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1. Introduction

Empirical studies have documented the time-varying correlation between returns on the market portfolio of stocks and
returns on long-term (5-10 years) nominal Treasury bonds (Baele et al., 2010; Baele and Holle, 2017; Campbell et al., 2017;
Christiansen and Ranaldo, 2007; David and Veronesi, 2013; Guidolin and Timmermann, 2007). This correlation was positive
before 2001 but turned negative afterwards (Panel A of Fig. 1). At the same time, the correlation between consumption
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Panel A: Stock-bond return correlation Panel B: Consumption-inflation correlation

Fig. 1. Time-varying correlations—financial market and real economy Notes: Panel A 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
(r;f)) are computed with the daily yields provided by Giirkaynak et al. (2007). Panel B displays the correlation of real consumption growth and inflation
(the consumption-inflation correlation). The correlation in year t is computed with the data within the 5-year period centering at t, i.e., [t —2,t + 2]. Real
consumption growth is based on quarterly total personal consumption expenditures, and inflation is based on the quarterly GDP deflator. Both data series
are obtained from the Federal Reserve Bank of St. Louis. The details of the data are described in Online Appendix A.

growth and inflation also changed sign around 2001 from negative to positive (Panel B of Fig. 1).! Moreover, the risk pre-
miums of long-term nominal Treasury bonds were positive before and after 2001 as shown in Section 2.

Existing explanations for the sign change of 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. Campbell 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 Bianchi et al. (2022) in
accounting for sign changes of correlations observed in both the financial market and the real economy.” To this end, we
develop a general equilibrium framework that incorporates switching between the monetary regime (the M regime) and the
fiscal regime (the F regime). We 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 (Bianchi and Ilut, 2017; Bianchi and Melosi, 2017; Leeper
et al., 2017).

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 outstanding
government 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 gov-
ernment 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. A switch from the M regime to the F regime took
place in the early 2000s (Bianchi et al., 2022), around the same time when the consumption-inflation correlation and the
stock-bond return correlation changed sign.

To assess how important a switch to the F regime is in explaining sign changes of these observed correlations, we study
a general equilibrium 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 the technology shock, Justiniano et al. (2010) show that the MEI shock
as an investment shock contributes significantly to the business cycle fluctuation and economic growth. 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 critical to yielding the following key results:

1. Both the positive stock-bond return correlation and the negative consumption-inflation correlation are driven by the
technology shock under the M regime.

T 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.

2 Qur 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 Van Binsbergen et al. (2012), Rudebusch and Swanson (2012), Dew-Becker (2014), Kung (2015),
and Li and Palomino (2014).
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2. Both the negative stock-bond return correlation and the positive consumption-inflation correlation 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 Leeper (1991), a growing literature has studied the joint behavior of monetary and fiscal au-
thorities. We extend the standard New Keynesian model 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 essen-
tial to account for the aforementioned correlation patterns and bond risk premiums. A positive technology shock, as a posi-
tive 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 the monetary authority’s reaction to falling inflation lead to higher stock prices and higher prices of long-term nom-
inal Treasury bonds. As a result, the stock-bond return correlation is positive in response to the 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 in-
terest 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.

In the F regime, the investment shock becomes the dominating force for generating the stock-bond return correlation and
the consumption-inflation correlation. A positive investment shock makes the transformation of investment into capital more
efficient. In response to this positive shock, both output and investment increase but consumption decreases in the short run
as an intertemporal substitution for higher consumption in the long run. The dominating effect of declining consumption
in the short run causes the stock prices to fall. An increase in output leads to an increase in tax income and a decrease in
government deficits. It follows from the government budget constraint that the price level must fall to make the real value
of existing government debt higher. The falling price level leads to a reduction in the nominal interest rate according to
the Taylor rule; as a result, bond prices rise. Under the F regime, therefore, the investment shock generates the negative
stock-bond return correlation and the positive consumption-inflation correlation.

Consistent with the empirical observation, risk premiums of long-term Treasury bonds in the model remain positive
under the F regime while the stock-bond return 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 policy regime.
Since stock and bond prices both respond positively to a technology shock, positive bond risk premiums and the negative
stock-bond return correlation coexist in the F regime.

In summary, the technology shock drives the positive stock-bond return correlation and the negative consumption-
inflation correlation in the M regime, while the investment shock drives the negative stock-bond return correlation and
the positive consumption-inflation correlation in the F regime. Unlike standard one-factor asset pricing models such as the
Capital Asset Pricing Model (CAPM), our model has multiple fundamental shocks. These features enable the model to gen-
erate positive risk premiums in long-term bonds, even when the stock-bond return correlation is negative.

Our results are robust to alternative preferences, such as constant relative risk aversion (CRRA) and recursive preferences
without habit formation, to an expanded model with additional fundamental shocks commonly seen in the literature, and
to alternative parameter values, such as a lower risk aversion parameter, a reasonable range of possible values for shock
volatilities, and fixed regime-switching parameters (except for the two that define policy regimes). They also hold when the
nominal interest rate is at the zero lower bound (ZLB)—an extreme case of the F regime.

