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CONSUMPTION VOLATILITY RISK
AND THE INVERSION OF THE YIELD CURVE

by Adriana Grasso* and Filippo Natoli**

Abstract

We propose a consumption-based model that allows for an inverted term structure of
real and nominal risk-free rates. In our framework the agent is subject to time-varying
macroeconomic risk, and interest rates at all maturities depend on her risk perception, which
shapes saving propensities over time. In bad times, when risk is perceived to be higher in the
short- than in the long-term, the agent would prefer to hedge against low realizations of
consumption in the near future by investing in long-term securities. In equilibrium, this leads
to the inversion of the yield curve. Pricing time-varying consumption volatility risk is
essential in order to obtain the inversion of the real curve and allows the average level and the
slope of the nominal level to be priced.

JEL Classification: G12.
Keywords: yield curve inversion, consumption volatility risk, real interest rates,
macroeconomic uncertainty, habits.
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1 Introduction'

The inversion of the term structures of interest rates, which happens when short-term
yields are above long-term ones, is an occasional, yet not rare event. Postwar data on US
Government bond yields show that while the term spread - i.e., the difference between
long- and short-term yields - has been positive on average, several episodes of inversion
have also been documented (Figure 1.1).

Nominal yields reflect a real as well as an inflation expectations component. While
the latter is known to play a role in shaping the level and slope of the yield curve, less
evidence is available on the role of the real component. Stylized facts point to the role of
real factors and, in particular, real macroeconomic risk in affecting the term structure of
interest rates: first, data on US TIPS (i.e., inflation-protected securities) from Gurkaynak
et al. (2007, 2010) suggest that real yields fluctuate substantially over time and that the
real term structure of interest rates, as well as the nominal one, became inverted in a few
occasions during the last ten years (see Figure 1.2); second, the slope of option-implied
volatilities in the stock market (proxying long- vs. short-term uncertainty) is positively
correlated with that of the TIPS yield curve, and the two have experienced synchronized
inversions (see Figure 1.3).2

This paper investigates the role of macroeconomic risk in shaping the term structure
of interest rates. For this purpose, we propose a parsimonious consumption-based model
of the term structure that allows for the inversion of its real component. In our framework
the representative agent is subject to time-varying macroeconomic risk and interest rates
at all maturities depend on her risk perception which shape saving propensities over time.
Intuitively, when risk is perceived to be higher in the long- than the short-run, the agent
would be more willing to invest in short- rather than long-term securities: in equilibrium,

the yield curve is upward sloping. Vice versa, when risk is perceived to be higher in the

'We are very thankful to Ivan Alfaro, Pierpaolo Benigno, Nicola Borri, Pietro Catte, Stefano Corradin,
Wouter Den Haan, Michael Donadelli, Micheal Ehrmann, Thiago Ferreira, Andrea Finicelli, Ivan Jaccard,
Peter Karadi, Francesco Lippi, Christoph Meinerding, Elmar Mertens, Claudio Michelacci, Sarah Mouabbi,
Anton Nakov, Juan Passadore, Facundo Piguillem, Massimo Sbracia, Christian Schlag, Oreste Tristani, to
the participants of the 48" Money, Macro and Finance Research Group Annual Conference, of the St An-
drews Workshop on Time Varying Uncertainty in Macro and to our colleagues at the European Central
Bank, Bank of Italy, EIEF, SAFE, LUISS University and University of Rome Tor Vergata for helpful com-
ments and suggestions. The views expressed in this paper are those of the authors and do not necessarily
reflect the views of the Bank of Italy. All remaining errors are ours. E-mail: filippo.natoli@bancaditalia.it,
grassoa@luiss.it.

2Three out of four episodes of inversion since 2008 are concurrent with inversions in the volatility term
structure; the only inversion of the yield curve that is not matched by that of the volatility term structure
is the one of 2011-2012, which happened during the implementation of the Operation Twist by the Federal
Reserve.



short-term, the agent would prefer to hedge against low realizations of consumption in
the near future by demanding long- instead of short-term bonds: this entails the inversion
of the equilibrium real yield curve.

Our model builds on the classic endowment economy frameworks of Campbell and
Cochrane (1999) and Wachter (2006). In these models, a representative agent has con-
sumption preferences with respect to a habit level, and variations in the surplus over
habits drive both the desire to smooth consumption over time and a precautionary mo-
tive that depends on changes in risk aversion. By inducing opposite consumption-saving
desires, these two forces have opposite effects on the implied equilibrium risk-free rate,
and, potentially, on the slope of the real term structure. Campbell and Cochrane (1999)
offset them to produce a constant risk-free rate, while Wachter (2006) makes the consump-
tion smoothing motive always prevail so that, in equilibrium, the yield curve is always
upward-sloping.

