it 2 ot & i 2 MN+1 2t oy [ Te41 Ze41 Up1 241
12Qt<1—5<~. >—S(~. )~. >+5EtQt+1 < ST = <
141 Bt—1 141 2t—1/ 14—1 2t—1 At Rt+1 it 2t it 2t

1, e e \ 7 rax . . n-1
ft:L(wt)l n)\tw?lf—Fﬁ@wEt( t > ( iltﬂ) fte1

n Ht+1 ’U)t Zt
o v —n(1+7) /i ~ n(1+7)
fr = (I n(1+7) (IHIY + B0, E, <Ht ) ( i;l Hl) fe41
t+1 Wy 2

Firms’ first order conditions:

Ut kt—l . (07 u~1t Zt

— =
I 1l—ar 244

1 l—« 1 a } i

mecy = (1 — a) (a) ('U}t)l Tt
1 _ 3 ~d Hic - 1

gp = meyy + B0, B | —— Ji+1

IPES}

1Ty )16 Iy
x 9
iy Iy, 7

G = MG+ 66, E, (

egi = (e —1)g;

Wage and price dynamics:

HX 1—¢
10, (5) + =g

t

T 1-n b, B 1-n
1:%(fQ (WliQ (1L B,y

IT; wy %
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Government relations:

L (50)
& _ (gt—l)pg ! ea'g(st)ig,t
g g

g;i 2 Ty

&: Rt_l " E " ?},‘LIZ O RER.t
R R i Ay?

Market clearing conditions:

~ ~ ~ - ~ Zi—
y;si =C¢G+u+g+ G[Ut]k‘t—ltz—l
¢

- ﬁt—jl(ut/}tﬂ)“(lf)l_a —¢

Y =

D
Vy

_ wid
lt—vtlt

W—1 Z4—1 Hi(i'ﬁ - -
Y =4, —_ v 1—6,)I1)="
Vy ( @ = 11, v+ ( )(ITE™)

Ix -
=0, () g

ot — (1= )y — (1 By (ft “ )) = =0
Zi—1 141 Rt—1 Zt—1

3.5
Model Solution

We use an approximation method to solve our benchmark economy. We
suppose that there are two economies which differ in the persistence of the
government process, its variance, and the value of the steady state government
process. We perform a first and second order taylor expansion of the policies
functions. We present this method in the Appendix C.

To solve our Markov model we follow Farmer et. al. (2011). The objective
of their method is to find the model equilibria which can be of two types:
minimal state variable (MSV) equilibria and non-fundamental equilibria.

Assume the following general form of a model:
A(St)nxnxt = B(St)nxnxt—l + W(St)nxkgt + H(St)nxlnt (3‘20)

where z; ~n x 1, e, ~ k x 1, and n, ~ [ X 1. x; is a vector of endogenous and
predetermined (exogenous) variables, ; is an iid vector of stationary shocks,

and 7, is a vector of expectational errors. s; follows a h-regime Markov process,
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where s; € {1,--- , h} with transition matrix given by:
pij = Pr(s; = i|si—1 = j)

In general, z; = [y, 2, Ew,,,) and y, = Ei_1y; + n is added to the system
to make it understand how expectations operate in the model. y; is the
endogenous component and z; is the exogenous component consisting of lagged
and exogenous variables.

The Theorem 1 of Farmer et. al. (2011) states that if {z;,m,}{2; is a
Minimal State Variable (MSV) solution of the system in (3-20), then:

xy =V (s))F1(se)xi—1 + V(s1)G1(s1)es (3-21a)
e = — (Fo(sy)zi—1 + Ga(st)er) (3-21D)

definitions of V, F, and G can be found in Farmer’s paper in equations (7)-(9).
The Farmer’s method requires initial conditions to obtain the MSV solution
and it does not rule out indeterminacy. To see if the equilibrium is unique,
Farmer et. al. suggest to randomly select a bunch of initial conditions and
check it when converge to the true solution. If there is only one equilibrium,
then it is the MSV solution. In addition, the solution has to be stationary

which occurs if and only if all the eigenvalues of
(P & In2) dlag (‘/iFll X ViFlla R thFlh & VhFlh)

are all inside the unit circle. In a related paper Cho (2014) uses the forward
method for solving rational expectation models and provide conditions for
determinacy and indeterminacy of solutions mean square stable. When the
model is determined, both approaches give the same result.

