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1 Introduction

Fiscal policy shocks and fiscal volatility shocks have first order effects on economic activ-

ity. Government spending and taxation can impact corporate investment-borrowing choices,

household consumption-saving behavior, and economic aggregates such as inflation. The

study of fiscal policy commands a large area of literature in economics.1 The majority of

papers focuses on optimal taxation or government spending and its impact on the output

multiplier or consumption. Similarly, uncertainty about government spending and tax rates

can alter the decision-making process faced by economic agents and firms. Bloom (2009)

finds productivity uncertainty shocks produce large fluctuations in aggregate output and

employment. More recently, Fernández-Villaverde, Guerrón-Quintana, Kuester, and Rubio-

Ramı́rez (2015) show that unexpected increase in the return on capital tax rate uncertainty

has strong negative impact on output.2

The link between fiscal policy and policy uncertainty with the term structure of interest

rates, on the other hand, is less well established. Dai and Philippon (2005) provide empirical

evidence of fiscal deficits driving nominal yield curve dynamics in a no-arbitrage affine macro-

finance model, but the model does not accommodate endogenous inflation, which Piazzesi

and Schneider (2007) document to be the main risk factor in generating bond risk premia.3

Furthermore, given that monetary policy was at the zero lower bound (ZLB) until recently

and the high political uncertainty in the U.S., the impact of fiscal level and volatility shocks

on bond risk premia has never been more relevant. In this paper, we estimate a dynamic

stochastic general equilibrium (DSGE) model to investigate the effects of fiscal policy and

policy uncertainty on the term structure of interest rates and bond risk premia. We focus

1Papers in this field is too numerous to list. See Barro (1974), Aschauer (1985), Aiyagari, Christiano,
and Eichenbaum (1992), Baxter and King (1993), Ramey and Shapiro (1998), Gali, Valles, and Lopez-Salido
(2007), Christiano, Eichenbaum, and Rebelo (2011) for equilibrium examples.

2Following the literature (see e.g., Fernández-Villaverde, Guerrón-Quintana, Kuester, and Rubio-Ramı́rez
(2015)) we interpret the unexpected changes in the time-varying volatility of the fiscal instrument (e.g.
government expenditure ) innovations as a representation of unexpected variations in uncertainty about
fiscal policy. We also use the term “uncertainty” as shorthand for what would more precisely be referred to
as “risk”. See also Bachmann, Bai, Lee, and Zhang (2015) where the authors quantify the welfare costs of
fiscal uncertainty in a neo-classical stochastic growth model.

3For the purpose of exposition, “bond risk premia” and “nominal term premia” are used interchangeably
to denote a combination of “inflation risk premia” (term structure level effect) and “real term premia” (slope
effect).
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on two specific aspects of fiscal policy: government spending and the tax rate on the return

of capital.

Through the lens of the estimated model, we document four main findings in this pa-

per. First, level shocks to government spending generate positive inflation risk premium

as inflation is high precisely when consumption declines. This term structure level effect is

the opposite for level and volatility shocks to the return on capital tax rate: inflation de-

creases in bad times producing negative inflation risk premium. Second, volatility shocks to

government spending are observed to have substantial slope effect on the term structure. In-

creased volatility to government spending steepens the yield curve, producing positive term

premium. Third, fiscal volatility shocks are the primary factors in generating term premia

fluctuations. Fourth, when the nominal short rate is at zero, consumption, inflation, and

long-term interest rate reactions are more pronounced following level and volatility shocks

to fiscal policy, implying considerable bond risk premia.

In reduced form empirical analysis, excess return predictive regressions are performed

for nominal bonds across maturities employing estimated fiscal level and volatility shocks

as explanatory variables as well as controlling for bond supply. We document government

spending level and volatility shocks predict positive future excess returns, while capital

tax level and volatility shocks weakly predict negative excess returns. Furthermore, the

government spending volatility shock dominates the other fiscal shocks in terms of return

predictability in the regression specification when all four fiscal shocks are included. Model

implied predictive regressions using simulated data are able to replicate these findings, further

validating the performance of the estimated model.

The theoretical analysis is conducted in a general equilibrium model with production.

Ricardian equivalence in the model is disrupted by introducing distortionary taxation for

return on capital. The representative agent has Epstein and Zin (1989) recursive preferences.

The production sector is in line with the standard New-Keynesian4 stochastic growth model.

The production function is Cobb-Douglas employing transitory TFP shocks and permanent

4The intermediate-good firms adjust prices according to the Calvo (1983) process, under which only a
fraction of the firms are allowed to maximize present value of their expected profits by choosing the optimal
price each period. This mechanism induces monetary policy non-neutrality with respect to the real economy
allowing us to make comparisons between fiscal policy and monetary policy impacts.
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labor productivity shocks. The monetary authority sets the nominal short-term interest rate

using a Taylor rule with contemporaneous feedbacks from inflation and output growth plus

a shock which represents any unexpected deviations of the nominal short rate. The fiscal

authority chooses the amount of current period lump-sum taxes to collect. Government

revenue is a combination of the lump-sum transfer and tax on the return of capital such that

the government budget constraint is satisfied. Government spending is exogenous and shocks

to government spending exhibits stochastic volatility following an autoregressive process.

There are eight economic shocks driving the dynamics of the theoretical model: transitory

and permanent productivity shocks, volatility shocks to transitory productivity, monetary

policy shocks, as well as level and volatility shocks to government spending and the tax rate of

return on capital. Since the impact of both productivity shocks and monetary policy shocks

have been examined in the equilibrium term structure literature, our analysis is centered on

the four fiscal shocks.5

A positive level shock to government spending drives up demand of output, and it also

crowds out consumption of the agents. The wealth effect of lower consumption increases the

labor supply and depresses real wage. The precautionary savings motive also drives invest-

ment higher. Increase in return on capital generates a spike in inflation immediately after

the positive level shock is realized, producing positive average inflation risk premium. On the

other hand, a positive shock to government spending volatility lowers government debt and

inflation in our benchmark model. Increase in spending volatility makes capital investment

more attractive over debt for consumption smoothing because government spending is ex-

pected to be high, implying higher future taxes. The oversupply of capital causes the return

on capital to decline, while increase in labor supply puts downward pressure on real wage.

This leads to lower inflation as marginal cost of production decreases, generating negative

average inflation risk premium due to government spending volatility shocks.

That said, government spending volatility shocks have differential impact on short-

maturity and long-maturity bonds. With higher uncertainty, the decline in real wage and

return on capital are transitory, and the increase in investment and saving are short-lived.

This makes short-maturity government bonds especially valuable as a consumption hedge

5For example, see Rudebusch and Swanson (2012), Kung (2015), and Hsu, Li, and Palomino (2015).
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relative to long-maturity Treasuries. Short-dated bonds become more expensive compared

to the long-dated bonds causing long-term bonds to be risky when marginal utility is high.

As a result, the spending volatility shock steepens the yield curve and generates positive

term premium. From the impulse response functions of the model, we find the positive

term premium dominates the negative inflation risk premium such that the nominal term

premium is positive on average following a positive second moment shock to spending.

We solve the model using perturbation methods (see Schmitt-Grohe and Uribe (2004)).

We compute a third-order approximate solution6 of the model around its non-stochastic

steady state using the pruning algorithm suggested by Andreasen, Fernández-Villaverde,

and Rubio-Ramı́rez (2017) (AFVRR hereafter). Importantly, AFVRR provide closed-form

solutions for first and second moments of the pruned DSGE model. This allows us to estimate

our model using means, variances and contemporaneous covariances of macro and financial

series through generalized method of moments (GMM). Last but not least, the impulse

response functions in an economy approximated to third order depend on the values of the

state variables. Motivated by the situation in the United States following the financial crisis,

we analyze the propagation of fiscal level and volatility shocks when the model economy is

at the zero lower bound (ZLB). We find that, when the nominal short rate is held at zero for

prolonged periods of time after the initial fiscal shocks are realized, the impulse responses of

output, investment and inflation are greatly amplified relative to normal times. The effects

are especially exaggerated for the government spending volatility shock and the return on

capital tax rate level shock. Each of which produces a decline in output of about 10% and

a drop in inflation of more than 30%.

This paper belongs to a growing literature examining the relation between government

policies, economic activity, and asset prices. The joint modeling of the yield curve and

macroeconomic variables has received much attention since Ang and Piazzesi (2003), where

the authors connect latent term structure factors to inflation and the output gap. More

recently, many term structure studies incorporate monetary policy elements in their models

using the fact that the nominal short rate is the monetary policy instrument. However,

6A first-order approximation of the model and bond price (i.e., a log-linearization) eliminates the term
premium entirely and a second-order approximation to the solution of the model and bond price produces a
term premium that is nonzero but constant.
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these models are generally silent on the effects of fiscal policy on the term structure despite

evidence suggesting that it has nontrivial effects on interest rates. The primary contribution

of this paper is establishing the link between fiscal policy and risk premia on nominal bonds,

namely the term premium and the inflation risk premium. The model shows loose fiscal

policy and high government spending cause investors to demand higher returns in exchange

for holding Treasury securities.

This paper is most closely related to the literature on term structure and bond risk

premia in equilibrium. Campbell (1986) specifies an endowment economy in which utility

maximizing agents trade bonds of different maturities. When the exogenous consumption

growth process is negatively autocorrelated, term premia on long-term bonds are positive,

generating upward sloping yield curves because they are bad hedges against consumption risk

compared to short-term bonds. More recently, Piazzesi and Schneider (2007), using Epstein

and Zin (1989) preferences, show that inflation is the driver that generates a positive term

premium on nominal long-term bonds. Negative covariance between consumption growth and

inflation translates into high inflation when consumption growth is low and marginal utility

to consume is high. Wachter (2006) generates upward sloping nominal and real yield curves

employing habit formation. In her model, bonds are bad hedges for consumption as agents

wish to preserve previous level of consumption as current consumption declines. Campbell,

Pflueger, and Viceira (2015) study the effect of monetary policy rule and uncertainty on

bond risk premium. They find that intensified monetary policy focus on inflation increases

bond risks while a shifting policy focus to stabilize output does the opposite.

Rudebusch and Swanson (2008) and Rudebusch and Swanson (2012) examine bond

risk premia in general equilibrium where utility-maximizing agents supply labor to profit-

maximizing firms to produce consumption goods. The best-fit model in the latter paper

is successful in matching the basic empirical properties of the term structure using only

transitory productivity shocks. Palomino (2010) studies optimal monetary policy and bond

risk premia in general equilibrium. More specifically, he shows that the welfare-maximizing

monetary policy affects inflation risk premia depending on the credibility of the monetary

authority in the economy as well as the representative agent’s preference. Kung (2015) builds

a equilibrium model with stochastic endogenous growth to explain the impact of monetary

policy shocks on bond risk premium. Hsu, Li, and Palomino (2015) examine risk premia
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on real bonds in general equilibrium. Calibrated to TIPS data, they find that productivity

growth shocks alone generate negative term premium on real bonds, but the presence of

wage rigidities makes term premium positive.

This paper is also related to the literature on the interaction between fiscal policy and

asset pricing. Croce, Kung, Nguyen, and Schmid (2012) study the effects of fiscal policies in

a production-based general equilibrium model in which taxation affects corporate decisions.

They find that tax distortions have negative effects on the cost of equity and investment. Our

interest is different. We analyze the impact of government spending level and uncertainty

shocks on the term structure of interest rates. Our interest in fiscal volatility shocks is

motivated by Fernández-Villaverde, Guerrón-Quintana, Kuester, and Rubio-Ramı́rez (2015)

who uncover evidence of time-varying volatility in tax and government spending processes for

the United States and, using both a VAR and a New Keynesian model. They document that

these fiscal volatility shocks can have a sizable adverse effect on economic activity. To the

best of our knowledge, our paper is the first attempt to evaluate the dynamic consequences

on the term premium of unexpected changes to fiscal volatility shocks.

The rest of the paper is structured as follows. The next section documents the estima-

tion of the fiscal shocks as well as their impact on bond risk premium using reduced form

regression analysis. Section 3 introduces the model. Section 4 discusses the data used for

GMM estimation, presents our solution method and estimation approach. Section 5 presents

detailed analysis of the model and associated term structure. Section 6 studies the impli-

cations of fiscal shocks at the ZLB on the model. Section 7 concludes. Detailed derivations

are deferred to the Appendix.

2 Empirical Analysis

In this section we estimate fiscal rules with time-varying volatility using data on taxes

and government spending. The estimated rules will discipline our quantitative experiments

by assuming that past fiscal behavior is a guide to assessing current behavior. We then

present our regression results using bond yields and predicted bond returns as dependent

variables to explore their dependence on fiscal shocks.
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2.1 Fiscal Policy Uncertainty

Our two policy instruments, i.e. government spending as a share of output and tax rates

on capital income, evolve as follows:

xt+1 = (1− φx)θx + φxxt + eσx,t+1εx,t+1 (1)

σx,t+1 = (1− φσx)θσx + φσxσx,t + σσxεσ,t+1 (2)

for x ∈ {g, τ k} where g is government spending as a share of output, and τ k is the tax

rate on capital income. Each policy instrument features stochastic volatility since the log

of the standard deviation of the innovation, σx,t, is random. The parameter θσx determines

the average standard deviation of a fiscal shock to the policy instrument x, σσx√
(1−(φσx )2)

is the unconditional standard deviation of the fiscal volatility shock to instrument x, and

φσx controls the shock’s persistence. Following Fernández-Villaverde, Guerrón-Quintana,

Kuester, and Rubio-Ramı́rez (2015), we estimate Eqs. (1) and (2) for each fiscal instrument

separately, and we set the means in equation (1) to each instrument’s average value (see

Table 3 Panel A). We estimate the rest of the parameters following a Bayesian approach by

combining the likelihood function with uninformative priors and sampling from the posterior

with a Markov Chain Monte Carlo.7 Table 3 Panel B reports the posterior median for the

parameters along with 95 percent probability intervals. Both tax rates and government

spending as a share of output are persistent. E.g., the half-life of government spending is

around − log(2)/ log(0.98) = 34 quarters. Deviations from average volatility last also for

some time. The εx,ts have an average standard deviation of 100 × exp(−4.84) = 0.79 and

100 × exp(−6.03) = 0.24 percentage point for tax and government spending, respectively.

These results are in line with Fernández-Villaverde, Guerrón-Quintana, Kuester, and Rubio-

Ramı́rez (2015) (see in particular their Table 1).

Figure 1 allows us to build an analytic narrative of fiscal volatility shocks. Panels 1(a) and

1(b) display the 95 percent posterior probability intervals of the smoothed fiscal volatility

7Specifically, for government spending we adopt a beta distribution for φσg and φg with mean 0.8 and
0.85 respectively, a uniform distribution between −11 and −3 for θσg , and an inverse gamma for σσg with
mean 0.1. Correspondingly, for capital tax we use a beta distribution for φσ

τk
and φτk with mean 0.85 and

0.8 respectively, a uniform distribution between −8 and −3 for θσ
τk

, and an inverse gamma for σσ
τk

with
mean 0.2.
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shock to government spending, 100 exp(σg,t), and capital tax rates, 100 exp(στk,t), over the

sample. Next, we focus on government spending volatility and refer the interest reader to

Fernández-Villaverde, Guerrón-Quintana, Kuester, and Rubio-Ramı́rez (2015) for a similar

analysis of the fiscal volatility shock to capital income tax rates. Our smoothed estimate

of the government spending volatility was high in 1974-1975. These were indeed times of

unusual fiscal policy uncertainty: for example, in a talk given at Stanford University on May

13, 1975, George P. Shultz (Secretary of the Treasury from June 12, 1972 to May 8, 1974)

stated that “This is an age of ambiguity ... And the result is that people are experiencing a

great sense of unease and uncertainty.”8 Volatility was climbing again in the early 80s. These

years were difficult ones for fiscal policy, with numerous proposals being floated to address

the large fiscal deficits created during the early years of the Reagan administration. The 1985

Economic Report of the President made deficit reduction one of the President’s priorities,

with an emphasis on expenditure control. This event is reflected in a “moderation” of our

volatility series. Our fiscal volatility then raises in the period from 2001:II to 2002:I. These

quarters witnessed the 9/11 terrorist attacks (with their potentially vast fiscal implications)

and the 2001–2002 recession.

2.2 Bond Yields, Bond Returns and Fiscal Policy: Basic Tests

Tables 1 and 2 shows regressions of yield spreads and future returns on our fiscal instru-

ments. Throughout we use the filtered series of volatilities to remove any look-ahead bias

present in the smoothed estimates.9 Also, we employ a one-sided filter to remove a decadal

trend in the level of fiscal series, and we use the business cycle component of government

spending and capital tax rates as regressors. Appendix B discusses in details this transfor-

mation, and provides additional robustness and interpretations. Finally, observations are

quarterly.

The results of the yield regression are in Table 1. The first row in Panels A and B provide

a benchmark: the government debt supply – as proxied by the maturity-weighted debt to

GDP, see Greenwood and Vayanos (2014) – is an important determinant of the slope. The

8See “Leaders and Followers in an Age of Uncertainty,” George P. Shultz, pp. 26-27.
9More precisely, we use the median of the filtered volatility series obtained from our Bayesian estimation.
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second specification in Panels A and B shows that the level and uncertainty of government

spending improve substantially the fit of the regression with the R2 increasing from 10% to

39%. The third specification shows that capital tax rates do not appear to play an important

role for the slope of the term structure after controlling for government spending.