In the two papers mentioned above, the authors assume an exogenous, log-normal
process for consumption growth. With respect to those frameworks, our model features
time-varying volatility of consumption growth and imperfect information. Consumption
growth is a Markov switching process in which volatility varies between two regimes;
agents do not observe the volatility state but infer it from the available draws of con-
sumption. In equilibrium, real interest rates depend not only on the level of consump-
tion with respect to habits, but also on expected volatility in the next period relative to
the long-run average. Indeed, expectations of high consumption growth volatility in the
short-run causes the precautionary motive to prevail: in times of low consumption rela-
tive to habits, this entails a prevailing desire for precautionary savings, while in times of
high consumption, a prevailing desire of borrowing. In both cases, the equilibrium real
yield curve is inverted.

Following Wachter (2006), nominal yields are then constructed by adding an exoge-
nous inflation process to the aforementioned framework. With respect to the real term
structure, the nominal one depends also on nominal factors (i.e., short-term inflation ex-
pectations and inflation volatility) and on the correlation between consumption growth
and inflation. Assuming a negative correlation between the two, inflation volatility adds
to consumption growth volatility as a second source of risk for the agent. The cumulated
perceived risk matters for the slope of the implied equilibrium nominal yield curve in the
same way as consumption volatility risk matters for the real curve.

Our model is mainly inspired by three studies. The key feature of consumption growth
volatility being unobservable and time-varying is taken from Boguth and Kuehn (2013),

who explore the connection between macroeconomic uncertainty and asset prices, finding



that consumption growth volatility predicts returns for risk-exposed firms; the emphasis
on long- vs. short-run risk is in the spirit of Bansal and Yaron (2004), who propose plausi-
ble solutions to asset pricing puzzles based on a persistent component in expected growth
and on fluctuating uncertainty; the role of macroeconomic shocks on the slope of the yield
curve is in line with Kurmann and Otrok (2013), who find that news about future total
tactor productivity (TFP) is the main factor behind the inversion of the curve and suggest
that those shocks are linked to consumption growth volatility. Finally, intuitions about
the connection between interest rates and macroeconomic risk are also in Breeden et al.
(2015). The last paper focuses on the link between the term structure of interest rates and
expected economic growth, also suggesting a role for expected volatilities. However, it
predicts a negative correlation between the slope of the yield curve and that of the term
structure of volatilities.?

Different strands of the literature have investigated the term structure of interest rates,
tinding strong links between its slope and macroeconomic dynamics. Some papers pro-
posed multi-factor no-arbitrage models enriched by macro variables (Ang and Piazzesi,
2003; Diebold et al., 2006; Hordal et al., 2006; Rudebusch and Wu, 2008), while others
studied yield curves in consumption-based models with other preference specifications
than “habit” ones (Piazzesi and Schneider, 2007; Rudebusch and Swanson, 2012) or in
production-based frameworks (Jermann, 2013; Chen, 2017; Schneider, 2017). However,
none of them has made a specific focus on the economic factors behind inversions.*
By adding a (latent) state factor to Wachter’s model as a driver of consumer’s volatil-
ity perception, we contribute to the habit literature in one of the directions suggested in
Cochrane (2016).

This paper is organized as follows: Section 2 describes the benchmark model and
presents some empirical findings on the relation between real rates and consumption;
Section 3 describes the model of the real short rate with regime switches in the volatility
of the surplus-consumption ratio and explains the mechanics of the inversion of the real
and nominal term structures; Section 4 describes the empirical analysis and Section 5
concludes.

3This comes from the assumption of CRRA preferences; we adopt habit preferences since this last pre-
diction is at odds with the empirical evidence shown in Figure 1.3.

4Chen (2017) proposed a production economy model with external habits that links firm value volatility
(due to high adjustment costs) to risk-free rate volatility. In his model, intertemporal substitution and
precautionary motives cancel out, leading to a moderately upward-sloping real term structure.



Nominal term spread

Years

Figure 1.1: Slope of the US Government yield curve: 5-year minus 2-year rates. Monthly averages of
daily data. Sample: June 1961 to March 2017. The yields are taken from Gurkaynak et al. (2007).

Real term spread

Figure 1.2: Slope of the US TIPS yield curve: 5-year minus 2-year rates. Monthly averages of daily data.
Sample: January 2004 to March 2017. The yields are taken from Gurkaynak et al. (2010).



Real term spread and slope of the volatility term structure
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Figure 1.3: Slope of the real yield curve (3-year minus 2-year US TIPS yields) vs. slope of the volatility
yield curve (3-year minus 2-year at-the-money implied volatilities from options on S&P500 futures). The
choice of the long-term horizon (three years) is due to option data availability. The values of the two slopes
are set equal to 100 in June 2008. Monthly averages of daily data. Sample: June 2008 to March 2017. The
yields are taken from Gurkaynak et al. (2010).

2 Risk-free rates and consumption growth

In this Section we explain the main arguments that motivate our research. First, we de-
scribe the features of the model proposed by Campbell and Cochrane (1999) (CC hence-
forth), which we take as a benchmark, focusing on the equilibrium risk-free rate; then, we

show that the relationship between real short rates and consumption growth is unstable.

2.1 Benchmark model

Representative agents have preferences over consumption with respect to a slow-moving

reference level X;, defined as an external habit level:

p— X))t =1

Ettgﬁf T (2.1)

where f is the subjective time discount factor and < the utility curvature. To capture
the relation between C; and X;, CC define the surplus-consumption ratio as the excess



consumption relative to habits over the consumption level C;:

G- X
===

St (2.2)
St summarizes all the relevant information on the state of the economy and is the only
state variable of the model. Note that S; € [0,1]; throughout the paper, we will refer to
bad states as states characterized by low S; and to good states as those with S; close to 1.

