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Abstract

We develop a simple New Keynesian macro-finance model with downward nom-

inal rigidities and show that it helps explain both secular and cyclical movements in

Treasury bond premia. The asymmetry in nominal rigidities implies that when infla-

tion is high, prices are more flexible, leading to larger output and inflation responses

to a productivity shock. As a result, when inflation is high, inflation becomes more

volatile and covaries more strongly with traditional measures of risk such as aggre-

gate consumption or the market return, consistent with the data. This mechanism can

account for some of the downward trend in the bond premium since the early 1980s

due to the decline of inflation. Our model also generates substantial cyclical variation

in bond premia, as well as other compelling macroeconomic and finance properties,

such as a flattening of the Phillips curve, negative skewness of output and positive

skewness of inflation, and time variation in the covariance of stock and bond returns.

Empirically, we show that the response to productivity shocks is larger when inflation

is high.
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1 Introduction

Yields on long-term bonds have large secular and cyclical components. Understanding
what drives yield changes is difficult, however. Notably, as is known at least since Fama
and Bliss (1987) and Campbell and Shiller (1991), long-term yields are not simply ex-
pected future short rates, as assumed in the expectation hypothesis theory of the term
structure. Rather, yields comprise a substantial, time-varying term premium, or bond
premium, which represents the compensation required by investors to hold nominal long-
term bonds over short-term bonds. But what are the economic mechanisms driving the
variation in this bond premium?

In this paper, we develop a macro-finance asset pricing model with asymmetric nom-
inal rigidities: prices are easier to raise than to cut. We show that this single, realistic
ingredient can go some way towards understanding fluctuations in the bond premium.
In particular, we show that our model, despite being highly stylized, can account for a
significant fraction of the decline in the term premium since the 1980s, as documented
in Wright (2011). Our model also generates substantial cyclical variation in term premia,
consistent with Fama and Bliss (1987) and Campbell and Shiller (1991), as well as other
compelling macroeconomic and finance properties, such as the asymmetry of output and
inflation, and time variation in the covariance of stock and bond returns.

To understand the mechanism, note first that in our model, as in most New Keyne-
sian models, an increase in productivity leads to higher output and lower inflation, as
real marginal costs falls. This intuitive result - productivity acts as a “supply shock” -
arises because the central bank does not perfectly accommodate the productivity shock,
i.e. does not increase demand enough to match the newly available supply.1 As a result,
the inflation risk premium is positive, and nominal bonds are risky since inflation is high
in “bad times” when productivity is low - they are exposed to “stagflation risk”.

In our model, the extent of nominal rigidities depends on the level of inflation - when
inflation is low, prices become effectively “stickier”, because prices are more likely to be
cut, which is more costly. As a result, the behavior of the economy changes markedly
when inflation is low - i.e., the same productivity impulse has different effects depending
on whether inflation is initially high or low. First, the response of inflation is naturally
weaker when inflation is low - since prices are effectively “stickier”, inflation does not
move. Second, the response of output is also weaker when inflation is low. Intuitively, a
lower inflation in response to an increase in productivity helps generate higher demand,

1There are a variety of reasons why this might be the case; most simply, the central bank does not observe
productivity accurately in real-time. This feature holds under standard Taylor rule.
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which helps increase output; when prices are stickier, this channel is weaker. Overall,
the output-inflation covariance is smaller (in absolute value, i.e. less negative), which
reduces the nominal bond premium.2 Overall, in our model, the level of inflation is one
determinant of term premia. In contrast, we show that if nominal rigidities are symmetric,
this effect disappears.

We use this mechanism to understand the secular changes in macroeconomic and fi-
nance moments since the 1960s, in particular the changes in the volatility of output and
inflation, in their covariance, in the yield curve, and in the covariance of bond and stock
returns. To do so, we compare the data with our model’s predictions when the inflation
target changes. The underlying assumption is that inflation rose, then fell, in the 1970s,
ultimately because the Fed let it rise, and eventually decided to make it fall.3

Our model also generates some cyclical predictability of bond returns based on the
cyclical variation in inflation, and reproduces the fact that the term spread forecasts eco-
nomic growth. We also use the model to illustrate how changes in monetary policy - for
instance, a sharper focus on inflation stabilization - can have significant effects on asset
prices.

Finally, in the last section, we provide some direct evidence for state-dependence in
the response of both output and inflation to productivity shocks. Consistent with our
theory, we find that when inflation is high, an increase in total factor productivity (TFP)
increases GDP more, and reduces inflation more, than when inflation is low.

Our model is an extension of the canonical three-equation New Keynesian model (Gali
(2008), Woodford (2003)). To that model we make only two modifications: first, we incor-
porate asymmetric price adjustment (as in Kim and Ruge-Murcia (2009)), and second, we
incorporate recursive preferences (as in Epstein and Zin (1989), Weil (1990)) with high risk
aversion to match the level of bond premia. Two parameters - the level of risk aversion
and the degree of asymmetry in price adjustment costs - govern the differences with the
standard model and allow us to cleanly demonstrate its properties. In particular, we pa-
rameterize the model so that it matches both the positive skewness inflation, and the low
probability that inflation is below 1%. Our model is deliberately kept stylized to allow a
transparent numerical analysis. But of course, our model does not encompass many other
mechanisms driving the yield curve.

Our contribution is to offer a simple economic mechanism to govern time-variation

2Real term premia also fall, as they are determined (among others) by the autocovariance of consump-
tion growth, which becomes smaller, but this effect is small for our calibration.

3For a recent clear exposition of this view, see Bernanke (2022). As an alternative mechanism, we can
subject the model to a sequence of negative productivity shocks that generate the high inflation level of the
1970s, to which the Fed does not react adequately. This leads to very similar conclusions.
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in covariances of macroeconomic quantities and asset returns, and term premia. We pro-
vide some evidence for time variation in these covariances in a manner consistent with the
model. While much work in finance has documented variation in term premia, there are
few models that provide an endogenous mechanism for this variation.4 We find down-
ward nominal rigidities compelling because there is strong empirical support for it.See
among many others, ?, Kahn (1997), Peltzman (2000), Nakamura and Steinsson (2008),
Klenow and Malin (2010), Basu and House (2016), Kurmann and McEntarfer (2019), Elsby
and Solon (2019), Grigsby et al. (2021), and Hazell and Taska (2020). Asymmetry of nom-
inal rigidities also has a long history in macroeconomics, dating back to Keynes (1936)
and Tobin (1972). Many studies emphasize asymmetric wage, rather than price, rigidi-
ties, for which the empirical support is stronger. For simplicity, in the paper we focus on
a model with flexible wages; ghowever, in the appendix, we set up and solve a model
with both wage and price asymmetric rigidities, and show that it can generate similar
predictions. While the relevance of the downward nominal rigidities is largely acknowl-
edged by macroeconomists and policymakers, its implications for asset prices have been
overlooked. One of our contributions is to close this gap.

