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NON-TECHNICAL SUMMARY

The yield curve is an internal part of the transmission mechanism of monetary policy

since it works as a core link between monetary policy instrument and aggregate de-

mand. It has been believed that the monetary policy has relatively good control over

the yield curve through its instrument in the form of short rate which is essentially a

regulated price by the monetary policy authority and long rates are nothing else than

risk adjusted expectations about future short rates. Monetary policy conduct has been

therefore at the heart of explaining what determines the level (future short rates) and

the shape (uncertainty about future rates) of the yield curve. Nevertheless, the theoret-

ical literature, namely macro-finance models, has been facing difficulties for decades in

explaining why the term structure of interest rates is on average upward slopping.

We shed a new light on this long-standing puzzle in the macro-finance literature, the

”bond premium puzzle” (cf. Backus, Gregory and Zin (1989), and Den-Haan (1995)),

by highlighting that fiscal policy, more specifically the size of government debt and the

way it is financed, impacts the compensation for risk (term premia) investors require

for holding the government bonds. Traditionally, to match the term premia agents had

to be overly risk averse in the model. In our model with more elaborate fiscal side we

can match the average compensation for risk with a coefficient of relative risk aversion

which is more in line with the data. To bring our theoretical model to the data, we

estimate the structural parameters by GMM.

Figure 1: The link between the coefficient of relative risk-aversion (CRRA) and the
nominal term premium using the estimated models.
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The figure 1 shows the link between the coefficient of relative risk-aversion (CRRA) and

the nominal term premium using the estimated models. In an economy with balanced

budget and low debt to output ratio the compensation for risk required by investors

to hold nominal bonds with longer maturity will be small even if they are overly risk

averse (an example being the Rudebusch and Swanson model). However, if the overall

indebtedness of the country is high, or if the level of debt varies over time, investors will

hold nominal bonds with higher maturity only if bonds provide extra term premium.

The source of risk comes from the fact that higher and less predictable level of debt

worsens the property of bonds to function as a mean of saving. Distortionary taxes and

the level of debt increase inflation in the model but decrease output. Long maturity

bonds and thus savings lose their real value at the time when output decreases and

amplify the fluctuations in investors wealth.
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1. INTRODUCTION

This paper explores how fiscal policy affects the term premium in the yields of long-term

bonds from a macro-finance perspective. The yield on long-term nominal bonds (such

as US Treasury securities or UK gilts) includes a term premium that investors require as

compensation for nominal and real risks over the lifetime of the bond. Macro-finance

models aim to jointly match a set of macroeconomic and finance moments, such as

the variability of consumption growth and the sizable nominal term premium (NTP),

respectively.

Our model is an extension of the New Keynesian macro-finance model developed by

Rudebusch and Swanson (2012) (henceforth, RS) on the fiscal side. We have three de-

partures from RS, who assume that the government budget is balanced through lump-

sum taxes in each period. First, we consider constant government debt (balanced bud-

get) and the more realistic case of time-varying debt. The latter implies that government

budget deficits can occur, which is true for most countries and various time periods. Sec-

ond, the government budget in our paper is consolidated through distortionary income

taxes1 in both scenarios. Third, we estimate the model instead of calibrating it as in RS.

In particular, we take a third-order Taylor series approximation of the model and esti-

mate it on US data for 1961-2007 using the Generalized Method of Moments (GMM).

Macro-finance models have long struggled to match finance moments, such as the NTP

on long-run bonds (see RS and the papers cited therein). The RS model, as well as our

model, features Epstein-Zin recursive preferences, which are used to disentangle risk

aversion from the intertemporal elasticity of substitution. With Epstein-Zin preferences,

one can raise the risk aversion of the representative household to help produce high

term premiums without reducing the intertemporal elasticity of substitution to counter-

factually low levels. An important contribution of this paper is that our model, which is

estimated on US data with detailed fiscal sector information, can match the NTP with

lower risk aversion than can previous papers that operate with simpler fiscal setups (see,

e.g., RS and Andreasen (2012)).

We contribute to the literature on the fiscal side as follows. In RS, the sources of the risks

are temporary technology shocks that engineer negative covariance between consump-

tion and inflation. For instance, a negative innovation in technology raises inflation but

decreases consumption. With negative supply shocks, nominal bonds are risky in the

sense that they deliver low real returns at a time of low consumption and output.

1Income taxes distort the consumption-leisure trade-off in the model. In particular, the real wage,
which governs this trade-off and is the opportunity cost of leisure, is smaller with positive taxes (also
called the after-tax real wage).
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In our setting, fiscal policy has similar effects to those of productivity shocks in RS.

On the one hand, additional government purchases induce higher taxes, marginal costs

and inflation through the New Keynesian Phillips curve. On the other hand, higher taxes

urge households to substitute labor for leisure, resulting in lower production and con-

sumption. Uncertainty about the evolution of government spending therefore leads to

inflation risks and higher bond yields. With a steady-state debt-to-GDP ratio of approx-

imately 70 percent (not uncommon in the US before the outbreak of the financial crises

in 2008) our models easily capture the observed term-premium of 106 basis points (see

Kim and Wright (2005)). We achieve this result using the same calibration as RS, whose

model, however, delivers a term-premium of only 38 basis points.

