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Abstract

We explore an important role of monetary-fiscal policy interactions in explaining three stylized
facts: (1) a positive correlation of stock and bond returns in 1971-2001 and a negative one after
2001, (2) a negative correlation of consumption and inflation in 1971-2001 and a positive one
after 2001, and (3) the coexistence of a positive bond risk premium and a negative correlation
of stock and bond returns. Our general equilibrium model shows that these correlation changes
across two policy regimes are driven by a combination of technology and investment shocks,

while positive risk premiums are driven by the technology shock only.
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1 Introduction

Empirical studies have documented the time-varying correlation between returns on the market
portfolio of stocks and those on long-term (5-10 years) nominal Treasury bonds (Campbell et al.,
2016; Christiansen and Ranaldo, 2007; Guidolin and Timmermann, 2007; Baele et al., 2010; David
and Veronesi, 2013; Baele and Holle, 2017). This correlation was positive before 2001 but turned
negative afterwards (Panel A of Figure 1). At the same time, the correlation between consumption
growth and inflation also changed sign around 2001 from negative to positive (Panel B of Figure 1).
In addition, the risk premiums of long-term nominal Treasury bonds remain positive before and

after 2001 as shown in Section 2.1

Figure 1: Time-varying correlations—financial market and real economy
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Notes: Panel A of this figure reports the correlation between the value-weighted market return and the return on
the 5-year (zero coupon) nominal Treasury bonds from 1971Q1 to 2018Q4 in annual frequency. The correlation
is estimated based on daily returns for each year. Daily returns on the stock market index are obtained from Ken
French’s data library. Daily returns on the 5-year Treasury bonds (rlEs)) are computed with the daily yields provided by
Girkaynak et al. (2007). Panel B displays the correlation of real consumption growth and inflation (the consumption-
inflation correlation). The correlation in year ¢ is computed with the data within the 5-year period centering at ¢,
ie., [t —2,t+2]. Real consumption growth is based on quarterly real personal consumption expenditures per capita,
and inflation is based on the quarterly GDP deflator. Both data series are obtained from the Federal Reserve Bank
of St. Louis.

Existing explanations for the sign change of the stock-bond correlation around 2001 focus on
the effects of monetary policy. Song (2017), for example, argues that monetary policy was more
aggressive as inflation became procyclical, which led to a shift in the stock-bond correlation. Camp-
bell et al. (2020) rely on the sign switch in the correlation between inflation and output gap, as well
as a stronger reaction of monetary policy to output gap after 2001. In this paper, we provide an
alternative explanation that emphasizes the role of a mix of monetary and fiscal policies identified

by Leeper et al. (2017) in accounting for the changes of correlation signs observed in both the

Due to differences in data and methodology, the exact break dates of the stock-bond return correlation and
consumption-inflation correlation identified by these cited papers range between 1999 to 2002. We provide empirical
evidence on the break date in our sample in Section 2.
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financial market and the real economy.? To this end, we develop a general equilibrium framework
that incorporates regime switching between the monetary regime (the M regime) and the fiscal
regime (the F regime). We follow Leeper et al. (2017) and model the M regime as a mix of active
monetary policy and passive fiscal policy and the F regime as a mix of active fiscal policy and
passive monetary policy.

Monetary policy is modeled as a simple Taylor rule, in which the short-term nominal interest
rate reacts to inflation and output gap positively. The policy rate reacts to inflation more than one-
for-one under active monetary policy, while less than one-for-one under passive monetary policy.
Fiscal policy is modeled as a lump-sum tax rule that reacts to government outstanding debt and
output (Leeper, 1991). Under passive fiscal policy, lump-sum taxes increase proportionately (in the
present value) with government spending to satisfy the government budget constraint. Under active
fiscal policy, the government budget constraint also holds, but taxes do not increase sufficiently to
finance government spending; as a result, prices increase with government deficits to reduce the
real debt burden. We provide empirical evidence in Section 2 that a regime switching from the M
regime to the F regime happened around the same time when the consumption-inflation correlation
and the stock-bond return correlation changed signs in the early 2000s.

Our general equilibrium framework is a new Keynesian model with four structural shocks: the
technology shock defined as a shock to neutral technology (NT), the investment shock defined as a
shock to the marginal efficiency of investment (MEI), the monetary policy (MP) shock, and the fiscal
policy (FP) shock. In addition to technology shocks, Justiniano et al. (2010) and Kogan et al. (2017)
show that MEI shocks as investment shocks contribute significantly to business cycle fluctuations
and economic growth. Moreover, as shown in Papanikolaou (2011) and Kogan and Papanikolaou
(2013), these investment shocks command significant risk premiums in financial markets. We
calibrate the model to match moments of key macroeconomic and financial variables and show that
technology and investment shocks, not monetary and fiscal policy shocks, are the critical structural

shocks in yielding the following key results:

1. Both the positive stock-bond return correlation and the negative consumption-inflation cor-

relation are driven by the technology shock under the M regime.

2. Both the negative stock-bond return correlation and the positive consumption-inflation cor-

relation are driven by the investment shock under the F regime.

3. The negative stock-bond return correlation coincides with positive bond risk premiums under

the F regime.

Since the seminal work of Sargent and Wallace (1981) and Leeper (1991), a growing literature

has studied the joint behavior of monetary and fiscal authorities. We extend the standard new

20ur paper contributes to a growing body of literature studying the asset pricing implications of government
policies in a general equilibrium framework. In addition to Song (2017) and Campbell et al. (2020), see Andreasen
(2012), Van Binsbergen et al. (2012), Rudebusch and Swanson (2012), Dew-Becker (2014), Kung (2015), Li and
Palomino (2014), Bretscher, Hsu and Tamoni (2018), and Hsu, Li and Palomino (2019).
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Keynesian model (Smets and Wouters, 2007) to incorporating this joint policy behavior as well as
a recursive preference with habit formation to generate realistic risk premiums. We show that the
mix of the M and F regimes is essential to account for the aforementioned correlation patterns and
risk premiums. A positive technology shock, as a positive supply shock, causes both output and
consumption to increase while driving down prices. The resulting consumption-inflation correlation
becomes negative. The rise in consumption and the persistent fall in the short-term nominal interest
rate as a reaction to falling inflation lead to higher stock prices and higher prices of long-term
nominal Treasury bonds. As a result, the stock-bond return correlation is positive in response to a
technology shock. Under the M regime, the interest rate falls more than inflation and thus the real
interest rate falls as well. A fall in the real interest rate further stimulates output and consumption.
Active monetary policy thus amplifies the effect of the technology shock and makes this shock a
dominating force behind both the negative consumption-inflation correlation and the positive stock-
bond return correlation. On the contrary, under the F regime, the nominal interest rate falls less
than inflation due to passive monetary policy and as a result the real interest rate increases in
response to a positive technology shock. Therefore, the stimulating effect of the technology shock
is largely muted and this shock becomes unimportant for determining the correlations between
consumption and inflation and between returns on stocks and on long-term bonds.

Under the F regime, the investment shock becomes the dominating force for generating the
stock-bond return and consumption-inflation correlations. A positive investment shock makes the
transformation of investment into capital more efficient. In response to this positive demand shock,
both output and investment increases but consumption decreases in the short run as an intertem-
poral substitution for higher consumption in the long run. The dominating effect of decreased
consumption in the short-run causes stock price to fall. An increase in output leads to an increase
in tax income and a decrease in the debt-to-output ratio. With active fiscal policy, taxes do not
respond to a fall of the debt-to-output ratio. Thus, a combination of higher output, higher tax
income, and lower debt-to-output ratio reduces government deficits. It follows from the government
budget constraint that the price level must fall to make the real value of existing government debt
more valuable. The falling price level leads to a reduction in the nominal interest rate following the
Taylor rule, and as a result, bond prices go up. Hence, under the F regime, the investment shock
causes negative stock-bond return correlation and positive consumption-inflation.

Consistent with the empirical observation, risk premiums of long-term Treasury bonds remain
positive under the F regime in the model while the stock-bond correlation is negative. The key
to this result is that the dynamics of the pricing kernel, thus risk premiums, in the model are
driven mainly by the technology shock, regardless of the policy regime. Since stock and bond risk
premiums are both positive under the technology shock, positive bond risk premium and negative
stock-bond correlation coexist in the F regime.

In summary, the technology shock drives negative stock-bond correlations and positive consumption-
inflation correlations under the F regime, while the investment shock drives positive stock-bond

correlations and negative consumption-inflation correlations under the M regime. Unlike typical
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one-factor asset pricing models such as the CAPM, our model has multiple fundamental shocks and
a nonlinear pricing kernel. This feature enables the model to generate positive risk premiums in
long-term bonds, even when the stock-bond return correlation is negative. These results are robust
to alternative preferences—such as the CRRA and recursive preferences without habit formation—
and to an expanded model with additional fundamental shocks commonly seen in the literature.
Moreover, all our results hold when the nominal interest rate is at the ZLB, which is an extreme
case of the F regime.

The rest of the paper is organized as follows. Section 2 presents the empirical evidence discusses
stylized facts and policy regimes. Section 3 presents the general equilibrium framework with a
regime switching between monetary and fiscal policies. Section 4 proposes a solution method for
our regime-switching model, calibrates this model to U.S. macroeconomic and financial variables,
and discusses the asset pricing implications of the model. Section 5 discusses the robustness of our

model outcomes. Section 6 offers concluding remarks.

2 Empirical evidence

Campbell et al. (2020) document a structural break in 2001Q2 in the correlation between output
gap (defined as detrended consumption) and inflation and the correlation between returns on stocks
and long-term treasury bonds for the data sample between 1979Q3 and 2011Q4. We argue in this
paper that these breaks are likely the manifestations of regime change in the mix of monetary and
fiscal policies. In this section, we define the regimes of U.S. monetary and fiscal policies and provide
empirical evidence on the change of policy regime in 2001Q2. We also show that the bond risk
premiums are positive both before and after 2001Q2. Our data sample extends Campbell et al.
(2020)’s and is from 1971Q1 to 2018Q4.3

2.1 Policy regimes

Following Leeper et al. (2017), we define the M regime as a mix of active monetary policy and
passive fiscal policy, and the F regime as a mix of active fiscal policy and passive monetary policy.
Monetary policy is commonly modeled as a linear response function of short-term nominal interest

rate (r¢) to inflation (m;) and output growth (Ay;):

Tt~ Ormi + Py Ay, (2.1)

where the coefficients ¢, and ¢, measure the corresponding responsiveness. If the interest rate
increases more than inflation, i.e., ¢, > 1, monetary policy is active; if ¢, < 1, monetary policy is

passive (Leeper, 1991).