We next turn to the results on returns. Table 2 shows regressions of future returns on

our fiscal level and volatility series:

rx
(τ)
t+k,k = β0 + β1gt + β2σg,t + β3τ

k
t + β4στk,t + Controls + ut+k

where rx
(τ)
t+k,k is the future k-year return of the τ -year bond in excess of the k-year yield, and

σx,t is our fiscal volatility series, and x ∈ {g, τ k}. We perform this regression for one-year

returns for all bonds in our sample, and for three- and five-year returns for the long-term

bond. We report t-statistics using Newey and West (1987) standard errors and allowing for

6 quarters of lags. Allowing for more lags does not seem to affect the results.10

We again start with a benchmark in Panel A: government debt supply is a strong predictor

for future returns.11 Panel B shows that the government spending level and uncertainty series

more than double the adjusted R2 for 1-year holding period returns on bond with maturity

ranging from 2- to 10-years. We add the capital tax rate level and volatility series in Panel C.

We observe that the R2 are almost identical to those in Panel B. Similarly, the magnitude and

significance of government spending volatility, and to a lesser extend government spending

level, are hardly affected by the inclusion of capital tax rates. Importantly, both government

spending and capital tax seem to convey independent information about future bond excess

returns after controlling for government debt supply. Across all panels the bond supply

is the main driver for 5-year long-term bond returns consistent with the view that supply

captures a lower-frequency component of expected returns. Our fiscal level and uncertainty

10Cochrane (2008) suggests using a parametric alternative to the non-parametric Newey-West. Bauer and
Hamilton (2017) suggest using a bootstrap procedure to address small-sample distortions in bond returns
predictive regressions. Although we use the simple Newey-West approach, our model will shed further light
on the plausibility of our empirical results.

11Our results largely replicates those in Greenwood and Vayanos (2014) despite our use of quarterly data
from 1970-Q1 to 2007-Q4 (Greenwood and Vayanos (2014) uses monthly observations for the longer 1952-
2007 sample period). The main difference lies in R2: This is because Greenwood and Vayanos (2014) forecast
bond returns, whereas we forecast bond excess returns.
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instruments instead seem to capture a complementary, higher-frequency (mainly business

cycle) component of risk premia. The additional robustness checks in Appendix B confirm

the picture drawn by these basic regressions: fiscal policy, and in particular government

spending, is an important determinant of bond risk premia. The discussion that follows will

shed light on the exact mechanism trough the lens of our model.

[Insert Table 1 and 2 about here.]

3 The Benchmark Model

We implement a New-Keynesian12 model with government spending and distortionary

tax on the return of capital for the analysis. The monetary authority implements the Taylor

rule and sets the nominal short rate as a function of inflation and output growth. On

the production side, firms maximize profits under staggered price setting. The model also

features nominal wage rigidities. We leave the description of the optimal investment decision

and staggered wage setting for the appendix.

3.1 The Household Problem

The representative agent has the ability to save current income in order to smooth future

consumption by purchasing government bonds. With Epstein and Zin (1989), the represen-

tative agent maximizes lifetime utility by solving the following:

max V (Ct, Nt) =

{
(1− β)

(
Ct

1−ψ

1− ψ
− λt

Nt
1+ω

1 + ω

)
+ βEt

[
V 1−γ
t+1

] 1−ψ
1−γ

} 1
1−ψ

,

s.t. PtCt + PtInvt +Q
(1)
t Bt(t+ 1) + PtTaxt

= PtWtNt + (1− τ kt )PtR
k
tKt−1 +Bt−1(t) + PtΨt.

where β denotes the time discount factor, ψ is the inverse of the intertemporal elasticity

of substitution (IES), the Epstein-Zin parameter γ is related to the coefficient of relative

12For a detailed exposition on the New-Keynesian framework, see Clarida, Gali, and Gertler (1999).
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risk aversion, and ω is the inverse of the Frisch elasticity of labor supply. λt is the time

varying parameter as a function of the permanent technology shock (A1−ψ
t ) in order to

achieve balanced path in the wage demand equation.

Ct and Nt are real consumption and labor, respectively. Invt denotes investment in real

terms. Pt is the price level in the economy. Bt(t + 1) is the amount of nominal bonds

outstanding at the end of period t and due in period t + 1. Wt refers to real labor income,

which is the same across households in the economy. Taxt is real lump-sum tax collected by

the fiscal authority to keep the real debt process from exploding, and Ψt is dividend income

coming from the firms. Kt is capital and Rk
t is the return on capital.

Vt is the value function of the dynamic programming problem for the representative agent,

and Vt+1 is the “continuation utility” of the value function. The budget constraint states

that the agent has periodic after-tax income from labor, capital, and dividends as well as

bonds maturing at time t. The agent then decides how much to consume after taxes, how

much to invest, and how much to pay for newly issued bonds at time t at price Q
(1)
t .

The nominal pricing kernel written in terms of return on consumption and return on

labor income with distortionary taxes is

M$
t,t+1 =

[
β

(
Ct+1

Ct

)−ψ] 1−γ
1−ψ (

Pt
Pt+1

)[
(1− sharet)Rc

t+1 + sharetR
l
t+1

]ψ−γ
1−ψ ,

where

Rc
t+1 =

(1 + P c
t+1)Ct+1

P c
t Ct

and Rl
t+1 =

(1 + P l
t+1)LIt+1

P l
tLIt

.

P c and P l are prices of the consumption and labor claims, and LI is labor income.

3.2 The Firm’s Problem

There is a dispersion of firms, denoted by j, with identical production technology in the

economy. With nominal price stickiness and monopolistic competition, each firm is faced
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with the following optimization problem:

max
P ∗
t (j)

Et

[
∞∑
s=0

αsM$
t,t+s

{
P ∗t (j)Yt+s(j)− Pt+s

[
Wt+sNt+s(j) +Rk

t+sKt+s(j)
]}]

s.t. Yt+s(j) = Zt+sKt+s−1(j)κ(AtNt+s(j))
1−κ (3)

Yt+s(j) =

(
P ∗t (j)

Pt+s

)−η
Yt+s (4)

Pt =

[∫ 1

0

Pt(j)
1−ηdj

] 1
1−η

=
[
(1− α)P ∗t

1−η + αP 1−η
t−1

] 1
1−η . (5)

Using Calvo (1983) pricing, a firm can choose to optimally adjust price to P ∗t (j) with prob-

ability (1 − α) each period independent of the time elapsed between adjustments. The

objective function of the firm is simply profit maximization: revenue minus labor cost and

rent on capital. The within-period profits are discounted by the nominal pricing kernel and

the probability that the firm has not been allowed to adjust its price optimally up to that

period. Each period, with probability α, the firm is stuck with the price from the previous

period. The cash-flow stream is discounted by the nominal stochastic discount factor between

times t and t+s, M$
t,t+s. P

∗
t (j)Yt+s(j) is total sales for firm j at time t+s. Wt+sNt+s(j) and

Rk
t+sKt+s(j) are the real labor cost of and the real rental cost of capital, respectively. Notice

real wage and real return on capital are determined in equilibrium with the households and

are common across all firms.

There are three constraints faced by the firm in optimizing its profit. Equation (3) is the

production function of firm j, where Zt is the transitory productivity shock, the parameter

κ is the capital share of input in the Cobb-Douglas production function, and At is the

permanent productivity shock driving growth in the economy. Equation (4) is the demand

equation for firm j’s output as a function of the optimal price it sets at time t. Lastly,

equation (5) is the price aggregator as a weighted average of the optimal price at time t and

the sticky price from time t− 1.

P ∗t (j) is the optimal price the firm j charges for one unit of the consumption good set

at time t. α is the probability in each period t+ s that the firm is not allowed to adjust its

price optimal so it has to keep charging P ∗t (j). If a firm is not allowed to adjust its price

optimally, then it charges P ∗t (j) at time t + s, as the price is not indexed. All variables

13



indexed by j is firm-specific. For example, Yt+s(j) means output of firm j at time t+s given

the last time firm j was able to set its optimal price was at time t. Without the index j,

the variable is common across all firms, such as the price level Pt+s and the productivity

shock Zt+s. Finally, η determines the markup charged by the firm when it sets P ∗t (j) due to

monopolistic competition.

Zt is the economy-wide productivity shock on output. Log productivity follows an ex-

ogenous AR(1) process such that

zt+1 = log(Zt) = φzzt + eσz,t+1εz,t+1

σz,t+1 = (1− φσz)θσz + φσzσz,t + σσzε
z
σ,t+1 ,

with εz,t ∼ i.i.d. N (0, 1). The log growth rate of the permanent productivity shock evolves

according to an AR(1) process with mean growth rate ga:

∆at = (1− φa)ga + φa∆at−1 + σaεa,t ,

with εa,t ∼ i.i.d. N (0, 1). Note that we allow for stochastic volatility in technology since

uncertainty in transitory productivity has been shown to have a sizable impact on bond

prices (see, e.g., Andreasen, 2012, and Kung, 2015), and we want our analysis of fiscal policy

implications for term premia to be robust to this alternative channel.13

The firm’s optimal price setting behavior has to satisfy the following equation in the

presence of nominal price rigidities such that it can only adjust its price optimally each

period with probability α.

[
1

1− α

(
1− α

(
1

Πt

)(1−η)
)] 1

(1−η)

Ft =
νκ−κ(1− κ)−(1−κ)RK

t
κ
W

(1−κ)
t Jt

ZtA
1−κ
t

, (6)

where ν = η
η−1

is the frictionless markup and Π∗ is the inflation target of the central bank.

13Justiniano and Primiceri (2008) show that time-varying volatility in permanent productivity accounts
for about 20 percent of the variance of GDP growth and real wages but they did not explore its implications
for asset prices. Segal (2016) provides evidence for productivity volatility of different sectors as an important
determinant of equity prices.
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Ft and Jt are recursively defined as

Ft = 1 + αEt
[
Mnom
t,t+1

(
Yt+1

Yt

)
Πη
t+1Ft+1

]
(7)

Jt = 1 + αEt

[
Mnom
t,t+1

(
Zt
Zt+1

)(
At
At+1

)1−κ
(
RKt+1

RKt

)κ(
Wt+1

Wt

)(1−κ)(Yt+1

Yt

)
Π

(1+η)
t+1 Jt+1

]
(8)

3.3 The Monetary Authority

Disengaging monetary policy neutrality by augmenting the model with the New-Keynesian

framework, we assess the implications of fiscal policy on bond risk premia in the presence of

an effective monetary authority. The Taylor rule used by the monetary authority to set the

nominal short rate, R
(1)
t , in the model is:

R
(1)
t

R
=

(
R

(1)
t−1

R

)ρr (
Πt

Π∗

)(1−ρr)ρπ ( Yt/At
Yt−1/At−1

)(1−ρr)ρx
eut ,

where R is the steady state nominal rate, Πt =
(

Pt
Pt−1

)
is inflation, Π∗ is the long-run inflation

target, Y is the steady state output, and ut is the monetary policy shock. The parameter ρr

is the autoregressive coefficient used for interest rate smoothing. The monetary rule is said

to satisfy the Taylor principle when ρπ > 1. Finally, the monetary policy shock follows an

autoregressive process of order one

ut = φuut−1 + σuε
u
t ,

with εut ∼ iid N (0, 1).

3.4 Equilibrium

The competitive equilibrium is characterized by the set of market clearing conditions:

composite labor, capital stock, bonds, and final goods. Furthermore, given prices and wages

of other households, each optimizing household chooses the optimal allocation to solve his/her
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utility maximization problem. Finally, given wages and prices of other firms, each firm

chooses the optimal production input to solve its profit maximization problem. In equilib-

rium, Nd
t = Nt. In this economy, total output has to equal to total private consumption and

private investment plus total government spending:

Yt = Ct + Invt +Govt. (9)

In the model, because the market is complete and there is a representative marginal

pricer, there exists an unique pricing kernel which allows us to price all assets in the economy,

including long- and short-term bonds.

3.5 The Government’s Budget Constraint

The government’s flow budget constraint balances resources with uses:

PtTaxt +Q
(1)
t Bt(t+ 1) = Bt−1(t) + PtGovt,

where Govt is consumption by the government or government spending. Govt is not produc-

tive in the model economy. Furthermore,

Taxt = τt + τ kt R
k
t utKt−1,

such that τt is the lump-sum tax described below. Government spending as a fraction of

output, gt = Govt
Yt

, and the capital tax rate, τ kt , follow two independent AR(1) with stochastic

volatility, c.f. Section 2.1, Eqs. (1)-(2).

The lump-sum tax is meant to be collected to keep the borrowing path of the government

from exploding. Following standard procedure in the literature, we specify the lump-sum

tax as a function of real debt and government spending.

τt = ρbDt−1(t) + ρgGovt,

where D denotes real debt such that Dt−1(t) = Bt−1(t)
Pt

. The simple fiscal rule is widely
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used in the literature on the macroeconomic impact of fiscal policy shocks, see Gali, Valles,

and Lopez-Salido (2007) and Fernández-Villaverde, Guerrón-Quintana, Kuester, and Rubio-

Ramı́rez (2015) for two recent examples. In the previous working version of the paper,

we model long-term bonds directly using a geometrically declining series to proxy for the

maturity structure of government debt similar to Cochrane (2001). We find that the modeling

of long-term bonds using a geometric series did not alter the term structure implications

we focus on here. For simplicity, we abstract away from that setup to obtain a simpler

government budget constraint and fiscal rule.14

4 Inference and the Observable Variables

To estimate the parameters of our model we rely on the generalized method of moments

(GMM) using first and second unconditional moments of macroeconomic and financial data.

This section provides a detailed description of the estimation method and discusses the data

used to evaluate the unconditional moments.

4.1 Data and Moments for GMM

The time unit is defined to be one quarter. We estimate the model using the following

quarterly time series: (i) log output growth, ∆yt (henceforth, ∆ denotes the temporal dif-

ference operator); (ii) log investment growth, ∆invt; (iii) log consumption growth, ∆ct; (iv)

inflation, πt; (v) the 1-quarter nominal interest rate, rt; (vi) the 10-year nominal interest

rate, y
(40)
t ; (vii) the slope of the term structure, y

(40)
t − rt. The sample spans 1970.Q1 to

2014.Q2.15 Appendix A gives detailed variable definitions and sources.

14The maturity structure of government debt is an interesting question to itself. There is no clear con-
sensus in the literature on how it should be modeled. However, this is a question beyond the scope of our
current paper.

15The starting date follows Fernández-Villaverde, Guerrón-Quintana, Kuester, and Rubio-Ramı́rez (2015)
and it is dictated by the start of our fiscal series. We have also repeated our estimation exercise with moments
computed from a sample period that exclude the financial crisis, from 1970.Q1 to 2007.Q4, and find that the
results remain qualitatively the same.
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To estimate model parameters we use the mean, the variance and the contemporaneous

covariances in the data as moments.16 Provided the model’s solution is stable, Andreasen,

Fernández-Villaverde, and Rubio-Ramı́rez (2017) derive closed-form solutions for first and

second unconditional moments of the (non linear) state-space of the DSGE. This is important

since it allows us to compute in a reasonable amount of time the unconditional moments for

our DSGE model solved up to third-order. Appendix D provides additional details.

4.2 Inducing Stationarity and Solution Method

The exogenous productivity process At displays a stochastic trend. This random trend is

inherited by the endogenous variables of the model. We focus our attention on equilibrium

fluctuations around this stochastic trend. To this end, we perform a stationarity-inducing

transformation of the endogenous variables by dividing them by their trend component.

Appendix C.6.1 describes this transformation and presents the complete set of equilibrium

conditions in stationary form.

To analyze the role of fiscal shocks and the implications for time-varying risk premia, we

solve the benchmark DSGE model using perturbation methods (see Schmitt-Grohe and Uribe

(2004)).17Given our interest in analyzing time-varying risk premia, we employ a third-order

Taylor approximation of the policy functions that characterize the equilibrium dynamics of

the model (see propositions 3 and 4 in Andreasen (2012) for how stochastic volatility affects

any type of risk premia in a wide class of DSGE models). See Appendix D for more details.

To fit the term structure to data, we compute the yield curve implied by the model using

the fact that bond prices beyond the policy rate, rt = logR
(1)
t , do not affect allocations and

prices. Taking advantage of this property, we follow Andreasen and Zabczyk (2015) and first

solve the model without bond prices exceeding one period, and then we recursively compute

16We have also repeated our procedure adding to the first and second moments used in the baseline
estimation the first and fifth autocovariances to capture the persistence in the data. Our point estimates
do not significantly change and the conclusion from model-implied moments remain qualitatively the same.
Results are available upon request.

17Our model has a relatively large number of state variables and eight shocks. Because of this high
dimensionality, discretization and projection methods are computationally infeasible.
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all remaining bond prices based on

Q
(k)
t = Et

[
M$

t,t+1Q
(k−1)
t+1

]
,

where M$
t,t+1 = Mt,t+1

1
Πt+1

denotes the nominal stochastic discount factor, and Mt,t+1 denotes

the real stochastic discount factor. We let k = 2, . . . , 40 quarters. The nominal yield curve

with continuous compounding is then given by y
(k)
t = − 1

k
logQ

(k)
t . We also compute the real

term structure based on

Q
(k)
t,real = Et

[
Mt,t+1Q

(k−1)
t+1,real

]
.

Finally, we define the 10-year nominal term premium to be the difference between the 10-year

interest rate and the yield-to-maturity on the corresponding bond under risk-neutrality. The

latter is computed by discounting payments by rt instead of the stochastic discount factor.

5 Estimation Results

5.1 Parameter Estimates

Given the large scope of the model, we fix a small number of parameters to values

commonly used in the literature, see Table 3 Panel A. In particular the rate of depreciation

on capital is 0.02 as employed by Kaltenbrunner and Lochstoer (2010). This value implies

a steady-state investment-output ratio of 21 percent. The capital share of intermediate

output, κ, is 0.33. The following parameter values are standard in New-Keynesian models.