2. THE MODEL

2.1. HOUSEHOLDS

Our model is based on the New Keynesian DSGE model of RS. The description of the

households and firms’ problems below closely follows RS.

The household maximizes the continuation value of its utility (V ), which is of Epstein-

Zin form and follows the specification of RS:

Vt =

{
U(Ct, Lt) + β

[
EtV

1−α
t+1

] 1
1−α if U(Ct, Lt) ≥ 0

U(Ct, Lt)− β [Et(−Vt+1)1−α]
1

1−α if U(Ct, Lt) < 0.
(1)

The households’ problem is subject to its flow budget constraint:

Bt + PtCt = (1− τt)WtLt +Dt +Rt−1Bt−1. (2)

In equation (1), β is the discount factor. Utility (U) at period t is derived from con-

sumption (Ct) and leisure (1−Lt). Et denotes expectations conditional on information

available at time t. As the time frame is normalized to one, leisure time (1−Lt) is what

remains after spending some time working (Lt). WtLt is labor income, Rt is the return

on the one-period nominal bond, Bt, Dt is dividend income, and τt is taxes on labor

income.

To be consistent with balanced growth, RS imposes the following functional form on U :

U(Ct, Lt) =
C1−ϕ
t

1− ϕ
+ χ0Z

1−ϕ
t

(1− Lt)1−χ

1− χ
, ϕ, χ > 0, (3)

where Zt is an aggregate productivity trend, and ϕ, χ, χ0 > 0. The intertemporal
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elasticity of substitution (IES) is 1/ϕ, and the Frisch labor supply elasticity is given by

(1− L̄)/χL̄, where L̄ is the steady state of hours worked.

It is of interest to report the relationship between the coefficient of relative risk-aversion

RRAc and the Epstein-Zin curvature parameter (α):

RRAc =
ϕ

1 + ϕ
χ

(1−L)
L

(
1

(1−τ)

) + α
1− ϕ(

1 + (1− τ)1−ϕ
1−χ

(1−L)
L

) (4)

Equation 4 shows that the risk aversion measure is affected by the income tax, τ .

2.2. FIRMS

Intermediary firms maximize their profits and face Calvo style price-setting frictions.

Accordingly, a 1− ξ fraction of firms can set their price optimally in each period. There

is a perfectly competitive sector that purchases a continuum of intermediary goods and

turns them into a single final good using a CES aggregator.

Intermediary firm i produces output (Yt(i)) using the following technology:

Yt(i) = At[Kt(i)]
1−η[ZtLt(i)]

η, (5)

which substituting for Yt(i) the demand for product i (Yt(i) =
(
Pt(i)
Pt

)− 1+θ
θ
Yt) and aggre-

gating across firms, yields:

Yt = ∆−1
t At[Kt]

1−η[ZtLt]
η, 0 < η < 1, (6)

where Kt = ZtK̄ is the aggregate capital stock (K̄ is fixed), η is the share of labor in

production, ∆t ≡
∫ 1

0

(
Pt(i)
Pt

)− 1+θ
θ
di is price dispersion. θ is the net markup and 1+θ

θ
is the

elasticity of substitution among intermediary goods.

At is a stationary aggregate productivity shock:

logAt = ρA logAt−1 + εAt ,

where εAt is an independently and identically distributed (iid) stochastic technology

shock drawn from Gaussian Normal distribution with mean zero and variance σ2
A.

The profitmaximisation problem of the intermediary firm leads to the New Keynesian
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Phillips curve which can be written recursively as follows:

P̃
1+

(1+θ)(1+η)
θη

t =
Znt
Zdt

, (7)

where

Znt = (1 + θ)MCreal
t Yt + ξβKreal

t π
1+θ
θη

t+1 Znt+1, (8)

and

Zdt = Yt + ξβKreal
t π

1
θ
t+1Zdt+1. (9)

In equation (7) P̃t denotes the ratio of the optimal price and the aggregate price index.

In equations (8) and (9) the average real marginal cost (MCreal
t ) is defined as:

MCreal
t =

Wt/Pt
η

(
Yt
K̄

) 1−η
η

A
−1/η
t ,

and the real stochastic discount factor is given by:

Kreal
t,t+T ≡

(
Ct+1

Ct

)−ϕ [
Vt+1

(EtV
1−α
t+1 )1/(1−α)

]−α
.

The recursive form of the Phillips curve is derived in detail in the Appendix.

The market clearing equation reads as:

Yt = Ct + δKt +Gt,

where δ is the depreciation rate of capital and Gt is the government spending shock.

Monetary and fiscal policy are described in the section below.

2.3. MONETARY AND FISCAL POLICY

Monetary Policy. The New Keynesian model is closed by a monetary policy rule (a

so-called Taylor rule):

dRt = ρidRt−1 + (1− ρi)[R̄+ log Π̌t + gπ(log(Π̌t)− log(Π∗)) + gy(Yt−Y ∗t )/Y ∗t ] + εit, (10)

where dRt is the deviation of the policy rate from its steady-state, Π̌t is a four-quarter

moving average of inflation (defined below), and Y ∗t is the trend level of output Ȳ Zt
(where Ȳ denotes the steady-state level of Yt/Zt ). Here, R̄ is the steady-state gross

interest rate, which equals log(Π̄∗/β̃), Π∗ is the target rate of inflation, and εit is an

iid shock with mean zero and variance σ2
i . ρi captures the motive for interest rate
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smoothing.