Consumers’ relative risk aversion is time-varying and countercyclical:

v
23
Gt =g, (2.3)
For a constant v, it falls during booms and increases during recessions.

Consumption growth is exogenous and assumed to follow a random walk
Acty1 = g+ Vi41, vi11 ~ N(0,0), (2.4)

In order to ensure that consumption always remains above habits, CC define an exoge-
nous process for the log of the surplus-consumption ratio s; = In(S;¢), which they cali-
brate in a way that ensures procyclicality: s; is mean reverting, autoregressive, correlated
to shocks to consumption growth and heteroscedastic, with a positive time-varying co-
efficient A(s;) loading on the innovation to consumption growth>. The term A(s;) is a
sensitivity parameter defined as a square root function of past values of the s; process.

Sty follows
St41 = (1 —¢)5+ ¢psi + A(se) (Acry1 — 8) (2.5)

where g is the average growth rate of consumption, ¢ the parameter regulating habit

persistence, and

1 - .
Ast) = sV1— 2(s4—35)—1 ifs < swx 2.6)
0 otherwise
1 _
Smax = 5+ 5(1 - SZ) (2.7)
s Y
S=v0 1 p (2.8)

As CC show, the functional forms of A(s;) and § = In S are such that: (i) the risk-free rate is
constant; (ii) habit is predetermined at the steady state s; = 3; (iii) habit is predetermined

SWe will refer to s¢ or S; interchangeably as surplus-consumption ratio.
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near the steady state and moves nonnegatively with consumption everywhere®.
Wachter (2006) applies an alternative specification suggested by CC, which verifies
requirements (ii) and (iii) but allows the short-term rate to be a linear function of the state.

The functional form of A(s;) is left unchanged, but S is now calibrated in the following

5 _ / 2
S = () 1—(}5——19/7 (29)

From the Euler equation, the real one-period equilibrium risk-free rate is proportional

way:

to the deviations of s; from s:

rtpr1 =T — b(sy —35) (2.10)
where
i 7202
and ) 5
Yo
b=7(1-¢)— "5 (212)

Importantly, since {4,7,g,0,¢} are all constant parameters, it follows that b is constant
over time. The sign of the b term is key to get the relationship between real rates and
surplus-consumption; moreover, it has a clear economic interpretation.

Note that in an asset pricing framework, agents are not allowed to save to shift con-
sumption bundles over time: in equilibrium, asset prices adjust to make them happy
to consume the whole endowment in each period. Intertemporal consumption-saving
preferences are governed by an intertemporal substitution and a precautionary saving
motive. If b > 0, then the intertemporal substitution effect dominates: in good times,
agents are more willing to save than to consume so the risk-free rate is driven down in
equilibrium. On the contrary, if b < 0, then the precautionary motive dominates: in good
times, agents are less risk-averse, so they would like to borrow to consume more today,
driving up the equilibrium interest rate.”

In CC’s framework, b is set equal to 0 to completely offset these two effects. In-
stead, Wachter (2006) parameterizes b as a positive constant, so that the inter-temporal
substitution effect always wins out, entailing a negative correlation between surplus-

consumption and equilibrium interest rates. Note that the b term determines not only

®Habit is a non-linear function of consumption. Around the steady state CC prove that x; = In(X;) is
such that

X1 R (=) +¢xi + (1 =)ot

7In bad times, by contrast, the intertemporal substitution propensity drives the equilibrium interest rate
up, while the precautionary saving motive drives it down.
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the level, but also the slope of the equilibrium term structure of risk-free rates: if b > 0,
then the dominance of the intertemporal substitution motive is such that, in bad times,
agents value consumption today more than consumption tomorrow and the equilibrium
term structure is always upward sloping.

We now complete a preliminary analysis by taking a closer look at the relationship

between s; and 74 1.

2.2 Real rates and surplus-consumption

We have previously said that in standard consumption-based models featuring habit, the
equilibrium real risk-free rate is either constant or a negative function of the surplus-
consumption ratio. Assuming government bond yields in the United States to be risk
free, we investigate this issue empirically by comparing the historical dynamics of the
real rate to that of the surplus-consumption ratio. Real rates - which cannot be proxied by
TIPS in this analysis due to data availability - are estimated as the difference between the
3-month T-Bill rate and 3-month expected inflation, with the latter proxied by inflation
forecasts made from an estimated autoregressive process (see Appendix A for details);
the surplus-consumption ratio is instead constructed as the weighted average of past
consumption growth with decreasing weights, as implied by the model and explained
in Wachter (2006).% Figure 2.1 displays the two series on a quarterly frequency from 1962
to 2014.