It is important to stress that in our model, shocks and the regime
process are exogenous determined, i.e. the state of the economy does not affect
the behavior of the distributions of these two processes. However, one can
argue that the distribution of shocks as well as the probabilities of regime
switches may depend on the state of the economy, this approach is suggested
in Barthélemy and Marx (2013).

Barthélemy and Marx (2013) prove that the existence and the uniqueness
of a bounded solution for state dependent model rely on the existence of a
unique solution for a simplified, linear model with exogenous regime switching,
hence for small shocks the properties of models with dependent shocks and
regimes mimics that of the models with exogenous behavior (like our model).

They also show that when shocks are small, state-dependence does not alter the
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determinacy conditions up to a first order expansion. In addition, they explain
that in models with state-dependent transition probabilities of switching across
regimes, the state-dependence does not matters at first order approximation
only when the steady state do not change across regimes (as in our model), it
is important only at second order expansions.

Maybe the most critical point raised by this paper is related to the
determinacy conditions for bounded solutions. As we mention above, to obtain
the MSV solution, one need to use an iterative algorithm to search for all
possible solutions. However, Farmer et. al. (2011) do not provide a theoretical
argument for determinacy. The approach suggested by Cho (2014) which uses
Mean Square Stability concepts following Costa et al. (2005) also does not
provide a theoretical background. Therefore, up to this moment, according to
Barthélemy and Marx (2013) “there is not theoretical argument ensuring the
consistency of this concept of stability with the perturbation approach for non

linear Markov switching”.

3.6
Calibration

Our calibration is based on three sources: (i) Bianchi (2012), (ii)
Christiano et. al. (2005), (iii) Férnandez-Villaverde (2006), and (iv) Zubairy
(2009). The following table shows the model’s parameters:
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TABLE 3.1: Model Parameters

Parameter Calibrated value Source

Consumer side

o 0.96 Zubairy (2009)

5 1.0370-2 Christiano et. al. (2005)

€ 10 Fernandez-Villaverde (2006)

n 10 Fernandez-Villaverde (2006)
Firm, technology, and economy

J 0.025 Christiano et. al. (2005)

a 0.36 Christiano et. al. (2005)

K 9.64 Bianchi (2012)

V2 0.0001 Fernandez-Villaverde (2006)

IT 1.01 Christiano et. al. (2005)

Sg = % 0.20 Assumption for the benchmark model
Stickness

g, 0.82 Fernandez-Villaverde (2006

O 0.68 Fernandez-Villaverde (2006

Xp 0.63 Fernandez-Villaverde (2006

Xw 0.62 Fernandez-Villaverde (2006
Monetary Policy

YR 0.80 Zubairy (2009)

Y 1.50 Zubairy (2009)

Yy 0.10 Zubairy (2009)

The parameters of the consumer side are obtained from Fernandez-
Villaverde (2006) and Christiano et. al. (2005). In the case of the discount
parameter, it is a common value in the literature and implies a value of 0.9926
for 5. The habit persistence parameter is obtained from Fernandez-Villaverde
(2006). We use this source for two reasons: (i) it is similar to the value presented
in other papers, for example Bianchi (2012), (ii) it reproduces multiplier similar
to the ones in empirical literature.

In the second group of parameters we use ¢ and « from Christiano et. al.
(2005). These values are quarterly specified and imply a rate of depreciation
of 10 percent and a steady state share of capital income of around 36 percent.
The parameters that define cost adjustment x and the one implied by the
capital utilization rate 7, are obtained from Bianchi (2012). Note that the
parameter x is greater than the one in Christiano et. al. (2005) (which is 2.48).
We follow Bianchi because we define the function S(-) as in his paper. This
value is similar to the one in Hall (2009) and Fernandez-Villaverde (2006).
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For the stickness parameters we follow Fernandez-Villaverde (2006) since
in our model we use price and wage rigidities and partial indexation. Finally,
Taylor rule parameters are the standard ones, we use a smoothing parameter
of 0.8. This avoids interest rate to respond strongly to movements in inflation
and GDP. In addition, for inflation rate, the parameter is set at 1.5. This
guarantees uniqueness of the solution. For values less than 1 indeterminacy
arises. Finally, the parameter for the response of interest rate to GDP is set at
0.1.
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4
Benchmark model

In this section we present the effect of a government spending shock over
the benchmark model presented above. To solve the model, as explained in
the section 3.5, we use a first order Taylor approximation of the equilibrium
conditions. Then, we use a one standard deviation perturbation on the
government process to shock the model and obtain impact multipliers. We
also perform a second order approximation to gauge the effect of the variance
of the government process. Nevertheless, since we are using a log-preference
specification, the effect of the government variance is negligible as can be
observed in the results presented in the Appendix D.