The four-quarter moving average of inflation (Π̌t) can be approximated by a geometric

moving average of inflation:

log Π̌t = θπ log Π̌t−1 + (1− θπ) log Πt, (11)

where the calibration of θπ = 0.7 in RS ensures that the geometric average in equation

(11) has an effective duration of approximately four quarters. Below we also estimate

θπ by GMM.

Fiscal Policy. Government spending follows the process:

log(gt/ḡ) = ρG log(gt−1/ḡ) + εGt , 0 < ρG < 1, (12)

where ḡ is the steady-state level of gt ≡ Gt/Zt, and εGt is an iid shock with mean zero

and variance σ2
G.

In one of our fiscal scenarios, the government can issue debt in each time t. The evolu-

tion of debt from time t−1 to time t is described by the government’s budget constraint:

bt + τtwtLt =
γ−1Rt−1bt−1

Πt

+ gt, (13)

where bt and wt represent de-trended real government debt and real wages, respectively.

All quantities are expressed in real terms, except for the nominal interest rate (Rt).

Here, Rt−1bt−1 denotes interest payments on the previous period’s debt.

Our second fiscal scenario is the case of balanced budget (with either positive or zero

steady-state government debt). If one imposes a restriction bt = bt−1 = 0 for all t, then

expression (13) boils down to the balanced budget case (gt = τtwtLt for all t in the

absence of steady-state debt b = 0). In both fiscal scenarios, the government budget is

consolidated through distortionary labor income tax revenue.

Our fiscal rule is motivated by the evidence in Romer and Romer (2010), which esti-

mate the effects of exogenous tax changes on output and emphasizes that ignoring the

influences of economic activity on tax policy leads to biased estimates of the macroe-

conomic effects of tax changes. To address these concerns, we allow the tax rate at

time t to respond to previous period output, allowing for long delays in legislation and

reactions to previous period debt to prevent the build-up of large debt-to-GDP ratios:

dτt = ρτdτt−1 + ρτbb̂t−1 + ρτyŷt−1 + ετt . (14)
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Our specification of the fiscal policy rule captures the four main features suggested by

Leeper et al. (2010) and Zubairy (2014). First, the response of taxes to the deviations

of output from its steady-state captures some ’automatic stabilizer’ component of fiscal

policy (see parameter ρτy). Second, we allow the income tax rate to respond to the

state of government debt (see parameter ρτb). Third, government spending and tax

rates evolve persistently, which is allowed for in the form of autoregressive terms, ρg
and ρτ , in equations (12) and (14), respectively. Fourth, unexpected movement in the

tax rate is reflected by the tax shock ετt , which has a mean of zero and variance σ2
τ .

Finally, we note that goods and labor markets clear in equilibrium and that the transver-

sality condition regarding bond holdings is satisfied.

3. BOND PRICING

The price of a default-free n-period zero-coupon bond that pays $1 at maturity can be

described with a recursive formula:

p
(n)
t = Et{mt+1p

(n−1)
t+1 },

where mt+1 ≡ mt,t+1 is the stochastic discount factor, p(n)
t denotes the price of the bond

at time t with maturity n, and p(0)
t ≡ 1, i.e., the time t price of $1 delivered at time t is

$1. To calculate the term premium, we need the bond price expected by the so-called

risk-neutral investor who is rolling over a one-period investment for 10 years (in case

a bond with 10-year maturity). The risk -neutral bond price can be expressed through

the expectations hypothesis of the term structure:

p̂
(n)
t = e−itEtp̂

(n−1)
t+1 , (15)

where p̂(0)
t ≡ 1. Equation (15) is also recursive and states that the current period price

of the bond is the present discounted value of the next period bond price, where the

discount factor is the risk-free rate rather than the stochastic discount factor.

The continuously compounded yield to maturity of the n-period zero-coupon bond is

defined as:

i
(n)
t = − 1

n
log p

(n)
t .

The implied term premium is defined as the difference between the yield expected by

the risk-averse investor (i(n)
t ) minus the yield expected by the risk-neutral investor (ı̂(n)

t ):

TP
(n)
t = i

(n)
t − ı̂

(n)
t .
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We also report two imperfect but frequently used measures of the risk of nominal bonds.

The first one is the slope of the term structure, which is defined as the difference be-

tween the yield with maturity n and the short yield (3-month yield). The second al-

ternative riskiness indicator is the excess holding period return, which can be written

as:

x
(n)
t =

p
(n−1)
t

p
(n)
t−1

− it−1. (16)

In equation (16), p(n−1)
t is the period t price of a bond that matures in n − 1 quarters,

it−1 is the 3-month yield in period t− 1, and p(n)
t−1 is the period t− 1 price of a bond that

matures in n quarters.