3We use the daily yield data on 5-year Treasury bonds constructed by Giirkaynak et al. (2007) for the baseline
results and the daily yield data on 10-year Treasury bonds for robustness. The earliest date of available data is
1971Q1. Results based on nominal Treasury bonds with 10-year maturity are qualitatively similar and are available
upon request.
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The fiscal authority faces the government’s budget constraint that equates taxes and newly
issued debt with government spending and debt payments. In the standard new Keynesian model
(Davig and Leeper, 2011; Leeper, Traum and Walker, 2017), fiscal policy is modeled as a linear
response function of taxes-to-output ratio (7¢) to lagged government-debt-to-output ratio (b;—1)

and government expenditures-to-output ratio (gy:):
Tt~ Cbbt,1 + gggyt ; (22)

where the coefficients ¢, and ¢, measure the corresponding responsiveness. If taxes respond strongly

to government debt with ¢, > "~ "2V —

1, where r and 7 are the steady-state nominal interest rate
and inflation, fiscal policy is passive.? If taxes do not respond strongly to outstanding government
debt (¢ < e’"*”*Ay—l), fiscal policy is active. Whether fiscal policy is active does not depend on the
level of government debt, but rather on how sensitive taxes are in response to the ratio of government
debt to GDP. When fiscal policy is active, the price level must adjust so that the government budget
constraint is satisfied. For example, prices would need to rise to reduce real government liabilities
when the government’s incomes (taxes plus new debt issuances) are insufficient to meet its spending
and liabilities. Passive fiscal policy influences macroeconomic fluctuations only through the level
of outstanding government debt. Active fiscal policy, however, influences the price level directly,

which in turn affects other macroeconomic variables.

2.2 Testing the structrural break in 2001Q2

Campbell et al. (2020) find that a structural break in the stock-bond return correlation and the
output-inflation correlation occurred in 2001Q2. We run the following regressions to test whether
2001Q2 was a break point for these correlations as well as for regime switching between the two

policy regimes:’:

T = aj+ o] Acy + o Li>o00102 X Acy + € (2.3)
ret = o+ aj rl()i) + a5 Ii>200102 X Téi) +€f, (2.4)
re = op+ o] m 4+ anli>000102 X T+ o5 Ay + € (2.5)
T = o) +ai b1+ a3 li>00102 X b1 + a3 gy + €/, (2.6)

where I;>200102 is an indicator variable that equals one for the post-2001Q2 period and zero oth-
(5)

erwise, Ac is consumption growth, 7, is a return on the market-index stock, and r, ™ is a return on

“Substituting the fiscal policy into the linearized government budget constraint in equation (3.15) in Section 3.5
leads to the process of debt: b, = [e’"_”_Ay — gb}l;t_l (other terms are omitted for illustration), where b; is the linear
deviation from the mean. The condition ¢ > """ ~2¥ — 1 guarantees that debt is mean reverting and fiscal policy
is passive in the sense that it ensures the debt stability to accommodate the behavior of the monetary authority.
Leeper (1991) shows that when this condition is violated, the process of debt can be stabilized by passive monetary
policy (¢~ < 1) to accommodate fiscal policy.

50ur model focuses on the correlation between consumption growth and inflation, rather than between detrended
log real consumption and inflation as in Campbell et al. (2020).
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the nominal long-term Treasury bond with the 5-year maturity. Except for daily returns on stocks

and long-term bonds, all other variables are quarterly.

Table 1: Structural break in 2001Q2

Panel A: Tests on the structural break

a Qg
Regression (2.3): -0.30%** 0.54**
consumption-inflation regression (-4.66) (2.28)
Regression (2.4): 0.53*** -2.03%*%
stock-bond return regression (14.76) (-20.19)
Regression (2.5): 3.83HH* -5.72%H%
monetary policy regression (9.95) (-9.38)
Regression (2.6): 0.0084** -0.0095%**
fiscal policy regression (2.29) (-4.48)
Panel B: Data Moments pre- and post-2001Q2
1971Q1-2001Q1 2001Q2-2018Q4
corr(Ac, ) -0.34 0.19
corr(rs, Tz(>5)) 0.21 -0.37
re —1T 6.59 6.67
o(rs —r) 16.14 14.54
r® 1.87 2.03
a(r® —r) 6.98 4.58

Notes: Panel A reports the regression coefficients in equations (2.3) - (2.6) and Panel B reports the data moments in
the two subperiods: 1971Q1-2001Q1 and 2001Q2-2018Q4. Real consumption growth (Ac;) is based on quarterly real
personal consumption expenditures per capita, and inflation (7:) is based on the quarterly GDP deflator. Taxes (1)
are based on quarterly federal government tax receipts. All data series are obtained from the Federal Reserve Bank
of St. Louis. The stock-bond correlation is based on daily excess returns on the stock market index and the nominal

5-year Treasury bonds. Returns on the stock market index (7s:) and one-month Treasury bills (r¢), used as the

risk-free rate, are obtained from Ken French’s data library. Returns (annualized) on the 5-year Treasury bonds (’"15515) )

are computed with the daily yields provided by Giirkaynak et al. (2007). Superscripts *** and ** indicate significance
at 1% and 5% level, and numbers presented in parentheses are t-statistics based on robust standard errors.

Panel A of Table 1 reports the estimated coefficients a;’s, corresponding to the relation of
interest before 2001Q2, and «;’s, corresponding to the change after 2001Q2. Our results confirm
the findings in Campbell et al. (2020). The correlation between consumption growth and inflation
indeed changed from negative (af = —0.30) to positive (af +af = 0.24) in 2001Q2, and the change
is statistically significant at the 1% level. At the same time, the correlation between sock returns
and nominal long-term bond returns changed from positive (a; = 0.53) to negative (aj +aj = —1.5)
in 2001Q2, and the change is statistically significant at the 1% level as well.

Most importantly, Panel A of Table 1 shows that the monetary-fiscal policy mix changed from

5 Details of the data are provided in Appendix A.
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the M to F regime in 2001Q2. Specifically, the short-term interest rate responded to inflation
more than one-for-one before 2001Q2 (af = 3.83) but the responsiveness reduced to less than one
afterwards, with the change being a5 = —5.72 and highly significant. The responsiveness of the
taxes-to-output ratio to government-debt-to-output ratio was 0.0084 before 2001Q2 but decreased
to —0.0011 (o = —0.0095 and significant at the 1% level) afterwards. Given that the threshold
e’ "T"AY _ 1 equals 0.00145 computed based on the average interest rate, inflation, and output
growth between 1971Q1 and 2018Q4, these estimated coefficients indicate the switch from a passive
fiscal policy to an active one in 2001Q2.

Note that the above empirical evidence on the regime change date in monetary and fiscal policies
is largely consistent with previous findings in the literature. According to Sims and Zha (2006)
and Davig and Leeper (2011), monetary policy remained largely active after 1971 until the early
2000s. The estimation in Davig and Leeper (2011) shows that monetary policy became passive
around 2001 to combat the 2000-2001 and 2007-2009 recessions with active fiscal policies. These
empirical results are also consistent with the narrative account of U.S. economic policy history.
In particular, the post-2001 period contains two large-scale fiscal actions: President Bush’s tax
cuts in 2001 and 2003 and the tax cuts enabled by the Economic Stimulus Act of 2008 and the
American Recovery and Reinvestment Act of early 2009 around global financial crisis, both followed
by drastically increased government spendings. In addition, the Federal Reserve kept the Federal
funds rate at zero after the financial crisis from 2008 to 2015, which is the extreme form of passive
monetary policy. Based on the evidence in this section, we confirm 2001Q2 as the break date
for the consumption-inflation correlation, stock-bond return correlation, and monetary-fiscal policy

regime.

2.3 Data moments in the subperiods pre- and post-2001Q2

Panel B of Table 1 presents the key data moments in the two subperiods: 1971Q1-2001Q1 (the
M regime) and 2001Q2-2018Q4 (the F regime). Specifically, the correlations between consumption
growth (Ac;) rate and inflation (m;) in the two subperiods are —0.34 and 0.19, respectively; the
correlations between (daily) returns on the stock market index (7, ) and returns on nominal (zero-
coupon) Treasury bonds of 5-year maturity (réi)) are 0.21 and —0.31; and the (annualized) average
monthly excess returns on the 5-year Treasury bonds are 1.87% and 2.03%. We summarize the key

facts from Table 1 that motivate this paper as follows.

e The annual correlation between consumption growth rate and inflation was negative in the

M regime and positive in the F regime.

e The correlation between returns on stocks and nominal long-term Treasury bonds was positive

in the M regime and negative in the F regime.

e Nominal long-term Treasury bonds earned positive risk premiums in both M and F regimes.

In the rest of the paper, we develop a general equilibrium model with a mix of monetary and fiscal

policies to account for these facts.
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3 Model

Our model follows Smets and Wouters (2007), Leeper (1991), and Bianchi and Ilut (2017). We
focus on four structural shocks that are most commonly used in the macro-finance literature: the
technology shock, the investment shock, the MP shock, and the FP shock.

3.1 Households

The lifetime utility function for the representative household is given by

1-y
19771
V, = ma. 1 —B)U(Chy, Li) + BiE Vlw} 3.1
T (CuLuBy PLBS PuL) (=AU (O Le) + B t[ o (3.1)
with - Lo
Chy L
U=U C ,L — y _ AL / 7t d.,
t = U(Chyt, Lt) —o ) T Y

where 1 is the elasticity of intertemporal substitution, and ¢ is the inverse of the Frisch elasticity
of labor supply. Habit-adjusted consumption C},; is defined as Cp; = C; — b,Cy—1, where C; is
the household’s consumption, C; is aggregate consumption, and by, is the habit parameter.” The
disutility of labor, AL = al'(2;7)17Y, grows at a rate of (2;7)! =%, where a’ is the disutility parameter
and z; is the growth rate of the economy. The supply of type j labor is denoted by Lj;.
The household maximizes its utility subject to the budget constraint
P,Cy + Py By + By + ilt + ia(ut)f(t—1
’ vy 2
< Bia(Pyp+ 1)+ (A +r1)By | + PrfwK,1 + P.LI, + P.D, — P,T;,

where P; is the price of consumption goods, I; investment measured in the unit of investment goods
rather than consumption goods, and V¥; the relative price of consumption to investment goods, and

K the raw capital stock. The real wage income LI; is defined as

LI = / V]V;t’t Ljsdj,
where W;; and L;; are the nominal wage and supply of type-j labor.

The symbol D, represents the real dividend paid by firms, 7} the lump-sum tax, and Bigq the
one-period government bond with zero net supply in period ¢ — 1, whose nominal return is r;_1.
To avoid numerical complication, we follow Woodford (2001) and define B; as the amount of long-
term government bonds issued at ¢ with non-zero net supply, each of which has a stream of infinite

coupon payments that begins in period ¢+ 1 with $1 and decays every period at the rate of p. The

In equilibrium, C; = C,. When making decisions at time t, however, households take Ci_1 as given.
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price of one such long-term bond, P, is given by

o

-1
g Mt,t+sps
s=1

Py =T =E¢ [Miy1 (1+ pPoiv1)]

where M, is the nominal stochastic discount factor or pricing kernel from period ¢ to t + 1 and
Mipys = [[i=) Mei-
The symbol rf represents the real rental rate of productive capital paid by producers, u; is the

capital utilization rate, and the capital used in production is

Kt = utK't_l. (32)

Py

The nominal cost of utilization per unit of raw capital is ga(u), where

a(uy) = r¥lexp(oq(us — 1)) — 1] /0,

with o, > 0.