The price rigidity parameter, α, is 0.66. This means every period, two thirds of the firms

in the economy are not able to adjust their prices to the optimal level. The higher the α,

the stickier the nominal prices are. We also set the wage rigidity parameter, θ, to 0.66. The

price markup parameter resulting from monopolistic competition, η, and the wage markup

parameter in union wage setting, ηw, are both equal to 6. Hence, steady-state price and wage

markup are both equal to 20%. Consistent with previous studies, our calibrated parameters

imply a steady-state capital-output ratio, Y
4K

, of about 2. We also set the monetary policy

rule coefficient on inflation, ρπ, to the typical value of 1.5 used in the literature. We set the
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government spending–output ratio, θg, to 20.2%, and the mean of the tax rate, θτk , to 40%,

according to the data. Finally, we calibrate the parameters for transitory productivity to

values commonly adopted in the literature, see, e.g., Andreasen (2012) and Kung (2015).18

As discussed in Section 2.1 we estimate the processes for capital tax rate and for gov-

ernment spending outside of the model, see Table 3 Panel B. This procedure has the benefit

of ensuring that the latent fiscal (tax and government spending) volatility factors maintain

their intended economic interpretation.19

Table 3 Panel C reports the estimates of the structural parameters in our model.

[Insert Table 3 about here.]

The estimation assigns a relatively high value of 0.995 to β. This value is needed in order to

obtain a sufficiently low mean value for the one-period nominal interest rate. The parameter

γ is estimated to be 181. Since the representative agent in the model can earn labor income

as a mean to smooth consumption, his/her attitude toward risk is different than those who do

not supply labor. Following Swanson (2012), we adjust the risk aversion parameter by taking

into account the labor margin using the closed-form formula ψ

1+ ψ
ων

+ γ−ψ
1− 1−ψ

1+ω

with ν = η
η−1

. The

representative saver’s true coefficient of relative risk aversion is therefore ≈ 111. This may

seem like a high value; however, other term structure studies using Epstein-Zin preferences

also typically estimate a high coefficient of relative risk aversion: Piazzesi and Schneider

(2007) estimate a value of 57, van Binsbergen, Fernández-Villaverde, Koijen, and Rubio-

Ramı́rez (2012) a value of about 66, and Rudebusch and Swanson (2012) a value near 110.20

18The only parameter which deserves attention is σσz . We set the volatility of volatility to 0.03 in line with
Andreasen (2012). We do so for two reasons. First, this value implies an unconditional standard deviation
in σz,t of 0.19, which is the same as one would obtain from fitting a GARCH model on log productivity.
Second, our chosen value for the vol-of-vol parameter lies on the higher hand of those used in the literature,
and makes our results for fiscal policy conservative. Indeed, lower values for σσz would only increase the
relative contribution of fiscal volatility shocks relative to uncertainty in productivity.

19Alternatively we could have used macro and financial variables (bond yields) to estimate the full fledged
model with time-varying volatility in fiscal rules. However, bond yields may potentially compromising the
interpretation of the volatility in government spending and capital tax rate. Our approach disciplines the
stochastic volatility to fit the observed government spending and capital tax rate data only, instead.

20Andreasen and Jorgensen (2016) propose a slightly modified utility kernel for Epstein-Zin preferences
to address the puzzlingly high relative risk-aversion in DSGE models. We leave the analysis of such a utility
kernel in our setting to future research.

20



The estimation procedure picks a low value for the IES, 1/ψ ≈ 0.53. This value is

consistent with estimates in the micro literature (e.g., Vissing-Jorgensen, 2002) and it has

also been adopted by Rudebusch and Swanson (2012) in a general equilibrium context similar

to ours. The low value for the IES helps to make consumption less volatile and real interest

rates more volatile, both of which improve the fit to the macro moments in the data. The

higher interest rate volatility also increases bond price volatility and improves the model’s

fit with respect to the finance moments. Our estimates of the Frisch elasticity is in line

with the literature. The response of the monetary policy authority to output growth, ρx, is

similar to that used in influential studies such as Judd and Rudebusch (1998), Taylor (1999)

and Clarida, Gaĺı, and Gertler (2000). The shock persistence and variance for permanent

productivity, φz and σz, are broadly in line with, e.g., the estimates in Justiniano, Primiceri,

and Tambalotti (2011). Finally, our estimates imply a substantial degree of adjustment costs

in investment, in line with previous studies (e.g. Del Negro, Schorfheide, Smets, and Wouters

(2007) and Smets and Wouters (2007)).

5.2 Model’s Fit

Given our GMM estimates, how well does the model fit the data? We address this

question by comparing a set of statistics implied by the model to those measured in the data.

Throughout the section we benchmark the model-implied term premium to the measure

provided by Adrian, Crump, and Moench (2013).

Table 4 reports the model-implied as well as the corresponding empirical moments for

two sets of variables: (1) the first set comprises the seven variables used in estimation;

(2) the second set is composed of additional macro (wages and hours) and financial (3-

, 5-, 7-year yields, and the 5- and 10-year term premium) variables whose moments are

not directly targeted in the estimation. The table reports the median and the 90 percent

probability intervals that account for parameter uncertainty for the standard deviation,

autocorrelation, and contemporaneous correlation with output.21 Although in the estimation

21We draw the structural parameters from a Normal distribution with a variance-covariance matrix ob-
tained from our second step GMM estimation procedure. The parameters governing the processes for the
fiscal instruments are obtained from the posterior distribution reported in Table 3-Panel B. For each param-
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we target growth rates of output, consumption, and investment, Panel A displays hp-filtered

moments for these macro variables (as well as for wages and hours) to make our analysis

comparable to other studies on fiscal policy (see, e.g., Table 5 in Fernandez-Villaverde et al.,

2015).

[Insert Table 4 about here.]

Our benchmark model matches the mean and standard deviation of yields over the whole

maturity profile, as well as the slope for the nominal term structure (all values fall within

the 90% confidence interval). In particular, the model is able to produce a sizable slope of

1.2% and to generate a volatile 10-year rate. With respect to term premium, the model is

overall quite successful in reproducing a sizable mean 5-year term premium of about 0.9%,

to be compared to 1.3% in the data. The model is also able to account for 0.61/0.86 ≈ 71%

of the term premium unconditional standard deviation.

Furthermore, the model can simultaneously match key business cycle moments for real

variables. In particular, the model matches fairly well the volatility of output, consumption,

investment, and inflation. The series of hours, which is not targeted in estimation, also

displays a model-implied volatility quite in line with the data. Finally, although not reported,

the model matches the mean of growth rates in output and consumption, and it slightly

under-predicts that of investment growth, with a (median) value of 2.8% against 3.5% in the

data.

It is worth highlighting the substantial time variation of the nominal short-rate, slope

and term premium within the model generated by stochastic volatility of fiscal instruments

rather than higher variance in the shocks to fiscal instruments themselves. In untabulated

results, we consider the benchmark model without stochastic volatilities in fiscal policies. In

particular we set the unconditional variance in shocks to government spending and capital

tax rate σx,t+1 = σx = θσx + σσx , with x ∈ {g, τ k}. Doing so ensures that the unconditional

variance in fiscal instruments is comparable to the specification of our benchmark model

with stochastic volatility. The experiment showed that a model without fiscal uncertainty

eter draw, we generate an artificial long sample (5000 quarters) of the observable variables after discarding
1000 initial observations. Hence we do not account for small sample uncertainty.
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is not able to quantitatively match the variability in the short-rate and the slope for the

nominal term structure (the model-implied 90% confidence intervals do not include the data

values). Also, a model without time-varying uncertainty produces much lower term premium

volatility. Overall, time-varying volatility in fiscal shocks seem to be an important driver for

variation in the U.S. yield curve and term premia.

Turning to the persistence of quantities and prices, Table 4 reports the first-order au-

tocorrelation coefficient while Figure 2 displays the entire autocovariance function of the

data (black line) and the model (blue line), along with the 90 percent intervals that account

for parameter uncertainty.22 Again, the figure includes all the observable quantities used

to estimate the model, as well as additional macro (wages and hours) and financial (3-, 5-,

7-year yields, and term premia) variables whose moments are not directly targeted in the

estimation. Overall, the model captures the decaying autocorrelation structure of real and

financial variables reasonably well. The success is particularly impressive for the long-term

rates (maturities ≥ 5 years) and the term premium, for which the data auto-correlations

are always within the model-implied confidence bands. The model does a satisfactory job

for output, consumption, and investment, but it generates slightly too much persistence in

inflation and in the nominal short-term interest rate.

[Insert Figure 2 about here.]

We conclude this section by discussing a few more quantitative implications of the model

that will support the interpretation of our model-implied term structure.23 First, our model

is able to match the empirical correlation of consumption growth and inflation. In our

dataset, these two series are negative correlated at −0.14 over the 1970:Q1–2014:Q2 sample

period; this negative correlation doubles and is equal to −0.30 over the period 1970:Q1–

2007:Q4, which excludes the financial crisis. Consistently with the data, our model implies

a negative correlation of −0.29. We will return to this negative correlation in our discussion

of government spending level shocks and inflation risk premium, see Section 5.3.24

22These moments are not used in the estimation and constitute an out-of-sample test of the model’s fit.
23We thanks Gill Segal for raising these points to our attention.
24Although mostly negative, the magnitude of this correlation varies in the literature depending on the

sample period. E.g. Kung (2015) finds in the data an even stronger negative correlation between inflation
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[Insert Table 5 about here.]

To further discipline the model, we investigate its implications for the real term structure.

Table 5 displays the means, volatilities, and first autocorrelations of real bond yields of

different maturities and the ten-year minus two-year yield spread from the model. We

compare these statistics with the real term structure obtained by splicing together yields

data from Chernov and Mueller (2012) and from Gurkaynak, Sack, and Wright (2010).25 The

volatility of real yields for all maturities is in line with the data, although the average level

of the real yield curve in our model is slightly higher than in the data. More importantly, the

model-implied average slope and its standard deviation are close to the data, and particularly

so for the period that does not comprise the financial crisis. Both in the data and in our

model, the average slope of the real yield curve is positive. Similarly, Campbell, Shiller, and

Viceira (2009) report that the real yield on long-term US TIPS has always been positive (see

also discussion in Beeler and Campbell, 2012). An upward-sloping real yield curve implies

that long-maturity real bonds have lower payoffs than short-maturity ones when expected

consumption growth is low. We will return to this fact in our interpretation of government

spending volatility shocks and the term premium.

5.3 Impulse Responses

A large literature in financial economics finds that bond risk premia are substantial and

vary significantly over time (see Campbell and Shiller (1991) and Cochrane and Piazzesi

(2005)); however, the economic forces that can justify such large and variable term premium

and consumption growth equal to -0.56. A reconciliation of these facts is provided by David and Veronesi
(2013) who provide a regime switching model with learning where the correlation between earnings and
inflation change stochastically over time, in both magnitude and direction.

25The data from Chernov and Mueller (2012) spans 1971:Q3 to 2002:Q4. We merge this data with those
from Gurkaynak, Sack, and Wright (2010). Throughout, we remove data for 2003 due to a high illiquidity
premium. For the same liquidity reason, we also consider a shorter sample that excludes the financial
crisis. The relative (il)liquidity of TIPS from their inception until 2003, when the Treasury reaffirmed its
commitment to the TIPS program, and in the aftermath of the Lehman bankruptcy in late 2008, which
resulted in its considerable TIPS inventory being released into the market, have been discussed in Sack and
Elsasser (2004) and Campbell, Shiller, and Viceira (2009) among others.

24



are less clear. In this section, we shed some light on this issue by examining the model’s

impulse responses to shocks.

To understand the role of shocks for the term premium, Figure 3 shows the impulse

responses of the stochastic discount factor (SDF, henceforth), inflation, long-term bond yield,

and term premium to a positive one-standard-deviation shock to government spending level

(column 1) and volatility (column 2), and to capital tax rate level (column 3) and volatility

(column 4); Figure 4 shows the impulse responses to shocks in transitory productivity and its

time-varying volatility (columns 1 and 2, respectively), to permanent productivity (column

3) and monetary policy shocks (column 4).

[Insert Figures 3 and 4 about here.]

Figures 3 and 4 show that fiscal shocks together with innovations in transitory productivity

represent the main drivers of bond risk premia. On the other hand term premium fluctu-

ations induced by permanent productivity and monetary shocks are minimal. Comparing

the last row in Figure 3 with that in Figure 4, we see that fluctuations in term premium

due to government spending volatility shocks are larger than those generated by volatility in

productivity. Government spending level shocks too stand out as a source of term premium

as important as level shocks in transitory productivity. Both government spending level and

volatility shocks demand a positive, and quite persistent term premium.

Next, we investigate the behavior of inflation risk premium induced by government spend-

ing shocks. To this end, we look at the response of the SDF and inflation. A key and novel

result conveyed by Figure 3 is that the relationship between consumption and inflation de-

pends critically on the nature of the underlying fiscal shocks: government spending level

shocks imply a negative correlation between consumption growth and inflation, while gov-

ernment spending uncertainty shocks imply exactly the opposite relation. Therefore, in our

model, an increase in government spending level implies that inflation is high exactly when

agents wish to consume more; but high inflation makes payoffs on nominal bonds low in real

terms, and the positive covariance between marginal utility of consumption and inflation

generates positive inflation risk premia. On the other hand, following a positive government
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spending uncertainty shock, consumption growth and inflation move in the same direction,

which in turn delivers an average negative inflation risk premia.

Figure 3 further shows that both the level and volatility shocks to government spending

have positive impact on the nominal term premium for long-term bonds. This is straight-

forward to rationalize for level shocks since inflation risk premium is positive. The fact that

government spending volatility shocks command a positive nominal term premium in the

second column despite the negative inflation risk premium suggests that long-term nominal

bonds are riskier relative to short-term nominal bonds. In other words, when the marginal

utility is high (spike in the SDF), long-term bond price appreciates less than the price of

short-term bonds. The overall implication of the government spending volatility shock on

the nominal term structure is that it has a negative level effect but a positive slope effect.

The steepening of the nominal yield curve due to a positive spending volatility shock is

confirmed in Figure 5(b) by observing the large decline in the 1-quarter nominal yield.

Turning to capital tax shocks in the third and fourth columns of Figure 3, inflation risk

premia are negative on average and nominal term premia fall in response to both level and

uncertainty shocks to tax rate. When the marginal utility to consume is high following

tax shocks, inflation declines thus making nominal bonds an effective hedge against real

consumption risk, resulting in a negative inflation risk premium. The third row of Figure

3 shows long-term nominal yields drop significantly exactly when the stochastic discount

factor spikes, resulting in further decline in the 5-year nominal term premium. In sum, both

level and volatility shocks to the return on capital tax rate have negative level effects on the

nominal term structure.

Our discussion here based on the impulse responses of the model can be validated in the

regression analysis in Table 2 in several dimensions. First, government spending level and

volatility shocks command positive term premium, in line with positive coefficient estimates

β1 and β2 from the predictive regressions (see Panel B and C). Second, return on capital

tax rate level and volatility shocks command negative term premium with large error bands,

consistent with coefficient estimates β3 and β4, which are mostly negative or statistically

insignificant (Panel C). Third, government spending volatility shocks dominate level shocks

in driving term premium variation. This is similarly reflected in the comparison of statistical
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significance between β1 and β2 in Panel C of Table 2.

We conclude this section by quantifying the contribution of each shock to the variability

of macroeconomic and financial variables.26

[Insert Table 6 about here.]

Table 6 Panel B shows that, consistent with the results in Table 1, uncertainty in government

spending is the single most important source of variation in the slope of the term structure.

Government spending uncertainty is also as important as volatility in productivity to gener-

ate movements in term premium. On the other hand, level shocks in transitory productivity

generate negligible variability in term premium, a result which contrasts with Rudebusch

and Swanson (2008). All shocks are important drivers of nominal yields movements, ex-

cept for permanent productivity, whose effects are puny, and monetary shocks, whose effects

dissipate quickly along the term structure of interest rates. Turning to the real side of the

economy, Table 6 Panel A shows that transitory productivity level shocks are a key determi-

nant of consumption and output volatilities. However, spending and capital tax (level and

volatility) shocks generate sizable effects on investment, hours and inflation.

To summarize, we find that stochastic volatility in government spending shocks can

generate sizable variation in the term premium without distorting the ability of the model

to match key macroeconomic moments.

5.4 Model Implied Return Predictability

We compare the predictability of bond excess returns in the data to that obtained from

simulations of our fiscal model27 in Table 7. Panel A of Table 7 shows that, similar to the

26The task of measuring the contribution of each of the eight shocks in our model to aggregate fluctuations
is complicated because, with a third-order approximation to the policy function and its associated nonlinear
terms, we cannot neatly divide total variance among the shocks as we would do in the linear case. We follow
Fernández-Villaverde, Guerron-Quintana, Rubio-Ramirez, and Uribe (2011) and set the realizations of seven
of the shocks to zero and measure the volatility of the economy with the remaining shock.

27In the data, we use the maturity-weighted debt to GDP ratio and the filtered volatility from our Bayesian
procedure to proxy for the supply of debt and fiscal uncertainty. In the model-implied regressions we use
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data, the government debt level is an important predictor of bond excess returns. Panel

B shows that the loadings on the level and volatility of government spending are positive

and statistically significant in the model regressions. Panel C, shows that adding capital tax

rates leaves unaffected the conclusion on the level and volatility of government spending.

Moreover the level of capital tax rate enters almost always with a negative coefficient, albeit

the point estimate is insignificant. All these implications from our model are in line with

the data, see Table 2.

Before concluding we remark that Table 7 shows population results from a long simulation

of the model where parameters are fixed at their point estimates; so our model-implied

predictive regressions do not account for parameter uncertainty and small sample uncertainty.