4. DATA AND GMM ESTIMATION

To discipline the choice of model parameters, we estimate our models (with either con-

stant of time-varying debt) with the GMM toolbox of Andreasen et al. (2018) using

the following quarterly US time series for 1961-2007 (the sample period follows RS to

facilitate comparison): i) the per capita consumption growth dCt (d denotes the tempo-

ral difference operator), ii) the one-quarter nominal interest rate it, iii) the per capita

hours growth dLt, iv) the growth rate of real wage d(Wt/Pt), v) inflation Πt, vi) the

slope of the term structure proxied by the difference between the 10-year nominal in-

terest rate i(40)
t and the one-quarter nominal interest rate it, vii) the 10-year nominal

term premium from Adrian et al. (2013), and viii) the growth rate of labor tax revenue

divided by GDP (d(τtWtLt/Yt)). The Appendix provides more information regarding the

data used in the estimation.

Similarly to Andreasen et al. (2018) and Bretscher et al. (2016), we consider three

types of unconditional moments for the GMM estimation: i) sample means m1(yt) = yt,

contemporaneous covariances m2(yt) = vech(yty
′
t), and own autocovariances m3(yt) =

{yi,tyi,t−k}nyi=1 for k = 1 and k = 5. The total set of moments used in the estimation are,

therefore, given by m(yt) = [m1(yt) m2(yt) m3(yt)]
′.

Letting θ denote the structural parameters, the GMM estimator is given by:

arg min
θ∈Θ

(
1

T

T∑
t=1

qt − E(qt(θ))

)′
W

(
1

T

T∑
t=1

qt − E(qt(θ))

)
. (17)

In equation (17), W is a positive definite weighting matrix, 1
T

∑T
t=1 qt are data mo-

ments and E(qt(θ)) are moments computed from the model. We follow a conventional

two-step procedure to implement GMM. In the first step, we set WT = diag(Ŝ−1) to
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obtain θ̂(1), where Ŝ denotes the long-run variance-covariance matrix of 1
T

∑T
t=1 qt when

centered around its sample mean. In the second (final) step, we obtain θ̂(2) using the

optimal weighting matrix WT = Ŝ−1

θ̂(1)
, where Ŝ−1

θ̂(1)
denotes the long-run variance of our

moments re-centered around E
(
qt(θ̂

(1))
)

. The long-run variances in both steps are pro-

duced with the Newey-West estimator using five lags, and our results are robust to the

inclusion of, e.g., ten lags.

We estimate three models and present the results in Table 1. The first two columns

contain the models with time-varying and constant debt (both with distortionary la-

bor taxes), respectively. The third column entails the RS model with balanced budget

and lump-sum taxes. For the time-varying debt model 20 parameters and one steady-

state quantity (hours worked) are estimated using 49 moments2 by GMM. In the case

of the constant debt model with distortionary taxes and the RS model (constant debt

and lump-sum taxes) 16 parameters and two steady-state quantities are estimated us-

ing 39 moments3 by GMM. The rest of parameters and steady-state quantities are not

estimated but calibrated as follows: γb = 2.4 is consistent with a yearly debt-to-GDP

ratio of 60 percent. The steady-state inflation rate is zero (Π∗ = 1). The steady-state

capital-to-GDP ratio is calibrated to ten as in RS and capital stock has a depreciation

rate of ten per cent per annum. The government spending-to-GDP ratio is calibrated 27

per cent.

The estimated coefficients in the tax rule and the government purchases are close to

those of Leeper et al. (2010) and Zubairy (2014).4 Importantly, both models estimate

lower relative risk-aversion coefficients (see the implied CRRA of 45 and 31 for the time-

varying and constant debt models respectively) than earlier papers (see RS for a value

of 110 and Andreasen (2012) for a value of 168). Regarding our other estimates of the

parameters, they are largely in line with those in Andreasen et al. (2018) and Bretscher

et al. (2016). Similarly to the findings of Andreasen et al. (2018) and Bretscher et al.

(2016), the curvature parameter of recursive preferences is not precisely estimated.

The estimates of the technology shock in the case of the time-varying debt model are in

accordance with those of King and Rebelo (1999), as well as Basu, Fernald and Kimball

(2006), while the estimates in the case of the constant debt model closer to the GMM

estimates of Andreasen (2012). The estimates of the AR(1) term and the size of the

shock for the government spending process are reasonably close to the single equation

estimates reported in the online Appendix.

2For seven observables the 49 moments are composed of the seven means, standard deviations, first-
and fifth-order autocorrelations plus 21 covariances in the symmetric variance-covariance matrix.

3For six observables the 39 moments are the six means, standard deviations, first- and fifth-order
autocorrelations plus 15 covariances in the symmetric variance-covariance matrix.

4The only exception is the coefficient on the lagged tax variable which is estimated to be magnitudes
lower than in Zubairy (2014).
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Table 1: GMM estimates of the models parameters and steady-states
Parameters Time-varying Constant RS model