The paper is organized as follows. The rest of the introduction reviews briefly the
related literature. Section 2 presents some motivating evidence on the relation between
term premia and inflation. Section 3 introduces a DSGE model with asymmetric nominal
rigidities and Section 4 calibrates it and presents the key quantitative results. Section 5
provides additional result and robustness. Section 6 provides some empirical evidence in
favor of our key mechanism. Section 7 concludes.

Related Literature
We first build on a small macroeconomic literature that studies the effect of down-

ward rigidities, including Kim and Ruge-Murcia (2009) that we follow closely, as well
as Benigno and Antonio Ricci (2011), Abbritti and Fahr (2013), Daly and Hobijn (2014),
Schmitt-Grohé and Uribe (2016), and Jo and Zubairy (2022) among others. We also relate
to the literature emphasizing asymmetries over the business cycle (Neftci (1984), Dupraz
et al. (2019), Dew-Becker et al. (2021), Dew-Becker (2022)). Like Ascari and Sbordone
(2014), Ascari and Rossi (2012), Ascari (2004), we are interested in the implications of
trend inflation, which is often ignored in New Keynesian models that focus on dynamics
around a zero inflation steady-state.

Second, we relate to the huge finance literature that studies the term structure of inter-
est rates. Much of this work use affine models (among many others, see Kim and Wright

4Habit preferences offer an alternative way to endogenize time variation in risk premia, as in Pflueger
(2022). See the literature review for a more detailed discussion.
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(2005), Christensen et al. (2011), Adrian et al. (2013a), D’Amico et al. (2018), Ang et al.
(2008), Hordahl and Tristani (2014), Roussellet (2018).) We will use some of these esti-
mates in Section 2. Representative agent endowment economy models have also been
proposed, e.g. Piazzesi and Schneider (2006), David and Veronesi (2013), Bansal and
Shaliastovich (2013), and Song (2017). Several of these papers also emphasize “stagfla-
tion risk”, and note that there appear to be changes in macroeconomic regimes over time.
Our contribution relative to these papers is to endogenously generate the time-varying
correlations between inflation and growth that are taken as primitives in these studies.
More closely related to our work are studies that endogenize consumption and inflation
using production models with nominal rigidities (a.k.a., “New Keynesian DSGE mod-
els”). Some key contributions include Rudebusch and Swanson (2008), Rudebusch and
Swanson (2012), Li and Palomino (2014), Christiano et al. (2010), Palomino (2012), Swan-
son (2015a), Pflueger and Rinaldi (2022), Weber (2015).

In particular, most closely related are some studies that also use a macroeconomic
model to understand the variation in various macro-finance moments, notably Campbell
et al. (2020), Branger et al. (2016), Pflueger (2022). These papers emphasize structural
breaks in monetary policy rules and in the structure of shocks hitting the economy rather
than endogenous time variation in propagation as in our model. Some work focuses
on the role of the zero lower bound (ZLB), including our previous paper Gourio and
Ngo (2020), Nakata and Tanaka (2016), Datta et al. (2018), and Bilal (2017), which is an-
other mechanism for the changing covariance, with somewhat different implications, and
which explains different periods and phenomena. Finally, to the extent that asymmetric
rigidities capture labor market frictions, our paper is also related to the growing literature
in macro-finance on this topic (e.g. Favilukis et al. (2020), Donangelo (2014), Donangelo
et al. (2019), Favilukis and Lin (2016), Belo et al. (2014)).

2 Motivating Evidence

This section presents some evidence on the association between the level of inflation and
various proxies for the riskiness of bonds and inflation. In a first part, we use as proxy the
term premium estimated by an affine term structure model. In a second part, we estimate
volatilities and covariances using rolling windows.
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Dependent variable: 10-year ACM Term Premium
Regressors (1) (2) (3) (4)

Core PCE inflation 0.259*** 0.248***
(0.080) (0.089)

PCE inflation 0.174** 0.151**
(0.067) (0.080)

Time 0.000 -0.000
(0.000) (0.001)

Number of observations 733 733 733 733

Table 1: Association between Adrian et al. (2013b) 10-year term premium and inflation.
Standard errors in parentheses are HAC with 36 lags. ***, **, * indicate statistical signifi-
cance at 1%, 5%, and 10%, respectively. The data range from 1960m1-2022m10. The code
to produce this table is termpremium_p in the folder Empirical/do.

2.1 Term premia implied by affine models

A large literature has developed sophisticated affine term structure models to infer term
premia from bond prices and other observables. Figure 1 presents a variety of estimates,
from Kim and Wright (2005), Christensen et al. (2011), Adrian et al. (2013a) (thereafter
ACM), and D’Amico et al. (2018). Each estimate relies on a different statistical model and
may use different data. Overall, these estimates move broadly similarly, both along the
cyclical margin and along the secular margin. In particular, the low frequency movements
appear to follow those of inflation or nominal interest rates during this period. To confirm
this, we use the Adrian et al. (2013b) 10-year term premium estimate (thereafter ACM)
since it has the longest available history - covering both the rise and fall of inflation in the
1970s. In figure 2 we depict the ACM estimate together with core inflation, and in table 1
we measure the association using the regression:

TPt = β0 + β1πt + β2t + εt,

where TPt is the ACM estimate of the 10-year nominal term premium, πt is either PCE
or core PCE inflation (year-over-year), and we may include a linear trend as control. Ac-
cording to the table, a 1% decrease in inflation is associated with a decrease in the term
premium of 15-26bps. This result is in line with the findings of Wright (2011) who docu-
ments a reduction in term premia across many countries during the 1980s and 1990s.
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2.2 Time-varying Covariances

Another approach to measuring the riskiness of bonds is to estimate the covariance of
inflation with macroeconomic proxies for marginal utility, such as consumption or the
market stock return (corresponding to the consumption or market CAPM measure of
riskiness). Even more simply, we can look at the volatility of inflation or yields. We
estimate these moments at each point in time by using a simple rolling window.5

Figure 3 shows how these moments vary with the level of inflation. Consider the top
left panel. For each date between 1965 and 2015, we calculate the current inflation and the
volatility of inflation (using the corresponding 13-year centered rolling window, so our
data range from 1959q1 through 2019q4), and plot one against each other, together with
a simple regression line. This panel shows that higher level of inflation is associated with
more volatile inflation - a well-known empirical regularity in the applied macroeconomics
literature.