The rest of the paper is organized as follows. Section 2 presents stylized facts under the two policy regimes.
Section 3 presents a general equilibrium model with regime switching between monetary and fiscal policies. Section 4 dis-
cusses the asset pricing implications of the model. Section 5 discusses the robustness of model results. Section 6 offers
concluding remarks.

2. Stylized facts and policy regimes

Following Bianchi and Ilut (2017), Bianchi and Melosi (2017), and 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 the short-term nominal interest rate (r;) to
inflation (71;) and output growth (Ay;):

e ~ Qr e + Py Aye, (2.1)

where the coefficients ¢, and ¢, measure the corresponding responsiveness. If the interest rate increases more than infla-
tion, i.e., ¢ > 1, monetary policy is active; if ¢, < 1, monetary policy is passive (Leeper, 1991).

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 et al., 2017), fiscal
policy is modeled as a linear response function of the tax-to-output ratio (t;) to the lagged government debt-to-output
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Table 1
Data Moments pre- and post-2001Q2.

1971Q1-2001Q1 2001Q2-2018Q4

corr(Ac, ) -0.44 0.27
corr(rs, 1) 0.21 -0.37
re—r 6.59 6.67
o(rs—r) 16.14 14.54
n—r 1.87 2.03
o(r® -1 6.98 458

Notes: The table reports the data moments in two
subperiods: 1971Q1-2001Q1 and 2001Q2-2018Q4. Real
consumption growth (Ac;) is based on quarterly total
personal consumption expenditures on nondurables and
services, and inflation (m;) is based on the quarterly
GDP deflator. These data series are obtained from the
Federal Reserve Bank of St. Louis. The stock-bond cor-
relation is based on daily excess returns on the stock
market index and the nominal 5-year Treasury bonds.
Returns on the stock market index (rs;) and one-month
Treasury bills (r;), used as the risk-free rate, are ob-
tained from Ken French’s data library. Returns (annu-
alized) on the 5-year Treasury bonds (ry}) are com-
puted with the daily yields provided by Giirkaynak et al.
(2007). The details of the data are described in Online
Appendix A.

ratio (b;_1) and the government expenditure-to-output ratio (gy):

Tt ~ Gpbe_1 + S8yt . (2.2)

where the coefficients ¢;, and ¢z measure the corresponding responsiveness. Fiscal policy is passive if taxes respond strongly
to the government debt with ¢, > e"7~4Y — 1, where r and 7 are the steady-state nominal interest rate and inflation.> Fis-
cal policy is active if taxes do not respond strongly to the outstanding government debt (g, < e™7~2Y —1). 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
income (taxes plus new debt issuances) is insufficient to meet its spending and liabilities. Passive fiscal policy influences
macroeconomic fluctuations by responding strongly to the level of outstanding government debt. Active fiscal policy, how-
ever, influences the price level directly, which in turn affects other macroeconomic variables.

Campbell et al. (2020) find that a structural break in the stock-bond return correlation and the output-inflation corre-
lation occurred in 2001Q2. Around this time, the economy switched from the M to F regime according to the estimation
by Bianchi et al. (2022).* Table 1 presents key data moments in the two subperiods: 1971Q1-2001Q1 (the M regime) and
2001Q2-2018Q4 (the F regime). Specifically, the correlation between consumption growth rate (Ac;) and inflation (7;) is
—0.44 for the first subperiod and 0.27 for the second subperiod; the correlation between (daily) returns on the stock mar-
ket index (rs;) and returns on nominal (zero-coupon) Treasury bonds of 5-year maturity (rlgi)) is 0.21 for the first subperiod
and —0.37 for the second subperiod; and the (annualized) average monthly excess returns on the 5-year Treasury bonds are
1.87% and 2.03% for the two subperiods. We summarize these key facts as follows.

1. The correlation between consumption growth and inflation was negative in the M regime and positive in the F regime.

2. The correlation between returns on stocks and nominal long-term Treasury bonds was positive in the M regime and
negative in the F regime.

3. Nominal long-term Treasury bonds earned positive risk premiums in both the 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.

3 Substituting the fiscal policy rule into the log-linearized government budget constraint represented by Eq. (3.7) in Section 3.5 leads to the debt dy-
namics as by = [e™"~4Y — ¢;]b,_; (other terms are omitted for illustration), where b, is the log-linearized deviation from the steady state. The condition
Gy > e 7~& _ 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.

4 In earlier work, Bianchi and Ilut (2017) and Bianchi and Melosi (2017) identify a monetarily-led regime from the 1980s to the Great Recession. For the
correlations we find for the period 1971Q1-2001Q1, one concern is that these correlations are driven by the subsample in the 1970s and early 1980s. We
find that the consumption-inflation correlation is negative and the stock-bond return correlation is positive for the subperiod from the early 1970s to the
early 1980s as well as for the subperiod from the late 1980s to the early 2000s.
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3. Model

Our model follows Smets and Wouters (2007) 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

1y T
Vi = max (1 =BGy, L) + BE| VLY (3.1)
{Ci.Le.Bt /P B} /P 1t}
c'-v e
with Uy =U (G, Le) = 1”_—‘]// — Ak Jo ﬁdj, where B is the discount factor, i is the elasticity of intertemporal substitution,

and ¢ is the inverse of the Frisch elasticity of labor supply. Habit-adjusted consumption Cp, is defined as G, = G — biCi_1,
where G is the household’s consumption, G; is aggregate consumption, and by, is the habit parameter. The disutility of labor,
A =dt(z)'-V, grows at a rate of (z)!~V, where a! is the disutility parameter and z;' is the growth rate of the economy.
The supply of type j labor is denoted by L;,.