and steady-states debt debt Zero debt
Household

β̃ 0.9903
0.0024

0.9851
0.0005

0.9911
0.0043

ϕ 1.9923
0.48

2.0083
0.1

1.9841
0.2

χ 2.8499
0.99

2.8493
0.13

2.9649
0.99

α −61.2441
31.53

−39.1276
33.34

−149.3743
33.62

L̄ 0.3667
0.0048

0.3666
0.00062

0.3391
0.00032

CRRA (implied) 43.14 30.63 75.18
Firm

η 0.6513
0.0013

0.6004
0.00162

0.7031
0.00038

ξ 0.7505
0.0027

0.7915
0.00024

0.7807
0.00031

ε 4.07
0.065

4.12
0.021

4.98
0.0172

Monetary Policy
ρi 0.5502

0.36
0.5314
0.0015

0.6134
1.06

gπ 0.5021
2.13

0.5132
0.0014

0.5257
19.66

gy 0.9299
3.5

0.9224
0.0009

0.9315
33.80

θπ 0.22
0.13

0.28
0.32

0.32
0.03

Fiscal Policy
ρτ 0.02

0.0055
−
−

−
−

ρτb 0.011
0.0021

−
−

−
−

ρτy 0.009
0.03

−
−

−
−

Shock processes
ρa 0.9758

0.0024
0.9519
0.00121

0.9516
0.00137

ρg 0.8101
1.5

0.9629
0.11

0.9845
0.16

σa 0.0058
0.0076

0.0053
0.00083

0.0054
0.00065

σg 0.011
0.0031

0.0094
0.0029

0.0093
0.0038

στ 0.0033
0.0064

−
−

−
−

σi 0.0231
0.0202

0.0001
0.34

0.0003
0.37

Notes: The numbers below the parameter estimates denote the standard deviation of
the estimate as a percent. — indicates parameters that do not appear in the constant
debt model or in the RS model. The implied CRRA parameter can be calculated from
equation 4.
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The estimates of the parameters in the Taylor rules, as well as the monetary policy

shock, are in line with those of Rudebusch (2002) and Andreasen (2012) in the case

of the time-varying debt model while they are somewhat lower for the constant debt

model. The steady state hours work and government spending-to-GDP ratios are esti-

mated to be somewhat higher than the ones in RS.

It is important to note that the time-varying debt model is successful in matching the

NTP with lower CRRA not only because of the introduction of a richer fiscal setup but

also because the GMM estimates the technology and government spending shocks with

higher autocorrelation and shock size parameters. In particular, we find that the re-

duction in the risk-aversion parameter is made possible by the introduction of a more

detailed fiscal structure for 38 percent of the total effect in case of the time-varying

debt model. The higher estimated AR(1) parameter in the technology shock process is

responsible for 62 percent of the total decrease5 in the case of the time-varying debt

model.

In the case of the constant debt model, however, seventy percent of the reduction in the

CRRA is made possible by the lower estimate of the inflation persistence (θπ̄) as well as

the interest-rate smoothing (ρi) parameters. The lower estimate of interest rate smooth-

ing imply that the central bank reacts to shocks by greater changes in the nominal inter-

est rate (in a given quarter) meaning that monetary policy leans more against changes

in inflation and output gap and, thus, equilibrium interest rates, inflation and output

gap will be more volatile implying a rise in risk-premiums. Lower inflation smoothing

parameter also implies larger reaction of inflation as well as the nominal interest rate

and, therefore, its workings are similar to the effects of lower interest rate smoothing.

The last column indicates that the RS model is estimated with a risk-aversion coefficient

at least two times higher in magnitude than those obtained by the model versions with

richer fiscal sector.

Table 2 presents selected macro and finance moments calculated from US data 1961-

20076 and three model variants (the model with time-varying debt, constant debt, and

the RS model which assumes zero steady-state government debt and lump-sum taxes).

The reported unconditional moments are based on simulated time series of 10 000

periods utilising a third-order approximation of the model (pruning was also used to

avoid explosive paths). Beyond macro and finance variables, model fit is assessed on the

basis of fiscal moments such as the unconditional correlation of the labor tax revenue

and the debt-to-output ratio with output, as well as the standard deviation, first-order

autocorrelation of labor tax revenue and the debt-to-output ratio. In general, we find

5This result is not reported in Table 2.
6We focus on data before the great recession to avoid complications posed by the fact that the US

policy rate reached its zero lower bound at the end of 2008.
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Table 2: Unconditional moments from the simulated models
Unconditional US data, Time-varying Constant RS model

Moments 1961-2007 debt debt
SD(dC) 2.78 2.38 3.60 1.86
SD(L) 0.80 0.50 0.62 0.67

SD(dW r) 0.97 3.30 2.53 1.26
SD(π) 2.52 4.05 3.96 1.89
SD(R) 2.71 4.23 4.66 1.73

SD(Rreal) 2.30 0.75 1.16 1.14
SD(R40) 2.41 3.44 2.96 1.03

Mean(NTP (40)) 1.06 1.14 1.05 0.73
SD(NTP (40)) 0.54 0.33 0.17 0.07

Mean(R(40) −R) 1.43 1.00 0.73 0.37
SD(R(40) −R) 1.33 0.98 1.97 0.86
Mean(X(40)) 1.76 1.08 0.87 0.38

SD(X(40)) 23.43 11.73 13.17 5.24
Mean(IRP (40)) 0.80 1.01 0.95 0.44

Corr(dC, π) -0.34 -0.13 -0.11 -0.40
SD(d(τWN)) 2.84 1.25 1.61 –
SD((τWN)) 0.99 3.22 5.79 –

Corr(d(τWN, dY )) -0.07 -0.14 0.53 –
Corr(d(τWN, dC)) -0.11 -0.16 0.37 –
AutoCorr(dτWN) -0.17 -0.44 0.03 –

SD(D/Y) 2.13 16.56 – –
SD(d(D/Y)) 0.69 0.30 – –

Corr(d(D/Y),dY) -0.46 -0.63 – –
Corr(d(D/Y),dC) -0.16 -0.57 – –
AutoCorr(D/Y) 0.99 1.00 – –