In this section we also investigate the role of a different government
steady state value. It is a common observation that during the World War II
and the Korean War, government spending was higher than. We explore this
observation by considering a higher government expenditure to GDP ratio in

steady state.

4.1
First order approximation

We explore the effect of government spending and assess how this model
behaves during the war and peace episodes. As we mentioned before, we
identify a peace episode when government’s persistence is high and its variance
is low. On the other side, we identify war episodes by a lower government’s
persistence parameter and a higher variance.

We treat each specification separately as if they were two distinct
economies (when we introduce the Markov process in section 5, we will use
these estimates in a single economy environment). We will compare the fiscal
multipliers obtained in each economy and see how they differ at impact and

over the horizon. The multiplier definition that we are using is the following:

Yt+k — Y
g —4g

Multiplier at horizon k =

In Figure 4.1 we present the fiscal multipliers for GDP, consumption, and
investment. The black line presents the peace multiplier and the red one the
war multiplier.

First, note that GDP war multiplier is higher at impact than the peace

multiplier. The mechanism behind this observation is the negative wealth effect
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of government purchases in this kind of models. When the fiscal authority
intervenes in the economy, it makes households become poorer and, hence,
consumption and investment decrease. This wealth effect suggests that fiscal
intervention is not appropriate in these economies. As we explain in the
literature review, there are some shortcuts to overcome this characteristic of
DSGE models; for instance, assume deep habits in the household’s preferences
or impose a rule of thumb behavior in a fractions of households. Since we
are interested in reporting multiplier differences when we assume a changing
government spending process, we do not care about the effect of the negative
wealth channel.

The first thing to note about our multipliers is that there is an important
difference between war and peace episodes as time passes. In the Figure 4.1,
one can observe that multiplier difference is of order 4 ten quarters after the
fiscal shock. This difference is the result of the higher persistent process that
governs peace episodes. Note that this is a first order approximation, hence
the variance of the process has no role for the multipliers. In the Appendix
D we explore the role of the variance solving the model using a second order
approximation. However, given our preference specification (log-preferences)
this effect is almost negligible. To assess the impact of the government’s
variance we will need to use a non-separable utility function (something that

we left for future research).

FIGURE 4.1: GOVERNMENT SPENDING MULTIPLIER

Output Cansumption Investrent

0.3

036

0.4

Note: We present the impact multiplier at different horizons. The first figure shows the output
multiplier. The second one the consumption multiplier, and the last one the investment multiplier.

Consumption and investment show a more pronounce decrease in peace
episodes. This, again, is the consequence of the negative wealth effect over of
government purchases over consumption and the crowding out over investment.

On the light of these multipliers, we can observe that there is an
important difference between peace and war multipliers in these three key

variables. In the case of GDP, the impact multiplier is almost 1.4 in both
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cases, then after 3 quarters, peace multiplier becomes greater. The multiplier’s
bias that we found is more pronounced after quarter 5 and then it continues
growing. This is an important result since it suggests that there are differences
between these multipliers after a short time and the effectiveness of fiscal
intervention in peace episodes overcomes the strength of the multiplier in war

times in this horizon.

4.1.1
Government steady state problem

One important observation of Figures 2.1 and 2.2 is that government
spending behaves different in war and peace times. This suggests that the
steady state value of this variable is changing between these two episodes.
To asses the implications of this observation, we assume that during peace
times the steady state value of the government process is as in the benchmark
calibration; and in the war episodes, the steady state ratio GDP - government
spending is 0.3 (ratio’s mean for the World War IT and Korean War episodes).

The reason for which we perform this analysis is twofold. First, to
differentiate both economies we need a distinct persistent parameter and
government steady state since in the benchmark economy we do not control
for this parameter.