The capital accumulation follows

K= (1— 0K+ {1 5 <<{21>} L. (3.3)

The investment adjustment cost, S(-), is defined as

S(wy) = % {exp [05 (:ct —exp(u + MW))} +exp [_Us (a:t —exp(u* + M\P))} - 2} :

where x; = C’fﬁ and exp(,uZJr + u%) is the steady state growth rate of investment. The parameter
TT,—
o, is chosen such that S(exp(p® 4 p%)) = 0 and & (exp(®" + u¥)) = 0. The marginal efficiency

of investment is measured by ¢/ and evolves as

I I
log <t> = p¢1log <<t1) + aczefj , and efl ~ IIDN(0, 1), (3.4)

I
where eg denotes the marginal efficiency of investment (MEI) shock, which we term as the invest-

ment shock throughout the paper.

3.2 Final goods producers

The final goods sector is perfectly competitive. The final goods producers combine a continuum of
intermediate goods, Y, indexed by ¢ € [0, 1], to produce a homogeneous final goods, Y3, using the

Dixit-Stiglitz technology:
A\P

I 1
yt:[/yft”dz} ;A>T
o b

10
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where AP measures the substitutability among different intermediate goods.

3.3 Intermediate goods producers

The intermediate goods sector is monopolistically competitive. The production of intermediate

goods ¢ uses both capital and labor via the homogenous production technology
— l—a 1o +
Yie = w (2t Liy) it~ 2 P (3.5)

where w is a total factor productivity, z; is a non-stationary labor-augmenting neutral technology
process, L;; and K;; are the labor and capital services employed by firm 7, « is the capital share
of the output, and ¢ is the fixed production cost parameter. Following Christiano et al. (2016),
we assume that the fixed operating costs grow at the same rate as output to guarantee balanced

growth in the nonstochastic steady state. We define 2, as

Zh =0 2, (3.6)

where the relative price of consumption goods to investment goods, Wy, represents the level of the

investment-specific technology. We assume that z; evolves as
pi = pe(l—ps) +pepig +ozef, and ef ~I1DN(0,1), (3.7)
where
w; = Alog z (3.8)

and the neutral technology (NT) shock e is what we refer to as the technology shock. The growth
rate of investment-specific technology is constant ¥ = Alog¥,. Thus, the growth rate of the
economy is ,uzt+ = Alog zt+ . The intermediate goods industry is assumed to have no entry and exit.
A fixed cost ¢ is chosen so that intermediate goods producers earn zero profits in the steady state.

The producers take the nominal rent of capital service Pyrf and nominal wage rate W; as
given but have the market power to set the price of their products, facing Calvo (1983)-type price
stickiness, to maximize profits. With probability &,, producer ¢ cannot reoptimize its price at period
t and must set it according to

Pit=mpt Pit—1,

where

fpa = () (m—1)' ™" (3.9)

is the inflation indexation, ¢ is the price indexation parameter, 7* is the targeted (steady state) in-

flation rate, and 7y = P;/P;_ is the actual inflation rate. Producer i sets price P;; with probability

11
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1 — &, to maximize its profits, i.e.,

o0
max E¢ § EpMitir |:9p,t697'-Pi,tYi,t+T|t - St+TPt+TY;,t+T|t]
7t
’ 7=0

subject to the demand function

AP
0 TP
ep,tGBTPi,t )

YVi,H»T = Y;‘/+‘r ( P
t+7

where 51,,@7 = ([I5=; Tpst+s) for 7 > 1 and equals 1 for 7 = 0. We denote Y; ;. |, as producer i’s

output at time ¢ + 7 if P;; is reoptimized. The real marginal cost, s;4-, is given by

1 Wi\ [k
=MCii, = - . 3.10
St+1 t+7 Ztl_:fPtJrq— <1 — a> o ( )

The value of s;4, depends on the economic condition at t + 7, and does not depend on firm i’s
actions.

The first order condition for the profit maximization problem with respect to P;; is
o0
Gl+ - e -1 51—
Z £;Mt,t+7 [ep,tEeBpT(]‘ + €p)Pi€,§Pt+?Yt+f - €p5t+79;ft@rpi€,§ Pt+:th+r =0,
=0

where €, = A\ /(1 — \P).
All firms that reoptimize prices at period t set the same price: F;; = P}. The aggregate price
evolves as L 1 1
BT = (1= &) (PN + &(fpePr1) T3 (3.11)

3.4 The labor market
Labor contractors hire workers of different labor types through labor unions and produce homoge-
nous labor service Ly according to the production function
1 AY
L — [/0 L;’fdj} AU,

where A\ measures the elasticity of substitution among different labor types. The intermediate
goods producers employ the homogenous labor service for the production. Labor contractors are
perfectly competitive, and their profit maximization leads to the demand function for labor type j

as

w

A
W\ T-2@
Ljt =L <V;t) .
t

Labor unions face Calvo (1983)-type wage rigidities. In each period, with probability &, labor

12



Does Fiscal Policy Matter for Stock-Bond Return Correlation?

union j cannot reoptimize the wage rate of labor type j and sets the wage rate according to
Wj,t = 7~Tw7t€ﬂw‘twjt—1 ’

where
Tt = ()" (ma) '™ (3.12)

is the inflation indexation and fi,, s = £upt+ ¢+ (1—£,) 1.+ is the wage growth indexation in which £,
is the wage indexation on wage and ¢, is the wage indexation on output growth. With probability
1 — &, labor union j chooses W, to maximize its profits, and all labor unions that reoptimize
wages in period ¢ set the same wage as W7, = W/,

The aggregate wage level evolves as

1

. 1 5 . _1
thfk _ (1 o gw) (Wt*) 171/\111 + é‘w (Trw,te'u‘wtht—l) 1= (313)

3.5 Monetary and fiscal authorities

The central bank implements a Taylor (1993)-type monetary policy rule specified as:
Ty — T = (ZST(Tt—l — T) —+ (1 — Qﬁr)[(,bﬂ—(ﬂ't — 7T*) + d)yAyt] + Urer,t ) (314)

where r; is the log value of the short-term nominal interest rate, and r is the steady state. The
policy rule has an interest-rate smoothing component captured by ¢,(r;,—1 — 7). The interest rate
responds positively to both inflation 7y — 7*, where 7* is the central bank’s targeted inflation, and
output growth Ay, where y; is the log value of detrended output. That is, ¢r(> 0) and ¢,(> 0).
The monetary policy (MP) shock is e,; ~ IIDN(0,1). As discussed in Section 2.1, if ¢ > 1,
monetary policy is active, and monetary policy is passive, otherwise.

The fiscal authority faces the government’s budget constraint that equates taxes and newly

issued debt with government spending and debt payments:

Pyt 1Bt
Rbt’ti

- Gy — T, 3.15
J2) ) P, oo (3.15)

holds at any time t. We rewrite the government budget constraint as

- RpiYia

= -~ — Nl
by TAY bi1+gy— 7, (3.16)

where 7y is the ratio of lump-sum taxes to output, b;_1 is the ratio of government debt in the previous
period to output, G; is government spending, and g, is the ratio of government expenditures to
outputg.

In the standard new Keynesian model (Davig and Leeper, 2011; Bianchi and Ilut, 2017), the

8Government spending is assumed to be a fixed fraction of output in the paper.
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fiscal authority adjusts the tax as a share of output according to the tax policy rule specified as:

T =T =6 (Te—1 = 7) + (1 = &) [b(bt—1 — b) + Sg(gyt — gy) + Sy(yt — y)| + orery, (3.17)

where 7; is the ratio of lump-sum taxes to output, b;_1 is the ratio of government debt in the
previous period to output, gy is the ratio of government expenditures to output, y is the steady
state of output, and e;; ~ IIDN(0,1) is the fiscal policy (FP) shock. The coefficients -, s, <4,
and g, represent, respectively, the persistence of tax policy and the sensitivities of tax policy to
government debt, government spending, and output gap. ¢, > (<)e""""A¥ — 1 corresponds to
passive (active) fiscal policy. Our regime-switching model has a stationary and unique solution

under the two policy regimes, the M and F regimes, as discussed in Section 2.1.

3.6 Equilibrium

In the equilibrium, all markets are clear with the aggregate resource constraint
Y} == Ct + It/\I’t + Gt + a(ut)l_(t_l . (318)

3.7 Asset pricing implications

3.7.1 The stochastic pricing kernel The household’s maximization over consumption and

leisure results in the stochastic pricing kernel

Py

- /(1) 1
Chip ) Y V;‘/l+1 Py
— ,Mt+1 — )
M =e ﬁ( Chy ) (1—7)/(—)] /A=) P ' (8.19)
By [Vt+1

The risk-free short-term interest rate is given by e = E; [M;4+1]. Appendix B shows that the log

pricing kernel can be written as

mit1 = 0log B — YAch 41 — (1 = 0)Fupp1 — Teg1 (3.20)

where 6 = 11_;17} and 7,41 is related to returns on the household’s wealth portfolio, the dividend
of which equals consumption minus the disutility of labor in monetary terms. The pricing kernel
depends not only on the current (habit-adjusted) consumption growth, but also on the long-term

growth of wealth under the recursive preference.

3.7.2 Returns on stocks The definition of stock returns follows Abel (1999), where a stock is
a claim to consumption raised to the power )\, C{, and A > 1 is the leverage ratio. Since dividend
growth in the data is more volatile than consumption growth, the leverage ratio A is needed to

create a wedge between dividend and consumption. The stock price and nominal stock return are
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given by
Py = PC}+E;[Myi1Pssi1], (3.21)
Ps t+1
R _— 3.22
s,t+1 Ps’t _ Ptct)\ ( )

The stock return depends positively on the current and expected future consumption growth. Under

the assumption of the log normal distribution, the expected excess return can be written as
log E, [e”’t“*”] = —covy (M1, Tsi4+1) » (3.23)
where Tst+l = lOg Rs,t—i—l-

3.7.3 Return and yield on the long-term bond The gross nominal return on a long-term

bond, Ry, is given by

14 pP,
Ry = % . (3.24)
bt—1
The expected excess bond return is
log B¢ [€"+177] = —cove (M1, Toe41) (3.25)

where 73,11 = log Ry 441. The yield ¢; on this bond is given by 1/P,; — (1 — p) and the effective
duration is 1/(1 — p/(1 + ¢¢)). See Appendix C for the derivation.

To understand the return and yield on a long-term bond in our model, we derive an analytical
expression for the risk premium of a zero-coupon, long-term bond with maturity of n periods. The

log return on this bond, Tl(:?-‘rl’ can be written as’

(n) n—1
log [erb#lm] = covy [mt+1, Z n+S] . (3.26)
s=1

This equation holds regardless of whether the bond risk premium is constant or not. Intuitively,
nominal bonds are risky for investors if the bond price falls when the marginal utility rises, the
latter of which can be driven by lower consumption growth or/and lower returns on wealth.'® The
bond price falls when the expected risk-free interest rate (up to maturity) rises. Thus, positive
covariance between the marginal utility and future interest rates until maturity implies positive

bond risk premium, as indicated by equation (3.26).

9See Appendix D for detailed derivations.
0The dividends of the agent’s wealth portfolio in our model are not consumption streams, but a combination of
consumption and labor income because of the presence of leisure in the utility function.
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4 Results and analysis

4.1 Solution method

The regime-switching DSGE model is solved with the method proposed by Foerster et al. (2016).