Accounting for these two sources of uncertainty would close the gap between the estimated

coefficients on government spending level and volatility in the data (Table 2) and those

implied by the model. In fact, in untabulated results, we show that the 90% confidence

interval from finite sample simulation always include the point estimate in the data for the

level of government spending, and gets closer to that for uncertainty. Similarly, finite sample

simulations deliver a 90% interval for R2 in Panel C equal to [11%, 24%] for one-year holding

period returns (across maturities), which encompasses s the R2 ≈ 21% measured in the data.

5.5 Economic Intuition of Inflation Risk Premium from Govern-

ment Spending

The decomposition of nominal bond yields consists of real yields, expected inflation, and

inflation risk premium. In closed form:

i
(n)
t = r

(n)
t +

1

n

{
Et [πt,t+n] + covt(mt,t+n, πt,t+n)− 1

2
vart(πt,t+n)

}
,

where the conditional covariance of the marginal rate of consumption substitution between

times t and t+n with inflation during the same period gives us the compensation for inflation

risk for holding n-period to maturity nominal bonds. To derive some intuition on inflation

instead the real maturing debt Dt−1(t) and the true volatility process for fiscal instruments. Also, we apply
a (one-sided) hp-filter to the level of the fiscal variables within the model as we did in the data.
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risk premium in the current model, we study this covariance term by examining the impact

of fiscal shocks on mt,t+1 and on πt,t+1.

The real stochastic discount factor can be written in logs such that,28

mt−1,t =
1− γ
1− ψ

[
log(β)− ψ

(
cot − cot−1

)]
+
ψ − γ
1− ψ

log(Rcl
t ),

where Rcl
t is the return on the wealth (consumption and labor income) portfolio of the

representative saver. Because the representative household is Ricardian with respect to

government spending, positive level shocks to government spending increase saving while

crowding out consumption. The resulting high marginal utility state generates higher mt−1,t

because consumption growth (ct − ct−1) is low.

To decipher the impact of government spending shocks on inflation, we loglinearize the

Phillips curve in Equation (6) after detrending the growth variables to get,

α

1− α
πt + ft = log(νκ−κ(1− κ)−(1−κ)) + κrKt + (1− κ)w̃t + jt − zt, (10)

where the tilde above a variable indicates stationarity. Therefore, w̃t = log
(
Wt

At

)
. The first

term can be obtained by assuming the steady state log inflation, π, is zero. The interpretation

of this equation is that inflation is not only functions of the contemporaneous marginal cost

to the firm (rKt and w̃t), but also expected inflation and expected marginal cost, according

to Equations (7) and (8), during the period before the optimal price can be set again.

28For the ease of exposition, the remainder of this section contains lower case variables denoting the
log-version of their upper case counterparts.
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Rearrange Eq. (10), we have29

α

1− α
πt

= log(νκ−κ(1− κ)−(1−κ)) + κrKt + (1− κ)w̃t − zt + jt − ft
u log(νκ−κ(1− κ)−(1−κ)) + κrKt + (1− κ)w̃t︸ ︷︷ ︸

contemporaneous marginal cost

−zt

+const

Et

 πt+1︸︷︷︸
inflation expectation

−∆zt+1 + κ∆rKt+1 + (1− κ)∆w̃t+1︸ ︷︷ ︸
expected marginal cost

+jt+1 − ft+1] +
1

2

[
vart(∆zt+1) + κ2vart(∆r

K
t+1) + (1− κ)2vart(∆w̃t+1)

+ (1− 2η)︸ ︷︷ ︸
−

vart(πt+1) + vart(jt+1) + vart(ft+1)

 . (11)

Recall the last equality is an approximation after dropping the remaining covariance terms.

There are a number of takeaways from this derivation. First, higher expected inflation

raises current inflation. Second, higher expected marginal cost also raises current inflation.

Third, stochastic volatility, which increases conditional variance of the endogenous variables,

generally increases current inflation with the except of inflation variance since η is much

greater than 1.

Figure 5–Panel (a) shows the impulse responses of endogenous variables to spending

shocks and it allows us to inspect further the mechanism. Following a positive government

spending level shock, output rises according to the market clearing condition, Equation (9).

Firms intend to produce more in order to meet the demand by increasing labor and capital

input. On the supply side, labor supply is high deriving from the negative wealth effect of

the households due to lower consumption, but capital supply is low stemming from the desire

of the households to invest in Treasury bonds over capital because they are safer. The result

is a drop in real wage, but a strong increase in the return on capital, hiking the marginal cost

29Given the linearized functional forms of ft and jt in Appendix C.5, we can simplify the loglinear
Phillips curve in Eq. (10)). First notice constf = constj = const since steady state Υ = Φ by assuming
π = 0. Second, we ignore the covariance terms in the decomposition of the variance terms within ft and
jt to keep the intuition simple. Furthermore, many of these covariance terms will cancel out in calculating
jt − ft.
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for the firm. The increase in contemporaneous and expected marginal cost drive up inflation

according to the loglinearized Phillips curve. Recall the same positive government spending

level shock pushes up marginal utility by lowering consumption growth, thus the covariance

generated by the government spending level shock between mt,t+1 and πt+1, covt(mt,t+1, πt+1),

is positive implying positive inflation risk premium.

Similar to the level shock, a positive government spending volatility shock also raises the

marginal utility of consumption. Under the lognormal framework, the second moment shock

works through the expectation channel in the following way:

Et[Gt+1] = Et[egt+1 ] = eEt[gt+1]+ 1
2
vart(gt+1).

Uncertainty about government spending affects the expectation of future government spend-

ing, amplifying household’s precautionary savings motive making current consumption fall.

Unlike the level shock, however, because the volatility shock increases the expected return

on capital causing marginal Q to rise through the investment equation, the savers prefer

investment in capital as opposed to Treasury bonds. Firms, on the other hand, also antici-

pate the increase in expected demand and coordinate by shifting production from today to

tomorrow. By decreasing labor and capital inputs today, current marginal cost goes down

resulting in a decline in inflation. The fall in inflation is further reinforced by the increase of

the conditional variance of inflation in Equation (11) stemming from the government spend-

ing volatility shock. Because (1− 2η) < 0, higher inflation uncertainty translates into lower

current inflation according to the loglinear Phillips curve. On average, the second moment

shock to government spending generates low inflation in high marginal marginal state of the

world making covt(mt,t+1, πt+1) negative.

5.6 Term Premium and Government Spending Volatility Shocks

The bottom row of Figure 3 shows that fiscal policy shocks have significant impact on

the nominal term premium. The variation is especially pronounced for volatility shocks in

the second column. After the realization of a positive one standard deviation government

spending volatility shock, the 5-year term premium increases by about 25 bps, on aver-
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age. Recall that term premium stems from the relative riskiness of long-maturity bonds vs.

short maturity bonds. Intuitively, the term premium is positive (negative) when the return

for long-maturity bonds is lower (higher) than the return for short-maturity bonds in high

marginal utility states. Translating into yields, this implies long-term yields increase (de-

crease) more (less) compared with short-term yields, thus creating a yield curve steepening

effect.

Figure 5–Panel (b) presents government spending volatility shock impulse responses for

the real economy and the nominal short rate. Notice the 1-quarter nominal rate drops

significantly relative to the decline in the 5-year nominal rate in the second column of Figure

3, implying short-dated bonds have greater price increase in bad times making long-dated

bonds risky. To get some intuition on what is driving the relative change in bond prices,

assume a positive government spending volatility shock is realized at the beginning of time

t so the SDF is elevated (M$
t−1,t ↑). We compare the price of a one-period to maturity bond

to the price of a n-period to maturity bond under CRRA utility:

P
(1)
t

x = e
−r(1)t

y
= Et

[
M$

t,t+1

]
= Et

[
e−γ∆ct+1−πt+1

]
,

P
(n)
t ↑= e−r

(n)
t ↓ = Et

[
M$

t,t+1M
$
t+1,t+2 . . .M

$
t+n−2,t+n−1P

(1)
t+n−1

]
= Et

[
e−γ∆ct+n−πt+n

]
,

where the length of the arrows denotes magnitude. For the price of the one-period to maturity

bond to increase more in comparison to the n-period to maturity bond, it has to be the case

that the one-period expected consumption growth declines more than the n-period expected

consumption growth (assuming inflation differential is trivial for now). Figure 5 panel (b)

shows that the positive government spending volatility shock causes a temporary decrease in

real wage and increase in saving (real debt) in the short-run. However, in the long-run, wage

rebounds and debt level falls persistently. The implications of these impulse responses are

consistent with a large drop in short-term expected consumption growth and a less dramatic

decline in long-term expected consumption growth, which steepens the yield curve and raises

term premium.

[Insert Figures 5 about here.]
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5.7 Inspecting the Mechanism due to Capital Tax Rate Shocks

The third and fourth columns of Figure 3 document that level and volatility shocks to

the return on capital tax rate induce substantial negative nominal term premia. To decipher

the mechanism, we examine the impulse response functions to the real economy of the these

shocks in panels (a) and (b) in Figure 6. In panel (a), a positive level shock to the tax

rate lowers output and investment as the marginal return on capital decreases. As a result,

marginal cost declines causing inflation to be low when consumption is also low. Moreover,

debt issuance drops as the tax revenue increases driving up (down) bond prices (yields),

especially at the short-end of the maturity curve. The negative level effect generated by the

positive capital tax level shock results in negative inflation risk premium. It is interesting

to note that the 1-quarter nominal rate in panel (a) of Figure 6 experiences a much more

significant drop relative to the 5-year rate in the third column of Figure 3. The steepening of

the yield curve implies a positive term premium, and yet the overall nominal term premium

is negative following the tax rate level shock. Therefore, we conclude that the negative term

structure level effect dominates the positive slope effect in this case.

[Insert Figures 6 about here.]

Opposite to the government spending volatility shock, the term premium driven by tax

rate volatility shock is negative. A positive one standard deviation shock to the return

on capital tax rate volatility leads to a 30 bps fall in the 5-year term premium in the

fourth column of Figure 3. This is reflected in panel (b) of Figures 6. Following a positive

one standard deviation volatility shock to the return on capital tax rate, households cut

investment immediately because tax rate is expected to be high tomorrow. At the same

time, real wage gets a temporary bump up while savings start to decline. Over the long

horizon, investment recovers, and wage falls as aggregate demand stays below its steady

state. In contrast to panel (a), the decrease in investment is more attenuated for tax rate

volatility shocks compared to level shocks, and marginal cost actually increases slightly due

to higher wage. However, in the long-run, as wage declines, expected marginal cost also

lessens to produce lower inflation. This is a pure term structure level effect as the positive

tax rate volatility shock induces a parallel shift downward of the yield curve. The 1-quarter
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short rate decreases by roughly the same magnitude in panel (b) of Figure 6 as the 5-year

nominal rate in the last column of 3.

Furthermore, the impulse response functions to a volatility shock of the capital return

tax rate are broadly in line with the empirical findings documented by Fernández-Villaverde,

Guerrón-Quintana, Kuester, and Rubio-Ramı́rez (2015). Notably our model replicates both

the decrease in inflation (see Figure 3, column 4) and nominal interest rate documented in

Fernández-Villaverde, Guerrón-Quintana, Kuester, and Rubio-Ramı́rez (2015), a fact that

was challenging to obtain in their baseline model economy. Intuitively, faced with higher

tax uncertainty, households want to save more. At the same time households invest less

because of the increased probability of higher tax rate on capital income. The increased

uncertainty surrounding capital tax raises the demand for bonds leading to decline in yields

across maturities.

5.8 The Importance of Fiscal Shocks for the Term Premium

Ex ante, productivity, fiscal and monetary policy shocks could all be very important

drivers of the term premium. Table 6 has already highlighted that, in fact, fiscal volatility

shocks turn out to be a key driver of variation in term premium within our model. To further

substantiate our claim that fiscal shocks represent a key determinant of the term premium,

we feed our model with the filtered shocks from the estimated government spending and

capital tax rate dynamics, see Eqs. (1) and (2). Figure 7(a) compares the model’s prediction

for the term premium to the empirical measure of term premium obtained in Adrian, Crump,

and Moench (2013). The left Panel presents the term premium obtained when we feed into

our model shocks to government and capital rate level only; the right Panel presents the

premium when we feed our model with both fiscal level and volatility shocks.30

[Insert Figure 7 about here.]

30We estimate the parameters in Eqs. (1) and (2) following a Bayesian approach. The particle filter
delivers draws for the shocks. We feed each draw into the model; then, we compute the median and 95
percent probability intervals for the model-implied premium.
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The figure shows how the fiscal level shocks make the model able to track the average term

premium whereas the volatility shocks helps in capturing the variability of the term premium.

Also, the interaction of shocks to level and volatility captures the trending down in the late

90s. Finally, our model captures the increase in term premium around the financial crisis.

To our eyes, (the fiscal shocks in) the model provides a tantalizing account of the cyclical

and longer-term fluctuations in the term premium.

We also quantify the relative contribution of real and inflation risk premia to the over-

all nominal compensation. Figure 7(b) shows the result. The Figure superimposes the

model-implied nominal and real term premium, as well as their difference, the inflation risk

premium. The left panel shows that fiscal level shocks generate both a sizable level effect

via real term premium and, more importantly, substantial variability through movements in

inflation risk premium. Looking at the right chart, we observe that adding fiscal volatility

shocks leads to remarkable fluctuations in real term premia. In all, the compensation in-

vestors require for bearing real interest rate risk – the risk that real short rates don’t evolve

as they expected – represent a force behind movements in nominal term premia as important

as inflation risk premium according to our model. This finding bodes well with the reduced

form results in Abrahams, Adrian, Crump, Moench, and Yu (2016).

6 Fiscal Shocks at the ZLB

In this section we study the propagation of fiscal shocks when the economy is already at

the zero lower bound (ZLB) such that the nominal interest rate is zero. In the aftermath of

the 2008 financial crisis, the Federal Reserve Bank aggressively lowered the Fed funds rate

to close to zero as a response in order to stimulate economic activity. This led to the longest

episode of zero interest in modern U.S. history until interest rate liftoff in late 2015. Over the

last decade, the ZLB interest rate economy has been of intense interest to macroeconomists

and financial economists alike. The study of fiscal policy at the zero lower bound is especially

relevant as the central bank loses its main policy instrument which is the nominal short rate.

The expansionary impact of the fiscal policy response in the absence of monetary pol-

icy coordination has been the subject of great debate. In a well cited paper, Christiano,
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Eichenbaum, and Rebelo (2011) find that the government spending multiplier, or the dollar-

to-dollar increase in GDP per dollar spent, is much larger when the nominal interest rate

is at the ZLB. In our analysis here, we document that this amplifying effect of the ZLB

on the real economy not only holds for government spending level shocks, but the effect is

even more pronounced for government spending volatility shocks as well as capital income

tax shocks. Implications of the impulse responses due to fiscal shocks at the ZLB lead to

intensification of bond risk premia when the nominal short rate is at zero for a prolonged

period.

To implement the ZLB analysis in our model, we follow Fernández-Villaverde, Guerrón-

Quintana, Kuester, and Rubio-Ramı́rez (2015) and Sims (2017) by treating the lower bound

as an interest rate peg at zero. More precisely, employing news shocks in the Taylor rule of

a standard DSGE model, Sims (2017) demonstrates how to solve for the news shocks that

allow the interest rate to be held at a constant over various horizons. This technique lets

the model produce conditional IRFs at the ZLB. Appendix E provides additional details

regarding the implementation. In our analysis of the impact of fiscal level and volatility

shocks at the ZLB, we perform two experiments. Assuming the interest rate is already at

zero, we perturb the economy with fiscal shocks while forcing the interest to stay at the

ZLB for 4 and 8 quarters. In this setting, there is no uncertainty about when departure

from the zero interest rate is going to take place, which greatly reduces the complexity of

the ZLB analysis. The 4-quarter peg is motivated by the evidence in Swanson and Williams

(2014) that until the Fed put an explicit date for the ZLB into its communications (through

fall 2011), professional forecasters expected the ZLB to bind for four quarters. The second

scenario of 8 quarters instead strikes a compromise between the ex ante views of professional

forecasters and the actual realization of events (which turned out to be roughly 28 quarters).

Figure 8 presents the impulse responses following a one standard deviation positive gov-

ernment spending level shock, panel (a), and a one standard deviation positive spending

volatility shock, panel (b), conditional on the nominal short rate stays at zero for 4 quarters

(long dashed line, ZLB 4Q) and 8 quarters (short-long dashes, ZLB 8Q) after the initial

shock. The subplots also overlay the unconditional responses from the benchmark economy

(solid line) for comparison purposes. Figure 8 panel (a) shows that following a positive level

shock to government spending, output increases by more than 2% under ZLB 8Q relative
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to the benchmark rise of 1%, consistent with Christiano, Eichenbaum, and Rebelo (2011).

The increases in investment and inflation are even more pronounced: 4% and 3% respec-

tively under ZLB 8Q compared with less than 1% for both under the benchmark. The

drastic increase in output under ZLB 8Q leads to an immediate rise in real wage whereas

the benchmark response shows a decline in wage. Higher wage combined with higher re-

turn on capital cause marginal cost to increase by more than 1%. On the other hand, the

significant rise in investment when the lower bound is binding makes saving less attractive

for consumption smoothing, thus the increase in debt is less relative to the benchmark case.

Moreover, the ZLB has term structure implications for the spending level shock. The spike

in the SDF following a positive spending level shock are similar across the three scenarios so

we do not illustrate the impulses here.31 The fact that the spending shock generates much

higher inflation when the lower bound is binding implies the covariance between the SDF

and inflation is also higher at the ZLB resulting in greater inflation risk premium. Panel (a)

further shows that with the nominal short rate held at zero for multiple periods after the

initial shock, the long-term yield rises but not as much as the benchmark case. Whereas the

level spending shock has a flattening effect on the yield curve in the benchmark case, the

same shock steepens the yield curve slightly at the ZLB.