Fit to Data 0.00 12.32 10.85 18.45
Notes: Mean, SD, Corr and Autocorr denote the unconditional mean, standard devia-
tion, correlation and first-order autocorrelations, respectively. NTP (40)=nominal term
premium on a 40-quarter bond, R(40) − R is the slope, IRP (40) is the inflation risk pre-
mium, and X(40) is the excess holding period return for a 10-year bond. The model
parameters are based on the GMM estimates in table 1. All variables are expressed in
per cent except for consumption growth, inflation and interest rates of various matu-
rities which are expressed in annualised percentage. — denotes statistics that are not
available for the constant debt model.
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that the richer model structure with time-varying debt better matches the data. In

particular, constant debt approximates the empirical correlation between tax revenue

and GDP but fails to capture the standard deviation and the autocorrelation of the tax

revenue. A shortcoming of the time-varying debt and constant debt models is that they

generate high inflation uncertainty and, thus, inflation and the short-term policy rate

display more variability than what we see in the data.

In the last row of Table (2) we report a measure of the overall fit of the models. In

particular, we follow Rudebusch and Swanson (2012) and calculate the sum of squared

differences between the model moments and the data as:

ν =
n∑
i=1

ωi(x
M
i − xDi )2 (18)

where n = 15 stands for the number of moments considered, xM is the first or second

moment from the model and xD is the data based counterpart. The ωi = 1/n is the

weighting parameter and we assume it to be common for all moments.

The measure of fit is calculated only for the moments which have counterpart in the

estimated RS model to ensure fair comparison (meaning that the comparison exercise

is done for the macroeconomic variables without the fiscal ones which are not present

in the RS model and also for the finance variables). In this manner, the measure of fit

indicator does not capture that our estimated fiscal models are matching fiscal moments,

too.

A lower measure of fit indicator means that our estimated fiscal models fit the data

more accurately than the estimated RS model (i.e. smaller squared differences between

our model and the data). The moments reported from the estimated version of the RS

model (the last column of Table (2)) are reasonably close to the numbers presented

originally in RS. It needs to be noted that the estimated version of the RS model pro-

duces lower nominal term premium (with an estimated risk-aversion of about 75) than

its fiscal extensions which are estimated with risk-aversion in the range of 30 to 43.7

Still, it needs to be emphasized that our estimated RS model performs better in terms

of matching the mean of the nominal term premium than the calibrated RS model since

our interest rate and inflation smoothing coefficient estimates are lower and, thus, infla-

tion risks are higher. Section 7.1 of the Appendix contains all data and model moments

used for the GMM estimations so that the overall performance of the models can be

fully assessed.

7Note that the nominal term premium is higher in our paper than in the baseline calibrated version
of RS because our GMM procedure estimates slightly higher standard deviation for the innovation of the
technology shock but similar levels of risk-aversion.
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5. THE DISTORTIONARY INCOME TAX CHANNEL

In this section, we explain how the richer fiscal structure (distortionary labor income

taxation with either constant or time-varying debt) helps generate a higher mean nomi-

nal term premium. To better understand the distortionary tax channel, we first point to

the fact that fiscal policy has workings similar to those of temporary technology shocks.

In the RS model, the main source of nominal and real risks are temporary and persis-

tent technology shocks, which facilitate a negative correlation between consumption

and inflation. In bad times (low realizations of technology), consumption is low and

inflation is high; thus, real returns on bonds are also low. In other words, nominal

bonds provide a poor hedge against technology shocks. However, we show below that

government spending shocks also give rise to inflation risks with income taxation under

either constant or time-varying government debt.

To elaborate on the distortionary income tax channel, let us study what happens af-

ter a positive innovation in government spending that needs to be financed by income

taxes either on a balanced-budget basis or allowing for a budget deficit (time-varying

debt). Higher taxes on income imply fewer hours worked and lower output because

households substitute away from labor to leisure. Additionally, higher income taxes im-

ply higher real marginal costs and higher inflation through the New Keynesian Phillips

curve. To see this analytically we provide the Phillips curve and the marginal cost in

loglinear form: Based on a first-order Taylor series approximation of the firm’s opti-

mality condition (equation (7)), one can derive the New Keynesian Phillips curve that

establishes a log-linear connection between the inflation rate (π̂t) and the real marginal

cost (m̂ct)8:

πt = β̃Etπ̂t+1 + κm̂ct, (19)

where πt ≡ log(Πt/Π
∗), and β̃ stands for the discount factor that is corrected by the

growth rate (γ) of the productivity trend (Zt), i.e., βγ−ϕ. The average real marginal

cost is defined — in log-linear terms — as the difference between real wage and the

marginal product of labor:

m̂ct ≡ log(mct/mc) = ŵt − m̂plt (20)

= ŵt − (ât + (η − 1)l̂t).