We can express the linearized system in the form of

Ag oy = Bg, 2 1+ Vg, & + 11 1,

nxnnxl  nxn nxl  axkkxl TXSsx1
where x; is a vector stacking up all the variables including endogenous and exogenous variables
(forward-looking and lagged ones) in the model, 7, is a vector of expectational errors, and ¢; is a
vector of fundamental ITD shocks. The solution for the regime switching model takes the following

form:
= Vg Fis z¢1+ Vs, Gis e

nx(n—s) (n—s)xn nx(n—s) (n—s)xk
Selecting an initial starting point for the solution is the most critical and challenging task.
Without a proper starting value, the solution often does not converge (Farmer et al., 2011; Bianchi
and Ilut, 2017). In this paper, we propose a new procedure of randomly generating starting points
that can lead to a speedy convergence of the solution. The procedure is based on the constant-
parameter model in which the policy regime is fixed at all times. For h regimes, there are h constant-

parameter models. For each constant-parameter model, we have the corresponding solution form

Ty = |4 F1 Ti—1+ 14 Gl Et
nx(n—s)(n—s)xn nx(n—s)(n—s)xk kx1
with
H, =V Fi, Hy =V Gq,

nxn nxk
where Hy and Hs are known matrices obtained by the method of Sims (2002) and s is the dimension
of sunspot shocks. Thus, the free parameters for the system have a much smaller dimension than

n? and can be represented by X  such that

sx(n—s)
I, I, I,_
V=A | ATY T R =H, AT Gy = H.
It follows from the above equalities that
I,_
"I Py = AH; = @ =>kh=0,-XF=- X @1 =2,
-X 2 sX n*S)(n—s)Xn sXn
which yields
X:XqE—QQ/Ql. (41)
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Similarly,
I R
Gi=AHy= | '| =G =R,-XGi=— X Ry =Ry,
X Ry sx(n=s)(n—s)xk  sxk
which yields
X =X, = —Ry/Ry. (4.2)
and
X =X, =— | / @ (4.3)
Ry Ry

One can use a (random) combination of X, X,, and X, as a starting point.

4.2 Calibration

The model is calibrated at quarterly frequency. Table A.1 lists the values of the structural param-
eters. Most of the parameter values are taken from the literature and the rest are chosen to match
the key moments in our sample period.

Specifically, the steady state growth rate of the economy ,LLZ+ is set to 0.0035, and the steady
state growth rate of the investment-specific technological change p?¥ is set to 0.0037 to match the
quarterly consumption growth rate of 0.35% and investment growth rate of 0.72%. The steady
state inflation rate, 7, is set at 0.65% to match the average annual inflation rate of 3.20%. The
power on capital in the production function, «, to 0.33, to match the labor share in private non-
farm business sector. The price markup parameter, AP, to 1.91, to target the consumption-output
ratio of 0.65. The other parameters related to production technology are taken from the literature
and the corresponding references are included in Table A.1. The long-term bond parameter p is
calibrated to 0.9627 so that the effective duration of the bond is 5 years. The leverage parameter
A is set to 1.35 to match the average firm-level debt-to-asset ratio of 0.26 in the data (Nikolov and
Whited, 2014).

In terms of the preference parameters, the objective discount factor 3 is set to 0.9974 to yield an
annual nominal risk free rate of 5.18%. The elasticity of intertemporal substitution ¢ is 1/1.5, which
is consistent with estimates in the micro literature (Vissing-Jgorgensen, 2002). The risk aversion
parameter v is set to 55 so that the Sharpe ratio implied by the model (0.48 in stocks and 0.37 in
bonds) is close to that in the data (0.48 in stocks and 0.42 in bonds). Risk aversion parameter in
a production economy is generally much larger than the value in an endowment economy due to
household’s ability to adjust labor supply and investments to smooth consumption. For example,
Rudebusch and Swanson (2012) uses a value of 75 in a recursive preference to generate reasonable
term premiums. The Frisch elasticity of labor supply ¢ is set to 1 as in Christiano et al. (2014)
and the habit parameter by, to 0.85 following Justiniano et al. (2011).

Policy rule parameters in the two policy regimes are set to the estimated values in Bianchi and

Ilut (2017). In particular, monetary policy responds strongly to inflation with ¢, = 2.7372 in the M
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regime while the response is much weaker in the F regime with ¢, = 0.4995. Fiscal policy passively
adjusts to changes in government debt with ¢, = 0.0609 in the M regime, while it is active with
sy = 0 in the F regime.

The persistences of the technology and investment shocks are calibrated to match the autocor-
relations of the HP-filtered consumption and investment, respectively. The standard deviation of
the technology and investment shocks are calibrated to match the volatilities of the consumption
growth and investment growth rates. The standard deviation parameters for monetary and fiscal
policy shocks are set to the estimated values in Bianchi and Ilut (2017). Finally, the transition

matrix P between the M and F policy regimes is set to
0.98 0.02
P= ,
0.02 0.98
where the element p;; = Pr(s; = i|s;—1 = j) is the probability of switching from regime j to regime
1. Regime 1 corresponds to the M regime, and regime 2 to the F regime. Our choices of transition
probabilities are close to the estimated values in the literature. For example, the estimated p;; and

pag are 0.9215 and 0.9306 in Davig and Leeper (2011), and the 90% confidence intervals for the two
probabilities are [0.9839,0.9961] and [0.9277,0.9958] in Bianchi and Tlut (2017).

Table 2: Simulated moments

Variables Data Model
Mean Std.Dev. Mean Std.Dev.

consumption growth (Ac) 0.35 0.44 0.35 0.64
investment growth (A7) 0.72 3.18 0.72 2.82
autocorrelation of HP-filtered consumption 0.82 0.81
autocorrelation of HP-filtered investment 0.78 0.62

inflation () 0.80 0.61 0.80 0.70
nominal short-term interest rate (r) 1.29 0.98 1.29 0.45
excess return on stock (rs — r) 7.99 16.68 1.84 3.86
excess return on 5-year nominal bond (ry — ) 2.62 6.18 0.61 1.64

Notes: This table reports first and second moments of key macroeconomic and financial variables. Moments of
macroeconomic variables are in quarterly frequency, while moments of returns are annualized. All moments are in
percentage. Data moments are computed with the quarterly sample from 1971Q1 - 2018Q4. Model moments are
based on simulation of one million quarters.

We solve the model using the method discussed in Section 4.1 and generate the moments
of key macroeconomic and finance variables. These moments are presented in Table 2, along
with the corresponding moments in the data. Among the model moments, the computation of

the equity premium and long-term bond premium are based on the covariance of the simulated
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stochastic discount factor m and excess returns on equity and bond, s —r and r, — r, according to
equations (3.23) and (3.25). These equations hold exactly if m, rs, and r, follow the multivariate
normal distribution.!!

As shown in Table 2, all moments of macroeconomic variables—consumption, investment, in-
flation, and short rate—are matched quite closely. For moments of financial variables, our model
accounts for a half of the observed excess return on a nominal 5-year Treasury bond and one-third
of the observed excess return on the market portfolio. This turns out to be a reasonable success for
such a small scale new Keynesian model, which is intended mainly to transpire economic intuition.
Next, we explain the economic mechanisms through variance decomposition and impulse responses

to the four structural shocks.

4.3 Variance decomposition

Table 3 reports variance decomposition of key macroeconomic and financial variables under the
M and F regimes in our calibrated regime-switching model. Under the M regime, the variations
of stock returns, nominal long-term bond returns, consumption growth, and inflation are driven
mainly by the technology shock (75.04%, 45.16%, 56.21%, and 65.96%). Under the F regime, the
investment shock drives a majority of variations of these variables (59.88%, 87.83%, 66.81%, and
79.67%). The technology shock, however, drives all the variations of the pricing kernel under both
M and F regimes—almost 100%. The effects of monetary and fiscal policy shocks are negligible in
both M and F regimes. These results are crucial for understanding regime-dependent dynamics of
the consumption-inflation correlation, the stock-bond return correlation, and stock and bond risk
premiums.

The correlation of two variables driven by multiple fundamental shocks depends on the relative
importance of each shock in contribution to the fluctuations of these variables. Intuitively, the
shock that contributes most to the variances of both variables has the largest impact on their
correlation. Thus, the variance decomposition results reported in Table 3 imply that the signs
of the consumption-inflation and stock-bond return correlations are dominated by the technology
shock under the M regime and by the investment shock under the F regime.

The risk premiums of stock and bond depend on the covariances between the pricing kernel and
the returns on stock and bond, as shown in equations (3.23) and (3.25). Because the pricing kernel
variation is dominated by the technology shock under both regimes, the risk premiums of stock
and bond are mostly determined by the technology shock as well. In the next several subsections,
we discuss the dynamic responses of financial market and macroeconomic variables to the two
most important structural shocks, technology and investment shocks, and show that our results

are qualitatively consistent with the observed stylized facts. For brevity, the impulse responses to

11YWe solve our model up to the first order approximation, therefore the means of the simulated equity and bond
returns are both zero. However, we can compute the equity and bond risk premiums using the the covariance between
return and pricing kernel based on the first order approximation. The reason is that the value of the covariance is
mainly driven by the first order terms in return and pricing kernel. The second and higher orders terms have negligible
effects on covariance.
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Table 3: Variance decomposition

Variables Technology (e.) Investment (ecr) Monetary Policy (e,) Fiscal Policy (e;)

(M /F) (M /F) (M /F) (M /F)
re—7 75.04 / 35.86 9.88 / 59.88 13.85 / 3.33 1.23 / 0.93
ry—7 45.16 / 1.27 4.83 / 87.83 23.83 / 8.84 26.18 / 2.07
™ 65.96 / 19.30 18.92 / 79.67 5.21 / 0.10 9.92 / 0.94
Ac 56.21 / 30.44 33.90 / 66.81 8.96 / 2.03 0.92 / 0.72
Ay 34.63 / 46.26 59.86 / 50.36 4,93 / 2.42 0.59 / 0.96
m 98.98 / 99.62 0.87 / 0.32 0.06 / 0.00 0.10 / 0.06

Notes: This table reports the forecast error variance decomposition (in percentage) of the key variables in the regime
switching model: excess return on stock (rs — r), which is a claim on consumption, excess return on 5-year nominal
bond (ry, — r), growth rate of consumption (Ac), inflation (7), nominal pricing kernel (m), and output growth (Ay).
The second to fifth columns are contributions of the technology shock, investment shock, monetary policy shock, and
fiscal policy shock. The numbers before and after the slash (/) represent percentage contributions of the corresponding
shocks in the M and F regimes.

monetary and fiscal shocks are discussed in Appendix E.

4.4 Impulse responses to the technology shock

Figure 2 presents the impulse responses of excess returns of stock and bond, the nominal interest
rates, consumption growth, and inflation to a one-standard-deviation positive technology shock in
the M (blue solid lines) and F (red dashed lines) regimes.!? In response to a positive technology
shock, consumption rises, but inflation falls; because the technology shock is a supply shock. In re-
sponse to the falling inflation, the nominal interest rate declines under the Taylor rule. Stock prices
rise with rising consumption, and bond prices rise with falling nominal interest rates. Therefore, the
technology shock leads to a negative consumption-inflation correlation and a positive stock-bond
return correlation.

Figure 2 shows that stock and bond returns rise in larger magnitude under the M regime than
under the F regime. The nominal interest rate is more responsive to the fall of inflation, amplifying
the effects of the technology shock. Consequently, consumption rises more and so do stock prices
in the M regime than in the F regime. There is a more persistent fall in the interest rate under the
M regime. Figure 2 shows that the negative effect of the technology shock on the nominal interest
rate lasts up to 20 quarters in the M regime, while it lasts only 10 quarters in the F regime.