The household maximizes its utility subject to the budget constraint

PG+ PyeBe + B+ Tty Bk,
’ Wy Wy
< Ba(Poep +1) + (1 + 1 1)B; + Priueke 1 + BLL + RD; — BT,
where P; is the price of consumption goods, I; investment measured in the unit of investment goods rather than consump-
tion goods, and W, the relative price of consumption to investment goods, and K; the raw capital stock. The real wage
income LI; is defined as LI; = [ WP—J;ij_t dj, where W and L;, are the nominal wage and supply of type-j labor.

The symbol D; represents the real dividend paid by firms, T; the lump-sum tax, and qu the one-period government bond
with zero net supply in period t — 1, whose nominal return is r;_;. To avoid numerical complication, we follow Woodford
(2001) and define B; as the amount of long-term government bonds issued at t with non-zero net supply, each of which has
a stream of infinite coupon payments that begins in period t + 1 with $1 and decays every period at the rate of p. The price
of one such long-term bond, P, , is given by P, = E¢[35 | Mr 1505 ] = Ee[Me11(1+ oPye11) ], where M is the nominal
stochastic discount factor or pricing kernel from period ¢ to t + 1 and M 145 = [T My

The symbol r{‘ represents the real rental rate of productive capital paid by producers, u; is the capital utilization rate,
and the capital used in production is K; = u;K;_;. The nominal cost of utilization per unit of raw capital is %a(ut), where
a(ug) = r¥[exp(oq(us — 1)) — 1]/04, with o4 > 0.

The capital accumulation follows

K=0-8)K_+ [1 - s(g,ﬁ1 )}It ) (3.2)

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

S(x) = %{EXP [o5(x —exp(u® +pu?))] + exp [—os (x —exp(u®” + u¥))] - 2},

where x; = C’;t and exp(u?" + %) is the steady state growth rate of investment. The parameter o is chosen such that
tit-1

Sexp(u?" + ")) =0 and S’ (exp(u?" + %)) = 0. The marginal efficiency of investment is measured by ¢! and evolves as

log (¢!) = (1= per)log(¢") + pyilog (&4) + opel, el ~1DN(0,1), (3.3)
where ef " denotes the MEI shock, which we term as the investment 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 i € [0, 1], to produce a homogeneous final goods, Y;, using the Dixit-Stiglitz technology:

1 AP
€ .
Y = /Y;fdz L AP,
o b
where AP measures the substitutability among different intermediate goods.

5 The asset pricing implications of the stochastic discount factor as well as stock and bond returns are discussed in Online Appendix C.
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3.3. Intermediate goods producers

The intermediate goods sector is monopolistically competitive. The production of intermediate goods i uses both capital
and labor via the homogenous production technology

Yie = o(zli) K% — zf g, (34)

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 i, « 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

o
to guarantee balanced growth in the nonstochastic steady state. We define z/ as z7 = W,'"* z, where the relative price of
consumption goods to investment goods W; represents the level of the investment-specific technology. We assume that z;
evolves as

ui = (1= p7) + p; uf ; +0zef, and e ~1IDN(0, 1), (3.5)
where u? = Alogz, and the NT shock ef 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 M? = Alogz/. 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 Ptr{‘ and nominal wage rate W; as given but have the mar-
ket power to set the price of their products, facing Calvo (1983)-type price stickiness, to maximize profits. With prob-
ability &p, producer i cannot reoptimize its price at period t and must set it according to P, = 7 P, ¢, where 7, =
(n*)e(ﬂt,1)1’€ is the inflation indexation, ¢ is the price indexation parameter, 7v* is the targeted (steady state) inflation
rate, and 7y = P;/P,_; is the actual inflation rate. Producer i sets price P, with probability 1 — £, to maximize its prof-

- _ AP
. 5 . . 0 P; AP-1
its, Be 320 5 Me.t+t [OpeacPYiere e — StarPricYierr | ] Subject to the demand function Y, = ey (%) , where
Optor = (]‘[ST=1 ﬁpﬂs) for T > 1 and equals 1 for T = 0. We denote Y;;, .|, as producer i's output at time ¢ 4 7 if P, is re-

optimized, and s;,; as the real marginal cost.
1
All firms that reoptimize prices at period t set the same price: P, = PF. The aggregate price evolves as Ptl*“’ =(1-
1 N 1
Ep)(PF) T3P + Ep(FipeProq) T-4P.

3.4. The labor market

Labor contractors hire workers of different labor types through labor unions and produce homogenous labor service L;
according to the production function

1, 7Y
Lt:[ Lﬁwu} LA,
!