A rapid graphical inspection suggests that the co-movement between the two is not
stable over time: the correlation seems positive between the late 1960s and late 1970s, then
turns negative during the 80s and 90s, and is unclear for the rest of the sample. To analyze
this relationship more formally, we estimate a time-varying b by making rolling regres-
sions on a 10-year window of the real 3-month rate on a constant and on our surplus-

consumption proxy. The equation is

40

Frepr =@+ b Y @A+ € (2.13)
=1

The rolling estimate is displayed in Figure 2.2. The b coefficient exhibits large time vari-
ations, ranging from significantly negative to positive values. This means that real rates

depend positively on the surplus-consumption in some part of the sample and negatively

8While surplus-consumption is theoretically influenced by all its own past values, we choose 40 quarters
as the cut-off point. The value of the habit persistence ¢ is as in Table 2. We took this value from Wachter
(2006) after we performed a sensitivity analysis for this parameter.

12



Surplus—consumption ratio and the 3-month real rate

surplus-consumption ratio

—-—-3-month real rate (estimated)

T o S e e e L B L B e S

1965 1975 1985 1995 2005
Years

Figure 2.1: Real 3-month rate and surplus-consumption ratio. The values of January 1962 are set equal
to zero. For the estimation method of real 3-month rates, see Appendix A. The surplus-consumption ratio
is the weighted average of 40 quarters of past consumption growth with decreasing weights, as in Wachter
(2006).
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in some other parts, a feature of the data which is ruled out in CC’s and Wachter (2006)’s
models.

Rolling estimate of the b coefficient

-2 I e e e e e e e s E e e B e e e e e e e e e e e N B
1975 1980 1985 1990 1995 2000 2005 2010
Years

Figure 2.2: Coefficient b of regression r; = constant + bs; + error, with 95% confidence bands; the real
rates r; are estimated as the difference between the 3-month T-Bill rate and 3-month expected inflation;
the surplus-consumption ratio s; is constructed as the weighted average of past consumption growth with
decreasing weights

3 Model

We propose a model that can accommodate the time-varying correlation between the
surplus-consumption ratio and risk-free rates, and evaluate its implications for the slope
of the term structure. First, we introduce a Markov switching process for consumption
growth and derive the pricing equation (Section 3.1); second, we discuss the behavior
of the equilibrium risk-free rate and the equilibrium term structure (Section 3.2); third,
we include inflation to explain the implications of the model for the nominal yield curve
(Section 3.3).
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3.1 Markov switching consumption growth and the equilibrium risk-

free rate

For the representative agent, we adopt the same set of preferences as CC and maintain

the same notation throughout the section:

2 (G =X —1
E )P
=0 |t

(3.1)

We assume that, instead of being lognormal, consumption growth is a Markov switching
process, in which volatility switches between two regimes.” Denoting with g the constant
drift, we assume that the process of log consumption growth Ac; 1 is

Acii1 =g+ 07, €41, €41~ N(0,1) (3.2)

with oz, being either oy, (high) or 0; (low), with 03, > ¢7. Volatility is unobservable, depend-
ing on a latent variable {; indicating the state of the economy. Agents infer the state of
the economy from observable consumption data. Denote by P the transition probability
of being in state j = h,] coming from state i = £,

P— Puh Phi , (3.3)
Pin  Pu

which is given and known to the agents at each point in time; new incoming information
updates the likelihood of each state

f(ACt|St = 1, thl)

17t N f(ACt|St = 2, xt—l)

4

where X;_; represents all information at time t — 1. Then, transition probabilities and
updated likelihoods are used to form the posterior probability of being in each state based
on the available data. Call ¢;;_; € IR? the posterior belief vector at time t — 1, Bayes’ Law

implies that
Crjt—1 O 1t
/
1 (Ghje—1 © 1)

where © denotes element-by-element product and 1 is a 2-by-1 vector of ones.

€t+1\t =

Given that the trade-off between intertemporal substitution and precautionary saving motives does
not depend on the drift of consumption growth, to keep the model as parsimonious as possible we do not
impose latent states for it.

15



As consumption growth, the surplus-consumption is also Markov switching;:

str1 = (1 —¢)5+ ¢st + A(st)og,, €141 (3.4)

where ¢ is the AR coefficient (and the habit persistence coefficient). As in CC, habit is
a slow moving average of consumption growth and is predetermined at and near the
steady state. We keep the same specification for the sensitivity function A(s;) as in CC
and Wachter (2006), i.e. a negative function of s;: the higher the surplus-consumption,
the lower the sensitivity of s to innovations in consumption growth. A(s;) is inversely
proportional to the long-run steady state level S, that is now computed using the uncon-

ditional mean of the stochastic volatility process ¢* and the steady-state level of the b

5 x 2

parameter, b*:

where 1
— —
v = 2(‘7h + 07)
and b* is such that

f_b*(Smax _g) - 0

with § = In(S), 7 is the average real risk-free rate and s,y as in Equation 2.7. The latter
Equation implies that, at the steady state, the risk-free rate is non-negative and the term
structure is upward sloping as in Wachter (2006).