In addition, we assume a different steady state value since in the Markov
model we cannot use a particular government value for each episode. The
numerical methods we are using to approximate the Markov model do not
handle different steady states. Bianchi (2013) mentions this problem in the
algorithm of Farmer et. al. (2011) but he does not provide a justification for
which we are not allowed to use two steady states. It will be the case that
the solution of the linear model behaves well in a vicinity of the steady state;
hence, it is not clear in the presence of a regime dependent steady state, from
which point is the approximation taken. For this reason, we incorporate this
observation in this section to try to shed light on the importance of different
government spending in steady state.

The Figure 4.2 presents our results. First note that output multiplier
for the peace time is the same as in the benchmark economy. The only one
that is changing is the war multiplier which corresponds with a government
expenditure to GDP ratio of 0.3. The behavior of this series is almost the
same suggesting that the importance of a steady state changing across regimes
is negligible. This is a very important result since it suggests that the value
of the multiplier is regime dependent even though we control for a different

steady state, something that goes in line with our hypothesis. The multiplier
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is above 1.4 at impact in both cases and it decreases as time passes.

The same observation is obtained for investment, in this case the
crowding out effect of government purchases is still present once we allow for
the presence regime dependent steady state. In the case of consumption, the
effect of the steady state is more important than in the other variables. This is
due to the importance of the negative wealth effect which makes consumption

multiplier under a higher GDP - government ratio more negative.

FIGURE 4.2: GOVERNMENT SPENDING MULTIPLIER WITH DIFFERENT STEADY-
STATES

Qutput Cansumption Investment

) 10 15 2 ) 10 16 2

Note: We present the impact multiplier at different horizons under the assumption of different
steady-states. The first figure shows the output multiplier. The second one the consumption
multiplier, and the last one the investment multiplier.
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5
Markov DSGE model

In this section we present fiscal multipliers obtained in the model for
GDP, consumption, and investment. We use the definition of the impact
multiplier and different horizon multipliers in Spilimbergo et. al. (2009) and
the definition of present value multiplier in Mountford and Uhlig (2009).

Fiscal multiplier is defined as the ratio of a change in GDP to a change in
government purchases with respect to their baseline value. In our model this
baseline value is the steady state of each variable. In this paper we use the

following multipliers:

Impact multiplier = h—Y_ 0y (5-1)
g—9 Gt
and
Multiplier at horizon k = Yook = 9 _ Gk Y (5-2)

g —49g gt g

where ¢; denotes GDP log deviation, i.e. §; = y*y_y. This same applies for

government process and for consumption and investment.

These two definitions are standard in the literature. Mountford and
Uhlig (2009) propose another definition for multipliers. The idea behind this
approach is to note that magnitudes in different periods are not equal and hence
they cannot be compared directly. For this reason, these authors suggest to
bring future magnitudes to present value and compare them. This multiplier

is defined as follow:

k in
Zj:OR jng

— (5-3)
Z?:o R79;9

Present Value Multiplier at lag k =

where R is the average of the gross interest rate in the sample. We will present

model multipliers using these three definitions.

5.1
Results
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5.1.1
Benchmark economy

Our benchmark economy is defined in section 3. We show multipliers
of government purchases for GDP, consumption, and investment. We use as
government process the Markov switching model described in section 3, i.e.
the model in (2-1).

In Figure 5.1 we present impulse response functions to a 1 percent shock
in government process using (2-1). All the magnitudes are expressed in percent
deviation from the steady state.

The first thing to note from this figure is that the response for output
and labor is positive. This is in line with the evidence of RBC and New
Keynesian models which predict positive response for output and labor when
government’s consumption rises. In addition, these results also match the
response of output and labor presented in the empirical section (chapter 2)
of this paper. For both estimated VARs, the responses of GDP and hours are
positive.

Consumption and investment fall after the government shock. This
result is standard in the RBC literature, see Baxter and King (1993) due
to the negative wealth effect. In the case of investment, New Keynesian
models also predict a decline in investment due to the crowding out effect of
government purchases. Consumption is a controversial variable for neoclassical
and keynesian literature. Neoclassical literature argues that the negative
wealth effect of government purchases make labor to increase, wages to go
down, and consumption to fall. On the other hand, as Gali et. al. (2007) show
that the negative wealth effect is mitigated when the model is modified to
include rule of thumb consumers and non competitive labor market. In their
model consumption rises as well as wages. However this model has very strong
assumptions, for example that the half of model consumers are subject to credit
constraints (rule of thumb). When the parameter that governs the proportion
of rule of thumb consumers is less than 0.3 (empirically supported), then even

with non competitive labor market, consumption falls.
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Ficure 5.1: IMPULSE RESPONSE TO A GOVERNMENT SPENDING SHOCK
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The response of wages is not so strong (see that all variables are presented
in percent deviations), this is the case since we are assuming wage stickness
which reduces the volatility in wages response.