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 face Calvo (1983)-type
wage rigidities, with parameter &,. Labor contractor j, who cannot reoptimize wage, sets the wage rate according to
W = ftweelwtWy,_;, where fy; = (n't*)(w (r_1)!™™ is the inflation indexation and jiwe = €y ptyr ¢ + (1 —€,) i+ is the
wage growth indexation in which ¢y, is the wage indexation on wage and ¢, is the wage indexation on output growth. All
labor contractors that can reoptimize wages in period t set the same wage as W]?f[ = W;*. The aggregate wage level evolves

1 1 _ 1
as Wt1_)LW = (] — éw) (W[*) -7 4 Sw(frwyte“W-thq) R
3.5. Monetary and fiscal authorities

The central bank implements a Taylor (1993)-type monetary policy rule specified as:
it =1 =@¢r(re1 = 1)+ (1= @) Pr (71c — 7T°) + Gy Aye] + overe (3.6)

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;_; — r). The interest rate responds positively to both inflation 7; — 7 *, where
w* is the central bank’s targeted inflation, and output growth Ay;, where y; is the log value of detrended output. That
is, ¢z > 0 and ¢, > 0. The monetary policy (MP) shock is e, ~ IIDA(0, 1). As discussed in Section 2, 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:

Py (Bt _1Bi_1
B B

P
=Ry +G—T; (3.7)
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In the standard new Keynesian model (Bianchi and Ilut, 2017; Davig and Leeper, 2011), the fiscal authority adjusts the
tax as a share of output according to the tax policy rule specified as:

T —T=¢e(To1—T)+ (1= ¢o)[p(be1 — b) + S8y — &) + 5y Ve — ¥) ]+ 0rery, (3.8)

where t; is the ratio of lump-sum taxes to output, b,_; is the ratio of government debt in the previous period to output,
8ye is the ratio of government expenditures to output, y is the steady state of output, and e; ¢ ~ IIDA/(0, 1) is the FP shock.
The coefficients ¢¢, ¢, ¢g, and gy represent, respectively, the persistence of tax policy and the sensitivities of tax policy to
government debt, government spending, and output gap. ¢, > (<)e"~"~AY — 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.

In the equilibrium, all markets are clear with the aggregate resource constraint

Yo =G+ It /We + Ge + a(ue)Ke 1 - (3.9)

4. Results and analysis
4.1. Calibration and moments

We calibrate the model at quarterly frequency, and report the calibrated parameter values in Table 2. Most of the param-
eter values are taken from the literature and the rest are chosen to match the key moments in our sample period. We follow
the strategy of Bianchi and Ilut (2017) and Bianchi and Melosi (2017) by keeping all non-policy parameters unchanged while
allowing policy parameters to change.

Specifically, the steady state growth rate of the economy u?" is set to 0.0035, and the steady state growth rate of the
investment-specific technological change ¥ 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 * is set at 0.80% 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 the 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 2. 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 § is set to 0.9974 to yield a quarterly nominal risk
free rate of 1.29%. The elasticity of intertemporal substitution i is 1/1.5, which is consistent with estimates in the micro
literature (Vissing-Joorgensen, 2002). The risk aversion parameter y 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). The risk aversion
parameter in a production economy is generally much larger than the value in an endowment economy due to the ability
of the households 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 b, 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 regime while the response is much weaker in
the F regime with ¢, = 0.4991. Fiscal policy passively adjusts to changes in government debt with ¢, = 0.0609 in the M
regime, while it is active with ¢, = 0 in the F regime.

The persistence of the technology and investment shocks are calibrated to match the autocorrelations 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

p_[098 002
=l0.02 098]

where the element p;; = Pr(s; = i|s;_y = j) is the probability of switching from regime j to regime i. 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 p,, 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 Ilut (2017).

We solve the model using the method discussed in Online Appendix B and generate the moments of key macroeconomic
and financial variables. These moments are presented in Table 3, along with the corresponding moments in the data. Among
the model moments, computation of the equity premium and long-term bond premium is based on the covariance of the
simulated stochastic discount factor m and excess returns on equity and bond, rs —r and r, —r, according to equations (C.4)
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Table 2
Parameter value!