The stochastic discount factor (SDF) is a function of the surplus-consumption:

-
M1 =96 (Cé—tlsts—tl) =dexp {—7[g+ (1= ¢)(E—st) + (Ast) + Dog,, €r41] }
(3.6)
Solving for the equilibrium risk-free rate involves the computation of the expectation of
the SDF as a function of the two stochastic components of s;, i.e. {€,{}. After some
algebra, we get

rei+1 = In S Ind+vg—v(1—¢)(st —5) —In Et(e'g) (e_’y[)‘(st)ﬂ]%wlet“)

Et(e'g) (Mpy1) 67

where the last term on the right hand side is

—In Et(elg) (e_ﬂYWSt)H]%”em) =—In Z §t+1\t(j)Et(€) (e_y[)\(st)+1](7jet+l|‘7§t+1 =0 Ct+1|t>

jethl}
(3.8)
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Equation 3.8 tells that, in a Markov switching world, agents have expectations about the
future draws of consumption - that can be characterized by high or low volatility - and
weight them by the posterior probability (i.e., the belief they have at time ¢) that such
draws come from a high or a low volatility state.!’ We interpret this factor as a precaution-
ary saving effect, provided that Equation 3.7 differs from the risk-free rate specification in
CC’s model only for that.!! In the extreme cases in which Ciae(on) = 00r Gpyqplon) =1,
the formula for the equilibrium risk-free rate collapses to CC’s one.

The previous formula embeds one of the key results of our model: the intensity of
the precautionary saving effect depends not only on the current state of the economy;,
summarized by s;, but also on an agent’s beliefs and, precisely, on the posterior proba-
bility attached to the two volatility states. Assume that 0 is low enough to let the in-
tertemporal substitution effect dominate on the precautionary saving motive, and let ¢,
be high enough to allow for the opposite. The steady state volatility level ¢ is such that
0; < 0¥ < oy, then our model is flexible enough to accommodate both circumstances in
which the intertemporal substitution motive prevails over the precautionary motive and
times in which the opposite happens. In this model, negative rates and a downward-
sloping yield curve appear as a deviation from a positive, upward-sloping steady state.

To summarize, the equilibrium one-period interest rate depends on the combination
of the current state and beliefs over the next period consumption. Indeed, states in which
s¢ is high might no longer be perceived as good states if ¢ is also expected to be high in
the short term: taken s; as given, when &; (03, is higher than ¢, 1;(¢7), the equilibrium
risk-free rate is driven up. Therefore, the combination of high s; and low &, ,1;(07,) defines
good states, while bad states are those with low s; and high ¢, 1;(0%). §;41)s evolves
based on the updated likelihood of the two states. Agents have imperfect information
on the volatility, so a sequence of large shocks to consumption growth can induce agents
to weight more the high volatility state, while a sequence of small shocks slowly pushes
them towards the low volatility state.

By introducing Markov switching consumption growth, we allow the trade-off be-

19Note that the expectation in Equation (3.8) has a closed-form solution. Indeed, Equation (3.8) can be
rewritten as

—In EE&@) (e_')/[)\(st>+ﬂ0'§t+1et+l) — _In Z §t+1|t(]‘)e§(l+/\(5t))zgj2
je{nl}

n CC paper the closed-form solution of the risk-free rate is

1 N )
————=—Ind+9¢+7(p—1)(st —5) — —— (1 + A(st)) (3.9)
EtM; 1

r =1In
41 5
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tween intertemporal substitution and precautionary saving motives to be endogenous.
The flexibility of this specification allows to match the fact that the correlation between
real short rates and surplus-consumption is time-varying, and provides a rationale for
the periods of positive correlation that appear from the empirical estimation of Equation
2.13.

3.2 The term structure of real risk-free rates

In the previous subsection, we have highlighted the key features underlying this model:
time-varying posterior beliefs allow the inter-temporal and precautionary saving motives
to dominate at different times, also making time-varying the correlation of r; with s;. Let’s
now turn to the pricing of real risk-free bonds with maturities beyond one period to gain
insights into the behavior of the entire term structure of interest rates.

The price at time t of a real bond maturing after n periods (P, ) is computed as the
expectation of the future compounded SDFs until maturity. From the Euler equation:

Pyt = Et [M+1Py—1441]

_E, [eln5—7g+7(1—4>)(St—S‘)—”Y[)\(St)“}Unggt”Pn—l t1]

= Y Gp(EfMTrEH O RO e p, o, = 0, 8y
jeihl}
(3.10)
with boundary condition Py; = 1; the yield-to-maturity is
1
]/n,t = —Eh’l Pn,t (311)

As described in Equation 3.10, the real bond price is obtained by iterating forward one-
period expectations of the bond price for n periods. While future states of the economy
are not known at time t, agents can only make expectations conditional on the available
information at time . In order to account for all possible future states for both € and the
posterior beliefs ¢ for n periods, the bond price is solved numerically on a grid.

As explained in the previous section, if we assume 0, to be high enough to let the
precautionary saving effect dominate, posterior beliefs biased towards oy, are such that
this scenario applies. In these cases, the precautionary saving motive implies agents’
willingness to save long-term, because they know that high volatility states have a lim-
ited duration and eventually return to the low level: in this case, the “term structure of

volatility beliefs” is downward sloping. Shifting the saving propensity from the short-
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to the long-run implies that the agent would be more willing to hold long- rather than
short-term bonds, therefore in equilibrium short-term securities will pay a premium with

respect to long-term ones, entailing the inversion of the equilibrium yield curve.