The price of a long-term bond depends not only on the current nominal interest rate, but also
on nominal interest rates in all horizons until the bond maturity. Therefore, the excess bond return
in the M regime rises much more than it does in the F regime, because of the larger and more
persistent fall in nominal interest rates in all horizons. These dynamic responses are consistent

with the variance decomposition reported in Table 3: a much higher percentage of variations in

12The impulse responses of other variables to a positive technology shock are plotted in Panel (a) of Figure A.1.
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Figure 2: Impulse responses of a positive technology shock
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Notes: This figure plots the impulse responses of key macro and finance variables in the model after a one-standard-
deviation positive technology shock. The blue solid lines and red dashed lines represent impulse responses under
the M and F regimes, respectively. The x-axis shows the time in quarters, and the y-axis represents the percentage
change from the steady state.

stock and bond returns, consumption growth, and inflation are explained by the technology shock
in the M regime than in the F regime.

The variance decomposition in Table 3 shows that the pricing kernel is almost solely determined
by the technology shock under both regimes. The impulse responses of the pricing kernel to
the technology and investment shocks (Figure 2 and Figure 3) present a consistent picture: the
percentage change in the pricing kernel is around 50% in response to one standard deviation of
the technology shock, while is only 3-4% in response to one standard deviation of the investment
shock.

As shown in equation (3.20), the pricing kernel has two components: the current habit-adjusted
consumption growth, Acy, and the return on household’s wealth, 7, the latter of which depends
on the expected future consumption streams. Because the technology shock is a persistent shock
(shock on the growth rate of the technology level), both the current consumption and return on
wealth go up in reaction to a positive shock, resulting in a large drop in the pricing kernel. In
contrast, the investment shock is a transitory shock. It mainly impacts the current consumption,
but not on the return on wealth. Consequently, the effect of the technology shock on the pricing

kernel always dominates that of the investment shock and the risk premiums of stock and bond are
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Figure 3: Impulse responses of a positive investment shock
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Notes: This figure plots the impulse responses of key macro and finance variables in the model after a one-standard-
deviation positive investment shock. The blue solid lines and red dashed lines represent impulse responses under
the M and F regimes, respectively. The x-axis shows the time in quarters, and the y-axis represents the percentage
change from the steady state.

positive in both M and F regimes.

4.5 Impulse responses to the investment shock

Figure 3 presents the impulse responses of excess stock and bond returns, consumption growth,
inflation, and the nominal interest rate to a one-standard-deviation positive investment shock in
the M (blue solid lines) and F (red dashed lines) regimes.'® A positive investment shock means a
more efficient transformation of investment into capital, generating higher demands for investment
goods, i.e., the investment shock is a demand shock. Both output and investment increase, but
consumption decreases in the short run, as an intertemporal substitution for higher consumption
in the long run.'* Stock prices fall in general, due to the dominating effect of falling consumption

in the short run.

13The impulse responses of other variables to a positive investment shock are plotted in Panel (b) of Figure A.1.

1Even though the initial responses of consumption and output to an investment shock are in opposite directions
(see Panel (b) in Figure A.1), the unconditional correlation between consumption and output is positive in the full
model (see Table 4) and in the model with only investment shocks (see Table A.5). The reason is that the response
of output is positive first but becomes negative quickly afterwards. The movements in output are the summation of
responses to the current and previous shocks. It turns out that the positive response of output to the current shock
is dominated by negative responses to the previous shocks, resulting in a positive consumption-output correlation.
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In the M regime, general prices rise first in response to higher demands for output and then
fall after about 5 quarters. With the Taylor rule, the nominal interest rate similarly rises in short
horizons but then falls in horizons longer than 12 quarters. Because the price of a long-term bond
depends on the interest rate in all horizons until the bond maturity, the overall effect of a positive
investment shock on long-term bond prices turns out to be positive. Therefore, the investment shock
generates a negative stock-bond return correlation and a negative consumption-inflation correlation
in the M regime.

In the F regime, however, inflation falls sharply and persistently after a positive investment
shock. With active fiscal policy, an increase in output leads to an increase in tax income, and taxes
do not respond to the change of the debt-to-output ratio. Higher tax income reduces government
deficits. It follows from the government budget constraint that the price level must fall to make
the real value of government debt higher. With the Taylor rule, the nominal interest rate falls
over all horizons, resulting in a large increase of the long-term bond price. Higher tax income
further depresses consumption. As a result, the responses of both stock and bond returns to the
investment shock are larger in the F regime than in the M regime, although the directions of these
responses are the same under both regimes. The most important finding is that the consumption-
inflation correlation turns positive in the F regime in response to the investment shock. These
dynamic responses are consistent with the variance decomposition results reported in Table 3: the
investment shock dominates the dynamics of stock and bond returns, consumption growth, and
inflation in the F regime.

It is worth noting that investment shock has little impacts on stock and bond risk premiums
because of its minimal influences on the pricing kernel, as illustrated in the variance decomposition
in Table 3. For example, stock returns are positively correlated with the pricing kernel in response
to investment shock in the F regime, which would imply a negative equity premium. However, the
sign of the equity premium is determined by the technology shock and is always positive regardless

of the policy regime both in the model and in the data.

4.6 Discussion

We summarize the above analysis as three main findings:
1. The stock-bond return correlation is positive in the M regime, mainly driven by the technology

shock; this correlation is negative in the F regime, mainly driven by the investment shock.

2. The consumption-inflation correlation is negative in the M regime, mainly driven by the
technology shock; this correlation is positive in the F regime, mainly driven by the investment
shock.

3. Risk premiums of stocks and nominal long-term bonds are always positive in both the M and

F regimes, mainly driven by the technology shock.
It is informative to relate these findings to the Capital Asset Pricing Model (CAPM). In an

economy where the CAPM holds, a negative correlation between returns on the nominal long-term
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Table 4: Correlation matrix

Variables Ty —T Ty, —T T Ac Ay m
(M /F) (M /F) (M / F) (M /F) (M /F) (M /F)

rs—T 1.00 0.51 / -0.57 -0.45 / 0.13 0.52 / 0.59 0.19 / 0.12 -0.70 / -0.30
Ty — T 1.00 -0.29 / -0.14 0.25 /-0.40 0.32 / 0.31 -0.61 / -0.20
7 1.00 -0.65 / 0.14  -0.30 / 0.21 0.51 / 0.25
Ac 1.00 0.45 / 0.44 -0.29 / -0.08
Ay 1.00 -0.14 / -0.08
m 1.00

Notes: This table reports the correlation matrix of financial and macroeconomic variables with all four shocks in the
baseline model based on simulation of one million quarters. The variables include the excess return on stocks (rs —r),
the excess return on the 5-year nominal bond (ry — ), inflation (7), consumption growth (Ac), output growth (Ay),
and the pricing kernel (m). The numbers before and after the slash (/) represent the correlations in the M regime
and the F regime.

bond and on the stock market implies negative excess bond risk premiums. However, as Fama and
French (1993) show, the CAPM fails to explain empirical data. As shown in Belo et al. (2017),
the CAPM also fails in models with multiple fundamental risks like ours or in models with the
nonlinear pricing kernel.'® In our model, because the risk premiums of stocks and long-term bonds
are driven by the technology shock in both the M and F regimes, they are always positive regardless
of regime. By contrast, the stock-bond return correlation, which has the same sign as the market
beta of the long-term bond, turns negative in the F regime, because it is mainly driven by the
investment shock in this regime. Such a coexistence of positive bond risk premium and negative
stock-bond correlation distinguishes our work from others such as Campbell et al. (2020).

The above analysis is confirmed by the simulation-based correlation matrix in Table 4 of the
excess stock and long-term bond returns, inflation, consumption growth rate, and pricing kernel in
both the M and F regimes, under the baseline model with all four shocks. The stock-bond return
correlation is 0.51 under the M regime and —0.57 under the F regime; the consumption-inflation
correlation is —0.65 under the M regime and 0.14 under the F regime; and the correlation between
the pricing kernel and returns on stock (bond) are always negative under both the M and F regimes,
—0.70 and —0.30 (—0.61 and —0.20), indicating positive risk premium in stock (bond).

Although not emphasized in the literature, the correlation between output and inflation exhibits
similar dynamics as the consumption-inflation correlation, being negative (—0.25) before 2001Q2
and positive (0.21) after 2001Q2. This pattern is successfully reproduced by the model: The

output-inflation correlation is —0.30 in the M regime and 0.21 in the F regime as shown in Table 4.

15Bai et al. (2018) show that the CAPM can fail even in models with only one fundamental shock containing
disaster risk, because disaster risk generates a highly nonlinear pricing kernel.

24



Does Fiscal Policy Matter for Stock-Bond Return Correlation?

5 Robustness

5.1 An extended model with eight shocks

We extend our baseline model to include four additional shocks that are commonly used in the
macro-finance literature: a transitory productivity (TP) shock, an investment-specific technological
(IST) shock, a price markup (PM) shock, and a wage markup (WM) shock. The definitions of
these shock processes are provided in Appendix F. The persistence and standard deviations of
these additional shocks are taken from prior literature, which are reported in Table A.2 together
with the corresponding references. Figure A.2 reports the impulse responses of key financial and
macro variables under these four additional shocks. Table A.5 presents the stock-bond return
correlation, consumption-inflation correlation, and output-inflation correlation under each shock
alone and Table A.6 presents the correlation matrix of key variables in the presence of all 8 shocks.

All key results in the baseline continue to hold in the extended model with 8 shocks for two
reasons. First, the variance decomposition in Table A.4 shows that technology and investment
shocks are still the most important shocks for stock and bond returns in the M and F regimes,
respectively. And the technology shock continues to be the dominating shock for the pricing kernel,
although the IST shock, as a permanent shock on the investment-to-consumption price, contributes
significantly to variance of the pricing kernel (11.04% and 8.96% in the M and F regimes) as well.
Second, majority of the additional shocks imply consistent signs of the consumption-inflation and
stock-bond return correlations with those in the baseline. Specifically, as shown in Table A.5, all
newly added shocks, except the IST shock, imply positive stock-bond return correlation in the M
regime, and all of them imply negative stock-bond return relation in the F regime. The impact of
technology shock dominates that of the IST shock in our calibration, and thus the dependence of
the stock-bond return relation on policy regimes continues to hold in the 8-shock model. In terms
of the consumption-inflation correlation, all newly added shocks imply a negative correlation in
the M regime, and all but the transitory productivity shock implies a positive correlation in the
F regime. The variance decomposition indicates that the investment shock continues to dominate
the consumption-inflation correlation in the F regime.

In short, the added shocks do not change the dependence of the stock-bond return and consumption-
inflation correlations on policy regimes in the baseline model as shown in Table A.6. In addition,
stock and bond risk premiums remain positive under all policy regimes because the technology

shock continues to dominate the dynamics of the pricing kernel.