[Insert Figure 8 about here.]

Figure 8 panel (b) displays the impulse responses following a positive government spend-

ing volatility shock. The first striking result is that the impact of the volatility shock is

greatly exacerbated when the ZLB is binding. The declines in output, investment, wages,

inflation and marginal cost are orders of magnitude larger for ZLB 8Q than the benchmark.

For example, with the short rate held at zero for 8 quarters following the initial shock, out-

put drops by nearly 10% during that window, consistent with the finding of Nakata (2017).

Following an uncertainty shock at the zero lower bound, government debt is in high demand

as investment falls and precautionary savings motive kicks into high gear. The 30% decline

in inflation under ZLB 8Q implies a lower average inflation risk premium stemming from the

spending volatility shock. Finally, the IRFs for short rate and the 5-year rate demonstrate

31This is the case for all four fiscal shocks we examine at the ZLB. Therefore, the SDF IRFs are omitted
in Figures 8 and 9.
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the steepening effect of the uncertainty shock on the yield curve for ZLB 8Q, resulting in

higher nominal term premium.

Next, we examine the consequences of capital return tax rate shocks at the ZLB. Fig-

ure 9 presents the IRFs for capital tax level and volatility shocks, in panels (a) and (b),

respectively. Two takeaways are worth pointing out. First, the ZLB amplifies the impact

of return to capital tax rate shocks on output, investment, wages, inflation and marginal

cost by comparing ZLB 8Q and the benchmark in both panels. Second, unlike the govern-

ment spending shocks in Figure 8, the positive level shock to the capital income tax rate is

much more significant than the positive volatility shock in depressing the economy. When

the nominal short rate is held at zero for prolonged period of time, a positive one standard

deviation shock to the tax rate level causes output to decline by more than 10%, investment

by more than 30% and inflation by almost 40% in panel (a). The corresponding declines in

panel (b) are 2%, 8% and 4%. On the term structure, Figure 9 exhibits low inflation when

the SDF is high for both level and volatility shocks to the capital income tax rate, suggesting

inflation risk premium is more negative at the ZLB due to these shocks. Furthermore, with

the nominal short rate held at zero after the shocks are realized, the 5-year yields dip in

both panels (a) and (b). The flattening of the nominal yield curve following capital tax rate

level and volatility shocks generates negative term premium when the ZLB is binding.

[Insert Figure 9 about here.]

Together, Figures 8 and 9 establish the amplified impact of fiscal policy shocks on the

real economy at the ZLB. Consistent with the findings of Christiano, Eichenbaum, and

Rebelo (2011), a positive government spending level shock creates a substantial economic

boom shifting savings from government debt to investment, which drives up inflation and

inflation risk premium. On the other hand, a positive government spending volatility shock

generates a severe economic downturn, pushing the demand curve for debt significantly

outward when the zero interest rate is binding, in line with Nakata (2017). Since ZLB only

binds temporarily and the shock is transitory, this causes long-term yields to rise as the short

rate is fixed. The steepening yield curve in turn produces positive nominal term premium.

Lastly, positive shocks to the level and volatility of capital income tax rate also result in
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economic depressions at the ZLB, but the nominal yield curves tend to flatten following

those shocks, making nominal term premia negative.

7 Conclusion

We document that our DSGE model featuring fiscal policy and policy uncertainty is suc-

cessful in matching both macroeconomic and financial moments in the data. Importantly for

our purpose, the model is quite successful in reproducing the average 5-year term premium,

as well as its dynamic properties as captured by the autocorrelation function. Stochastic

volatility in government spending allows to capture up to 70% of the overall term premium

variability, whereas a model with no stochastic volatility would account for at most 13% of

the term premium volatility.

We also show that the relationship between consumption and inflation depends critically

on the nature of the underlying fiscal shocks: government spending level shocks imply a

negative correlation between consumption and inflation, while government spending uncer-

tainty shocks imply exactly the opposite relationship. Since the empirical relation between

consumption and inflation was large and negative in the 1970s and early 1980s, but much

smaller in the 1990s and 2000s (see Piazzesi and Schneider (2007) and Benigno (2007)), our

finding suggests that the relative importance of transitory technology and government level

shocks may have been larger in the 1970s and early 1980s than over the rest of the sample

where monetary and government spending uncertainty shocks may have become dominant.

Finally, our analysis at the zero lower bound (ZLB) of the nominal interest rate reveals

the following three points. First, effects of fiscal shocks on macroeconomic variables are

amplified when the ZLB is binding. Second, this amplification is particularly sharp for

government spending volatility shocks and capital income tax rate level shocks. Third, bond

risk premia implications due to fiscal shocks remain substantial at the ZLB.

In all, we view our estimated DSGE model as an important step forward to understand

what state variables drive variation over time in bond risk premia. Our finding speak to the

key role played by shocks to the level and the uncertainty about fiscal policy.
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Figures

Figure 1: Smoothed Fiscal Uncertainty
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(a) Government Spending Volatility.
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(b) Capital Tax Rates Volatility.

The figure displays the 95 percent posterior probability intervals of the smoothed fiscal volatility shock to

policy instruments, 100exp(σx,t), over the sample. The panel shows by how many percentage points a one-

standard-deviation innovation to the fiscal shock would have moved the government spending (Panel A) and

the capital income tax rate (Panel B) at different moments.
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Figure 2: Autocorrelation Functions
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Autocorrelation function of the observable variables in the baseline model and the data. The black line is

the data. The blue line is the model’s median and the dashed lines are the model’s 5th and 95th percentiles.

The sample period for the data runs from 1970.Q1 to 2014.Q2.
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Figure 3: Impulse Responses to Structural Shocks
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This figure plots the impulse responses of the stochastic discount factor, inflation, long-term bond yields and

the term premium to positive one standard deviation shocks to government spending level (gt), government

spending volatility (σg,t), capital income tax level (τk) and capital income tax volatility (στk,t).
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Figure 4: Impulse Responses to Structural Shocks
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This figure plots the impulse responses of stochastic discount factor, inflation, long-term bond yields and the

term premium to positive one standard deviation shocks to transitory productivity level (zt) and volatility

(σzt ), to permanent productivity (∆at) and to monetary policy (ut)
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Figure 5: IRFs to Government Spending Shock
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(a) Government spending level (gt).
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(b) Government spending volatility (σg,t).

This figure plots the impulse responses to a one standard deviation shock to government spending level (gt)

and volatiltiy (σg,t).

50



Figure 6: IRFs to Capital Income Tax Shock
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(a) Capital income tax level (τkt ).
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(b) Capital income tax volatility (στk,t).

This figure plots the impulse responses to a one standard deviation shock to capital income tax level (τk)

and volatility (στk,t).
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Figure 7: Counterfactual Analysis
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(a) Term Premium - Counterfactual Analysis.
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(b) Nominal vs Real Term Premium.

Panel A plots the model-implied term premium against the actual term premium for the period from 1970.Q1
to 2014.Q4. The solid blue line is the median, while the dashed lines are the 5th and 95th percentiles. The
correlation between the data and the model-implied term premium is 0.50 in the left panel and 0.54 in the
right panel. Panel B plots the model-implied nominal and real term premium as well as the inflation risk
premium. The green line is the difference between the median nominal and median real term premium.
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Figure 8: IRFs to Government Spending Shock at ZLB
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(a) Government spending level (gt).
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(b) Government spending volatility (σg,t).

This figure plots the impulse responses to a one standard deviation shock to government spending level (gt)

and volatiltiy (σg,t). The solid lines show the responses under the benchmark case (zero lower bound not

binding), the dashed lines under a four period peg, and the dashed-dotted lines under an eight period peg.
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Figure 9: IRFs to Capital Income Tax Shock at ZLB
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(a) Capital income tax level (τkt ).
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(b) Capital income tax volatility (στk,t).

This figure plots the impulse responses to a one standard deviation shock to capital income tax level (τk)

and volatility (στk,t). The solid lines show the responses under the benchmark case (zero lower bound not

binding), the dashed lines under a four period peg, and the dashed-dotted lines under an eight period peg.

54



Tables

Table 1: Bond yields and Fiscal Policy: Quarterly time-series regressions. The dependent

variable is the slope of the yield curve as measured by the difference between the 5-year and the 1-year

rates, y
(20)
t − y(4)

t (Panel A), or the 10-year and the 1-year rates, y
(40)
t − y(4)

t (Panel B). The independent

variable are the maturity-weighted-debt-to-GDP ratio (MWD/GDP, see Greenwood-Vayanos, 2014), the level

of government spending (gt) and capital tax rate (τk), and the filtered volatilities of government spending

(σg,t) and capital income tax (στk,t) series. The t -statistics, reported in parentheses, is based on Newey-West

standard errors, with 12 lags. The coefficient on MWD/GDP is multiplied by 100.

Panel A: y
(20)
t − y(4)t = β0 + β1gt + β2σg,t + β3τkt + β4στk,t + c MWD/GDPt + εt+k

β1 β2 β3 β4 c R2

0.24 0.10
(2.04)

0.48 0.18 0.34 0.39
(3.62) (3.84) (2.99)

0.38 0.13 -0.10 0.00 0.39 0.43
(3.24) (2.49) (-1.76) (1.37) (3.45)

Panel B: y
(40)
t − y(4)t = β0 + β1gt + β2σg,t + β3τkt + β4στk,t + c MWD/GDPt + εt+k

β1 β2 β3 β4 c R2

0.37 0.12
(2.24)

0.71 0.19 0.46 0.39
(3.49) (2.71) (3.01)

0.60 0.12 -0.13 0.00 0.52 0.42
(3.76) (1.96) (-1.33) (0.57) (3.37)
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Table 2: Bond returns and Fiscal Policy: Quarterly time-series regression. The dependent variable is

the one-year, three-year, or five-year excess return of the τ -year bond. The independent variable are the maturity-

weighted-debt-to-GDP ratio (MWD/GDP, see Greenwood-Vayanos, 2014), the level of government spending (gt)

and capital tax rate (τk), and the filtered volatilities of government spending (σg,t) and capital income tax (στk,t)

series. The t-statistics, reported in parentheses, is based on Newey-West standard errors with 6 lags. The coefficient

on MWD/GDP is multiplied by 100.

Panel A: rx
(τ)
t+k,k = β0 + c MWD/GDPt + εt+k

1-yr, 2-yr bond 1-yr, 3-yr bond 1-yr, 4-yr bond 1-yr, 5-yr bond 1-yr, 10-yr bond 3-yr, 10-yr bond 5-yr, 10-yr bond

MWD/GDP 0.41 0.75 1.08 1.38 2.69 2.04 1.41
(1.81) (1.92) (2.05) (2.17) (2.47) (3.50) (4.15)

R̄2 0.05 0.06 0.06 0.06 0.07 0.25 0.37

Panel B: rx
(τ)
t+k,k = β0 + β1 gt + β2 σg,t + c MWD/GDPt + εt+k

1-yr, 2-yr bond 1-yr, 3-yr bond 1-yr, 4-yr bond 1-yr, 5-yr bond 1-yr, 10-yr bond 3-yr, 10-yr bond 5-yr, 10-yr bond

MWD/GDP 0.60 1.06 1.47 1.85 3.59 2.47 1.48
(3.30) (3.24) (3.29) (3.37) (3.73) (4.94) (4.65)

Govnt Sp Lev. 0.68 1.22 1.65 2.02 3.49 2.15 0.83
(2.81) (2.76) (2.75) (2.74) (2.61) (3.18) (2.51)

Govnt Sp Vol. 0.38 0.62 0.80 0.97 1.82 0.93 0.22
(3.27) (3.12) (3.05) (3.03) (3.03) (2.34) (1.39)

R̄2 0.22 0.20 0.19 0.18 0.17 0.47 0.43

Panel C: rx
(τ)
t+k,k = β0 + β1 gt + β2 σg,t + β3 τkt + β4 στk,t + c MWD/GDPt + εt+k

1-yr, 2-yr bond 1-yr, 3-yr bond 1-yr, 4-yr bond 1-yr, 5-yr bond 1-yr, 10-yr bond 3-yr, 10-yr bond 5-yr, 10-yr bond

MWD/GDP 0.71 1.30 1.82 2.31 4.48 2.74 1.77
(3.49) (3.46) (3.49) (3.55) (3.81) (5.81) (6.27)

Govnt Sp Lev. 0.45 0.75 0.96 1.13 1.77 1.68 0.40
(1.56) (1.44) (1.37) (1.32) (1.13) (1.98) (1.18)

Govnt Sp Vol. 0.30 0.45 0.56 0.65 1.16 0.77 0.01
(2.90) (2.53) (2.33) (2.21) (2.07) (1.95) (1.18)

Capital Tax Lev. -0.13 -0.28 -0.43 -0.57 -1.22 -0.45 -0.60
(-1.06) (-1.24) (-1.33) (-1.40) (-1.56) (-1.64) (-3.18)

Capital Tax Vol. 0.01 0.02 0.03 0.04 0.06 -0.00 -0.01
(1.46) (1.50) (1.54) (1.55) (1.50) (-0.13) (-1.10)

R̄2 0.23 0.21 0.21 0.21 0.20 0.49 0.53
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Table 4: Empirical and Model-Based Unconditional Moments: This table reports the
mean, standard deviations and correlations for observable variables in the baseline model. The
sample period for the data is 1970.Q1 to 2014.Q2. All data, except nominal interest rates, term
premium and inflation, are in logs, HP-filtered, and multiplied by 100 to express them in percentage
deviation from trend. In Panel B, interest rates and the term premia are expressed at an annual
rate. The slope is proxied by the spread between the ten-year and one-quarter rates.

Panel A: Macro Moments

Model Data
SD AR(1) Cor(.,yt) SD AR(1) Cor(.,yt)

Output 1.49 0.71 1.00 1.54 0.87 1.00
[1.44; 1.58] [0.71; 0.72]

Consumption 1.23 0.70 0.26 1.27 0.89 0.88
[1.16; 1.39] [0.70; 0.70] [0.13; 0.36]

Investment 7.01 0.71 0.61 7.07 0.85 0.92
[5.69; 9.21] [0.70;0.71] [0.58; 0.63]

Wages 1.16 0.90 0.39 1.13 0.78 -0.29
[1.14; 1.21] [0.90;0.90] [0.30; 0.46]

Hours 1.49 0.73 0.61 1.94 0.93 0.87
[1.37; 1.67] [0.72;0.73] [0.57; 0.65]

Inflation 0.69 0.93 0.05 0.61 0.89 0.11
[0.61; 0.80] [0.92;0.93] [0.01; 0.09]

Panel B: Finance Moments

Model Data
Mean SD AR(1) Cor(.,yt) Mean SD AR(1) Cor(.,yt)

Nominal Rate 1Q 5.62 4.09 0.99 0.06 5.62 3.88 0.94 0.22
[5.00; 6.59] [3.60; 4.80] [0.98; 0.99] [0.02; 0.10]

Nominal Rate 3Y 6.39 3.22 0.97 0.10 6.04 3.26 0.97 0.04
[5.98; 7.04] [2.80; 3.88] [0.97; 0.97] [0.07; 0.14]

Nominal Rate 5Y 6.53 2.85 0.97 0.10 6.34 3.06 0.97 0.00
[6.14; 7.09] [2.44; 3.52] [0.97; 0.98] [0.06; 0.14]

Nominal Rate 7Y 6.65 2.54 0.97 0.10 6.58 2.90 0.97 -0.02
[6.31; 7.06] [2.20; 3.16] [0.97; 0.98] [0.06; 0.14]

Nominal Rate 10Y 6.84 2.18 0.97 0.09 6.84 2.71 0.97 -0.05
[6.35; 7.12] [1.88; 2.80] [0.97; 0.98] [0.04; 0.13]

Slope 1.23 2.17 0.92 -0.02 1.23 2.09 0.77 -0.47
[0.37; 1.63] [2.00; 2.36] [0.92; 0.93] [-0.05; 0.14]

Term Premium 5Y 0.86 0.61 0.93 0.04 1.29 0.86 0.91 -0.34
[0.38; 1.10] [0.32; 1.01] [0.91; 0.95] [0.02; 0.09]

Term Premium 10Y 1.16 0.72 0.95 0.04 1.95 1.07 0.92 -0.32
[0.30; 1.56] [0.40; 1.28] [0.94; 0.97] [0.02; 0.09]
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Table 5: Real term structure of interest rates: This table presents the mean, standard
deviation, and first autocorrelation of the two-year (RY8), three-year (RY12), five-year (RY20),
seven-year (RY28), and ten-year (RY40) real yields, and the 10-year and two-year spread from the
model and the data. Interest rates are expressed at an annual rate.

Model

Slope RY8 RY12 RY20 RY28 RY40
mean: 0.48 3.42 3.69 3.78 3.83 3.90
std: 0.75 1.48 1.22 1.07 0.95 0.81
AC1: 0.91 0.95 0.97 0.97 0.97 0.97

Data:1971:3 - 2007:4

Slope RY8 RY12 RY20 RY28 RY40
mean: 0.47 2.33 2.41 2.56 2.67 2.80
std: 0.75 1.51 1.36 1.17 1.05 0.92
AC1: 0.76 0.89 0.91 0.93 0.93 0.94

Data:1971:3 - 2014:2

Slope RY8 RY12 RY20 RY28 RY40
mean: 0.62 1.87 1.96 2.19 2.33 2.49
std: 0.84 1.80 1.67 1.43 1.29 1.13
AC1: 0.76 0.89 0.91 0.93 0.94 0.94
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Table 6: Variance Decomposition - The Effect of Structural Shocks: This table reports the variance decomposition for the
different structural shocks in the baseline model. A and Z stand for permanent and transitory productivity, respectively. G stands
for government spending. In Panel B, the one-quarter, three-year, five-year, seven-year, ten-year nominal yields, the slope (ten-year
and one-quarter spread), and the term premia are expressed at an annual rate.