3.3 Nominal yield curve

Denote by 71; = InI1; the natural logarithm of the price level and introduce inflation A7
as a first-order autoregressive, exogenous state process (following Cox et al. (1985) and
Bekaert et al. (2004):

ATt 1 = 110 + Yo AT + OpR 041 (3.12)

Denote also by p the linear correlation between v;;1 and €;4; (i.e., the innovation in
consumption growth). We can prove that the nominal bond price is equal to the expected
discounted nominal payoff:!

$ _ $ $
Pn,t = E [Mt—i-lpn—l,t—i-l

} = F3(s;)eAntBrdm (3.13)
with
Fi(st) = EgfefBroa=DoanCta My g FS ) (5441)]
Aw= Ayt + Byt — Do+ 5Byt — 1031 p7)
By = (By—1— 1)

The SDF of the nominal security (M®) is the ratio between the SDF of the real bond and
the one-period gross inflation:

M? | = e MM, (3.14)
After some algebra, the nominal bond price becomes

P;f,t = const* ) Ct+1|t(j)Et(€) [Mt+1ep(3”_l71)%"6”11:3—1,&1"TQH = 0j/ G| (319
jefnl}

with
const = eAn-11(Bu1=1)(o+1poAm)+0.5(B,1—1)%03 - (1—-p?)
and
Mg = P I= 78+ (1=¢) (st =8) =7 [A(st) +1]og, €

12 Appendix B reports the proof of the nominal bond pricing formula.
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Note that, by assuming correlated innovations of the two state processes, the expected
value in Equation 3.15 can be expressed as a function of € only. The yield-to-maturity of
the nominal bond is

yh, = —% InP?, (3.16)

The nominal bond price has two additional components with respect to the real bond
price: a scale factor that depends on inflation volatility (in const) and an extra term in
the expectation part of Equation 3.15, i.e. exp{p(B;,—1 — 1)0ar€t+1}. The extra term is
key to get the intuition for the role of inflation. This term is a positive function of the
product between p, g (through B) and oa,. If p is negative, as reflecting the existing
negative correlation between consumption growth and inflation (Wachter, 2006), the extra
term adds to the precautionary saving effect in its impact on the level and the slope of
the term structure. Indeed, the agents” desire to make precautionary saving/borrowing
now depends not only on beliefs of the future consumption volatility states, but also
on inflation volatility: the cumulated perceived risk matters for the slope of the nominal
equilibrium yield curve in the same way as consumption volatility risk matters for the real
one. If op is sufficiently high, the nominal yield curve can invert even though posterior
beliefs are such that the real one is upward sloping.

To complete the description of the model, we also compute the nominal risk premium
up to a constant term, which once again depends on surplus-consumption and agents’
posterior probabilities:

E; (ri,tﬂ — rftH) = const + E; <ln Pg_l(St_A'_l)) —InF¥(s;)—
1
2

- ’Y(l - (rb) (S_ - St) +In Z §t+1|t(j)e (=7 [A(st)+1]oj—poar)
je{hl}

: (3.17)

The proof of Equation 3.17 is in Appendix C.

4 Empirical analysis

This section covers the application of the model described in Section 3 to US consumption
and inflation data. The estimation of the parameters of the Markov switching process
is carried out in Section 4.1. We then solve the model and discuss the behavior of the
slope of the term structure in Section 4.2. Finally we simulate from the model and report

descriptive statistics in Section 4.3.
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4.1 Parameter estimation

We estimate the parameters of the Markov switching model by maximum likelihood.
Real per capita consumption expenditures on nondurable goods and services are taken
from the US Bureau of Economic Analysis. Following Yogo (2006), we restrict our sample
to post-1952 data to exclude the exceptionally high consumption growth that followed
World War II. The results are reported in Table 1, Panel A; sample data are from 1952Q1
to 2016Q3.

Panel A

Ac  p 0 Op P Phh
0491 0223 0556 0.884 0.930
(0.029) (0.014) (0.045 (0.280) (0.284)

Panel B

A 1o Yo Oar
0.265 0.696 0.573
(0.058) (0.036) (0.035)

Table 1: Parameter estimates of the consumption growth and inflation processes. The values are shown
in percentage points. Non-annualized quarterly growth rates of consumption are computed using data on
real consumption expenditures on nondurable goods and services taken from the US Bureau of Economic
Analysis; inflation is constructed as quarter-on-quarter log returns, where quarterly CPIs are values of the
last month of the quarter. CPI data are from the Bureau of Labor Statistics.

Average consumption growth is estimated at 0.49 per cent per quarter, while volatility
equals 0.22 per cent in the low state and 0.56 per cent in the high state (i.e., the latter is
2.5 times higher than the former). The low volatility state is slightly less persistent: the
probability that current high consumption growth volatility persists in the next period is
0.93, while for the low volatility state this probability is 0.88. Consumption growth and
posterior probabilities are depicted in Figure 4.1.