s in the baseline model.
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Parameter  Description Value Target moments or references
Panel A: Preference
B discount factor 0.9974  steady state interest rate = 1.29%
v reciprocal of elasticity of intertemporal substitution 1/1.5 Vissing-Joorgensen (2002)
Yy risk aversion 55 match the stock Sharpe ratio
) labor supply aversion 1 Christiano et al. (2014)
by, habit parameter 0.85 Justiniano et al. (2011)
Panel B: Production
o capital share 0.33 labor share = 0.65 (private non-farm business sector)
§ capital depreciation rate 0.025 Christiano et al. (2014)
o5 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 price 0.74 Christiano et al. (2014)
¢ price indexation parameter 0.90 Christiano et al. (2014)
AP degree of elasticity of substitution for goods aggregation 1.91 C/Y =0.65
Ew probability 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 labor aggregation 1.05 Christiano et al. (2014)
w total factor productivity 1 normalization
nE growth rate of the economy 0.0035  consumption growth rate = 0.35%
nY growth rate of investment specific technology 0.0037 investment growth rate of investment = 0.72%
T* target inflation rate 1.008 average inflation rate = 0.80%
P decay rate of long-term government bonds coupon payment  0.9627  effective bond maturity = 5 years
A leverage ratio 1.35 debt-to-asset ratio = 0.26 in data
b government-debt-to-GDP ratio 0.55 total federal debt as percent of GDP = 59%
gy steady-state government- spending-to-output ratio 0.18 Smets and Wouters (2007)
Panel C: Policies
1 sensitivity of interest rate to inflation (M regime) 2.7372 Bianchi and Ilut (2017)
2 sensitivity of interest rate to inflation (F regime) 0.4991 Bianchi and Ilut (2017)
y] sensitivity of interest rate to output (M regime) 0.7037  Bianchi and Ilut (2017)
yz sensitivity of interest rate to output (F regime) 0.1520 Bianchi and Ilut (2017)
! interest rate persistence (M regime) 0.91 Bianchi and Ilut (2017)
2 interest rate persistence (F regime) 0.6565 Bianchi and Ilut (2017)
gbl sensitivity of tax to debt (M regime) 0.0609 Bianchi and Ilut (2017)
I sensitivity of tax to debt (F regime) 0 Bianchi and Ilut (2017)
gy] sensitivity of tax to output (M regime) 0.3504  Bianchi and Ilut (2017)
gyz sensitivity of tax to output (F regime) 0.3504  Bianchi and Ilut (2017)
gg] sensitivity of tax to government spending (M regime) 0.3677  Bianchi and Ilut (2017)
ggz sensitivity of tax to government spending (F regime) 0.3677  Bianchi and Ilut (2017)
sl tax persistence (M regime) 0.9844  Bianchi and Ilut (2017)
g2 tax persistence (F regime) 0.8202 Bianchi and Ilut (2017)
Panel D: Shocks
Pz persistence of the technology shock 0.15 autocorrelation of quarterly consumption
Prt persistence of the investment shock 0.65 autocorrelation of quarterly investment
o standard deviation of the technology shock 0.82 volatility of consumption growth
Oy standard deviation of the investment shock 2.50 volatility of investment growth
oy standard deviation of the MP shock 0.10 Bianchi and Ilut (2017)
o standard deviation of the FP shock 0.33 Bianchi and Ilut (2017)
Table 3
Simulated moments.
Data Model
Variables
Mean  Std.Dev. Mean  Std.Dev.
consumption growth (Ac) 0.35 0.44 0.35 0.64
investment growth (Ai) 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 stocks (rs —r) 7.99 16.68 1.84 3.86
excess return on 5-year nominal bonds (r, —r)  2.62 6.18 0.61 1.64

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.

27



EXN. Li, T. Zha, ]. Zhang et al. Journal of Monetary Economics 128 (2022) 20-34

Table 4
Variance decomposition.

Variables ~ Technology (e;)  Investment (e,;)  Monetary Policy (e;)  Fiscal Policy (e;)

(M /F) (M [ F) (M [ F) (M [ F)
-t 75.04 | 35.86 9.88 | 59.88 13.85 / 3.33 1.23 /093
T 4516 | 1.27 483/ 87.83 23.83 | 8.84 26.18 | 2.07
P 65.96 | 19.30 18.92 | 79.67 521/ 0.10 9.92 /094
Ac 56.21 /3044  33.90 | 66.81 8.96 | 2.03 0.92 / 0.72
Ay 34.63 | 46.26 59.86 | 50.36 493 | 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 vari-
ables in the baseline model: excess return on stocks (rs —r), which is a claim on consumption,
excess return on 5-year nominal bonds (r, — r), inflation (), growth rate of consumption (Ac),
output growth (Ay), and nominal pricing kernel (m). The second to fifth columns are contribu-
tions 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 correspond-
ing shocks in the M and F regimes.

and (C.6) in Online Appendix C. These equations hold exactly if m, rs, and r;, follow the multivariate normal distribution.® As
shown in Table 3, all moments of macroeconomic variables—consumption, investment, inflation, and the short-term interest
rate—match the data closely. For moments of financial variables, the model accounts for half of the observed excess return
on the nominal 5-year Treasury bond and one-third of the observed excess return on the market portfolio, a reasonable
success for a small scale New Keynesian model. In the following sections, we explore the model’s economic mechanism via
a variance decomposition and impulse responses of key variables to the four structural shocks.

4.2. Variance decomposition

Table 4 reports a variance decomposition of key macroeconomic and financial variables under the M and F regimes
in our calibrated model. In 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%). In 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 in both regimes—almost 100%. The effects of MP and FP shocks
are negligible in both regimes. These results are crucial for understanding how the consumption-inflation correlation, the
stock-bond return correlation, and stock and bond risk premiums are regime-dependent.

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, a 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 4 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.

Risk premiums of stocks or bonds depend on the covariance between the pricing kernel and returns on stocks or bonds,
as shown in equation (C.4) or (C.6) in Online Appendix C. Because the pricing kernel variation is dominated by the tech-
nology shock in both regimes, risk premiums of stocks and bonds are mostly determined by this shock. In the next several
sections, we discuss the dynamic responses of financial and macroeconomic variables to the two most important structural
shocks—technology and investment, and show that our results are consistent with the observed facts.”