5.2 The F regime at the zero lower bound (ZLB)

The ZLB is an extreme case of F regime, where the policy rate does not react to economic fluc-
tuations at all, i.e., ¢ and ¢, are equal to zero. To keep the model tractable and avoid the
computational difficulty, we do not include additional preference or inflation shocks to create the

ZLB environment endogenously. Instead, we assume the ZLB scenario exogenously, in which the
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policy rate is constant at its steady state level (i.e., ¢, = 0.99 and ¢, = ¢, = 0).1® The parameters
in the fiscal policy rule are the same as in the F regime of our baseline model. Both technology and
investment shocks generate a positive consumption-inflation correlation and a negative stock-bond
return correlation at the ZLB, while only the investment shock does in general cases of F regime.

Impulse responses in red dashed lines in Panel (a) of Figure A.3 show that when the ZLB is
binding, i.e., the policy rate is kept constant, lower inflation caused by a positive technology shock
leads to higher real interest rate, which has a significant contractionary impact on the economy.!”
Consumption decreases and that results in a positive consumption-inflation correlation. Stock
prices fall due to lower consumption and bond prices go up due to lower inflation. As a result, the
bond and stock returns move in opposite directions.

Table A.7 reports the correlation matrix when the economy is constrained by the ZLB in the
F regime. As one can see, the negative stock-bond return correlation and positive consumption-
inflation correlation in the F regime continue to hold when the ZLB is binding in the F regime.
This result echoes the findings in Gourio and Ngo (2020), who focus on the correlation between
stock returns and inflation at the ZLB.

5.3 Alternative preferences

In our baseline model, we use a recursive preference with habit formation to generate risk premiums
with reasonable magnitude. We show in this section that the relation between key correlations and

policy regimes is robust to alternative preferences.

5.3.1 CRRA preference Figure A.4 displays the impulse responses to technology and invest-
ment shocks in both policy regimes with the constant relative risk aversion (CRRA) preference
(v = ¢ = 1/1.5). Qualitatively, these results are very much similar to those under the recursive
preference in the baseline model. Specifically, a positive technology shock leads to an increase in
returns on stocks (consumption claims) and the long-term nominal bond in both policy regimes,
while a positive investment shock leads to opposite movements in these two returns. Panel A of
Table A.8 shows that the positive stock-bond return correlation and negative consumption-inflation
correlation in the M regime and the opposite in the F regime still hold under the CRRA preference.
This result is not surprising in that the most important difference between the CRRA and recursive
preferences is that the latter allows larger risk aversion to generate Sharpe ratios comparable to
those in the data.

5.3.2 Recursive preference without habit We solve a model under a recursive preference
without habit formation (b, = 0). Figure A.5 reports the impulse responses to technology and

investment shocks in both policy regimes. Without habit, consumption becomes more volatile

16Under this particular setup, the policy rate does not respond to inflation and output changes at all, but only
fluctuates moderately with monetary policy shocks.

1"The negative effect of a positive technology shock on consumption is a common result of the new Keynesian
model at the ZLB as shown in Garin et al. (2019), Wieland (2019) and Wu and Zhang (2019).
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as expected. However, signs of the key correlations remain unchanged compared with those in
the baseline. Panel B of Table A.8 presents the simulation-based correlation matrix under the
recursive preference without the habit. Both the impulse responses and the correlation matrix are

qualitatively similar to those of the baseline model.

6 Conclusion

We apply a new Keynesian model with the recursive preference to interactions between monetary
and fiscal policies to account for (1) the positive stock-bond return correlation and the negative
consumption-growth correlation during 1971-2001 when monetary policy was active and fiscal policy
was passive (the M regime), and (2) a sign change of these two correlations after 2001 when
monetary policy was passive and fiscal policy was active (the F regime). Moreover, our model
generates positive risk premiums of stocks and bonds in both policy regimes, consistent with the
data. The key mechanism we find is that technology shocks drive the fluctuation of the economy
in the M regime while investment shocks are a driving force in the F regime. Our findings lay
a structural foundation for a general-equilibrium framework that bridges financial markets and
monetary-fiscal policies.

Our paper is silent on a number of issues that are beyond the scope of the paper. One issue is
to test various possible channels or theories for explaining a sign change in the correlation of stock
and bond returns and to determine the most plausible explanation. Another issue is to resolve
the debate on different timings of regime switching in a mix of monetary and fiscal policies (Davig
and Leeper (2011) versus Bianchi and Ilut (2017), for example). It is our hope, however, that our

findings lay the groundwork for studying these and other challenging issues in future research.

27



Does Fiscal Policy Matter for Stock-Bond Return Correlation?

References

Abel, Andrew, “Risk Premia and Term Premia in General Equilibrium,” Journal of Monetary
Economics, 1999, 43 (1), 3-33.

Andreasen, Martin, “An Estimated DSGE Model: Explaining Variation in Nominal Term Pre-

2

mia, Real Term Premia, and Inflation Risk Premia,
1656-1674.

FEuropean Economic Review, 2012, 56,

Baele, Lieven and Frederiek Van Holle, “Stock-Bond Correlations, Macroeconomic Regimes

and Monetary Policy,” 2017. Working Paper, Tilburg University.

_ , Geert Bekaert, and Koen Inghelbrecht, “The Determinants of Stock and Bond Return
Comovements,” The Review of Financial Studies, March 2010, 23 (6), 2374-2428.

Bai, Hang, Kewei Hou, Howard Kung, Erica X.N. Li, and Lu Zhang, “The CAPM strikes
back? An equilibrium model with disasters,” Journal of Financial Economics, 2018, 131(2), 269—
298.

Belo, Frederico, Jun Li, Xiaoji Lin, and Xiaofei Zhao, “Labor-force Heterogeneity and
asset prices: The importance of skilled labor,” The Review of Financial Studies, 2017, 30(10),
3669-3709.

Bianchi, Francesco and Cosmin Ilut, “Monetary/Fiscal Policy Mix and Agents’ Beliefs,” Re-
view of Economic Dynamics, 2017, 26, 113-139.

Binsbergen, Jules H. Van, Jesiis Fernandez-Villaverde, Ralph Koijen, and Juan Rubio-
Ramirez, “The Term Structure of Interest Rates in a DSGE Model with Recursive Preferences,”
Journal of Monetary Economics, 2012, 59, 634—648.

Bretscher, Lorenzo, Alex Hsu, and Andrea Tamoni, “Level and volatility shocks to fiscal

policy: term structure implications,” 2018. Working Paper, Georgia Institute of Technology.

Calvo, Guillermo, “Staggered Prices in a Utility-Maximizing Framework,” Journal of Monetary
FEconomics, 1983, 12, 383-398.

Campbell, John Y., Adi Sunderam, and Luis M. Viceira, “Inflation bets or deflation hedges?

The changing risks of nominal bonds.,” Critical Finance Review, 2016, (forthcoming).

_, Carolin Pflueger, and Luis M. Viceira, “Macroeconomic Drivers of Bond and Equity

Risks,” Journal of Political Economy, 2020. forthcoming.

Christiano, Lawrence J., Martin S. Eichenbaum, and Mathias Trabandt, “Unemployment
and Business Cycles,” Econometrica, 2016, 84 (4), 1523-1569.

28



Does Fiscal Policy Matter for Stock-Bond Return Correlation?

_, Roberto Motto, and Massimo Rostagno, “Risk Shocks,” American Economic Review,
2014, 104 (1), 27-65.

Christiansen, Charlotte and Angelo Ranaldo, “Realized bond-stock correlation: macroeco-
nomic announcement effects,” Journal of Futures Markets, 2007, (27), 439-469.

David, Alexander and Pietro Veronesi, “What ties return volatilities to fundamentals and
price valuations?,” Journal of Political Economy, 2013, (121), 682—-746.

Davig, Troy and Eric M. Leeper, “Monetary-Fiscal Policy Interactions and Fiscal Stimulus,”
FEuropean Economic Review, 2011, 55, 211-227.

Dew-Becker, Ian, “Bond Pricing with a Time-Varying Price of Risk in an Estimated Medium-
Scale Bayesian DSGE Model,” Journal of Money, Credit, and Banking, 2014, 46, 837-888.

Fama, Eugene F. and Kenneth R. French, “Common Risk Factors in the Returns on Stocks
and Bonds,” Journal of Financial Economics, 1993, 33, 3-56.

Farmer, Roger E.A., Daniel F. Waggoner, and Tao Zha, “Minimal State Variable Solutions
to Markov-Switching Rational Expectations Models,” Journal of Economic Dynamics € Control,
2011, 35, 2150-2166.

Foerster, Andrew, Juan F. RubioRamirez, Daniel F. Waggoner, and Tao Zha, “Perturba-
tion methods for Markovswitching dynamic stochastic general equilibrium models,” Quantitative
Economics, July 2016, 7 (2), 637-669.

Garin, Julio, Robert Lester, and Eric Sims, “Are supply shocks contractionary at the ZLB?
Evidence from utilization-adjusted TFP data.,” Review of Economics and Statistics, March 2019,
101 (1), 160-175.

Gourio, Francois and Phuong Ngo, “Risk premia at the ZLB: a macroeconomic interpretation,”

2020. Working paper, Federal Reserve Bank of Chicago.

Guidolin, Massimo and Allan Timmermann, “Asset allocation under multivariate regime
switching,” Journal of Economic Dynamics and Control, 2007, (31), 3503-3544.

Giirkaynak, Refet S., Brian Sack, and Jonathan H. Wright, “Industry Concentration and
Average Stock Returns,” Journal of Finance, 08 2007, 61 (4), 1927-1956.

Hsu, Alex, Erica X.N. Li, and Francisco Palomino, “Real and nominal equilibrium yield

curves,” Management Science, 2019. forthcoming.

Justiniano, Alejandro, Giorgio E. Primiceri, and Andrea Tambalotti, “Investment shocks
and business cycles,” Journal of Monetary Economics, March 2010, 57 (2), 132-145.

_, _,and _, “Investment shocks and the relative price of investment,” Review of Economic
Dynamics, January 2011, 14 (1), 102-121.

29



Does Fiscal Policy Matter for Stock-Bond Return Correlation?

Kogan, Leonid and Dimitris Papanikolaou, “Firm Characteristics and Stock Returns: The
Role of Investment-Specific Shocks,” Review of Financial Studies, 2013, 26, 2718-2759.

_, —, Amit Seru, and Noah Stoffman, “Technological Innovation, resource allocation, and
growth,” Quarterly Journal of Economics, 2017, 132, 665712.

Kung, Howard, “Macroeconomic Linkages Between Monetary Policy and the Term Structure of
Interest Rates,” Journal of Financial Economics, 2015, 115, 42-57.

Leeper, Eric M., “Equilibria under ‘active’ and ‘passive’ monetary and fiscal policies,” Journal
of Monetary Economics, 1991, (27), 129-147.

_ , Nora Traum, and Todd B. Walker, “Clearing up the fiscal multiplier morass,” American
Economic Review, 2017, 55 (6), 2409-2454.

Li, Erica X.N. and Francisco Palomino, “Nominal Rigidities, Asset Returns, and Monetary
Policy,” Journal of Monetary Economics, 2014, 66, 210-225.

Nikolov, Boris and Toni M. Whited, “Agency conflicts and cash: Estimates from a dynamic
model,” Journal of Finance, October 2014, 69 (5), 1883-1921.

Papanikolaou, Dimitris, “Investment Shocks and Asset Prices,” Journal of Political Economy,
2011, 119 (4), 639-685.

Rudebusch, Glenn D. and Eric T. Swanson, “The Bond Premium in a DSGE Model with
Long-Run Real and Nominal Risks,” American Economic Journal: Macroeconomics, 2012, 4,
105-143.