Similarly, the other panels show that higher inflation is associated with (i) higher
volatility of GDP; (ii) higher volatility of interest rates; (iii) a more negative covariance
of GDP growth and inflation; (iv) a more negative covariance of real stock returns and
inflation; (v) a more positive covariance of real stock returns and the real 10-year bond
return. All of these changes suggest that inflation is more risky when it is high - and
hence, bonds are more risky - consistent with the term premia estimates, which use a
very different identification.

These results are not new - they confirm the findings of a large literature that docu-
ments changes over time in these associations.6 One difference with some of the existing
literature is that we incorporate data from the low-inflation 1960s, before the Great Infla-
tion, and show that, for, the most part, they line up relatively well with the low-inflation
post 1985 period. This suggests that the changes observed in these associations are not
simply due to one of the many changes during the 1980s - but rather, the actual level of
inflation might be, in itself, an important factor.

While the idea that a high level of inflation is associated with (and perhaps causes)
volatile inflation, is intuitive, it is not a prediction of standard monetary models, which
typically explain the average level of inflation, on the one hand, by the average growth
of money growth or the average interest rate (the inflation target), and the volatility of
inflation, on the other hand, by the volatility of underlying shocks and their propagation
- factors which in principle have no relation to each other. For this reason, he relation

5We obtain similar results if we estimate conditional moments by calculating the volatility or covariance
of the residuals from a VAR.

6See for instance Piazzesi and Schneider (2006), Campbell et al. (2009), and the references therein.
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between level and volatility of inflation is a longstanding puzzle.7 We now explore one
potential explanation: asymmetric nominal rigidities.

3 Model

Our model builds on the standard New Keynesian model as outlined in Gali (2008) and
Woodford (2003). We depart from this standard model in two ways. First, as many au-
thors in the asset pricing literature, we use recursive preferences (Epstein and Zin (1989),
Weil (1990)) with high risk aversion to match the observed level of risk premia. Second,
we introduce asymmetric nominal rigidities following the work of Kim and Ruge-Murcia
(2009).

3.1 Household

The representative household works, consumes, and decides how much to save in various
assets. Following the simplest New Keynesian model, there is no capital. Because the
equilibrium is not affected by the number and type of assets available, we present the
household problem using only a short-term nominal risk-free bond.8 We discuss later in
subsection 3.5 how assets are priced.

We use the formulation of recursive preferences introduced by Rudebusch and Swan-
son (2012). The flow utility of consumption is:

u (Ct, Nt) =
C1−σ

t
1 − σ

− χ
N1+ν

t
1 + ν

,

and the intertemporal utility is:9

Vt = (1 − β) u(Ct, Nt) + βEt

(
V1−α

t+1

) 1
1−α .

7See for instance Friedman (1977).
8Agents are Ricardian, i.e. they recognize that government debt is not net wealth, and hence the quantity

and types of bonds issued by the government is irrelevant for the equilibrium - the bonds are all effectively
in zero net supply.

9Note that, if the parameters lead to a negative flow utility u(Ct, Nt), we define utility as:

Vt = (1 − β) u(Ct, Nt)− βEt

(
(−Vt+1)

1−α
) 1

1−α .
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The household budget constraint is:

PtCt + Bt = WtNt + Ht + Rt−1Bt−1,

where Bt is the quantity of one-period risk-free assets bought, Ht are firms’ profits, rebated
to the household, Pt is the price level, and Wt is the wage rate.

Labor supply is governed by the usual condition:

Wt

Pt
= −u2 (Ct, Nt)

u1 (Ct, Nt)
= χCσ

t Nυ
t , (1)

and optimal consumption is determined by the usual Euler equation linking the nominal
short-term interest rate to the “marginal rate of substitution” a.k.a. nominal stochastic
discount factor:

Et

[
RtM$

t+1

]
= 1, (2)

where Rt ≡ Y$(1)
t is the gross nominal yield on a one-period risk-free bond, and the

nominal stochastic discount factor is

M$
t+1 =

Mt+1

Πt+1
, (3)

where Πt+1 is gross inflation Pt+1/Pt, and the real stochastic discount factor is

Mt+1 = β

(
Ct+1

Ct

)−σ

 Vt+1

Et

(
V1−α

t+1

) 1
1−α


−α

. (4)

3.2 Production and price-setting

There is a measure one of identical monopolistically competitive firms, each of which
operates a constant return to scale, labor-only production function:

Yit = ZtNit, (5)

where Zt is an exogenous stochastic productivity process, common to all firms. Each firm
faces a downward-sloping demand curve coming from the Dixit-Stiglitz aggregator with
elasticity of demand ε:

Yit = Yt

(
Pit

Pt

)−ε

, (6)
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where Pt is the price aggregator:

Pt =

(∫ 1

0
P1−ε

it di
) 1

1−ε

.

Following Rotemberg (1982) and Ireland (1997) we assume that each intermediate
goods firm i faces costs of adjusting prices. These costs are measured in final goods. The
adjustment cost is proportional to aggregate output, and a convex function of the price
change:

ACt = G
(

Pit

Pit−1

)
Yt,

where G is an increasing and convex function.
The problem of firm i is to maximize the present discounted value of real profits, net

of adjustment costs:

max
{Pit+j}

Et

∞

∑
j=0

Mt,t+j

[(
Pit+j

Pt+j
− mct+j

)
Yit+j − G

(
Pit+j

Pit+j−1

)
Yt+j

]

subject to its demand curve (6). Here mct denotes the real marginal cost, equal to Wt/Zt.
The first term in this expression reflects the real profit per unit sold, and the second term
the cost of changing prices. Note that in equilibrium, all firms choose the same price and
produce the same quantity (i.e., Pit = Pt and Yit = Yt). Taking first-order conditions and
imposing this equilibrium condition yields the optimal pricing rule:(

1 − ε + ε
wt

Zt
− ΠtG′ (Πt)

)
Yt + Et

[
Mt,t+1G′ (Πt+1)Πt+1Yt+1

]
= 0. (7)

If there are no costs to adjusting prices, this formula reduces to the Lerner rule. With ad-
justment costs, this equation yields a relation between inflation and current (and future)
marginal costs, i.e. a Phillips curve.