Panel A: Macro Moments

Output Consumption Investment Wages Hours Inflation
All Shocks 1.49 1.23 7.01 1.16 1.49 0.69
Only A 0.51 0.48 0.69 0.31 0.24 0.04
Only Monetary 0.15 0.10 0.38 0.04 0.22 0.03
Only Z Level 0.96 0.80 1.75 1.01 0.28 0.22
Only Z Uncertainty 0.10 0.04 0.50 0.03 0.15 0.29
Only G Level 0.45 0.30 0.34 0.19 0.68 0.07
Only G Uncertainty 0.12 0.15 1.41 0.13 0.16 0.21
Only Tax Level 0.44 0.20 3.60 0.17 0.65 0.21
Only Tax Uncertainty 0.12 0.23 2.01 0.11 0.17 0.08

Panel B: Finance Moments

Nominal Yields Slope Term Premia
1Q 3Y 5Y 7Y 10Y 10Y-1Q 5Y 10Y

All Shocks 4.09 3.22 2.85 2.54 2.18 2.17 0.61 0.72
Only A 0.20 0.18 0.16 0.15 0.13 0.14 0.00 0.00
Only Monetary 0.53 0.06 0.04 0.03 0.02 0.51 0.00 0.00
Only Z Level 1.12 0.88 0.84 0.80 0.75 0.51 0.02 0.02
Only Z Uncertainty 1.75 1.49 1.37 1.26 1.10 0.65 0.29 0.44
Only G Level 0.42 0.32 0.30 0.28 0.26 0.20 0.03 0.05
Only G Uncertainty 1.22 0.69 0.47 0.33 0.21 1.05 0.34 0.37
Only Tax Level 1.23 0.97 0.84 0.73 0.60 0.66 0.07 0.10
Only Tax Uncertainty 0.45 0.48 0.46 0.42 0.36 0.11 0.37 0.33
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Table 7: Bond returns and Fiscal Policy: Model-implied regression. The dependent variable is the

one-year, three-year, or five-year excess return of the τ -year bond. The independent variable are the maturing

debt level Dt−1(t), the level of government spending and capital tax rate, and the filtered volatilities of government

spending and capital tax rate series. The t-statistics, reported in parentheses, is based on Newey-West standard

errors with 6 lags.

Panel A: rx
(τ)
t+k,k = β0 + c MWD/GDPt + εt+k

1-yr, 2-yr bond 1-yr, 3-yr bond 1-yr, 4-yr bond 1-yr, 5-yr bond 1-yr, 10-yr bond 3-yr, 10-yr bond 5-yr, 10-yr bond

MWD/GDP 1.97 3.56 4.87 5.97 9.06 9.23 5.40
(6.95) (7.00) (6.98) (6.94) (6.68) (5.33) (2.97)

R̄2 0.05 0.05 0.05 0.05 0.04 0.03 0.01

Panel B: rx
(τ)
t+k,k = β0 + β1 gt + β2 σg,t + c MWD/GDPt + εt+k

1-yr, 2-yr bond 1-yr, 3-yr bond 1-yr, 4-yr bond 1-yr, 5-yr bond 1-yr, 10-yr bond 3-yr, 10-yr bond 5-yr, 10-yr bond

MWD/GDP 1.96 3.56 4.88 5.97 9.02 9.31 5.65
(7.01) (7.07) (7.05) (7.01) (6.73) (5.68) (3.32)

Govnt Sp Lev. 0.33 0.50 0.65 0.80 1.63 2.33 1.23
(2.55) (2.16) (2.06) (2.07) (2.62) (2.53) (1.35)

Govnt Sp Vol. 0.13 0.22 0.29 0.36 0.63 1.30 1.25
(6.05) (5.88) (5.84) (5.84) (5.94) (5.75) (5.76)

R̄2 0.07 0.07 0.07 0.07 0.07 0.08 0.06

Panel C: rx
(τ)
t+k,k = β0 + β1 gt + β2 σg,t + β3 τkt + β4 στk,t + c MWD/GDPt + εt+k

1-yr, 2-yr bond 1-yr, 3-yr bond 1-yr, 4-yr bond 1-yr, 5-yr bond 1-yr, 10-yr bond 3-yr, 10-yr bond 5-yr, 10-yr bond

MWD/GDP 1.92 3.47 4.75 5.81 8.81 8.84 5.04
(7.18) (7.22) (7.20) (7.17) (6.94) (5.75) (3.06)

Govnt Sp Lev. 0.34 0.51 0.67 0.83 1.68 2.41 1.32
(2.67) (2.28) (2.18) (2.20) (2.75) (2.74) (1.50)

Govnt Sp Vol. 0.13 0.22 0.29 0.36 0.63 1.30 1.25
(6.10) (5.92) (5.87) (5.86) (5.97) (5.78) (5.82)

Capital Tax Lev. -0.01 -0.04 -0.06 -0.06 0.02 -0.36 -0.96
(-0.11) (-0.26) (-0.27) (-0.24) (0.05) (-0.54) (-1.34)

Capital Tax Vol. -0.02 -0.03 -0.04 -0.05 -0.08 -0.12 -0.10
(-2.58) (-2.57) (-2.58) (-2.59) (-2.65) (-3.36) (-3.59)

R̄2 0.09 0.10 0.10 0.10 0.10 0.11 0.09
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FOR ONLINE PUBLICATION ONLY

A Data

We follow Fernández-Villaverde, Guerrón-Quintana, Kuester, and Rubio-Ramı́rez (2015) and construct the

macroeconomic observable variables used in the estimation as:

1. Output is real GDP (GDPC1).

2. Consumption is real personal consumption expenditures (PCECC96).

3. Investment is real gross private domestic investment (GPDIC96).

4. Civilian Noninstitutional Population (CNP16OV, quarterly averages).

5. Real Per Capita GDP = (1) / (4).

6. Real Per Capita Consumption = (2) / (4).

7. Real Per Capita Investment = (3) / (4).

8. Inflation is GDP deflator (GDPDEF).

9. Hourly real wage is compensation per hour in the business sector (HCOMPBS) divided by the GDP deflator

(GDPDEF).

10. Hours per capita are measured by hours of all persons in the business sector (HOABS).

Data for the period 1970:Q1–2014:Q2 are taken from the St. Louis Fed’s FRED database (mnemonics are in

parentheses).

Government spending and capital tax rates data are from Fernández-Villaverde, Guerrón-Quintana, Kuester,

and Rubio-Ramı́rez (2015). In particular, the tax data are constructed from national income and product accounts

(NIPA) as in Leeper, Plante, and Traum (2010) (see also Appendix B in Fernández-Villaverde, Guerrón-Quintana,

Kuester, and Rubio-Ramı́rez (2015) for details). Government spending is government consumption and gross

investment, both from NIPA.

With regard to the financial variables, the Treasury yield data are from Gurkaynak, Sack, and Wright (2007)

(data are available for download on the website http://www.federalreserve.gov/Pubs/feds/2006/200628/

feds200628.xls) and the series for the 10-year Term premia is from Adrian, Crump, and Moench (2013) (data

available at https://www.newyorkfed.org/research/data_indicators/term_premia.html). We thank the au-

thors for making these data available for download.

1

http://www. federalreserve.gov/Pubs/feds/2006/200628/feds200628.xls
http://www. federalreserve.gov/Pubs/feds/2006/200628/feds200628.xls
https://www.newyorkfed.org/research/data_indicators/term_premia.html


B Predictive regressions: Robustness

We perform a number of robustness tests. Table 8 shows that our results for the (level and volatility of)

government spending and capital tax rate series remain significant after controlling for the one-year yield (Gertler

and Karadi (2015) suggest to take the one-year government bond rate as the relevant monetary policy indicator,

rather than the federal funds rate), and for trend inflation (see Kozicki and Tinsley (2001) show that highly persistent

expected inflation dynamics determines the level of interest rates in the long run and across maturities; see also

Cieslak and Povala (2015)).

Table 8: Quarterly time-series regression for bond returns. The dependent variable is the

one-year, three-year, or five-year return of the τ -year bond. The independent variable is the filtered government

spending volatility series. The regressions control for the MWD/GDP (see Greenwood-Vayanos, 2014), the maturity-

weighted-debt-to-GDP ratio and for the one-year yield (Panel A) and an inflation trend (Panel B). The t-statistics,

reported in parentheses, is based on Newey-West standard errors with 6 lags. The coefficient on MWD/GDP is

multiplied by 100.

Panel A: r
(τ)
t+k,k = β0 + β1 gBCt + β2 σg,t + β3 τkt + β4 στk,t + c MWD/GDPt + d y4t + εt+k

1-yr, 2-yr bond 1-yr, 3-yr bond 1-yr, 4-yr bond 1-yr, 5-yr bond 1-yr, 10-yr bond 3-yr, 10-yr bond 5-yr, 10-yr bond

MWD/GDP 0.73 1.32 1.85 2.34 4.51 2.80 1.90
(1.89) (1.33) (1.00) (0.78) (0.39) (3.43) (3.05)

Govnt Sp Lev. 0.67 1.04 1.27 1.43 2.04 2.23 0.57
(2.36) (1.96) (1.73) (1.56) (1.21) (2.52) (1.54)

Govnt Sp Vol. 0.32 0.48 0.59 0.68 1.19 0.82 0.08
(2.77) (2.39) (2.21) (2.12) (2.06) (2.08) (0.49)

Capital Tax Lev. -0.07 -0.20 -0.34 -0.49 -1.15 -0.31 -0.43
(-0.61) (-0.90) (-1.08) (-1.22) (-1.57) (-1.22) (3.32)

Capital Tax Vol. 0.01 0.02 0.03 0.03 0.06 -0.01 -0.01
(1.01) (1.14) (1.24) (1.30) (1.38) (-0.55) (-1.05)

1-yr yield 0.16 0.22 0.23 0.22 0.20 0.42 0.36
(3.87) (3.70) (3.67) (3.69) (3.86) (6.88) (6.44)

R̄2 0.28 0.24 0.23 0.22 0.20 0.54 0.65

Panel B: r
(τ)
t+k,k = β0 + β1 gBCt + β2 σg,t + β3 Capital Tax Lev.t + β4 Capital Tax Vol.t + c MWD/GDPt + dτCPI + εt+k

1-yr, 2-yr bond 1-yr, 3-yr bond 1-yr, 4-yr bond 1-yr, 5-yr bond 1-yr, 10-yr bond 3-yr, 10-yr bond 5-yr, 10-yr bond

MWD/GDP 0.72 1.29 1.80 2.27 4.39 2.74 1.81
(3.46) (3.39) (3.41) (3.47) (3.75) (5.68) (6.26)

Govnt Sp Lev. 0.46 0.69 0.83 0.90 1.15 1.68 0.40
(1.60) (1.30) (1.13) (1.01) (0.72) (2.01) (1.12)

Govnt Sp Vol. 0.30 0.45 0.54 0.62 1.09 0.77 0.02
(2.81) (2.49) (2.35) (2.27) (2.20) (1.94) (0.14)

Capital Tax Lev. -0.13 -0.32 -0.51 -0.71 -1.60 -0.45 -0.55
(-0.97) (-1.28) (-1.48) (-1.65) (-2.09) (-1.76) (-3.54)

Capital Tax Vol. 0.01 0.02 0.03 0.04 0.08 -0.00 -0.01
(1.47) (1.66) (1.80) (1.90) (2.02) (-0.13) (-1.18)

Infl. Trend 0.01 -0.11 -0.27 -0.44 -1.19 0.01 0.16
(0.08) (-0.32) (-0.57) (-0.76) (-1.16) (0.02) (0.54)

R̄2 0.23 0.22 0.22 0.22 0.22 0.48 0.54
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Tables 1, 2, and 9 use the business cycle component of government spending and capital tax rates. The

components are obtained using the one-sided filter of Ortu, Tamoni, and Tebaldi (2013). The filter amounts to

remove from the gt series an 8-year (equally weighted) moving average based on past observation. Table 9 shows an

alternative interpretation of this result. We focus on government spending for ease of exposition. Panel A in Table

9 shows regressions of bond returns on the business cycle component of government spending and its volatility, after

controlling for the maturity-weighted debt to GDP, and a time trend. Panel B shows the results when we replace

the business cycle component of government spending with the raw series. Despite the the time trend being strongly

statistically significant in Panel B, the two panels depicts the same picture, with R2 that are almost identical for

maturities 3- to 10-years.

Table 9: Quarterly time-series regression for bond returns. The dependent variable is the one-

year, three-year, or five-year return of the τ -year bond. The independent variable are the government spending level

and the filtered government spending volatility series. The regressions control for the MWD/GDP (see Greenwood-

Vayanos, 2014), the maturity-weighted-debt-to-GDP ratio and for a time trend. The t-statistics, reported in

parentheses, is based on Newey-West standard errors with 6 lags. The coefficients on MWD/GDP and the time

trend are multiplied by 100.

Panel A: r
(τ)
t+k,k = β0 + β1 gBCt + β2 σg,t + c MWD/GDPt + d Time trend + εt+k

1-yr, 2-yr bond 1-yr, 3-yr bond 1-yr, 4-yr bond 1-yr, 5-yr bond 1-yr, 10-yr bond 3-yr, 10-yr bond 5-yr, 10-yr bond

MWD/GDP 0.65 1.11 1.49 1.84 3.37 2.07 1.10
(2.68) (2.53) (2.54) (2.60) (2.90) (3.04) (3.12)

Govnt Sp Lev. 0.72 1.25 1.67 2.01 3.32 2.00 0.88
(3.06) (2.82) (2.66) (2.53) (2.12) (2.82) (2.83)

Govnt Sp Vol. 0.36 0.60 0.80 0.97 1.88 0.99 0.26
(3.30) (3.20) (3.18) (3.20) (3.24) (2.54) (1.60)

Time Trend -0.00 -0.00 -0.00 0.00 0.00 0.00 0.00
(-.41) (-.21) (-0.08) (0.04) (0.39) (1.03) (2.05)

R̄2 0.22 0.19 0.18 0.18 0.17 0.48 0.45

Panel B: r
(τ)
t+k,k = β0 + β1 gt + β2 σg,t + c MWD/GDPt + d Time trend + εt+k

1-yr, 2-yr bond 1-yr, 3-yr bond 1-yr, 4-yr bond 1-yr, 5-yr bond 1-yr, 10-yr bond 3-yr, 10-yr bond 5-yr, 10-yr bond

MWD/GDP 0.55 0.94 1.27 1.58 2.93 1.77 1.23
(2.12) (2.01) (2.03) (2.09) (2.45) (2.65) (3.26)

Govnt Sp Lev. 0.45 0.81 1.12 1.37 2.35 1.10 0.02
(1.71) (1.79) (1.85) (1.87) (1.80) (1.45) (1.05)

Govnt Sp Vol. 0.35 0.58 0.77 0.94 1.82 0.97 0.27
(2.77) (2.68) (2.68) (2.71) (2.85) (2.13) (1.30)

Time. Trend 0.02 0.03 0.04 0.06 0.11 0.07 0.01
(1.52) (1.66) (1.80) (1.91) (2.27) (2.12) (0.78)

R̄2 0.16 0.15 0.14 0.14 0.14 0.40 0.39
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The understand this result it is useful to think of the time trend in Panel B as a filtering device on its own,

trying to remove the decadal trend in the raw government spending series. This is easily seen in Figure 10 where

we show the government spending series, its business cycle component, and the series gt + 0.03×Time Trend. The

correlation between the two filtered series is about 85%. Indeed, conclusions would be unchanged had we included

a time trend as a regressor in Tables 1, 2, and 9, and used the raw series of government spending.

Figure 10: Government Spending and the Business Cycle

1970 1975 1980 1985 1990 1995 2000 2005
-0.03

-0.02

-0.01

0

0.01

0.02

0.03

0.04

The figure displays the government spending series (solid, blue line), the business cycle component obtained using

the decomposition of Ortu et al. (2013) (red, dashed line), and the detrended government spending series implied

by the regressions in Panel B, Table 8 (green line with circles).
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C Solving the Benchmark Model

C.1 Households with Epstein-Zin Preference

The savers’ optimization problem is:

max V (Ct, Nt) =

{
(1− β)U(Ct, Nt)

1−ψ + βEt

[
V 1−γ
t+1

] 1−ψ
1−γ
} 1

1−ψ

s.t. Et

[ ∞∑
s=0

M$
t,t+sPt+sCt+s

]
≤ Et

[ ∞∑
s=0

M$
t,t+s(Wt+sPt+sNt+s − Pt+sTt+s + Pt+sΨt+s)

]
,

where

Ct =

[∫ 1

0

Ct(j)
θ−1
θ dj

] θ
θ−1

and

U(Ct, Nt) =

[
C1−ψ
t

1− ψ
−A1−ψ

t

N1+ω
t

1 + ω

] 1
1−ψ

.