4.3. Impulse responses to the technology shock

Figure 2 presents the impulse responses of excess returns of stocks and bonds, the nominal interest rate, consumption
growth, and inflation to a positive one-standard-deviation 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. As inflation falls, the
nominal interest rate declines under the Taylor rule. The stock price rises with consumption, and the bond price rises when
the nominal interest rate falls. A positive technology shock, therefore, leads to a negative consumption-inflation correlation
and a positive stock-bond return correlation.

Both stock and bond returns in the M regime rise more than they do in the F regime. The nominal interest rate is more
responsive to the fall of inflation, amplifying the effects of the technology shock. Consequently, consumption and the stock
price in the M regime rise more than in the F regime. There is a more persistent fall in the interest rate in the M regime.

6 We solve our model up to the first order approximation; thus, the means of the simulated equity and bond excess returns are both zero. We compute
the equity and bond risk premiums using the covariance between return and pricing kernel based on the first order approximation. The covariance is
driven mainly by the first order terms for the return and the pricing kernel. The second and higher order terms have negligible effects on the covariance.

7 The impulse responses to MP and FP shocks are discussed in Online Appendix D.

8 The impulse responses of other variables to a positive technology shock are displayed in Panel (a) of Figure A.1 in Online Appendix G.
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Fig. 2. Impulse responses of a positive technology shock 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 represent impulse responses in the M regime and the red dashed lines
represent impulse responses in the F regime. The x-axis marks the time in quarters, and the y-axis represents the percentage change from the steady state.
(For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

As shown in Fig. 2, the negative effect of a 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 4: much higher percentages of variations in
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 4 shows that the pricing kernel is determined almost by the technology shock
alone in both regimes. The impulse responses of the pricing kernel (Figs. 2 and 3) indicate that the percentage change
in the pricing kernel is around 50% in response to a one-standard-deviation technology shock, but only 3-4% in response
to a one-standard-deviation investment shock. As shown in equation (C.3) in Online Appendix C, the pricing kernel has
two components: 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 on the growth
rate of the technology level, both consumption and the return on wealth increase on impact in response to this shock,
resulting in a large fall in the pricing kernel. Since the investment shock is transitory by contrast, it mostly affects current
consumption but not the return on wealth. In short, the effect of a technology shock on the pricing kernel dominates that
of an investment shock, and as a result the risk premiums of stocks and bonds are positive in both regimes.

4.4. Impulse responses to the investment shock

Figure 3 displays 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 represents an efficient transformation of investment into capital and thus generates
higher demand for investment goods. In response to this shock, both output and investment increase, while consumption
decreases in the short run as an intertemporal substitution for higher consumption in the long run. As consumption falls in
the short run, the stock price falls.

In the M regime, the general price first rises due to higher demand for output and then falls after about 5 quarters. With
the Taylor rule, the nominal interest rate rises in the short run but 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

9 The impulse responses of other variables to a positive investment shock are reported in Panel (b) of Figure A.1 in Online Appendix G.
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Fig. 3. Impulse responses of a positive investment shock 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 represent impulse responses in the M regime and the red dashed lines
represent impulse responses in the F regime. The x-axis marks the time in quarters, and the y-axis represents the percentage change from the steady state.
(For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

investment shock on the long-term bond price is positive. The investment shock, therefore, generates a negative stock-bond
return correlation and a negative consumption-inflation correlation in the M regime.

In the F regime, however, a sharp fall in inflation is persistent in response to a positive investment shock. With active
fiscal policy, an increase in output leads to an increase in tax income, and 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 in all horizons, resulting in a large increase of the long-term bond
price. 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 direction of these responses is the same in both regimes. The most important finding is that the
consumption-inflation correlation is positive in the F regime in response to the investment shock. These dynamic responses
are consistent with the variance decomposition reported in Table 4: the investment shock dominates the dynamics of stock
and bond returns, consumption growth, and inflation in the F regime.

As shown in the variance decomposition reported in Table 4, the investment shock exerts little impact on the pricing
kernel and thus on risk premiums of stocks and bonds. Stock returns are positively correlated with the pricing kernel in
response to the investment shock in the F regime, implying a negative equity premium. Since the sign of the equity premium
is determined by the technology shock, however, the equity premium is always positive regardless of the policy regime both
in the model and in the data.

4.5. Summary and discussion

Three main findings summarize the analysis in the preceding sections:

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 correla-
tion 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 policy regimes, mainly driven by the
technology shock.

It is informative to relate these findings to the CAPM. In an economy where the CAPM holds, a negative correlation
between returns on the nominal long-term bond and on the stock market implies negative excess risk premiums of bonds.
As Fama and French (1993) show, however, the CAPM fails to explain empirical data. The CAPM also fails in models with
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Table 5

Correlation matrix.
Variables  rs—r Ty —T T Ac Ay m

MJF)  (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
r,—T 1.00 -0.29 /-0.14 0.25/-040 0.32/0.31 -0.61 / -0.20
b4 1.00 -0.65/0.14 -030/021 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 bonds (r, —r), inflation (),
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.

multiple fundamental risks like ours or in models with the nonlinear pricing kernel (Belo et al., 2017).!° In our model,
because the risk premiums of stocks and long-term bonds are driven by the technology shock, they are always positive
regardless of policy regime. By contrast, the stock-bond return correlation, which has the same sign as the market beta
of the long-term bond, is driven mainly by the investment shock in the F regime. As a result, it becomes negative in the
F regime. The coexistence of positive bond risk premiums and the negative stock-bond correlation distinguishes our work
from others such as Campbell et al. (2020).