Data on the monthly CPI index are taken from the Bureau of Labor Statistics database;
inflation is constructed as quarter-on-quarter log returns, where quarterly CPI are values
of the last month of the quarter. Estimates of the three parameters of the AR(1) process for
inflation are reported in Table 1, Panel B. As functions of those parameters, the long-term
mean of the autoregressive process is 0.87 per cent, and its standard deviation is 0.64 per
cent, higher than the volatility of consumption growth in the high state. The correlation
with consumption growth is estimated at -0.11.
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Figure 4.1: Output of the Markov switching estimate. Top panel: real per capita consumption growth.
Bottom panel: expected volatility of consumption growth.

4.2 Model solution

We compute nominal and real bond prices numerically using the series method of Wachter
(2005); for this purpose, a quadratic grid constructed as the combination of one grid for
st and one for ¢, 1|, is employed. Figure 4.2 shows equilibrium real yields in the extreme
cases in which the agent perceives with certainty a low or a high volatility in the short
term (left and right panel, respectively).

In the low volatility case, short-term real yields are a decreasing function of the surplus-
consumption ratio: real short rates are countercyclical (left panel); moreover, the 5-year
yields are always above the 3-month yields, i.e. the equilibrium real term structure
is upward sloping for all values of the surplus-consumption ratio. On the contrary, if
agents think that in the short-term the volatility of consumption growth will be high (high
volatility case, right panel), the precautionary saving motive always prevails: short-term
real yields are procyclical and the real term structure is inverted for all values of S;. Note
that the model can account for negative real rates.

Figure 4.3 shows how short- and long-term real yields change as a function of the
posterior probability of being in the low volatility state (P(c = ¢7)) for a given S;. Both

short- and long-term real yields increase with the probability of a low volatility state. The
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Figure 4.2: Continuously compounded yields on real bonds as a function of the surplus-consumption
ratio, implied by the posterior probabilities P(c = 03,) = 0 (left panel) and P(¢c = 0,) = 1 (right panel) and
the parameters in Table 1 and Table 2. Black line: 5-year real yields; grey line: 3-month real yields.
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Figure 4.3: Continuously compounded yields on real bonds as a function of the posterior probability to

be in the low volatility state in the short term implied by the parameters in Table 1 and Table 2. Black line:
5-year real yields; grey line: 3-month real yields.
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term structure is inverted when the high volatility state is perceived to be more likely
(ie., P(c = 07) < 0.5)), while it is upward sloping in the opposite cases; the threshold
value of the probability for which the term structure is inverted depends on the level of

surplus-consumption.
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Figure 4.4: Continuously compounded short-term yields on real and nominal bonds as a function of the
surplus-consumption ratio implied by the posterior probabilities P(c = 0,) = 0 (left panel) and P(c =
0,) = 1 (right panel) and the parameters in Table 1 and Table 2. Black line: 3-month nominal yields; grey
line: 3-month real yields.

We now focus on the nominal curve, studying its sensitivity to the perceived consump-
tion growth volatility across different calibrations of the long-term mean of the inflation
process. Figure 4.4 depicts short-term nominal and real yields as a function of the surplus-
consumption when the agent expects a low volatility state (left panel) or high volatility
state (right panel). We can see that the results on the real risk-free rate carry over to the
nominal risk-free rate. Note that nominal yields are always above real yields due to the
effect of expected inflation. Figure 4.5 displays 3-month and 5-year nominal yields for
different levels of expected inflation when the agent expects a low volatility state (lower
panels) or high volatility states (upper panels). We consider expected inflation equal to its
long-run mean (0.85 per cent, middle panels), and to plus and minus two unconditional
standard deviations (right and left panels, respectively).

The equilibrium nominal yield curve is very sensitive to changes in expected infla-
tion. If the agent expects low volatility (lower panels), the higher the long-term inflation
expectations, the smaller the difference between long- and short-term yields; in the case
of high inflation expectations (lower right panel), this difference is zero or negative for
all the levels of surplus-consumption. Provided that inflation expectations are mean re-

verting, variations in short-term yields are primarily responsible for the inversion. This
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Figure 4.5: Nominal continuously compounded bond yields as a function of the surplus-consumption
ratio implied by the posterior probabilities P(c = 03,) = 1 (upper panels) and P(c = 03,) = 0 (lower panels)
and the parameters in Table 1 and Table 2, for different values of expected inflation: long-term expectation
(middle panels), long-term expectation minus and plus two standard deviations (left and right panels).
Black line: 5-year nominal yields; grey line: 3-month nominal yields.
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is consistent with the mechanics explained, in a different setup, by Kurmann and Otrok
(2013). If, instead, the agent expects high volatility states (top panels), the nominal yield
curve is inverted for all values of the surplus-consumption ratio, except in a few cases
in which expectations are deflationary and surplus-consumption is high; moreover, the
higher long-term inflation expectations, the larger the gap between long- and short-term
yields (top panels, from left to right). This suggests expected inflation is an important

driver of the inversion of the nominal term structure.