Finally, the difference in both curves (for each variable) is assigned to
the persistence of the shock (the shock is divided by the standard deviation in
each regime to make them comparable). In peace periods we estimate a higher
persistence component, hence the negative wealth effect is greater implying a
higher increase in labor and GDP and a higher decrease in consumption and
investment in peace periods.

Given these impulse response functions, we can compute fiscal multipliers
for both regimes. Figure 5.2 shows multipliers at different horizons (see
definition in (5-2)). First, note that the multiplier on GDP at impact is higher
in the case of war episodes. Impact multiplier is 0.92 in war periods and 0.89
in peace periods (see Table 5.1). After the second quarter, peace multipliers
are greater than war multipliers and this is the case for the rest of the sample.
This difference is maintained and stabilized after quarter 15 with a difference
of almost 4 times between both magnitudes.

This difference is the first evidence of the bias of the multipliers. This
dynamic model, which exhibits a regime dependent government rule, identifies
peace episodes with a greater fiscal effect on the GDP. As we mention, this
difference is small in the first part of the sample, however it becomes greater as
time passes. Our motivation is to report differences between fiscal multipliers
depending on the state of the economy, hence a difference of 4 between these
multipliers is a very promising result for our investigation. This result also

suggest that multipliers obtained using war episodes as exogenous variation
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may be misleading in reporting the real effect of government purchases on the
GDP when the economy is in peace.

Consumption multiplier also presents this difference. Impact multiplier in
both cases is almost zero at impact, however the effect of government purchases
is more negative for peace episodes due to the higher negative wealth effect
during the sample. For this reason, the multiplier for consumption is more
negative in the case of peace episodes than in war.

Investment multiplier also is more negative in the case of peace episodes
reaching the lowest level 10 quarters after the shock. The difference between
these two regimes is due to the more severe crowding out of government
purchases over investment in peace episodes. Note that investment multiplier
in war episodes becomes positive 23 quarters after the shock.

Note the difference between multipliers obtained from the benchmark
model and this Markov model. These differences can be attributed to the
increase in uncertainty in the Markov model which generates a more negative
response in consumption in both states showing a possible precautionary

motive.

FI1GURE 5.2: MULTIPLIERS TO A GOVERNMENT SPENDING SHOCK

Cutput rultiplisr Consumption multiplier Investment multiplier

5 10 15 20 2% 30 35 40
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Following Mountford and Uhlig (2009), we also estimate present value
multipliers for these three variables in Table 5.1. As in the case of multipliers
in Figure 5.2, multipliers for GDP are higher in the case of war episodes in the
first part of the sample, then peace multiplier become higher and 20 quarters
after the shock it is almost 4 times higher to that of war episodes. peace
multiplier after 20 quarters is 0.4290 and in the case of war episodes it is
0.1337.

Consumption multiplier, however, is more negative in the first part of the
sample for peace episodes and then it becomes greater than war multipliers.
This is the result of two forces; first, interest rates are higher during war
episodes, hence the factor which bring magnitudes to present value is higher
for war episodes; second, the response of consumption in war episodes is higher

than the response of government (i.e. the numerator in (5-3) is higher for
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war than for peace) making multipliers to be more negative in war episodes
for larger samples. Once again we can report a significant difference between
multipliers of both regimes.

Investment multiplier in peace episodes, is more negative at impact, in
the first part of the sample, and at 20 quarters after the shock. In the case of

4 and 8 quarters war multipliers are more negative than the peace ones.

TABLE 5.1: PRESENT VALUE MULTIPLIERS

Impact 2 qtrs 4 qtrs 8 qtrs 10 qtrs 20 qgtrs

Qutput

Peace 0.8896 0.7913 0.6332 0.4545 0.4172  0.4290

War 0.9151 0.8286 0.6576 0.36567 0.2602 0.1337
Consumption

Peace -0.0300 -0.0587 -0.1114 -0.1957 -0.2283 -0.3355

War -0.0221 -0.0461 -0.0994 -0.2223 -0.2910 -0.7503
Investment

Peace -0.0805 -0.1499 -0.2555 -0.3498 -0.3545 -0.2355

War -0.0628 -0.1253 -0.2430 -0.4120 -0.4488 -0.1159

5.1.2

Ramey revisited: the importance of news

In section 2 we explain the implications of Ramey (2011). The same
point was raised by Alexopoulos (2011). This is a timing assumption, in
our benchmark calibration we assume that government shock in period ¢
becomes known to agent only in ¢. However, it is well known that agents
have information about future shocks. To use this observation in our model, we
follow Christiano et. al. (2014) who assume that the perturbation component of
equation (2-1) has two terms: (i) an unanticipated term and (ii) an anticipated