To reinforce the preceding analysis, we simulate the correlation matrix of excess returns of stocks and long-term bonds,
inflation, consumption growth, and the pricing kernel in both policy regimes with our model. The results are reported in
Table 5. The stock-bond return correlation is 0.51 in the M regime and —0.57 in the F regime; the consumption-inflation
correlation is —0.65 in the M regime and 0.14 in the F regime. The correlation between the pricing kernel and returns on
stocks are negative in both regimes: —0.70 and —0.30; the correlation between the pricing kernel and returns on bonds
are also negative in both regimes: —0.61 and —0.20. These results indicate positive risk premiums of stocks and bonds.
Although not emphasized in the literature, the correlation between output and inflation changed sign around 2001 as did
the consumption-inflation correlation: negative (—0.25) before 2001Q2 and positive (0.21) after 2001Q2. This sign change is
reproduced by the model: the output-inflation correlation is —0.30 in the M regime and 0.21 in the F regime (Table 5).

5. Robustness analysis
5.1. An extended model with eight shocks

We extend our baseline model to include additional shocks 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 stochastic processes of these shocks are provided in Online Appendix E. The parameter values for per-
sistences and standard deviations of these additional shocks are taken from the prior literature and reported in Online
Appendix Table A.1 together with the corresponding references. In Online Appendix G, Figure A.2 reports the impulse re-
sponses of key financial and macroeconomic variables to these additional shocks; Table A.2 reports the simulated moments
of the model with all eight shocks; Table A.3 reports the variance decomposition of the extended model; Table A.4 reports
the stock-bond return correlation, the consumption-inflation correlation, and the output-inflation correlation; and Table A.5
reports the correlation matrix of key variables.

All the key results in our baseline model hold in this extended model, and we report these results and provide discus-
sions in Online Appendix E.

5.2. The ZLB as a special case of the F regime

The ZLB is an extreme case of the F regime, where the policy rate does not react to economic fluctuations at all, i.e.,
¢ and ¢y are equal to zero. Bianchi and Melosi (2017) explicitly model the ZLB as a third regime; they identify the Great
Recession as part of a prolonged fiscally-led regime. To keep our model tractable, we take the ZLB scenario exogenously,
in which the policy rate is constant at its steady state level, and assume that ¢, = 0.99 and ¢ = ¢, = 0."! The parameter
values in the fiscal policy rule are kept the same as in the F regime of our baseline model.

When the ZLB binds, an investment shock has similar effects on macroeconomic and financial variables to those in the
F regime when the ZLB is not binding, but a technology shock has different dynamic effects. A positive technology shock

10 Baj et al. (2018) show that the CAPM can fail even in models with only one fundamental shock containing a disaster risk, because the disaster risk
generates a highly nonlinear pricing kernel.
11 In this scenario, the policy rate does not respond to inflation and output changes at all, but only fluctuates moderately with monetary policy shocks.
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causes lower inflation and results in higher real interest rate.'? This contractionary impact on the economy leads to lower
consumption and thus a positive consumption-inflation correlation. Lower consumption leads to a fall in stock prices; lower
inflation leads to an increase in bond prices. Returns on stocks and bonds, therefore, move in opposite directions. The
negative stock-bond return correlation and the positive consumption-inflation correlation in the F regime are reinforced by
the technology shock when the ZLB binds.

Online Appendix Table A.6 reports the correlation matrix when the economy is constrained by the ZLB. As one can see,
the negative stock-bond return correlation and positive consumption-inflation correlation continue to hold. This result is
consistent with the finding of 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 a reasonable
magnitude. We show in this section that the relationship between stock-bond and consumption-inflation correlations and
policy regime is robust to alternative preferences.

CRRA preference: Online Appendix Figure A.4 displays the impulse responses to technology and investment shocks in both
policy regimes with the CRRA preference (y = ¢ = 1/1.5). The results are qualitatively similar to those for the baseline
model with the recursive preference. With the CRRA preference, the finding of positive stock-bond return correlation and
negative consumption-inflation correlation continues to hold in the M regime and the opposite finding is also true in the F
regime (Panel A of Online Appendix Table A.7).

Recursive preference without habit: We solve a model with a recursive preference but no habit formation (b, = 0). Without
habit, consumption becomes more volatile as expected. The signs of key correlations, however, remain unchanged when
compared with the baseline results. Both the impulse responses (Online Appendix Figure A.5) and the correlation matrix
(Panel B of Online Appendix Table A.7) are qualitatively similar to the corresponding results for the baseline model.