In equation (20), ât ≡ log(At/Ā), ŵt = log(W r
t /W̄

r),W r
t ≡ Wt/Pt and m̂plt ≡ log(MPLt/MPL)

denote the log-deviations of the technology shock, the real wage and the marginal

8Here, we use the log-linear version of the Phillips curve for illustration purposes. The model is solved
using the Phillips curve in its non-linear form.
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product of labor from the corresponding steady-states values (captured by an upper

bar), respectively. The first row contains the definition of the real marginal cost in

log-linear form. The second row contains the marginal product of labor based on the

Cobb-Douglas functional form. For the real wage the intratemporal condition is substi-

tuted in and equation (20) takes the form of:

m̂ct = ϕĉt +
L̄

(1− L̄)
χl̂t + dτ it − m̂plt (21)

where ĉt ≡ log(Ct/C̄), l̂t ≡ log(Lt/L̄), dτ it ≡ τ it − τ i and m̂plt ≡ log(MPLt/MPL). The

variables with an upper bar represent steady-state. Equation (21) shows that higher

taxes imply higher marginal costs.

Hence, government spending shocks with either constant or time-varying debt and in-

come taxation reproduce the negative pattern between consumption and inflation that

underlies the riskiness of nominal bonds.

The effect of the distortionary income tax channel is magnified by positive steady-state

debt (see γb > 0 in equation (22)). This establishes a direct connection between taxes

and real interest rates, which rise after a surge in government purchases, based on the

logic of the Taylor rule to curb inflation expectations. In particular, the larger the debt-

to-GDP ratio, the higher the cost of servicing debt, the larger the increases in taxes and

inflation and the lower the output. Hence, the negative covariance between inflation

and output is magnified by the fact that positive steady-state debt increases inflation

risks.9 To observe the role of steady-state debt, we linearize equation (13) to the first

order:

b̂t + ηdτt + τ̄ ηŵt + τ̄ ηl̂t = γ−1γb(dRt−1 − R̄πt) + γ−1R̄b̂t−1 + ĝt, (22)

where η ≡ w̄L̄/ȳ, b̂t ≡ (bt − b̄)/ȳ, and γb ≡ b̄/ȳ is the government debt-to-GDP ratio.

The rest of the variables are as defined above. Note that the deviations of debt and

government spending from their respective steady states are defined relative to the

steady-state output. When steady-state debt is zero, i.e., γb = 0, the real interest rate

(dRt−1 − R̄πt) does not have a direct effect on taxes (dτt). Positive and increasing γb is

shown to raise the nominal term premium (see the Results section below).

Figure 2 illustrates the positive connection between the CRRA (horizontal axis) and the

mean of the NTP for various debt-to-yearly-output ratios using the estimated models.

The straight line reproduces the result of RS, where lump-sum taxes cover spending.

9Linnemann (2005) also argues that the distortionary tax channel and steady-state government debt
creates substantial inflation risks, and the Taylor rule may not be sufficient to avoid multiple equilibria.
Our results are also in line with those of Dai and Philippon (2006), who used an arbitrage-free affine
term-structure model to trace the effects of fiscal shocks on the prices of bonds.
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Figure 2: The link between the coefficient of relative risk-aversion (CRRA) and the
nominal term premium using the estimated models.

The remaining cases depicted in the figure are based on our setup with income taxation.

A debt-to-yearly-output ratio of approximately 70 percent (which was not uncommon

in countries such as the US or UK before the 2007–2009 crisis) matches the NTP of 106

basis points for the US (see RS) and 92 basis points for the UK (see Andreasen (2012))

with a risk aversion coefficient of thirty.

6. CONCLUDING REMARKS

When government debt—either constant or time-varying—is retired by income taxes,

inflation risks are substantial and increasing with the long-run debt-to-output ratio. Our

fiscal extension of the New Keynesian model with Epstein-Zin preferences helps reduce

the high risk-aversion coefficient used in the literature to match the high mean nominal

term premium. If the debt-to-GDP ratio is sufficiently high, our macro-finance model

largely matches the empirical value of the NTP on long-term bonds.
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A. ALL MOMENTS

A.1. MEANS

In the vectors and matrices below ∆C,∆N,Slope, π,NTP,∆W and ∆ τWWN
Y

denote

consumption growth, hours growth, slope of the term structure, inflation, nominal term

premium, real wage growth and growth rate of the labour tax revenue per GDP, respec-

tively.

Means D, Means M tv, Mean M bb and Means M RS denote the means from the data,

the model with time-varying debt (M tv), the model with distortionary taxation and

balanced budget (M bb), and the RS model (M RS) respectively. ’na’ means that statistic

is not available from and, thus, reported in the RS model.

MeansD MeansMtv MeansMbb MeansMRS

∆C 2.41 −0.0027 0.0023 −0.009

∆N 0.0183 0.0003 0.0007 0.0005

Slope 1.43 1.11 0.78 1.03

π 3.70 −0.45 0.18 0.32

NTP 1.06 1.05 1.04 0.64

∆W 0.48 0.478 0.72 0.7902

∆ τWWN
Y

0.0008 0.0034 0.0097 na

One can see that the models have a poor match in terms of matching the means of the

listed macro variables. However, the time-varying debt and the balanced budget models

do improve over the RS model regarding the mean of inflation and the nominal term

premium.