or news term:

gt = pg(S)gi—1 + & + &4

We use this specification and introduce two shocks in this economy. We
assume that the economy is subject to an unanticipated shock & of 0.5 percent,
and that agents have news about future government purchases & also of 0.5
percent.

In Figure 5.3 we present impulse response functions to a 0.5 percent
shock in & and 0.5 percent shock in &!. All the magnitudes are expressed in

percentage deviation from the steady state.


DBD
PUC-Rio - Certificação Digital Nº 1212330/CA


PUC-RIo - Certificacdo Digital N° 1212330/CA

Chapter 5. Markov DSGE model 44

Note that GDP and labor have a positive response which peaks in the
second period, due to the news effect. The difference between the response of
output and labor in peace and war periods remains when the model includes
anticipated shocks.

The effect over consumption and investment is the same as in the
benchmark calibration since agents internalize today the effect of future
purchases. In this case the difference between the episodes remains and for

consumption the negative wealth effect is important.

Ficure 5.3: IMPULSE RESPONSE TO A GOVERNMENT SPENDING SHOCK
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We compute fiscal multipliers in Figure 5.4. See that GDP multiplier
peaks in the second quarter with a value above 1.5 in both cases (this is due to
the increase in GDP in the second period). Impact multiplier is lower than in
the benchmark calibration. For peace episodes it is 0.78 and in war periods it is
0.83 (see Table 5.2). As in our benchmark, we observe an increasing difference
between multipliers in war and peace after quarter 5.

Consumption multiplier also presents this difference. War consumption
multiplier is higher than peace multiplier since the negative wealth effect
remains stronger for peace process. The addition of news does not changes
the results obtained in the benchmark calibration. Investment multiplier is
more negative in the case of peace episodes. In war episodes, this multiplier

becomes positive after quarter 25.
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FiGUurE 5.4: MULTIPLIERS TO A GOVERNMENT SPENDING SHOCK
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Present value multipliers are in Table 5.2. Multipliers for GDP are higher
in the case of war episodes in the first part of the sample, then peace multiplier
become higher. Present value multiplier of 20 quarters are almost 4 times higher
in peace than in war periods, with values of 0.43 and 0.15, respectively.

Consumption multiplier is more negative in the first part of the sample for
peace episodes. However, 20 quarters after the shock consumption multiplier
of peace episodes is higher (less negative) than war multipliers. Investment
multiplier in peace episodes, is more negative at impact, in the first part of the
sample, and 20 quarters after the shock. In the case of 8 and 10 quarters war

multipliers are more negative than the peace ones.

TABLE 5.2: Present Value multipliers

Impact 2 qtrs 4 qtrs 8 qtrs 10 qtrs 20 gtrs

Output

Peace 0.7861 0.7979 0.6423 0.4630 0.4243 0.4308

War 0.8306 0.8372 0.6717 0.3853 0.2803  0.1487
Consumption

Peace -0.0585 -0.0572 -0.1091 -0.1931 -0.2259 -0.3338

War -0.0444 -0.0441 -0.0958 -0.2162 -0.2837 -0.7356
Investment

Peace -0.1554 -0.1449 -0.2486 -0.3439 -0.3499 -0.2354

War -0.1250 -0.1187 -0.2325 -0.3986 -0.4360 -0.1158
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Conclusion

In this paper we use a calibrated DSGE model to assess whether
multipliers are state-dependent. In particular, our objective was to document
differences in output multipliers during in peace periods vis-a-vis war episodes.
For this purpose we follow two approaches. First we use a DSGE model and
solve it using a first and second order approach. We obtain multipliers that
are different depending on the state of the economy. This observations holds
if we assume that the steady state of the model is changing. In addition, the
importance of the precautionary motive is negligible in part because of the
households’ preference specification.