Much of the literature assumes a symmetric, quadratic adjustment cost:

G (x) =
ϕ

2
(
x − Π

)2 , (8)

where ϕ is the adjustment cost parameter which determines the degree of nominal price
rigidity, and Π the degree of inflation which implies zero costs, which can be thought
of as the “indexation” trend for the economy. As is well known, in this quadratic case,
and if Π = 1, then this (Rotemberg) Phillips curve is equivalent to that implied by the
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Calvo model (to a first-order around zero inflation).10 In contrast, we follow Kim and
Ruge-Murcia (2009) who use a linex function to model adjustment costs:

G (x) =
ϕ

ψ2

(
e−ψ(x−Π) + ψ

(
x − Π

)
− 1
)

. (9)

This function captures that reducing prices at a rate below Π is more costly than increas-
ing prices at a rate above Π. The linex functional form has been used in various contexts
to model asymmetry. It is convenient for two reasons. First, it neatly separates the role of
the size of adjustment costs (governed by the parameter ϕ) from that of the asymmetry
(governed by ψ). Second, it nests the standard quadratic specification: when ψ → 0, the
specification converges to the usual quadratic one.11 This will allow us to demonstrate
clearly the role of the asymmetry by varying ψ.

Some further intuition can be gained by log-linearizing the Phillips curve around a
value Π∗, and obtain:

πt = κM̂Ct +
βJ(Π∗)

J′(Π∗)
Et

(
M̂t+1 + Ŷt+1 − Ŷt

)
+ βEt(πt+1), (11)

where πt is the net inflation rate, and hats denote log-deviations. This equation is closely
related to the standard NKPC, but the slope is now

κ =
ε − 1

J′(Π∗)
+

J(Π∗)(1 − β)

J′(Π∗)
. (12)

In contrast, in the commonly used quadratic case with a zero inflation target, and lin-
earizing around zero inflation, we haveJ(Π∗) = 0 so the middle term disappears and the
slope is the usual

κ =
ε − 1

ϕ
. (13)

In our model, the slope of the Phillips curve depends on the level of inflation Π∗: the
higher the level of inflation, the larger the slope.12

10See Miao and Ngo (2016) for a detailed comparison of Rotemberg and Calvo models of price stickiness.
11The second point can be seen easily using L’Hospital rule, and the intuition for the first point can be

gleaned from a Taylor expansion:

G (x) ≈ ϕ

2

((
x − Π

)2 − ψ

3
(
x − Π

)3
)

, (10)

which shows that a larger ψ makes the costs lower for positive adjustments (above Π) and higher for
negative adjustments (below Π), while a larger ϕ increases adjustment costs for all adjustments.

12Ascari (2004) and Ascari and Sbordone (2014) analyze the role of trend inflation in the quadratic cost
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Finally, following Miao and Ngo (2016), we assume that price adjustment costs are
rebated to households.13 Hence, the aggregate resource constraint is simply

Ct = Yt. (14)

3.3 Productivity Process

We assume that productivity follows an AR(1) process with normal innovations:

log Zt = ρz log Zt−1 + εz,t,

with εz,t i.i.d N(0, σ2
z ). By imposing normal shocks, we force all skewness or higher mo-

ments to be generated endogenously through the model.

3.4 Monetary policy

We assume that monetary policy follows the following rule, in the spirit of Taylor (1993):

log Rt = log R∗ + ϕπ(log Πt − log Π∗) + ϕy(log Yt − log Y∗), (15)

model.
13We do so in the order to make the analysis more transparent, but this has little effect on our results.
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where Rt is the gross nominal interest rate on a one-period risk-free bond; ϕπ and ϕy are
the responsiveness to inflation and GDP respectively; and R∗ and Π∗ and Y∗ are con-
stants.14 We abstract from the zero lower bound, which we studied in detail in Gourio
and Ngo (2020), and from unconventional policies.

The original rule in Taylor (1993) assumes that the central bank responds to the devia-
tion of GDP from potential GDP. Often, researchers assume that potential GDP is the level
of GDP that would prevail in an economy without price stickiness (the “natural level of

output”), i.e. in our model YssZ
1+υ
σ+υ
t , where Yss is the nonstochastic steady-state level of

output. In practice, potential GDP is difficult to estimate, especially in real time. Partly
motivated by this, we follow Fernandez-Villaverde et al. (2015) and Swanson (2015a) and
assume that the central bank responds to the deviation of GDP from a statistical “trend”;
given that our model abstracts from long-run growth, it is natural to define the trend sim-
ply as the nonstochastic level of output, Y∗ = Y. We discuss in section 5 the importance
of this assumption, and more generally how different policy rules affect our results.

3.5 Asset prices

This section describes the various asset prices that we calculate in the model. While our
model description only considered a short-term bond, we can allow the household to hold
any other asset in zero net supply and calculate its value, since this does not affect the
equilibrium of the model. We use the standard recursions to calculate real and nominal
zero-coupon bond prices, yields, and returns. Briefly, the price of a n-maturity nominal
bond satisfies

P$(n)
t = Et

[
M$

t+1P$(n−1)
t+1

]
, (16)

with P$(0)
t = 1. From these bond prices, we deduce log gross yields as

y$(n)
t = log Y$(n)

t = − 1
n

log P$(n)
t , (17)

and log gross (real) holding period return as

r$(n)
t+1 = ny$(n)

t − (n − 1)y$(n−1)
t+1 − log Πt+1. (18)

Similarly, we obtain the prices, yields and returns of real bonds, and we define inflation
compensation (a.k.a. breakevens) as the difference between the log nominal yield and the

14Clearly, only the overall intercept log R∗ − ϕπ log Π∗ − ϕy log Y∗ matters.
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log real yield at a given maturity:

ICn
t = log Y$,(n)

t − log Y(n)
t . (19)

We define the risk-neutral nominal log yield as the average expected future short-term
log nominal)yields over the remaining lifetime of a bond:

yrn$(n)
t =

1
n

Et

n−1

∑
k=0

y$(1)
t+k ,

and similarly for nominal bonds. With this in hand, the (log) term premium of a bond at
maturity n is the difference between actual and risk-neutral yields:

tp$(n)
t = y$(n)

t − yrn$(n)
t .

The term premium measures the expected return per year on a bond of maturity n if it is
held to maturity, over holding short-term bonds. On average, the term premium equals
the slope of the yield curve. Term premia and holding period returns are two related ways
to measure the riskiness of bonds - the term premium smoothes out the average excess
returns over the remaining maturities. We can also break out the nominal term premium
into the real term premium and the inflation term premium.

Finally, we also price a stock, which we define, following Abel (1999), as an asset with
payoff Dt = Cλ

t , where λ ≥ 1 reflects leverage.15 The real stock price Ps
t satisfies the usual

recursion
Ps

t = Et
[
Mt+1

(
Ps

t+1 + Dt+1
)]

,

and the gross stock return is Rs
t+1 = (Ps

t+1 + Dt+1)/Ps
t .