The first order conditions are:

∂Vt
∂Ct

:
1

1− ψ

[
V 1−ψ
t

] 1
1−ψ−1

(1− β)C−ψt − λM$
t,tPt = 0 (12)

∂Vt
∂Nt

:
1

1− ψ

[
V 1−ψ
t

] 1
1−ψ−1

(1− β)(−A1−ψ
t Nω

t ) + λM$
t,tWtPt = 0 (13)

∂Vt
∂Ct+1

:
1

1− ψ

[
V 1−ψ
t

] 1
1−ψ−1

β

(
1− ψ
1− γ

)
Et

[
V 1−γ
t+1

] 1−ψ
1−γ −1

(1− γ)V −γt+1

∂Vt+1

∂Ct+1
− λM$

t,t+1Pt+1 = 0. (14)

Furthermore,
∂Vt+1

∂Ct+1
=

1

1− ψ

[
V 1−ψ
t+1

] 1
1−ψ−1

(1− β)C−ψt+1. (15)

Combining (12) and (13), I have the household’s intratemporal consumption and labor supply optimality condition:

λ(1− ψ)

V ψt (1− β)
=
C−ψt
Pt

=
A1−ψ
t Nω

t

WtPt
⇒Wt = A1−ψ

t Cψt N
ω
t .

Finally, combining (12) ,(14) and (15), I obtain the intertemporal consumption optimality condition:

λ(1− ψ)

V ψt (1− β)
=
C−ψt
Pt

= β

(
C−ψt+1

Pt+1

)(
V ψ−γt+1

M$
t,t+1

)
Et

[
V

1
1−γ
t+1

] γ−ψ
1−γ

.

To get the nominal pricing kernel, I solve for M$
t,t+1,

M$
t,t+1 = β

(
Ct+1

Ct

)−ψ (
Pt+1

Pt

)−1
[

Vt+1

Et[V
1−γ
t+1 ]

1
1−γ

]ψ−γ
. (16)
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C.2 Wage Rigidities and Optimal Wage Setting

Optimal price setting in the presence of wage stickiness is done through the following optimization problem.

There is a continuum of optimizing households in the economy, indexed by k. Each period, only a fraction, 1− θ,
of the optimizing households has the ability to adjust wage demand optimally. The objective function is:

max
W $,∗
t (k)

Et

[ ∞∑
s=0

θsM$
t,t+s

{
Iwt,t+sW

$,∗
t (k)Nt+s(k)− Pt+sMRSt+s(k)Nt+s(k)

}]

s.t. Nt+s(k) =

(
W $,∗
t (k)

W $
t+s

)−ηw
Nd
t+s

W $
t =

[∫ 1

0

Wt(k)1−ηwdk

] 1
1−ηw

=
[
(1− θ)W $,∗

t

1−ηw
+ θ(Iwt−1,tW

$
t−1)1−ηw

] 1
1−ηw

,

where W $,∗
t (·) is the optimal nominal wage chosen at time t and Iwt+s is the wage index in the case when W $,∗

t is

not adjusted optimally in following periods. ηw is the wage markup parameter. MRSt+s(k) is the marginal rate

of substitution between consumption and labor dis-utility. W $
t is the prevailing nominal market-clearing wage at

time t, and Nd
t+s is the aggregate labor demand. The Calvo (1983) style staggered wage setting is standard in the

macroeconomic literature.

The optimal wage demand equation is:

[
1

1− θ

{
W 1−ηw
t − θ

(
Iwt−1,t

Wt−1

Πt

)1−ηw
}] 1

1−ηw

Ht = νwA
1−ψ
t Ct

ψNt
ωGt,

where

Ht = 1 + θEt
[
Mnom
t,t+1I

w
t,t+1

−ηw
(
Nd
t+1

Nd
t

)(
Πt+1

Wt+1

Wt

)ηw
Ht+1

]
Gt = 1 + θEt

[
Mnom
t,t+1I

w
t,t+1

−ηw
(
At+1

At

)1−ψ (
Ct+1

Ct

)ψ (
Nt+1

Nt

)ω (Nd
t+1

Nd
t

)
×Π1+ηw

t+1

(
Wt+1

Wt

)ηw
Gt+1

]
.

In the above formulation, Wt is real wage, Πt is inflation, and νw = ηw
ηw−1 is the wage markup. The equilibrium

condition states that the optimal real wage is equal to the marginal cost of providing an extra unit of labor

(A1−ψ
t Ct

ψNt
ω) multiplied by a time-varying markup

(
νw

Gt
Ht

)
stemming from the monopolistic behavior of the

agents in the labor market.
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C.3 The Investment Decision

The households rent out capital to the firms in exchange for earning the return on capital, Rkt . The capital

accumulation equation is standard with convex quadratic adjustment cost, Φ:

Kt = (1− δ)Kt−1 + Φ

(
Invt
Kt−1

)
Kt−1,

where δ is the rate of capital depreciation.

The representative agent’s optimal investment strategy has to satisfy the following equation :

Qinvt = Et
[
Mt,t+1

[
(1− τkt )Rkt+1 +Qinvt+1

{
(1− δ) + Φ

(
Invt+1

Kt

)
−Φ′

(
Invt+1

Kt

)
Invt+1

Kt

}]]
,

where Qinvt is the shadow price of investment, and Φ′ is the first derivative of the quadratic adjustment cost function.

Similar to the standard investment first order condition from Q-theory, we derive here the intertemporal rela-

tionship of investment’s Q as a function of the return on capital, the rate of depreciation, and the marginal rate of

investment adjustment cost.

C.4 Monopolistic Producers and Price Rigidities

There is a dispersion of firms, denoted by j, with identical production technology in the economy. With nominal

price stickiness and monopolistic competition, each firm is faced with the following optimization problem:

max
P∗
t

Et

[ ∞∑
s=0

αsM$
t,t+s

(
P ∗t (Π∗)sYt+s|t(j)−Wt+s|t(j)Pt+sNt+s|t(j)

)]
(17)

s.t. Yt+s|t(j) = Zt+sNt+s|t(j) (18)

Yt+s|t(j) =

(
P ∗t (Π∗)s

Pt+s

)−θ
Yt+s (19)

Pt =

[∫ 1

0

Pt(j)
1−θdj

] 1
1−θ

=
[
(1− α)P ∗t

1−θ + α(Pt−1Π∗)1−θ
] 1

1−θ
. (20)

Using Calvo (1983) pricing, a firm can choose to optimally adjust price to P ∗t with probability (1− α) each period

independent of the time elapsed between adjustments. Furthermore, t+ s|t denotes the value in period t+ s given

that the firm last adjusted price in period t. Π∗ is the natural level of inflation that firms use to adjust their prices

to from period to period if they cannot optimally set the price, and Zt is the productivity shock on output. Log

productivity is an exogenous AR(1) process such that

zt+1 = ln(Zt+1) = φzzt + σzεz,t+1.
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The first order condition for firm j is:

Et

[ ∞∑
s=0

αsM$
t,t+sYt+s|t(j)

(
P ∗t (Π∗)s − νPt+s

Wt+s|t(j)

Zt+s

)]
= 0, (21)

where ν = θ
θ−1 is the frictionless markup in the absence of price adjustment constraint. Utilizing (19) and the fact

that Wt+s|t(j) = Wt+s, (21) can be rewritten as:(
P ∗t
Pt

)
Ft = ν

Wt

Zt
Jt

or after manipulating (20): [
1

1− α

(
1− α

(
Π∗

Πt

)1−θ
)] 1

1−θ

Ft = ν
Wt

Zt
Jt. (22)

Ft can be recursively expressed as:

Ft = 1 + Et

[ ∞∑
s=1

(αΠ∗)sM$
t,t+1M

$
t+1,t+s

(
Yt+s
Yt+1

)(
Yt+1

Yt

)(
PtΠ

∗

Pt+1

)−θ (
Pt+1(Π∗)s−1

Pt+s

)−θ]

= 1 + αΠ∗Et

[
M$
t,t+1

(
Yt+1

Yt

)(
PtΠ

∗

Pt+1

)−θ
Et+1

[ ∞∑
s=1

(αΠ∗)s−1M$
t+1,t+s

(
Yt+s
Yt+1

)(
Pt+1(Π∗)s−1

Pt+s

)−θ]]

= 1 + αΠ∗Et

[
M$
t,t+1

(
Yt+1

Yt

)(
Π∗

Πt+1

)−θ
Ft+1

]
,

Similarly, Jt has the following recursive formulation:

Jt = 1 + αΠ∗Et

[
M$
t,t+1

(
Zt
Zt+1

)(
Wt+1

Wt

)(
Yt+1

Yt

)(
Π∗

Πt+1

)−1−θ

Jt+1

]
.

C.5 Loglinearized Phillips Curve

To linearize Ft and Jt, we apply Taylor series expansion to the expectation terms in the following steps for

Equation (7). First, define Υt = logEt
[
emt,t+1+∆ỹt+1+∆at+1+(η−1)πt+1+ft+1

]
. Then,

Ft = 1 + αEt
[
Mnom
t,t+1

(
Yt+1

Yt

)
Πη
t+1Ft+1

]
Feft = 1 + αΥelogEt[e

mt,t+1+∆ỹt+1+∆at+1+(η−1)πt+1+ft+1 ]

f + ft = log(1 + αΥeΥt)

= log(1 + αΥeΥ) +
αΥeΥ

1 + αΥeΥ︸ ︷︷ ︸
constf

(Υt −Υ).
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Notice a variable without a time subscript implies the non-stochastic steady state of the variable. In steady state,

f = log(1 + αΥeΥ), so

ft = constfΥt − constfΥ

= constf logEt
[
emt,t+1+∆ỹt+1+∆at+1+(η−1)πt+1+ft+1

]
− constfΥ

= constf {Et [mt,t+1 + ∆ỹt+1 + ∆at+1 + (η − 1)πt+1 + ft+1]

+
1

2
vart (mt,t+1 + ∆ỹt+1 + ∆at+1 + (η − 1)πt+1 + ft+1)

}
− constfΥ,

in which the last equality relies on the lognormality assumption.

For Jt, define Φt = logEt
[
emt,t+1−∆zt+1+κ∆rKt+1+(1−κ)∆w̃t+1+∆ỹt+1+∆at+1+ηπt+1+jt+1

]
, then the same procedure

as above gives us the loglinearized Equation (8):

jt

= constjΦt − constjΦ

= constj logEt
[
emt,t+1−∆zt+1+κ∆rKt+1+(1−κ)∆w̃t+1+∆ỹt+1+∆at+1+ηπt+1+jt+1

]
− constjΦ

= constj
{
Et
[
mt,t+1 −∆zt+1 + κ∆rKt+1 + (1− κ)∆w̃t+1 + ∆ỹt+1 + ∆at+1 + ηπt+1 + jt+1

]
+

1

2
vart

(
mt,t+1 −∆zt+1 + κ∆rKt+1 + (1− κ)∆w̃t+1 + ∆ỹt+1 + ∆at+1 + ηπt+1 + jt+1

)}
−constjΦ,

where constj = αΦeΦ

1+αΦeΦ .

C.6 The System of Equations for the Model with Growth

The full model presented in this section has thirty-one endogenous variables:

{M,Rcl, Rc, Rl, share, P c, P l, C, LI,N,W, Tax, τ,H,G, Iw, D,K, Inv, Y,Φ,Φ′, RI , RK , Q, P real,Π, F, J,Mnom, R(1)}.
I have a system of thirty-three equations resulting from equilibrium conditions, first order conditions and policy

rules:

9



Pricing kernel,

Mt−1,t =

[
β

(
Ct
Ct−1

)−ψ] 1−γ
1−ψ [

Rclt
]ψ−γ

1−ψ (23)

Rclt = (1− sharet−1)Rct + sharet−1R
l
t (24)

sharet =
1(

1− (1+ω)P ct Ct
(1−ψ)P ltLIt

) (25)

Rct =
(1 + P ct )Ct
P ct−1Ct−1

(26)

1 = Et[Mt,t+1R
c
t+1] (27)

Rlt =
(1 + P lt )LIt
P lt−1LIt−1

(28)

1 = Et[Mt,t+1R
l
t+1] (29)

Labor income,

LIt = WtNt (30)

Fiscal rule,

Taxt = τt + τkt R
k
tKt−1 (31)

τt = ρbDt−1(t) + ρgGovt (32)

Wage setting of the saver,

[
1

1− θ

{
W 1−ηw
t − θ

(
Iwt−1,t

Wt−1

Πt

)1−ηw
}] 1

1−ηw

Ht = νwA
1−ψ
t Ct

ψNt
ωGt (33)

Ht = 1 + θEt
[
Mnom
t,t+1I

w
t,t+1

−ηw
(
Nd
t+1

Nd
t

)(
Πt+1

Wt+1

Wt

)ηw
Ht+1

]
(34)

Gt = 1 + θEt

[
Mnom
t,t+1I

w
t,t+1

−ηw
(
At+1

At

)1−ψ (
Ct+1

Ct

)ψ (
Nt+1

Nt

)ω (Nd
t+1

Nd
t

)
Π1+ηw
t+1

(
Wt+1

Wt

)ηw
Gt+1

]
(35)

Wage indexing,

Iwt−1,t = ega (36)

Production function,

Yt = ZtK
κ
t−1(AtNt)

1−κ (37)
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Capital accumulation,

Kt = ((1− δ) + Φt)Kt−1 (38)

Capital adjustment cost,

Φt = b1 +
b2

(1− 1/ζ)

(
Invt
Kt−1

)1−1/ζ

(39)

Φ′t = b2

(
Invt
Kt−1

)−1/ζ

(40)

Return on investment,

1 = Et[Mt,t+1R
I
t+1] (41)

RItQt−1 = (1− τkt )RKt +Qt

(
1− δ + Φt − Φ′t

Invt
Kt−1

)
(42)

1 = QtΦ
′
t (43)

Market clearing condition,

Yt = Ct + Invt +Govt (44)

Government budget constraint,

Dt−1(t) = Taxt −Govt + P realt Dt(t+ 1) (45)

Capital labor ratio,

Wt =
(1− κ)

κ
RKt

Kt−1

Nt
(46)

Optimal price setting,

[
1

1− α

(
1− α

(
1

Πt

)(1−η)
)] 1

(1−η)

Ft =
νκ−κ(1− κ)−(1−κ)RKt

κ
W

(1−κ)
t Jt

ZtA
1−κ
t

(47)

Ft = 1 + αEt
[
Mnom
t,t+1

(
Yt+1

Yt

)
Πη
t+1Ft+1

]
(48)

Jt = 1 + αEt

[
Mnom
t,t+1

(
Zt
Zt+1

)(
At
At+1

)1−κ(RKt+1

RKt

)κ(
Wt+1

Wt

)(1−κ)(
Yt+1

Yt

)
Π

(1+η)
t+1 Jt+1

]
(49)

Nominal pricing kernel,

Mnom
t−1,t =

Mt−1,t

Πt
(50)
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Euler equation,

1

R
(1)
t

= Et[Mnom
t,t+1] (51)

Real bond price,

P realt = Et[Mt,t+1] (52)

Taylor rule,

R
(1)
t

R
=

(
R

(1)
t−1

R

)ρr (
Πt

Π∗

)(1−ρr)ρπ ( Yt/At
Yt−1/At−1

)(1−ρr)ρx

eut , (53)

where gt, ut and zt are exogenous shocks to government spending, monetary policy and productivity, respectively:

gt+1 = (1− φg)θg + φggt + eσg,t+1εg,t+1

σg,t+1 = (1− φgσ)θgσ + φgσσg,t + σgσε
g
σ,t+1

τkt+1 = (1− φτk)θτk + φτkτ
k
t + eστk,t+1ετk,t+1

στk,t+1 = (1− φτ
k

σ )θτ
k

σ + φτ
k

σ στk,t + στ
k

σ ετ
k

σ,t+1

zt+1 = φzzt + eσz,t+1εz,t+1

σz,t+1 = (1− φzσ)θzσ + φzσσz,t + σzσε
z
σ,t+1

∆at+1 = (1− φa)ga + φa∆at + σaεa,t+1

ut+1 = φuut + σuεu,t+1.

C.6.1 The Stationary Model

To make the model stationary, output, consumption, investment, capital stock, real wage, real debt, government

revenue, and government spending need to be detrended by the permanent component of productivity, At.