Moreover, we estimate a Markov switching model for a simple government
purchases rule and identify peace episodes with a highly persistent coefficient
and a small variance. War episodes were less lasting but more volatile. We solve
the model taking into account the changes in regimes and calculate multipliers
for output, consumption, and investment.

Our results suggest that the war multiplier is greater at impact, but it
becomes smaller after a while. The peace multiplier becomes higher quickly.
The difference between both multipliers is of order four in our benchmark
calibration. We observe the same result if we analyze present value multipliers
(the literature suggests that they are more adequate).

We also include news in the model to assess the important observation
that the information set of market participants depends critically on the
news that they have about the future state of the economy. We include
this observation in the model and we obtain a multiplier that is different in
magnitude, but similar in the reported differences between war and peace

multipliers.
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A
Steady state

In the steady state, all variables are constant. Both technology variables

2 and A; growth at the following rate:
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2= — = eAZ
Zt—1

- A, A

A= =e
A

In addition, all variables growth at the same path than technology process, i.e.

A=AN=A, =Ap = Ayg = A.. Moreover, we assume that u = 1.
Household’s steady state conditions:

1 1

5—@%5_%55—@&:A
1R

L

r=d[l]

0= B2((1—8)g+ 7 — al)

w 17
f= 77__1(12;*)1—775\12)77[‘1 + 56, <H1i<[ > ! (g)’?—l f

w\ 1Y)
f= ¢(Hw*)—ﬂ(1+7) (ld>1+7 + 56, (%) n(1+y gn(l—m)f

Firms’ first order conditions:

uk o W
- — —Z
4 l—ar

e () e

- I\ ¢
g' = Ameg® + po, ( ) qg'

2 N17% ~d I e 2
g~ = MI"g" + 30, i g

eg' = (e - 1)g
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Appendix A. Steady state 51

Wage and price dynamics:

1=6, () gy

e\ 7
1:%(11) 170 (1 — 0, (TTV%) 7

Market clearing conditions:

~ ~1
gd:6+i+§+aMk§
B é(Uk?)a(ld)lia _ ¢

kzi—(1-0k—-(1-5(2)iz=0

We need to express the above system recursively to obtain each variable
in terms of the deep model parameters. In addition, we need to assume

specifications for the functions a[-] and S[-:

alu] = 71(u = 1)+ 2 (u—1)°

()5
(] 2 \44-1

These two functions imply that in the steady state: (i) a[l] = 0, (ii)
a'[1] = r =, and (iii) S[A;] = S'[A;] = 0.
To obtain the steady state, first notice that the return over capital impose

restrictions on the value of 7;:

1-2(1-9)
8

W@

r = =M

In addition, optimal relative prices are given by:

g (1o 6,11~ (1511 T
-0,
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Marginal cost depends on inflation and optimal relative prices:

e—1 1-p6,110-xe¢
e 1—p6,IT-(1-)0-9)

*

mc =

Optimal relative wage:

1 — 0, TT-(0—xw)1=n) z—(1-n)\ T
Hw* —
()

Wage and optimal wage evolve according to the following relations:

We use the above equations and the wage household decision equations to

obtain a function that relates A and 14:

d

1 — B0, Z7FNTA—xw) (147 gy (T ) =/ (E)”

1 — 86,2~ DI-0=m(-xw) =L
n

We derive another expression that relates A and 1¢ to solve the steady

state. Price and wage dispersion are given by:

1-0,
T 1 g,I10-¢
1—46,
- 1 — 0,10 —xw)nzn

I/p *—&

Vw

()

In addition, production function and capital in steady state are given by:

~d _ (k) (1) — ¢
= "
. 3 .
-
F(1-0)
Using the resource constraint:
s — 8- é ]:; e ld 1o
T ) PO 0 e

z vP

Using the fact that

= =
o)
| &
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then:

VP z

VP z

Ara 2 _(1-54
:<z O_Z (]; )Fo)ld_v_d)

Finally, the second relation is given by:

1—op): (1 - g)l ((évl;o i (;—5)%)

After obtaining [ we can solve for the other variables.