4 Quantitative results

This section studies the quantitative implications of the model presented in the previ-
ous section. We first discuss our calibration procedure. We then explain the key eco-
nomic mechanisms by showing how the response of the economy to productivity shocks
changes with the level of inflation when nominal rigidities are asymmetric. We then dis-

15We do not define a stock as a claim to profits, because profits tend to be countercylical in this model. A
number of extensions have been proposed to explain this cyclicality, for instance fixed costs, sticky wages,
or financial leverage (see, for instance, Li and Palomino (2014)). We do not incorporate these extensions in
the interest of simplicity.
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Parameter Description and source Value
A. Taken from the literature

σ IES is 0.5 2
υ Frisch labor supply elasticity is 0.66 1.5
χ Calibrated to achieve the steady state labor of 1/3 40.66
ε Gross markup is 1.15 7.66
ϕπ Weight on inflation in the Taylor rule 2
ϕy Weight on output in the Taylor rule 0.5/4
ρz Persistence of technology shock 0.99
ϕ Adjustment cost 78

B. Calibrated to match key moments
R∗ Intercept of Taylor Rule 1.0101
σz Std. dev. of the technology innovations (%) 1.12
ψ Asymmetry parameter 884
Π Inflation to be indexed, 3.64% per year 1.0091
β Subjective discount factor 0.991
α Curvature with respect to next period value (note: CRRA=59) -82

Table 2: Model parameters.

cuss the ability of the model to match some basic moments. Finally, we present our main
result, namely that the level of inflation affects inflation riskiness in a quantitatively sim-
ilar way as in the data.

4.1 Parametrization and solution method

Table 2 presents the baseline parameters that we use for our quantitative analysis. A first
set of parameters, shown in Panel A, are set a priori based on external considerations,
and are consistent with the literature. In particular, we set the intertemporal elasticity of
substitution (IES) of consumption 1/σ to 0.5, and the Frisch elasticity of labor supply to
2/3. We also set the gross markup to 1.15, corresponding to a demand elasticity ε = 7.66.
The price adjustment cost parameter is ϕ = 78, corresponding to the Calvo probability
of 0.75 of keeping prices unchanged (in the symmetric case), i.e. a half-life of half a year
for prices. We set the weight on inflation in the Taylor rule to ϕπ = 2 and the weight
on output gap ϕy = 0.1254 (which translates into the usual 0.5 response once the interest
rate is annualized). All of these values are standard in the literature, see for example
Woodford (2003), Gust et al. (2017), and Arouba et al. (2018). We further set the persistence
of the TFP shock to 0.99, in order to roughly replicate the high persistence of inflation, but
as we explain below, most of our results are not very sensitive to this assumption.
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Panel B shows the parameters that we calibrate internally using simulated method of
moments. The main challenge is to estimate the parameters governing the asymmetry of
the price adjustment cost. Our strategy relies on two robust features of US inflation data:
first, inflation is significantly positively skewed, so that the “upside risk” to inflation is
much larger than the “downside risk”; second, negative inflation is very rare. Together,
these two features allow us to identify the size and location of the asymmetry. Specifically,
in our calibration sample (1979q4-2008q4), the probability of inflation (Core PCE) below
1% is 1.7% (corresponding to 2 observations out of 117 quarters), and the skewness is
1.55.16 To these two key moments, we add the mean and standard deviation of inflation,
and the mean short-term (90 days T-Bill) and long-term (10-year T-note) yields. These
four moments naturally identify the inflation target, the volatility of shocks, the discount
factor, and the level of risk aversion.

Table 3 show that we can match these moments almost perfectly. The resulting pa-
rameters, are shown in table 2. Of note, the asymmetry parameter is large, at 884, and
the baseline inflation is also fairly high, at 3.64% per year. This is because the model must
generate regular inflation in the 2-3% range, but rarely below. Finally, the risk aversion
α parameter is α = −82, which corresponds to a relative risk aversion to consumption
(CRRA) of 59 once we take into account the curvature parameters on consumption and
labor in the flow utility (see Rudebusch and Swanson (2012), Swanson (2015b)). This is
what is required to match the slope of the yield curve, i.e. the difference between the
10-year Treasury yield and the short term rate, which is 1.73% in our data. Our model is
a stylized New Keynesian model, so it requires a high risk aversion to generate a sizable
slope for the yield curve. Clearly, this parameter does not reflect the preferences of any
single individual. Rather, it captures the aversion of the macroeconomy to fairly small
fluctuations in aggregate consumption, as inferred from asset prices.17

Due to the presence of asymmetric adjustment costs, and given our focus on asset
prices, we need to solve the model using nonlinear methods. We solved the model us-
ing two differnet methods: first, a simple policy function iteration after discretizing the
productivity shocks with a Markov chain; second, projection methods with cubic splines,
similar to Fernandez-Villaverde et al. (2015), Miao and Ngo (2016), and Ngo (2018).

16We choose this post-Volcker, pre-ZLB sample to reduce the risk of structural breaks in monetary policy
rule.

17The value we use is actually smaller than what is found in related studies; for instance Swanson (2015b)
requires α to be −338, or CRRA to be 600, to generate the equity premium of only 1.5% per annum. Rude-
busch and Swanson (2012) require α to be −396, or CRRA to be 200, to generate a term premium of 1.06%.
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Data Model
E(π) 3.14 3.14
σ(π) 1.97 1.97
Skewness(π) 1.55 1.55
Prob(π < 1%) 1.71 1.78
E(Y$(1)) 5.63 5.63
E(Y$(40)) 7.36 7.36

Table 3: SMM target moments and model moments. The data moments are calculated
over 1979q4-2008q4.

4.2 State-Dependent Impulse Response Functions

To understand the mechanics of the model, it is useful to study how the economy re-
sponds to a productivity shock, and how this response depends on the level of inflation.
Figure 5 display (generalized) impulse response function (GIRFs) to a one-standard devi-
ation innovation to TFP, for two parametrization of the model. In the first one, we set R∗

so that average inflation 2% (red line); in the other one, 4%.18

First, note that a higher productivity leads to higher GDP and lower inflation - that
is, they are “stagflationary”. Lower inflation can be understood as reflecting lower lower
marginal costs of productions. Alternatively, lower inflation arises because demand does
not expand enough to align with the newly available supply - that is, the central bank
does not lower the interest rate enough. These features are standard in New Keynesian
models.