Sargent, Thomas J. and Neil Wallace, “Some Unpleasant Monetarist Arithmetic,” Federal
Reserve Bank of Minneapolis Quarterly Review, Fall 1981, 5 (3), 1-17.

Sims, Christopher A., “Solving Linear Rational Expectations Models,” Computational Eco-
nomics, 2002, 20 (1), 1-20.

_ and Tao Zha, “Were There Regime Switches in US Monetary Policy?,” American Economic
Review, 2006, 91 (1), 54-81.

Smets, Frank and Rafael Wouters, “Shocks and Frictions in US Business Cycles: A Bayesian
DSGE Approach,” American Economic Review, June 2007, 97 (3), 586-606.

Song, Dongho, “Bond Market Exposures to Macroeconomic and Monetary Policy Risks,” The
Review of Financial Studies, August 2017, 30 (8), 2761-2817.

Taylor, John B., “Discretion versus Policy Rules in Practice,” Carnegie-Rochester Conference
Series on Public Policy, December 1993, 39 (1), 195-214.

30



Does Fiscal Policy Matter for Stock-Bond Return Correlation?

Vissing-Jgorgensen, Annette, “Limited Asset Market Participation and the Elasticity of In-
tertemporal Substitution,” Journal of Political Economy, 2002, 110 (4), 825-853.

Wieland, Johannes F'., “Are Negative Supply Shocks Expansionary at the Zero Lower Bound?,”
Journal of Political Economy, June 2019, 127 (3), 973-1007.

Woodford, Michael, “Fiscal requirements for price stability,” Journal of Money, Credit and
Banking, 2001, 33, 669-728.

Wu, Jing Cynthia and Ji Zhang, “A Shadow Rate New Keynesian Model,” Journal of Economic
Dynamics and Control, 2019, 107.

31



Does Fiscal Policy Matter for Stock-Bond Return Correlation?

Appendix A Data

The raw data in quarterly frequency used for constructing the moments of key macro and finance variables:

GDP Deflator (P): price index of nominal gross domestic product, index numbers, 2005=100, seasonally adjusted,
NIPA.

Nominal nondurable consumption (C} o5y abies): nominal personal consumption expenditures: nondurable
goods, billions of dollars, seasonally adjusted at annual rates, NIPA.

Nominal durable consumption (Cg apes): nominal personal consumption expenditures: durable goods, billions
of dollars, seasonally adjusted at annual rates, NIPA.

Nominal consumption services (Cr7i.cs): nominal personal consumption expenditures: services, billions of
dollars, seasonally adjusted at annual rates, NIPA.

Nominal investment (I"°"™): nominal gross private domestic investment, billions of dollars, seasonally adjusted
at annual rates, NIPA.

Price index (PC™°™): price index of nondurable goods, index numbers, 2005=100, seasonally adjusted at annual
rates, NIPA.

Price index (PI"™°™): nominal investment: price index of nominal gross private domestic investment, Nonresiden-
tial, Equipment & Software index numbers, 2005=100, seasonally adjusted at annual rates, NIPA.

Population (POP): civilian noninstitutional population, not seasonally adjusted, thousands, FRED2. Federal
funds rate (FFR): effective federal funds rate, percent, FRED2.

Federal Debt (B/Y): total public debt as percent of gross domestic product, percent of GDP, seasonally adjusted,
FRED2.

Tax (T): Federal government current tax receipts, billions of dollars, seasonally adjusted at annual rate, FRED2.

Government spending (G/Y): shares of gross domestic product: Government consumption expenditures and
gross investment, percent, not seasonally adjusted, FRED2.

Here NIPA and FRED2 stand for

FRED2: Database of the Federal Reserve Bank of St. Louis available at:
http://research.stlouisfed.org/fred2/.

NIPA: Database of the National Income And Product Accounts available at:
http://www.bea.gov/national/nipaweb/index.asp.

The financial market data used include:
Stock return: Market portfolio excess return, percent, Kenneth French’s website.
5-yr nominal bond: 5-year nominal Treasury bonds yield, percent, Giirkaynak et al. (2007).

Here Kenneth French’s website and Giirkaynak et al. (2007) stand for

Kenneth French’s website: Kenneth French’s data library available at:
http://mba.tuck.dartmouth.edu/pages/faculty/ken.french/data_library.html.

Giirkaynak et al. (2007): Daily yields on nominal and real Treasury bonds with maturity ranging from one to 20
years, 1971 to present, available at:

https://www.federalreserve.gov/econres/feds/2006.htm

Appendix B A return representation of pricing kernel
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The above result leads to
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we can rewrite equation (B.1) as
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Appendix C Yield and Duration

The yield of the long-term bond with decay coefficient p is ¢ = 1/P, — (1 — p) where P, is the price of the bond.

t

1 p P
b 1—1—L+(1—|—L)2+ Jr(l—l—L)“flJr

1 1

= X
1+¢ " 1—p/(1+2)

_ 1

C 1l4u—p

=t = 1/P,—(1-p).

It’s easy to show that for continuously-compounded yield i = In(1/P, + p). The consol bond has no finite maturity,
however, we can compute its duration. The duration of the consol is given by
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We can also express the relationship between the expected yield and return of a real consol bond. By definition,
the expected yield and return on a consol bond is given by
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It’s straightforward to show that

P,
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Similarly we get
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Appendix D Risk premium in long-term nominal zero-coupon bonds

Nominal default-free, zero-coupon bonds with maturity n pay a unit of real and nominal consumption, respectively,
at maturity. Their prices are

(n)
Pb(;;) =e "t =Ei[eMtttn], (D.1)

in which my4n = > 1, My, and LE") is the yield on the bond. In order to illustrate the mechanism that drives
the return on long-term bonds, we derive the bond risk premium analytically under the simplifying assumption
that all the variables follow log-normal distribution and are homoscedastic. In equilibrium, log return on bond,

— n . m (") .
réz)ﬂ = log exp (—(n — 1)L§il Dy nL,(5 )), satisfies E; {e t+1rb,t+1:| =1, which leads to
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By the definition of bond price, we have
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Substituting equation (D.3) into equation (D.2), we have
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which utilizes the fact that under the assumption of log-normality and homoscedasticity, variance and covariance are
constant.

Appendix E Impulse responses to monetary and fiscal policy shocks

The impacts of the monetary policy (MP) shock on key macroeconomic and financial variables are qualitatively the
same in the M and F regimes (see Panel (c) in Figure A.1). A positive MP shock is contractionary, resulting in higher
nominal and real short rates, lower consumption and output, and falling price and wage inflation. Therefore, prices
in stock and in real and nominal long-term bonds all fall, resulting in a positive stock-bond return correlation. At
the same time, the consumption-inflation correlation between remains positive. Quantitatively, the effect of the MP
shock is stronger in the M regime than in the F regime, though the direction is the same.

Impulse responses to a fiscal policy (FP) shock are presented in Panel (d) in Figure A.1. A positive FP shock
increase taxes and reduce demand, resulting in lower price level. Nominal interest rate in the M regime reacts
more strongly to lower inflation than it does in the F regime, leading to lower real interest in the M regime. As a
result, economy expands in the M regime while contracts in the F regime, leading to negative consumption-inflation
correlation in the M regime but positive correlation in the F regime. In reaction to lower nominal interest rates, bond
price rises. Stock price moves in the same direction as consumption.

Therefore, under a positive FP shock, in the M regime, both stock-bond correlation and consumption-inflation
correlation are negative; and in the F regime, the stock-bond correlation is negative, while consumption-inflation
correlation is positive. However, as shown in Table 3, neither MP shock nor FP shock is a significant driving force
for the variations in macroeconomic and financial variables. Hence, neither of the two shocks results in significant
changes in the stock-bond return correlation or the consumption-inflation correlation.
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Appendix F Additional shocks

Instead of assuming a constant growth rate of relative price of investment good (uq’)7 total factor productivity (w),
and substitutability among differentiated intermediate goods and labor (A, and Ay) as in the baseline model, now
we assume that they face exogenous shocks and follow AR(1) processes with persistence p,’s and standard deviation
0178.18

The growth rate of relative price of investment good, u)¥, evolves as follows:

i = pa(l— pw) + pw iy +owey , and e ~IIDN(0,1), (F.1)

where ef denotes the investment-specific technology (IST) shock.
Total factor productivity, we, faces a transitory productivity (TP) shock ef’:

log (4) = p.log (Y1) + 0w, and € ~ IIDN(0, 1), (F.2)

Substitutability of differentiated goods and labor faces price markup and wage markup shocks, respectively:

XY At_1 AP AP

log (/\—;> = pelog ( 7 ) +oxe; , and e; ~ IIDN(0,1), (F.3)
AV Ay AW AW

log 3w = pawlog o +oxwe; , and e; ~ IIDN(0,1), (F.4)

where e}" and e} denotes the price markup (PM) and wage markup (WM) shocks.

18Calibrated parameter values of the shock processes and the resulting simulated moments of key macro and
financial variables are presented in Table A.2 and Table A.3, respectively.
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Table A.1: Parameter values in the baseline model

Parameter Description Value Target moments or references
Panel A: Preference
I3 discount factor 0.9974 steady state interest rate = 1.29%
P reciprocal of elasticity of intertemporal 1/1.5  Vissing-Jgorgensen (2002)
substitution
0 risk aversion 55 match the stock Sharpe ratio
10) labor supply aversion 1 Christiano et al. (2014)
b, habit parameter 0.85 Justiniano et al. (2011)
Panel B: Production
! capital share 0.33 labor share = 0.65 (private non-farm
business sector)
) capital depreciation rate 0.025 Christiano et al. (2014)
Os investment adjustment cost parameter 10.78  Christiano et al. (2014)
Oq utilization rate cost parameter 2.54  Christiano et al. (2014)
& probability that cannot re-optimize 0.74  Christiano et al. (2014)
price
1 price indexation parameter 0.90 Christiano et al. (2014)
Ap degree of elasticity of substitution for 191 C/Y =0.65
goods aggregation
¢w probatility that cannot re-optimize wage 0.81 Christiano et al. (2014)
Ly wage indexation parameter 0.49 Christiano et al. (2014)
Aw degree of elasticity of substitution for la- 1.05 Christiano et al. (2014)
bor aggregation
w total factor productivity 1 normalization
uz+ growth rate of the economy 0.0035 consumption growth rate =0.35%
T growth rate of investment specific tech- 0.0037 investment growth rate of investment
nology =0.72%
m* target inflation rate 1.008 average inflation rate = 0.80%
0 decay rate of long-term government 0.9627 effective bond maturity = 5 years
bonds coupon payment
A leverage ratio 1.35 debt-to-assets ratio = 0.26 in data
b government-debt-to-GDP ratio 0.55 total federal debt as percent of GDP =
59%
9y steady-state  government-spending-to- 0.18 Smets and Wouters (2007)
output ratio
Panel C: Policies
oL sensitivity of interest rate to inflation (M 2.7372  Bianchi and Ilut (2017)
regime)
2 sensitivity of interest rate to inflation (F  0.4991 Bianchi and Ilut (2017)
regime)
o sensitivity of interest rate to output (M 0.7037 Bianchi and Ilut (2017)
regime)
o2 sensitivity of interest rate to output (F  0.1520 Bianchi and Ilut (2017)
regime)
H interest rate persistence (M regime) 0.91 Bianchi and Ilut (2017)
2 interest rate persistence (F regime) 0.6565 Bianchi and Ilut (2017)
S sensitivity of tax to debt (M regime) 0.0609 Bianchi and Tlut (2017)
2 sensitivity of tax to debt (F regime) 0 Bianchi and Ilut (2017)
Sy sensitivity of tax to output (M regime)  0.3504 Bianchi and Ilut (2017)
S sensitivity of tax to output (F regime)  0.3504 Bianchi and Ilut (2017)
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Table A.1 — continued from previous page