23
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B

Empirical Evidence, smoothed probabilities

FIGURE B.1: SMOOTHED PROBABILITIES FOR THE MARKOV ESTIMATION
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Empirical Evidence section. As suggested by the shaded area, the algorithm identifies the two

Note: The figure presents the Markov estimation of the government process presented in the
major war events in the US history.
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C
Solution method

C.1
First Order approximation method

To develop the first order approximation of this model we use the next
variation of a first order Taylor expansion. Let’s assume that an equation of

this model could be represented by:

[(Xy, Zy) = g(V)

with a steady state given by:

f(Xssa Zss) = g(ns)

Note that we can express the first equation as:
f(eX,e?) = g(e")

Now, the first order approximation of each part equation around the steady

state is:

log X; — log X
log Z; — log Zs

Xi 7y o Of (Xt e?t)  af(eXt,e?)
f(e t,e t) =~ f(XsS7ZsS) + dlog X¢ dlog Zs ]t:ss

Which is the same as:
f(Xt7 Zt) ~ f(Xss; Zss) + fl(XSS7 Zss)Xssxt + f2(X337 Zss>ZssZt

Doing the same calculation with the right part of the equation and after some

algebra, we get:

fl (XsS7 Zss>Xssxt + f2(Xssa Zss)ZssZt = gl(}/;s)}/;syt

C.2
Second Order approximation method

In this section, we explain the algorithm developed in Schmitt-Grohé and
Uribe (2004) to find second order approximations of policy functions. Assume

a general model as follows:
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Appendix C. Solution method 56

F(z,0) = E f(9(h(z,0) +noe'), g(x,0),h(x,0) +noe’,x) =0 (C-1)

Now, second order Taylor approximation of policy functions g(z, o) and

h(z,o) around the steady state [z, 0] = [Z, 0] are given by:

l9(z,0))" = [9(z, 0))' + [9:(2, 0)]5 (2 — 2)]a + [92(z, 0)]'[0]

2 g0 (@, Oy (@ — 2)al( — D)

2

45020 (@, 01z — 2)ulo]

4 3100, 0] (& — D)Ll

+ 5[0 (2,0 0] (C-2)

and
bz, 0) = [(bE. O + [he(E. O ~ Bla + [he(7. 0[]

4 5T, 0412 — 2l — )]s

+ 3 lheo(@ OB (2 — D)ulo]

4 5 lhoe(z, O — )Ll

+ 5lhoo (2,0)F [0 (©3)

In these two expressions, the unknowns are ¢.,., 9s0, 9oz, Goos Pz, Paos Poxs
and h,,. To find them one has to note that since equation (C-1) is equal to
zero, all its derivative are zero as well, then this system will give the solution
to each of the needed expressions. For deep explanations and the proof of the
next result one can refer to the paper. A theoretical result of the paper of
Schmitt-Grohé and Uribe is that h,, = 0 and g,, = 0. With this, it is clear
that neither of the policy functions will depend of the variance of the processes
at least by a constant [g,,(z,0)][o]? and [y (T, 0)][c]?, respectively.

As we mentioned before, for this method we need to define the steady
state values of each of the variables. The steady state value of the variables of

the model are given in the Appendix A.
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D
Second order approximation, results

In this appendix we show government spending multipliers when we solve
the model using a second order approach. Our objective here is to formally
analyze the role of government spending variance in the different multipliers. In
addition, we allow government spending steady state to change across regimes.

The results are very similar to the ones presented in chapter 4. This
suggests two important results: (i) the choice of preference function (log -
preferences) mutes the possible effect of government spending variance (see
Figure D.1) and hence other type of utility function is needed to asses how
volatility affects multipliers; (ii) the effect of government spending steady state
is negligible suggesting that this correction to war episodes do not capture the
difference that we observe in peace and war regimes (see Figure D.2), therefore

we can attribute this difference to the changing spending process.

D.1
Second order approximation

FIGURE D.1: GOVERNMENT SPENDING MULTIPLIER, SECOND ORDER APPROACH

Output Consumption Investment

Note: We present the impact multiplier at different horizons using a second order approximation
solution. The first figure shows the output multiplier. The second one the consumption multiplier,
and the last one the investment multiplier.
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Appendix D. Second order approximation, results

D.1.1

The effect of government variance

28

FiIGURE D.2: GOVERNMENT SPENDING MULTIPLIER WITH DIFFERENT STEADY-

STATES, SECOND ORDER APPROACH

Output
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Investment
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10 15 2
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Note: We present the impact multiplier at different horizons using a second order approximation
solution under the assumption of different steady-states. The first figure shows the output
multiplier. The second one the consumption multiplier, and the last one the investment multiplier.
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