A.2. CORRELATIONS AND STANDARD DEVIATIONS FROM THE DATA

Note that the main diagonal of the matrix contains the standard deviations and the

off-diagonal elements are the correlations. The standard deviations are in per cent

(annualised per cent for inflation, interest rates, slope, nominal term premium and

excess holding period return).
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∆C ∆N Slope π NTP ∆W ∆ τWWN
Y

∆C 2.69 0.1037 0.2328 −0.3422 −0.0769 0.1149 0.5369

∆N 1.14 0.1186 −0.0424 0.0377 0.0038 0.2546

Slope 1.33 −0.3965 0.5406 −0.0502 0.0468

π 2.52 0.2119 −0.0414 −0.2827

NTP 0.54 −0.0224 −0.1847

∆W 0.82 0.1238

∆ τWWN
Y

3.06

A.3. CORRELATION MATRIX FROM THE ESTIMATED TIME-VARYING DEBT

MODEL

∆C ∆N Slope π NTP ∆W ∆ τWWN
Y

∆C 2.3822 −0.9172 −0.3674 −0.1255 −0.1047 0.0714 −0.1963

∆N 0.5014 0.3766 0.0904 0.0643 −0.0127 0.3121

Slope 0.9813 −0.7607 −0.7578 0.7755 0.0565

π 4.0576 0.9886 −0.9469 0.0378

NTP 0.3382 −0.9485 0.0216

∆W 3.3071 0.0776

∆ τWWN
Y

1.2564

A.4. CORRELATION MATRIX FROM THE ESTIMATED BALANCED BUDGET

MODEL

∆C ∆N Slope π NTP ∆W

∆C 3.6047 −0.1984 −0.4025 −0.0778 −0.0835 0.4005

∆N 0.6203 0.1440 −0.0085 −0.0820 −0.1861

Slope 0.7323 −0.7407 −0.5064 −0.5191

π 3.9668 0.7272 0.2017

NTP 0.1714 0.6449

∆W 2.5330
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A.5. CORRELATION MATRIX FROM THE ESTIMATED RUDEBUSCH-SWANSON

MODEL

∆C ∆N Slope π NTP ∆W

∆C 1.1777 −0.6095 −0.2530 −0.4320 0.0332 −0.4939

∆N 0.7126 0.2750 0.2438 −0.0138 0.4814

Slope 0.9798 −0.5192 0.0825 0.9244

π 2.0711 −0.1153 −0.2661

NTP 0.10 0.0602

∆W 1.4425

A.6. FIRST ORDER AUTOCORRELATION IN THE DATA AND THE MODELS

Ac1D, Ac5D, Ac1M and Ac5M denote the first (Ac1) and fifth (Ac5) order autocorrela-

tions of the data (D) and the models (M). The statistics are listed for the time-varying

debt (M tv), the model with distortionary taxation and balanced budget (M bb), and

the RS model (M RS), respectively. ’na’ means that statistic is not available from and,

thus, reported in the RS model.

Ac1D Ac1Mtv Ac1Mbb Ac1MRS

∆C 0.9853 0.0970 0.0875 0.3035

∆N 0.9459 −0.0625 0.0182 −0.0914

Slope 0.9483 0.8867 0.9456 0.9109

π 0.9424 0.9718 0.9753 0.8878

NTP 0.9920 0.9847 0.9675 0.9582

∆W 0.8251 0.9643 0.3445 0.8490

∆ τWWN
Y

0.8463 −0.4451 −0.0460 na
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A.7. FIFTH ORDER AUTOCORRELATION IN THE DATA AND IN THE MOD-

ELS

Ac5D Ac5Mtv Ac5Mbb Ac5MRS

∆C 0.7612 −0.0031 −0.0093 −0.0034

∆N 0.5548 −0.0020 −0.0315 −0.0357

Slope 0.3080 0.7012 0.7602 0.6428

π 0.4232 0.9101 0.8467 0.6257

NTP 0.9645 0.9203 0.8352 0.7874

∆W −0.1924 0.8692 0.3473 0.5141

∆ τWWN
Y

−0.1947 −0.031 −0.0468 na

B. CONSTRUCTION OF TIME SERIES

To construct the following time series, we follow the procedures in Christoffel et al.

(2013) and Leeper et al. (2010):

PY : Gross Domestic Product. Bureau of Economic Analysis (BEA). Nipa Table 1.1.5,

line 1.

P : GDP deflator personal consumption expenditures. Source: BEA, Nipa Table 1.1.4,

line 2.

C: Private Consumption. Source: BEA, Nipa Table 1.1.6, line 2.

L: hours, measure of the labour input. This is computed as L = H × (1 − U/100),

where H and U are the average over monthly series of hours and unemployment, re-

spectively. Source: U.S. Bureau of Labor Statistics, series LNU02033120 for hours and

LNS14000000 for unemployment.

INT : Net Interest Payments of Federal Government Debt. Source: BEA, Nipa Table 3.2

(line 29-line13).

G: Government consumption is computed as current consumption expenditures (line

21)+gross government investment (line 42)+net purchases of non-produced assets

(line 44)-consumption of fixed capital (line 45). Source: BEA, Nipa Table 3.2

W : Wage and Salary Disbursement. BEA. Series ID A576RC1.

WL: labour income tax base. Source: Nipa Table 1.12 (line 3).
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τ : average effective labour income tax rate as in Jones (2002) and Leeper et al. (2010).

We follow the procedure in the appendix of Leeper et al. (2010) to construct τt.

B/Y : government-debt-to-GDP ratio. St. Louis Fed Database.
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