12



Pricing kernel,

Mt−1,t =

β( Ct
At
At

Ct−1

At−1
At−1

)−ψ
1−γ
1−ψ [

Rclt
]ψ−γ

1−ψ (54)

=⇒Mt−1,t =

β( C̃t

C̃t−1

e∆at

)−ψ
1−γ
1−ψ [

Rclt
]ψ−γ

1−ψ (55)

Rclt = (1− sharet−1)Rct + sharet−1R
l
t (56)

sharet =
1(

1−
(1+ω)P ct

Ct
At

(1−ψ)P lt
LIt
At

) =⇒ sharet =
1(

1− (1+ω)P ct C̃t

(1−ψ)P lt L̃It

) (57)

Rct =
(1 + P ct )CtAt

P ct−1
Ct−1

At−1

At
At−1

=⇒ Rct =
(1 + P ct )C̃t

P ct−1C̃t−1

e∆at (58)

1 = Et[Mt,t+1R
c
t+1] (59)

Rlt =
(1 + P lt )

LIt
At

P lt−1
LIt−1

At−1

At
At−1

=⇒ Rlt =
(1 + P lt )L̃It

P lt−1L̃It−1

e∆at (60)

1 = Et[Mt,t+1R
l
t+1] (61)

Labor income,

LIt
At

=
Wt

At
Nt =⇒ L̃It = W̃tNt (62)

Fiscal rule,

Taxt
At

=
τt
At

+ τkt R
k
t

Kt−1

At−1

At−1

At
=⇒ T̃ axt = τ̃t + τkt R

k
t K̃t−1e

−∆at (63)

τt
At

= ρb
Dt−1(t)

At−1

At−1

At
+ ρg

Govt
At

=⇒ τ̃t = ρbD̃t−1(t)e−∆at + ρgG̃ovt (64)

13



Wage setting of the saver,

[
1

1− θ

{
W 1−ηw
t − θ

(
Iwt−1,t

Wt−1

Πt

)1−ηw
}] 1

1−ηw

Ht = νwA
1−ψ
t Ct

ψNt
ωGt (65)

=⇒

 1

1− θ

W̃t

1−ηw − θ

(
Iwt−1,t

W̃t−1

Πt

At−1

At

)1−ηw

 1

1−ηw

Ht = νwC̃t
ψ
Nt

ωGt (66)

Ht = 1 + θEt

Mnom
t,t+1I

w
t,t+1

−ηw
(
Nd
t+1

Nd
t

)(
Πt+1

Wt+1

At+1

Wt

At

At+1

At

)ηw
Ht+1

 (67)

=⇒ Ht = 1 + θEt

[
Mnom
t,t+1I

w
t,t+1

−ηw
(
Nd
t+1

Nd
t

)(
Πt+1

W̃t+1

W̃t

e∆at+1

)ηw
Ht+1

]
(68)

Gt = 1 + θEt

Mnom
t,t+1I

w
t,t+1

−ηw

( Ct+1

At+1

Ct
At

At+1

At

)ψ (
Nt+1

Nt

)ω (Nd
t+1

Nd
t

)
Π1+ηw
t+1

(
At+1

At

)1−ψ
( Wt+1

At+1

Wt

At

At+1

At

)ηw
Gt+1

(69)

=⇒ Gt = 1 + θEt

Mnom
t,t+1I

w
t,t+1

−ηw

(
C̃t+1

C̃t

)ψ (
Nt+1

Nt

)ω (Nd
t+1

Nd
t

)
Π1+ηw
t+1

(
At+1

At

)1+ηw
(
W̃t+1

W̃t

)ηw
Gt+1

 (70)

Wage indexing,

Iwt−1,t = ega (71)

Production function,

Yt
At

= Zt

(
Kt−1

At−1

)κ
N1−κ
t

(
At−1

At

)κ
=⇒ Ỹt = Zt

(
K̃t−1e

−∆at
)κ
N1−κ
t (72)

Capital accumulation,

Kt

At
= ((1− δ) + Φt)

Kt−1

At−1

(
At−1

At

)
=⇒ K̃t = ((1− δ) + Φt)K̃t−1e

−∆at (73)

Capital adjustment cost,

Φt = b1 +
b2

(1− 1/ζ)

(
Invt
At
Kt−1

At−1

At
At−1

)1−1/ζ

=⇒ Φt = b1 +
b2

(1− 1/ζ)

(
Ĩnvt

K̃t−1

e∆at

)1−1/ζ

(74)

Φ′t = b2

(
Invt
At
Kt−1

At−1

At
At−1

)−1/ζ

=⇒ Φ′t = b2

(
Ĩnvt

K̃t−1

e∆at

)−1/ζ

(75)
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Return on investment,

1 = Et[Mt,t+1R
I
t+1] (76)

RItQt−1 = (1− τkt )RKt +Qt

(
1− δ + Φt − Φ′t

Invt
At
Kt−1

At−1

At
At−1

)
(77)

=⇒ RItQt−1 = (1− τkt )RKt +Qt

(
1− δ + Φt − Φ′t

Ĩnvt

K̃t−1

e∆at

)
(78)

1 = QtΦ
′
t (79)

Market clearing condition,

Yt
At

=
Ct
At

+
Invt
At

+
Govt
At

=⇒ Ỹt = C̃t + Ĩnvt + G̃ovt (80)

Government budget constraint,

Dt−1(t)

At−1

At−1

At
=

Taxt
At
− Govt

At
+ P realt

Dt(t+ 1)

At
=⇒ D̃t−1(t)e−∆at = T̃ axt − G̃ovt + P realt

˜Dt(t+ 1) (81)

Capital labor ratio,

Wt

At

At
At−1

=
(1− κ)

κ
RKt

Kt−1

At−1Nt
=⇒ W̃te

∆at =
(1− κ)

κ
RKt

K̃t−1

Nt
(82)

Optimal price setting,

[
1

1− α

(
1− α

(
1

Πt

)(1−η)
)] 1

(1−η)

Ft =
νκ−κ(1− κ)−(1−κ)RKt

κ
(
Wt

At

)(1−κ)

Jt

Zt
(83)

=⇒

[
1

1− α

(
1− α

(
1

Πt

)(1−η)
)] 1

(1−η)

Ft =
νκ−κ(1− κ)−(1−κ)RKt

κ
(
W̃t

)(1−κ)

Jt

Zt
(84)

Ft = 1 + αEt

[
Mnom
t,t+1

( Yt+1

At+1

Yt
At

At+1

At

)
Πη
t+1Ft+1

]
(85)

=⇒ Ft = 1 + αEt

[
Mnom
t,t+1

(
Ỹt+1

Ỹt
e∆at+1

)
Πη
t+1Ft+1

]
(86)

Jt = 1 + αEt

Mnom
t,t+1

(
Zt
Zt+1

)(
At
At+1

)1−κ(RKt+1

RKt

)κ( Wt+1

At+1

Wt

At

At+1

At

)(1−κ)( Yt+1

At+1

Yt
At

At+1

At

)
Π

(1+η)
t+1 Jt+1

(87)

=⇒ Jt = 1 + αEt

Mnom
t,t+1

(
Zt
Zt+1

)(
RKt+1

RKt

)κ(
W̃t+1

W̃t

)(1−κ)(
Ỹt+1

Ỹt
e∆at+1

)
Π

(1+η)
t+1 Jt+1

 (88)
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Nominal pricing kernel,

Mnom
t−1,t =

Mt−1,t

Πt
(89)

Euler equation,

1

R
(1)
t

= Et[Mnom
t,t+1] (90)

Real bond price,

P realt = Et[Mt,t+1] (91)

Taylor rule,

R
(1)
t

R
=

(
R

(1)
t−1

R

)ρr (
Πt

Π∗

)(1−ρr)ρπ
(

Ỹt

Ỹt−1

)(1−ρr)ρx

eut , (92)

where gt, ut and zt are exogenous shocks to government spending, monetary policy and productivity, respectively:

gt+1 = (1− φg)θg + φggt + eσg,t+1εg,t+1

σg,t+1 = (1− φgσ)θgσ + φgσσg,t + σgσε
g
σ,t+1

τkt+1 = (1− φτk)θτk + φτkτ
k
t + eστk,t+1ετk,t+1

στk,t+1 = (1− φτ
k

σ )θτ
k

σ + φτ
k

σ στk,t + στ
k

σ ετ
k

σ,t+1

zt+1 = φzzt + eσz,t+1εz,t+1

σz,t+1 = (1− φzσ)θzσ + φzσσz,t + σzσε
z
σ,t+1

∆at+1 = (1− φa)ga + φa∆at + σaεa,t+1

ut+1 = φuut + σuεu,t+1.
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C.6.2 The Steady State System of the Model with Growth

The steady state of the pricing kernel block, with the exception of share, can be determined right away by

noting M = βe−ψga : Pricing kernel,

M = βe−ψga , (93)

Rcl =
1

βe−ψga
, (94)

Rc =
1

βe−ψga
, (95)

P c =
βe(1−ψ)ga

1− βe(1−ψ)ga
, (96)

Rl =
1

βe−ψga
, (97)

P l =
βe(1−ψ)ga

1− βe(1−ψ)ga
. (98)

In steady state, capital cancel out in the capital accumulation equation such that

Φ = ega + δ − 1. (99)

Given Φ = δ, the investment-capital ratio and Φ′ can be found using the adjustment cost functions

Ĩnv =

[
(ega + δ − 1− b1)

(1− 1/ζ)

b2

]ζ/(ζ−1)

e−gaK̃ (100)

Φ′ = b2

[
(ega + δ − 1− b1)

(1− 1/ζ)

b2

]−1/(ζ−1)

. (101)

Return on investment is also 1
βe−ψga

which allows us to find the rental cost of capital,

RI =
1

βe−ψga
(102)

Q =
1

b2

[
(ega + δ − 1− b1)

(1− 1/ζ)

b2

]1/(ζ−1)

(103)

RK =
1

1− τk

[
1

βe−ψga
− ega + [(ega + δ − 1− b1)(1− 1/ζ)]

]
Q. (104)
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To solve for the steady state inflation, we notice the following:

Mnom =
βe−ψga

Π
(105)

R(1) =
Π

βe−ψga
(106)

P real = βe−ψga . (107)

From the Taylor rule,

Π =

(
R
βe−ψga

Π∗ρπ

) 1
1−ρπ

. (108)

With steady state inflation given, equilibrium wage offer is:

F =
1

1− αβe(1−ψ)gaΠη−1
(109)

J =
1

1− αβe(1−ψ)gaΠη
(110)

W̃ =


[

1

1− α

(
1− α

(
1

Π

)(1−η)
)] 1

(1−η)
κκ(1− κ)(1−κ)F

νJ
RK
−κ


1

(1−κ)

. (111)

With steady state inflation given, equilibrium wage demand is:

H =
1

1− θβe−ψgaΠηw−1
(112)

G =
1

1− θβe(1−ψ)gaΠηw
(113)

W̃ = C̃ψNω νw
G

H

[
1

1− θ

{
1− θ

(
1

Π

)1−ηw
}] −1

1−ηw

︸ ︷︷ ︸
Ψ

. (114)

Capital labor ratio delivers capital in terms of labor input,

K̃ =
κ

1− κ
W̃ega

RK
N. (115)

Combining the production function and the market clearing condition, we can solve for steadying state labor
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by writing consumption, investment, and capital in terms of labor:

(K̃e−ga)κN1−κ =
C̃ + Ĩnv

1− θg
(116)[

κ

1− κ
W̃

RK

]κ
N =

1

1− θg


(

W̃

NωΨ

)1/ψ

+

[
(ega + δ − 1− b1)

(1− 1/ζ)

b2

]ζ/(ζ−1)
κ

1− κ
W̃

RK
N

 (117)

(
W̃

NωΨ

)1/ψ

=

{
(1− θg)

[
κ

1− κ
W̃

RK

]κ
−
[
(ega + δ − 1− b1)

(1− 1/ζ)

b2

]ζ/(ζ−1)
κ

1− κ
W̃

RK

}
N (118)

W̃

NωΨ
=

{
(1− θg)

[
κ

1− κ
W̃

RK

]κ
−
[
(ega + δ − 1− b1)

(1− 1/ζ)

b2

]ζ/(ζ−1)
κ

1− κ
W̃

RK

}ψ
Nψ (119)

Nψ+ω =
W̃

Ψ

{
(1− θg)

[
κ

1− κ
W̃

RK

]κ
−
[
(ega + δ − 1− b1)

(1− 1/ζ)

b2

]ζ/(ζ−1)
κ

1− κ
W̃

RK

}−ψ
(120)

N =

W̃
Ψ

{
(1− θg)

[
κ

1− κ
W̃

RK

]κ
−
[
(ega + δ − 1− b1)

(1− 1/ζ)

b2

]ζ/(ζ−1)
κ

1− κ
W̃

RK

}−ψ 1
ψ+ω

,(121)

where the second equality uses the fact that W̃ = C̃ψNωΨ. Labor is now written in terms of parameters and known

variables. Steady state captial can be calcualted using the capital labor ratio. Steady state investment can be found

using the adjustment cost function relating investment to capital.

Production function delivers the steady state output,

Ỹ = (K̃e−ga)κN1−κ. (122)

Market clearing condition pins down the steady state aggregate consumption,

C̃ = (1− θg)Ỹ − Ĩnv. (123)

Steady state real debt can be calculated from the fiscal rule and the government budge constraint:

D̃e−ga = T̃ ax− θgỸ + βe−ψgaD̃ (124)

D̃e−ga = ρbD̃e
−ga + ρgθgỸ + (1− µ)τkRkK̃e−ga − θgỸ + βe−ψgaD̃ (125)

(e−ga − ρbe−ga − βe−ψga)D̃ = (ρg − 1)θgỸ + θτkR
kK̃e−ga (126)

D̃ =
(1− ρg)θgỸ − θτkRkK̃e−ga
(βe−ψga + ρbe−ga − e−ga)

. (127)

Steady state lump-sum transfer is:

τ̃ =

[
ρb

(1− ρg)θgỸ − θτkRkK̃e−ga
(βe(1−ψ)ga + ρb − 1)

+ ρgθgỸ

]
. (128)
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Tax revenues are:

T̃ ax = τ̃ + θτkR
kK̃e−ga (129)

(130)

Finally, the following steady states are trivial:

L̃I = W̃N (131)

share =
1

1− 1+ω
1−ψ

PcC̃

PlL̃I

. (132)
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D Solution and Estimation

To estimate model parameters we use the mean, the variance and the contemporaneous covariances in the data

as moments. Hence, we let

qt =

 datat

diag
(
datatdata′t

)
vech

(
datatdata′t

)
 .

Letting θ contain the structural parameters, our GMM estimator is given by

θGMM = argminθ∈Θ

(
1

T

T∑
t=1

qt − E [qt (θ)]

)′
W

(
1

T

T∑
t=1

qt − E [qt (θ)]

)

Here, W is a positive definite weighting matrix and E [qt (θ)] contains the model-implied moments computed as

described in the following subsection. We use the conventional two-step implementation of GMM by letting WT =

diag
(
Ŝ−1

)
in a preliminary first step to obtain θ̂step 1 where Ŝ denotes the long-run variance of 1

T

∑T
t=1 qt when re-

centered around its sample mean. Our final estimates θ̂step 2 are obtained using the optimal weighting matrix WT =

diag
(
Ŝ−1

θ̂step 1

)
, where Ŝθ̂step 1 denotes the long-run variance of our moments re-centered around E

[
qt

(
θ̂step 1

)]
. The

long-run variances in both steps are estimated by the Newey-West estimator using 10 lags, but our results are robust

to using more lags.

Given our interest in analyzing time-varying risk premia, we employ a third-order Taylor approximation of

the policy functions that characterize the equilibrium dynamics of the model. However, higher-order terms may

generate explosive sample paths thus precluding any estimation method that, like GMM, relies on finite moments

from stationary and ergodic probability distribution (see e.g. Sims, Kim, Kim, and Schaumburg (2008) for a

discussion of this issue within the context of second-order approximations). To ensure stable sample paths (and

existence of finite unconditional moments) we adopt the pruned state-space system for non-linear DSGE models

suggested by Andreasen, Fernández-Villaverde, and Rubio-Ramı́rez (2017). Intuitively, pruning means we are going

to omit terms of higher-order effects than the considered approximation order (third-order, in our case) when the

system is iterated forward in time.32 Provided the linearized solution is stable, Andreasen, Fernández-Villaverde,

and Rubio-Ramı́rez (2017) derive closed-form solutions for first and second unconditional moments of the pruned

state-space of the DSGE. This is important since it allows us to compute in a reasonable amount of time the

unconditional moments for our DSGE model solved up to third-order.33

32For details on the pruning method, see Sims, Kim, Kim, and Schaumburg (2008) for second-order and An-
dreasen, Fernández-Villaverde, and Rubio-Ramı́rez (2017) for higher-order approximations to the solutions of DSGE
models.

33Although we solve the model by a third-order perturbation, we verified that our model moments are similar
when we use a higher-order approximation and no pruning. In particular we checked that our results do not change
when we use a fifth order solution to our DSGE model. To obtain a fifth order solution we use the tensor approach
proposed by Levintal (2017). The corresponding results are available upon request.
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E Conditional IRF at the Zero Lower Bound

To implement an interest rate peg in the model we follow Sims (2017). In particular we augment the Taylor

rule with “news” shocks as follows:34

it = i∗ + φπ (πt − π∗) + e
(0)
t +

H−1∑
j=1

e
(1)
t−j

where e
(j)
t−j , for j > 0 are news shocks, i.e. shocks known to agents in advance of them actually impacting the policy

rule.

We can impose an interest rate peg as follows. First, solve the model as described in Section 4.2 but where

we replaced the Taylor rule with one augmented with news shocks.35 Second, we simulate a long path of T − 1

observation so that all state variables are at their ergodic mean in absence of shocks (EMAS). Starting at the

EMAS, we compute the IRFs of the economy to, e.g., a government spending shock (at this stage we still have

e
(j)
t−j = 0). We then solve for the value of the news shocks e

(j)
t−j , for j = 0, . . . ,H − 1, which keeps the nominal

rate pegged for a desired length of time, i.e. iT+s = iT−1 ≡ iEMAS for s = 0, . . . ,H − 1. Effectively, we can think

about the effects of a shock under an interest rate peg as being something like the sum of the direct effect of the

shock, plus the effects of current and anticipated monetary policy shocks so as to keep the nominal the interest rate

unresponsive to a shock for the current and subsequent H − 1 periods, for a total of H periods. We refer to H as

the peg period. In Section 6 we discuss two policy scenarios: a H = 4 period interest rate peg, and a H = 8 period

interest rate peg.

Few final remarks are in order. First, an important advantage of this approach is that one can still solve

the model with perturbations above first order. Second, it is important to write the innovations in the policy

rule as anticipated shocks since this guarantees that, at the time of another shock, agents will anticipate that

the interest rate will be unresponsive for H total periods. Third, the algorithm so far described is similar to the

one used in Fernández-Villaverde, Guerrón-Quintana, Kuester, and Rubio-Ramı́rez (2015). Whereas Fernández-

Villaverde, Guerrón-Quintana, Kuester, and Rubio-Ramı́rez (2015) use a combination of innovations to preference

and productivity shocks to force the economy to the ZLB, we instead solve for the news shocks which keep the

interest rate unresponsive.

34For expository purposes, we consider a simplified Taylor rule with no interest rate smoothing and no reaction
to output growth.

35To augment the Taylor rule with news shocks is reasonably straightforward in Dynare. To do so, one simply
needs to create some auxiliary state variables. E.g. suppose one wants a four period peg, H = 4. Then one would
introduce four new state variables.
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