The novel result of the paper is the difference in the responses at high vs. low average
inflation. When the inflation target is higher, average inflation is higher, and GDP re-
sponds more positively to a TFP shock, and inflation more negatively. Intuitively, at low
levels of inflation, inflation is more sticky and hence reacts less; but, given the assumed
Taylor Rule, policy then responds less aggressively to the TFP shock, i.e. expands de-
mand less. As a result, output also reacts less. Overall, the covariance between inflation
and consumption growth is dampened when inflation is low, leading to smaller bond
premia.19

Finally, to verify that our result is driven by the downward nominal rigidity, in figure
6 we reproduce this experiment when all the parameters are the same except ψ = 0. In

18The GIRF of a variable x for a shock of size e at horizon k de-
fined as GIRF(x,s,k,e)=Et(x(t + k)|s(t) = s + e) − Et(x(t + k)|s(t) =
s)wheresisthestate.ThisisthecorrectnotionorIRFinanonlinearmodel, andingeneraldependsonthesize(andsign)o f theshockeaswellastheinitialconditions−unlikeinalinearmodel.Weapproximateitusingalargenumbero f simulations.

19Here, we show responses of economies with different inflation target; in the appendix, we present the
same figure when there are no parameter differences between economies, but simply differences in initial
conditions (productivity) that lead to differences in inflation.
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Figure 5: Generalized impulse response function to a productivity shock. Benchmark
model (asymmetric price adjustment costs).

this case, we recover the traditional quadratic (symmetric) adjustment cost for prices, and
the impulse responses are now identical, regardless of the inflation target.

4.3 Moments

Table 4 presents the moments of some key variables for our benchmark calibration. The
model undershoots the volatility of GDP.20 Some of these moments are matched by virtue
of the parameter choice, such as the mean of nominal yields, inflation, and the volatility of
inflation. But not targeted, and of interest, is the volatility of the long yield, which is not

20Since we have only one shock, we target the volatility of inflation, as explained in the calibration section.
Obviously, undershooting output volatility makes it relatively more difficult to generate large and volatile
risk premia.

20



0 5 10 15 20 25 30
0.8

0.85

0.9

0.95

1

1.05

1.1

%

TFP shocks

0 5 10 15 20 25 30
0

0.2

0.4

0.6

0.8

1

%

GDP

0 5 10 15 20 25 30

Quarter

-0.5

-0.4

-0.3

-0.2

-0.1

0

%

Inflation

0 5 10 15 20 25 30

Quarter

-0.7

-0.6

-0.5

-0.4

-0.3

-0.2

-0.1

%

Policy rate

TFP: low inflation target
TFP: high inflation target

Figure 6: Generalized impulse response function to a productivity shock. Model with
symmetric price adjustment costs.
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Data Full sample π ≤ 2% π ≥ 4%
Mean Sd Mean Sd Mean Mean

D.lnY 0.00 3.03 0.00 2.37 0.14 -0.29
π 3.14 1.97 3.14 1.97 1.54 6.03
yn(1) 5.63 3.20 5.63 1.97 4.32 8.55
yn(40) 7.36 2.97 7.36 2.12 5.37 10.38
yr(1) NaN NaN 2.37 0.34 2.72 2.37
yr(40) NaN NaN 2.42 0.19 2.41 2.63
Real term premium NaN NaN 0.02 0.21 -0.21 0.29
Nominal term premium NaN NaN 1.67 0.68 0.88 2.50

Table 4: Data and model moments. Columns 2 and 3 report the mean and standard
deviation from U.S. Data over the sample 1979q4-2008q4. Columns 4 and 5 report the
mean and standard deviation for the model. Columns 6 and 7 give the model mean and
standard deviation by subsamples. D.lnY denotes the first difference in natural logarithm
of output.

too far below the data. This arises because the model generates some significant cyclical
variation in term premia. The real term premium is small and stable - because our model
has very persistent shocks, making consumption close to a unit root.

As the subsample columns shows, the nominal term premium is much higher when
inflation is high than when it is low - owing to the higher volatility of inflation and out-
put. Indeed, the change in the term premium between the subsample with low and high
inflation is larger than in the data: a change in the TP of 162bps for 4.5pp change of infla-
tion, or roughly 36bps of TP for one pp of inflation (vs. 15-26bps in the data, as shown in
Section 2).

4.4 Effect of Trend Inflation on Macro Dynamics and Risk Premia

We now illustrate how our model can replicate the empirical evidence outlined in Section
2. We take our benchmark model and vary the inflation target Π∗ (or, equivalently, the
intercept of the Taylor rule R∗), generating changes in average inflation. Figure 7 depicts
the 10-year term premium as a function of average inflation, in our model, in the model
with symmetric adjustment costs, and in the data. The model broadly reproduces the
empirical pattern: higher inflation is associated with higher average term premia. The
magnitude of the association is roughly in line with what we measured in the data in
table 1: a one percentage point increase in inflation corresponds to about 20bps higher TP.

Figure 9 depicts the six moments shown in Section 2, as a function of average inflation,
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Figure 7: Average 10-y treasury bond premium, as a function of average inflation, in the
model (symmetric (black) and asymmetric (red)) and in the data (blue). Data is calculated
using the ACM term premium estimate, and using 13-year centered rolling windows, as
in Section 2.

in the asymmetric and symmetric model. Figure 8 adds the data for comparison (and
removes the symmetric model for legibility).

First, the model with asymmetric rigidities generates substantial variation in all six
moments - because of the changes in dynamics that we documented in the earlier section
using impulse responses. Second, the symmetric model generates essentially no variation
in these models. This shows that our model results are driven by the asymmetry. Third,
comparing with the data, we see that the asymmetric model matches qualitatively well,
and often quantitatively, the patterns in variation in these moments. Hence, this simple
feature can account for a broad range of changes. Table 5 illustrates this quantitatively
by calculating the parameters for different values of the inflation target. When the long-
run inflation increases from 1.51% to 8.13%, the term premium increases from 75bps to
257bps. In other words, a 1% decrease in the long-run inflation is associated with 27bps
decrease in the term premium of the 10-year bonds, which is in line with the 15-26bps we
estimated in the data.
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Figure 8: Each panel plots a model moment against the model mean of inflation, together
with the data local moment against the local mean of inflation, where both are estimated
on a 13-year centered rolling window, as in Section 2. The moments are the volatility
of inflation (top left), of GDP growth (top right), of the 3-month T-bill rate (middle left),
the covariance of GDP growth and inflation (middle right), the covariance of real equity
return and inflation, and the covariance of real equity return with the real 10-year bond
return. US quarterly data, 1959-2019; inflation is measured as core CPI.
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Figure 9: Each panel plots a model moment against the model mean of inflation; the
variation here is generated by changes in the inflation target. Asymmetric and Symmetric
models. The moments are the volatility of inflation (top left), of GDP growth (top right),
of the short-term rate (middle left), the covariance of GDP growth and inflation (middle
right), the covariance of real equity return and inflation, and the covariance of real equity
return with the real 10-year bond return.
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Data Benchmark Varying Taylor Intercepts
R∗ = 1.0101 R∗ = 1.0199 R∗ = 0.9949