5.4. Preference shock and lower risk aversion

We show in this section that the parameter value of risk aversion can be reduced to 10 by adding a preference shock to
our model as in Corhay et al. (2021)'3, while the model continues to predict these correlations.

The moments simulated from this model (Online Appendix Table A.8) are quantitatively similar to those for our baseline
model. While a preference shock leads to positive stock-bond and consumption-inflation correlations in both regimes (Panel
(c) of Figure A.6 in Online Appendix G), the variance decomposition reported in Online Appendix Table A.9 shows that
the investment shock drives both correlations in the F regime, while the technology shock drives both correlations in the M
regime. As a result, the stock-bond correlation remains positive (0.57) in the M regime and negative (—0.52) in the F regime,
while the consumption-inflation correlation remains negative (—0.47) in the M regime and positive (0.22) in the F regime
(Online Appendix Table A.10).

5.5. Relative importance of shocks

The baseline result depends on the relative magnitude of technology and investment shocks. In this section, we explore
how robust this result is within a reasonable range of possible values for the volatilities of these two shocks.

We use Bianchi et al. (2019)’s estimated values of high and low volatilities of technology shocks to set the upper bound
of the standard deviation of the technology shock at 5,z = 0.87 and the lower bound at g ,- = 0.41. The lower bound of the
standard deviation of the investment shock is calibrated at o ,; = 1.47 to match the investment growth volatility during the
Great Moderation period (1986-2007), as documented by Stock and Watson (2003) and Bernanke (2004), while the upper
bound is calibrated at c'rg, = 4.13 to match the investment growth volatility during 1971-1985.

We first replace the baseline value of o,z with the lower bound ¢ .. In the M regime, the MP shock contributes most
to the stock-bond return correlation, followed by the technology shock; the investment shock contributes most to the
consumption-inflation correlation, followed by the technology shock (Panel A of Table A.11 in Online Appendix G). Because
both the MP and technology shocks generate a positive stock-bond return correlation and both the investment and tech-
nology shocks generate a negative consumption-inflation correlation, our baseline correlation results hold for the M regime.
We now replace the baseline value of o, with the upper bound &, or replace the baseline value of Oy with the lower
bound o ¢1- As in our baseline case, the investment shock is the main driver of the stock-bond and consumption-inflation
correlations in the F regime (Panels B and C of Table A.11 in Online Appendix G).

When we replace the baseline value of Ol with the upper bound Gyl the technology shock continues to be the driv-
ing force for the stock-bond return correlation in the M regime, while the investment shock contributes most to the
consumption-inflation correlation, followed closely by the technology shock (Panel D of Table A.11 in Online Appendix G).

12 gee the impulse responses marked by red dashed lines in Panel (a) of Figure A.3 in Online Appendix G. The negative effect of a positive technology
shock on consumption is a common result of the new Keynesian model at the ZLB (Wieland, 2019; Wu and Zhang, 2019).
13 See Online Appendix F for the detail of the model when a preference shock is added.
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Because both investment and technology shocks generate a negative consumption-inflation correlation in the M regime, our
baseline correlation results hold.

In summary, Online Appendix Table A.12 reports the correlation matrix with various shock sizes. This analysis shows that
our baseline results are robust to a wide range of parameter values for the volatilities of technology and investment shocks.

5.6. Importance of regime-switching parameters

Our baseline model allows five policy parameters to vary across regimes: the sensitivities of the nominal short-term
interest rate to changes in inflation, the lagged interest rate, output growth (¢, ¢r, and ¢y), and the sensitivities of the tax-
to-output ratio to changes in the lagged debt-to-output ratio and the lagged tax-to-output ratio (¢, and ¢r). The calibrated
values in different regimes are based on the estimated results of Bianchi and Ilut (2017).

Two parameters, ¢, and ¢, define policy regimes. If the values of ¢ and ¢, stay constant across regimes, the policy
regime would be in either the M or F regime throughout our sample. In such a case, the model-generated correlations will
not change. That is, the stock-bond return correlation would always be positive or negative, and the consumption-inflation
correlation would always be negative or positive throughout the sample. Thus, ¢, and ¢, are the most important parameters
for the model to account for a sign switch in the stock-bond and consumption-inflation correlations.

To see whether changes in values of the other three parameters are also critical to our results, we allow the values of ¢
and ¢, to change when policy switches from the M regime to the F regime as in our baseline case, but keep the values for
&r, ¢y, and ¢, constant at the average of their values calibrated for the M and F regimes in the baseline model. As shown
in Online Appendix Table A.13, the model is still able to generate the positive stock-bond correlation and the negative
consumption-inflation correlation in the M regime and the sign change of these correlations in the F regime. Except for ¢,
and ¢y, therefore, other regime-switching parameters are not essential to our correlation results.

6. Conclusion

We incorporate interactions between monetary and fiscal policies into a New Keynesian model with the recursive prefer-
ence 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 mecha-
nism we discover is that the technology shock drives the fluctuation of the economy in the M regime while the investment
shock is a driving force in the F regime. Our findings represent a significant step toward bridging financial markets and
monetary-fiscal policy interactions in the general equilibrium framework.

Our paper is silent on a number of issues that are beyond the scope of this paper. One issue is to test various alternative
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.
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