Parameter Description Value Target moments or references
<; sensitivity of tax to government spend- 0.3677 Bianchi and Ilut (2017)
ing (M regime)
< sensitivity of tax to government spend- 0.3677 Bianchi and Ilut (2017)
ing (F regime)
Gl tax persistence (M regime) 0.9844 Bianchi and Ilut (2017)
2 tax persistence (F regime) 0.8202 Bianchi and Tlut (2017)
Panel D: Shocks
Puz persistence of the technology shock 0.15 autocorrelation of quarterly consump-
tion
per persistence of the investment shock 0.65 autocorrelation of quarterly investment
Op= standard deviation of the technology 0.82 wvolatility of consumption growth
shock
o¢r standard deviation of the investment 2.50 volatility of investment growth
shock
oy standard deviation of the MP shock 0.10 Bianchi and Tlut (2017)
or standard deviation of the FP shock 0.33 Bianchi and Ilut (2017)
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Table A.2: Parameter values for additional shock processes

Parameters Description Value Target or source
Pt persistence of the IST shock 0.16 Justiniano et al. (2011)
Pu persistence of the TP shock 0.81 Christiano et al. (2014)
Prr persistence of the PM shock 0.97 Justiniano et al. (2011)
Paw persistence of the WM shock 0.92 Justiniano et al. (2011)
Ty standard deviation of the IST shock 0.63 Justiniano et al. (2011)
Ou standard deviation of the TP shock 0.46 Christiano et al. (2014)
Op standard deviation of the PM shock 0.22 Justiniano et al. (2011)
Oaw standard deviation of the WM shock 0.31 Justiniano et al. (2011)

Notes: This table reports the persistences and standard deviations of the 4 additional shocks: transitory productivity
(TP) shock, investment-specific technology shock (IST), price markup (PM) shock, wage markup (WM) shock, in
the extended model with 8 shocks.

Table A.3: Simulated moments under the model with 8 shocks

Variables Data Model
Mean Std.Dev. Mean Std.Dev.

mean std consumption growth (Ac) 0.35 0.44 0.35 0.67
investment growth (Ag) 0.72 3.18 0.72 2.84
autocorrelation of HP-filtered consumption 0.82 0.81
autocorrelation of HP-filtered investment 0.78 0.62

inflation () 0.80 0.61 0.81 0.75
nominal short-term interest rate (r) 1.29 0.98 1.30 0.47
excess return on stock (rs —r) 7.99 16.68 2.16 4.06
excess return on 5-year nominal bond (r, — 1) 2.62 6.18 0.49 1.79

Notes: This table reports the first and second moments of key macroeconomic and financial variables. Moments of
macroeconomic variables are in quarterly frequency, while moments of returns are annualized. All moments are in
percentage. Data moments are computed with the quarterly sample from 1971Q1 - 2018Q4. Model moments are
based on simulation of one million quarters.
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Table A.5: Correlations under each of the 8 shocks

Shocks corr(rs —ryry — 1) corr(Ac, ) corr(Ay, )
(M /F) (M /F) (M /F)
Technology 0.99 / 0.79 -0.92 / -0.76 -0.88 / -0.70
Investment -0.48 / -0.84 -0.52 / 0.26 0.20 / 0.38
Monetary policy 0.99 / 0.89 0.61 / 0.54 0.63 / 0.56
Fiscal policy -0.04 / -0.48 -0.29 / 0.62 -0.28 / 0.65
Total factor productivity 0.96 / -0.60 -0.85 / -0.65 -0.68 / -0.30
Investment sepcific technology -0.75 / -0.93 -0.31 / 0.55 0.33 /0.73
Price markup 0.55 / -0.76 -0.77 / 0.49 -0.80 / 0.41
Wage markup 0.51 / -0.72 -0.76 / 0.38 -0.77 / 0.37
All shocks 0.05 / -0.64 -0.33 / 0.57 -0.33 / 0.59

Notes: This table reports the stock-bond correlation (corr(rs — r,ry — r)), consumption-growth-inflation correlation
(corr(Ac,m)), and output-growth-inflation correlation (corr(Ay, w)) generated by each of the 8 shocks in the extended
model. The 8 shocks are: technology shock, investment shock, monetary policy (MP) shock, and fiscal policy (FP)
shock, transitory productivity (TP) shock, investment-specific technology shock (IST), price markup (PM) shock,
wage markup (WM) shock. The numbers before and after the slash (/) represent the correlations in the M regime

and F regime, respectively.

Table A.6: Correlation matrix under the extended model with 8 shocks

Variables Ts —T ry— 71 s Ac Ay m
(M /F) (M /F) (M /F) (M /F) (M /F) (M /F)

Ty —T 1.00 0.46 / -0.60 -0.43 / 0.15 0.51 / 0.58 0.17 / 0.13 -0.70 / -0.35
T, — T 1.00 -0.36 / -0.16 0.26 / -0.41 0.32 / 0.27 -0.45 / -0.11
T 1.00 -0.65 / 0.15 -0.32 / 0.23 0.43 / 0.22
Ac 1.00 047 / 047  -0.28 / -0.10
Ay 1.00 -0.09 / -0.06

m 1.00

Notes: This table reports the correlation matrix of financial and macroeconomic variables with all shocks in the
model with 8 shocks. The variables include excess return on stock (claim on consumption) (rs — r), excess return on

5-year nominal bond (ry —r) , inflation (7), consumption growth (Ac), output growth (Ay), and pricing kernel (
The numbers before and after the slash (/) represent the correlations in the M regime and F regime, respectively.
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Table A.7: Correlation matrix under the model with the F regime at the ZLB

Variables re—T Ty —T m Ac Ay m
(M /F) (M /F) (M /F) (M / F) (M /F) (M /F)

s —T 1.00 0.34 / -0.38 -0.44 / 0.40 0.51 /0.64 0.22 / 0.67 -0.67 / 0.66
Ty —T 1.00 -0.39 /-0.17  0.16 /-0.20 -0.35/-0.12  -0.65 /-0.18
s 1.00 -0.63 / 0.41 -0.12 / 0.37 0.52 / 0.38
Ac 1.00 0.45 / 0.80 -0.25 / 0.55
Ay 1.00 -0.03 / 0.40

m 1.00

Notes: This table reports the correlation matrix of financial and macroeconomic variables with all shocks in the
model with the F regime at the ZLB. The variables include excess return on stock (claim on consumption) (rs — r),
excess return on 5-year nominal bond (r, — r) , inflation (7), consumption growth (Ac), output growth (Ay), and
pricing kernel (m). The numbers before and after the slash (/) represent the correlations in the M regime and F
regime, respectively.
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Table A.8: Correlation matrices — alternative preferences

Panel A: CRRA preference

Variables Ty —T Ty, — T T Ac Ay m
(M /F) (M / F) (M / F) (M / F) (M /F) (M /F)
Ts—T 1.00 0.53 / -0.57 -0.46 / 0.13 0.52 / 0.59 0.19 / 0.12 -0.91 / -0.92
Ty —T 1.00 -0.29 / -0.14 0.26 / -0.40 0.33 / 0.31 -0.38 / 0.63
™ 1.00 0.65/0.14 -0.29 /021  0.23/-0.41
Ac 1.00 0.44 / 0.44 -0.40 / -0.56
Ay 1.00 -0.08 / -0.14
m 1.00

Panel B: Recursive preference without habit formation

Variables Ty —T Ty, —T T Ac Ay m
(M /F) (M /F) (M /F) (M /F) (M /F) (M /F)
rs—T 1.00 0.17 / -0.55 -0.31 / 0.22 0.92 / 0.94 0.86 / 0.91 -0.76 / -0.49
Ty —T 1.00 -0.10 / -0.25 0.07 / -0.61 0.14 /-0.46  -0.33 /-0.12
T 1.00 -0.31 /0.06  -0.29 / 0.06 0.48 / 0.18
Ac 1.00 0.90 / 0.95 -0.53 / -0.27
Ay 1.00 -0.57 / -0.30
m 1.00

Notes: Panels A and B of this table report the correlation matrices of financial and macroeconomic variables in the
models with CRRA preference and recursive preference without habit formation, respectively. The variables include
excess return on stock (rs —r), excess return on 5-year nominal bond (r, —7), inflation (), consumption growth (Ac),
output growth (Ay), and pricing kernel (m). The numbers before and after the slash (/) represent the correlations
in the M regime and F regime, respectively.
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Figure A.1: Impulse responses in the baseline model

Panel (a): Impulse responses

of a positive technology shock
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Notes: This figure plots the impulse responses of key macro and finance variables after a one-standard-deviation
posiitve technology shock in Panel (a), investment shock in Panel (b), monetary policy shock in Panel (c), and fiscal
policy shock in Panel (d) in the baseline model. The blue solid lines and red dashed lines represent impulse responses

under the M and F regimes, respectively. The x-axis shows the time in quarters, and the y-axis represents the
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Impulse responses of the extended model with 8 shocks
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Notes: This figure plots the impulse responses of key macro and finance variables after a one-standard-deviation
positive transitory productivity shock in Panel (a), investment-specific technology (IST) shock in Panel (b), price
markup shock in Panel (c), and wage markup shock in Panel (d) in the extended model. The blue solid lines and
red dashed lines represent impulse responses under the M and F regimes, respectively. The x-axis shows the time in
quarters, and the y-axis represents the percentage change from the steady state.
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Figure A.3: Impulse responses in the model with the F regime at the ZLB
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Notes: This figure plots the impulse responses of key macro and finance variables after a one-standard-deviation
positive technology shock in Panel (a) and a positive investment shock in Panel (b), in the model with the F regime
at the ZLB. The blue solid lines and red dashed lines represent impulse responses under the M and F regimes,
respectively. The x-axis shows the time in quarters, and the y-axis represents the percentage change from the steady

state.
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Figure A.4: Impulse responses in the model with CRRA preference
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Notes: This figure plots the impulse responses of key macro and finance variables after a one-standard-deviation
positive neutral technology shock in Panel (a) and a positive investment shock in Panel (b) in the model with CRRA
preference. The blue solid lines and red dashed lines represent impulse responses under the M and F regimes,
respectively. The x-axis shows the time in quarters, and the y-axis represents the percentage change from the steady
state.
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Figure A.5: Impulse responses in the model without habit formation
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Panel (b): Impulse responses of a positive investment shock

Notes: This figure plots the impulse responses of key macro and finance variables after a one-standard-deviation
positive neutral technology shock in Panel (a) and a positive investment shock in Panel (b) in the model without
habit formation.The blue solid lines and red dashed lines represent impulse responses under the M and F regimes,
respectively. The x-axis shows the time in quarters, and the y-axis represents the percentage change from the steady
state.
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