Mean Std Mean Std Mean Std Mean Std
D.lnY 0.00 3.03 0.00 2.37 0.00 1.39 0.00 3.13
π 3.14 1.97 3.14 1.97 1.51 0.95 8.13 3.13
yn(1) 5.63 3.20 5.63 1.97 4.60 0.80 10.19 3.51
yn(40) 7.36 2.97 7.36 2.12 5.37 1.15 12.65 2.93
yr(1) NaN NaN 2.37 0.34 3.03 0.30 1.86 0.39
yr(40) NaN NaN 2.42 0.19 2.88 0.18 2.18 0.34
Real TP NaN NaN 0.02 0.21 -0.15 0.11 0.31 0.08
Nominal TP NaN NaN 1.67 0.68 0.75 0.56 2.57 0.21

Table 5: Comparative analysis with inflation target (i.e. Taylor rule intercept).

5 Additional Implications & Robustness

This section first discusses some additional implications of the model, before presenting
some comparative statics and robustness.

5.1 Fama-Bliss predictability of bond returns

Tables 6, 7, and 8 show the Fama-Bliss predictability regression (excess bond return at
horizon n, in quarters, on the yield spread of maturity n) using the US data, the model
with symmetric adjustment costs, and the model with asymmetric adjustment costs, re-
spectively. With asymmetric adjustment costs, the model is able to qualitatively replicate
the data, as in table 8. However, this is not the case for the model with symmetric adjust-
ment costs, as in table 7.

Where does this comes from? Intuitively, a negative shock to productivity, that leads
inflation to go up, increases the short-term rate, and also increases the long-term rate,
because the shock is persistent. The bond premium goes up because inflation goes up.
The question is why the term spread goes up -as it needs to in order to generate the Fama-
Bliss predictability. There are two reasons why it does. First, if the is transitory enough,
the long yield would not move at all - hence, we need highly persistent shocks for the
long yield to increase. Second, the increase in the bond premium leads to an increase in
the TP which increases the yield - and hence makes the slope increases in response to the
negative productivity shock - that is, the curve steepens.
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β std R2

n=8 0.697 0.059 0.060
n=16 0.916 0.123 0.049
n=24 1.152 0.206 0.046
n=32 1.302 0.313 0.038
n=40 1.384 0.443 0.029

Table 6: Fama-Bliss predictability of bond returns using U.S. data.

β std R2

n=8 -0.073 0.001 0.000
n=16 -0.070 0.001 0.000
n=24 -0.067 0.001 0.000
n=32 -0.064 0.001 0.000
n=40 -0.062 0.001 0.000

Table 7: Fama-Bliss predictability of bond returns in the model with symmetric adjust-
ment costs.

β std R2

n=8 1.003 0.000 0.103
n=16 1.039 0.000 0.073
n=24 1.046 0.000 0.049
n=32 1.024 0.000 0.032
n=40 0.963 0.000 0.020

Table 8: Fama-Bliss predictability of bond returns in the model with asymmetric adjust-
ment costs.
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Data Model
GDP 1.55 1.22

(0.34) (0.17)
[4.6] [7.2]

Table 9: Regression of GDP growth on term spread (8q-1q rates) in the model and in the
data.

5.2 The term spread forecasts growth

It is well known that the term spread (negatively) forecasts GDP growth. To evaluate the
ability of the model to match this evidence, we run the regression:

log
Yt+4

Yt
= α + βTS2y−Tbill

t + εt,

in the spirit of Engstrom and Sharpe (2018), both in the model and in the data. We find
that the model is able to reproduce quantitatively this relationship.

5.3 Asymmetry of macroeconomic variables

We now illustrate that this simple model generates negative skewness in economic ac-
tivity and positive skewness in inflation, consistent with the data. Figure 10 depicts the
histogram of outcomes in the model. The distributions of policy rates and inflation are
skewed to the right, while the distribution of output gap is skewed to the left.

5.4 Asymmetric Impulse Responses

We illustrate here that the model produces asymmetric responses to positive and negative
shocks. (In the appendix, we verify that these asymmetric responses disappear when the
adjustment cost is symmetric.)

Figure 11 shows impulse responses to a three-standard deviation of TFP innovations
shock when the shock is negative (red solid line) vs. positive (black dashed line). The
responses to positive shocks are displayed with the reverse sign. Again, the economy
is initially at the deterministic steady state. When hit by a negative TFP shock, firms
respond more aggressively than when they are hit by a positive shock. Under a negative
TFP shock, the marginal cost increases and firms would like to raise their prices. On the
contrary, firms would lower their prices under a positive TFP. However, the magnitude
of price increase is about two times larger than that of price cut. This happens due to
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Figure 10: Probability density functions of macroeconomic variables based on 100,000
periods simulation.
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downward nominal rigidities embedded in our model prevent firms from cutting the
prices. This asymmetry occurs to GDP and consumption too.

The asymmetric responses implies that the covariance between inflation and con-
sumption growth is more negative under a adverse TFP shock than under a positive TFP
shock. This means that the inflation term premium is more positive under a negative
TFP shock than under positive TFP shock, leading to the distribution of inflation term
premium being skewed to the right.

Overall, the inflation term premium is smaller in the asymmetric case than in the sym-
metric case because the covariance between inflation and consumption growth is less
negative on average. In addition, in the asymmetric case the inflation term premium is
more skewed to the right. Thus, the slope of the yield curve is steeper in the case of
downward nominal rigidities.

5.5 Comparative statics

Finally, we illustrate further the workings of the model with some comparative statics.

Asymmetry versus symmetry Table 10 compares the symmetric and asymmetric mod-
els.

Table 10 shows that in the symmetric world, 1% decrease in inflation is associated
with only 0.5bps decrease in the term premium, which is extremely small compared with
36bps in the case of asymmetry. In the next subsection we show that when we raise the
asymmetry level, the change in term premium becomes bigger.

The role of asymmetry due to downward nominal rigidity Table 11 shows the effect of
varying the asymmetry parameter ψ.

As seen from this table, the higher level of asymmetry, the larger the decrease in term
premia associated with 1% decrease in inflation across the subsamples. Specifically, the
decrease is 36bps in the benchmark with ψ = 884, while it is 56bps in the case ψ = 1500.
The decrease is reduced to 22bps when we lower the value of asymmetry to 500.

The role of monetary policy Finally, we illustrate the role of monetary policy - and
in particular, the effect of more aggressive inflation response - on risk premia and their
volatility. Clearly, if the central bank is able to stabilize inflation around its target, there
won’t be much low or high inflation that trigger the working of downward nominal
rigidities. Figure 12 shows the distributions of inflation, policy rates, and output gap
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A. All observations
Data Symmetric Benchmark

Mean Std Mean Std Mean Std
D.lnY 0.00 3.03 -0.00 3.68 -0.00 3.03
π 3.14 1.97 2.36 2.95 3.12 1.91
yn(1) 5.63 3.20 4.60 3.47 5.71 2.05
yn(40) 7.36 2.97 6.94 2.82 7.43 2.09
yr(1) NaN NaN 2.14 0.66 2.55 0.44
yr(40) NaN NaN 2.51 0.43 2.68 0.25
Real TP NaN NaN 0.37 0.00 0.10 0.19
Nominal TP NaN NaN 2.35 0.02 1.58 0.60

B. Subsample
Data Symmetric Benchmark

Mean Std π < 2% π > 4% π < 2% π > 4%
D.lnY 0.00 3.03 0.18 -0.28 0.14 -0.29
π 3.14 1.97 -0.50 5.97 1.54 6.03
yn(1) 5.63 3.20 1.17 8.50 4.32 8.55
yn(40) 7.36 2.97 4.28 10.31 5.37 10.38
yr(1) NaN NaN 1.50 2.38 2.72 2.37
yr(40) NaN NaN 1.90 2.63 2.41 2.63
Real TP NaN NaN 0.34 0.35 -0.21 0.29
Nominal TP NaN NaN 2.62 2.65 0.88 2.50

Table 10: Asymmetry versus symmetry. D.lnY is the first difference in natural logarithm
of output.
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A. All observations
Data Benchmark ψ = 500 ψ = 1500

Mean Std Mean Std Mean Std Mean Std
D.lnY 0.00 3.03 0.00 2.37 0.00 2.58 0.00 2.21
π 3.14 1.97 3.14 1.97 2.78 2.28 3.44 1.75
yn(1) 5.63 3.20 5.63 1.97 5.13 2.36 6.04 1.73
yn(40) 7.36 2.97 7.36 2.12 7.12 2.36 7.57 1.95
yr(1) NaN NaN 2.37 0.34 2.22 0.25 2.50 0.43
yr(40) NaN NaN 2.42 0.19 2.34 0.20 2.48 0.19
Real TP NaN NaN 0.02 0.21 0.10 0.17 -0.04 0.23
Nominal TP NaN NaN 1.67 0.68 1.94 0.55 1.46 0.76

B. Subsample
Data Benchmark ψ = 500 ψ = 1500

Mean Std π < 2% π > 4% π < 2% π > 4% π < 2% π > 4%
D.lnY 0.00 3.03 0.14 -0.29 0.16 -0.28 0.08 -0.30
π 3.14 1.97 1.54 6.03 0.93 5.98 1.91 6.08
yn(1) 5.63 3.20 4.32 8.55 3.30 8.50 5.28 8.61
yn(40) 7.36 2.97 5.37 10.38 5.11 10.33 5.34 10.43
yr(1) NaN NaN 2.72 2.37 2.28 2.36 3.33 2.37
yr(40) NaN NaN 2.41 2.63 2.22 2.63 2.90 2.64
Real TP NaN NaN -0.21 0.29 -0.06 0.31 -0.29 0.27
Nominal TP NaN NaN 0.88 2.50 1.44 2.55 0.12 2.44

Table 11: Comparative analysis with the asymmetry parameter. D.lnY is the first differ-
ence in natural logarithm of output.
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GDP Inflation
βz 0.100 -0.028

(0.029) (0.023)
[3.4] [1.2]

γ 0.024 -0.021
0.010 0.008
[2.4] [2.8]

when monetary policy is more aggressive toward stabilizing inflation, i.e. the coefficient
on inflation gap in the Taylor rule is raised to 5 from 2 as in the benchmark. It can be seen
from the figure that the skewness of the distributions of inflation and output gap almost
disappear.

6 Time-varying impulse responses

Finally, in this section, we provide some more direct evidence in favor of the key mecha-
nism of the paper, namely state-dependent IRF. The key prediction is that when inflation
is higher, output reacts more positively, and inflation more negatively, to a positive TFP
shock. To test this, we estimate simple local projection of an outcome variable y on TFP
growth Z and an interaction term with the level of inflation πt:

yt+4 = α +
L

∑
i=1

βiyt−i + βzZt + βππt + γZtπt + εt

where y is log GDP or log (core) PCE index, and Zt is utilization adjusted (Fernald) TFP
growth, i.e.

Zt = log(TFPt/TFPt−4)

and finally πt is (annualized) inflation over the past 2 years - to capture the concept
of “prevailing” (or “underlying”) inflation. We estimate this equation on the sample
1953q1:2019q4 and obtain the following estimates:21

The first row shows that higher TFP growth increases GDP and reduces inflation; how-
ever, the effect on GDP is fairly small and the effect on inflation is small and insignificant.
More interesting, the fourth row shows that the interaction term for output is positive, sta-
tistically significant, and economically meaningful: going from 0% to 4% annual inflation
doubles the coefficient on output. Moreover, the coefficient on inflation is negative, and

21These equations include a quadratic time trend, which does not affect estimates but reduces standard
errors; SEs are Newey-West with 12 lags.
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Figure 12: Probability density functions of macroeconomic variables with more inflation-
stabilizing monetary policy, i.e. ϕπ = 5. The result is computed based 100,000 periods
simulation.
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economically and statistically significant: a 1% TFP increase doubles the effect inflation.
Qualitatively at least, these results are consistent with our economic mechanism.

7 Conclusion

This paper develops a production asset pricing model with downward nominal rigidities,
and shows it can explain trend and cyclical changes in term premia and other macro-
finance moments. To be sure, other possible explanations for some of these facts exist, and
indeed are complementary, and future work should try and disentangle these empirically.
From a theoretical point of view, the current paper has focused on how macroeconomic
dynamics generate term premia, but a natural next step is to study how term premia
affect the macroeconomy. This would likely require abandoning the representative agent
framework, and would allow studying the new trade-offs that monetary policy confronts
when it has an impact on long-term bond yields.
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