4.3 Simulation

In order to match the slope of the term structure of nominal interest rates observed in the
US market during the sample period, we simulate 100,000 observations of quarterly con-
sumption growth and inflation. The model is calibrated using the parameters in Table 1
and Table 2. Mean and standard deviations of 3-month, 1-year, 3-year and 5-year yields
are reported in Figure 4.6.

Parameters Value
Utility Curvature vy 2.00
Habit persistence ¢ 0.97

Derived Parameters

Discount rate ¢ 0.95
Long-run mean of log surplus consumption 3 -3.81
Maximum value of log surplus consumption s,y -3.31

Table 2: Assumptions on the parameters of the investor’s utility function. The independent parameters
(first panel) are set as in Wachter (2006). The second panel gives the derived parameters. The long-run
mean of log surplus-consumption, 5§ = In(S;) in as in Equation 3.5, with b = 0.0197 consistent with a risk-
free rate of 3.93%, i.e. the average real rate in our sample. The discount rate J is determined so that, at the
steady state, the model-implied nominal risk-free rate equals the one observed in the data. The maximum
surplus-consumption ratio is set as in Equation 2.7.

The model-implied values are very close, on average, to the observed ones. 3-month
nominal yields implied by the model are equal, on average, to 5.10 per cent, while the ob-
served ones average at 4.80 per cent; 5-year model-implied and observed nominal yields
are equal to 5.89 and 5.91 per cent, respectively. The average positive slope of the time se-

ries is therefore matched. Since it is outside of the scope of the paper, we did not include
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Figure 4.6: Means and standard deviations of continuously compounded zero-coupon bond yields in the
model and in the data. 3-month, 1-year, 3-year and 5-year implied yields are compared with data from
1952Q1 to 2016Q3.

time-varying volatility of inflation in the model; as a consequence, simulated yields are
less volatile than market ones.

5 Conclusion

In this paper we propose a consumption-based asset pricing model that allows both the
nominal and the real term structure of interest rates to became inverted. The main in-
gredients are time-varying volatility of consumption growth and imperfect information.
Agents form posterior beliefs over future states of the economy. A high expected risk in
the short term makes a risk averse agent shift her saving propensity from the short- to the
long-run, implying that she would be more willing to hold long- rather than short-term
bonds and entailing the inversion of the equilibrium yield curve.

The proposed stochastic discount factor could, in principle, be used to price other
types of assets. The impact of macroeconomic risk on equity pricing is investigated by
Lettau et al. (2008), among others. The application for corporate bond pricing or deriva-
tive pricing can be one avenue of future research. This model is designed for default-free
economies: another interesting avenue of research could be that of investigating the evo-
lution of a bond term structure containing a risk premium related to the default of the
bond’s issuer. Equilibrium yield curves of different countries with different default risks

could in this way be compared.
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A Market-implied real interest rates

Professional forecasters only started to produce estimates of CPI inflation expectations
in the early 1980s, so these cannot be used to retrieve real rates (by subtracting inflation
expectations from nominal rates) before that date. We follow instead the procedure pro-
posed in Chapter 3 of April 2014’s World Economic Outlook published by the IMF: inflation
expectations are computed as out-of-sample forecasts from a simulated autoregressive
process of inflation. In this way we can estimate real rates for the whole sample (up to the
1960s).

Denoting P; the monthly consumer price index at time ¢, an autoregressive model with
12 lags (AR(12)) is fitted on the variable y; = InP; — InP;_1y; the estimation is carried out
on a rolling window of 60 months to mitigate the effect of parameter instability. Model-
based inflation expectations for horizon j are computed using out-of-sample forecasts of

7t. Real rates are then recovered as

n
s _ (1-¢g) i
tnt =1, — =~ ) 'Eit;141
v (1-g") ;1
where 1, ; and rit are the real and nominal rates at time # on a bond with maturity #,
E;mt; 44 is the inflation expectation at time ¢ for period t +iand g = (1 + r$)~1, with r$
being the average nominal rate. The real rate is therefore equal to the nominal rate minus

a weighted average of the inflation expectation over the entire life of the bond.

B Pricing of real and nominal bonds

Let P, denote the price of a real bond maturing in n periods, and Pff/t the price of a
nominal bond. Prices are computed as expectations of the future compounded SDFs until
maturity.

The real price is determined recursively from the Euler equation (3.10) with boundary
condition Py = 1. Note that P, is a function of the posterior probability &; ;. We solve
for these functional equations numerically on a grid of values for the state variable ¢, ;.
Conditional on ¢ ), the price of the bond is a function of s alone, so equation (3.10) can
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be rewritten as

Cit1Si41 7
P,; = E [5( g ;—j> Pn_l,m]

= Et [Myy1Py—1,441]
= Y, Gp(DEMepaPa v pialog,,, = 07, G
jeqint)

Z €t+1|t(j)Et[eln(s_rﬂg—i_(l_q))(g_sf)+(A(5t)+1)0j€t+l]Pn
je{nl}

—1,t+1|‘7€t+1 = 0j, Ct+1|t]

The last expectation can be solved using numerical integration on a grid of values for s;,

conditional on being in state j.

Analogously, the nominal bond price is equal to the expected discounted nominal
payoff:

IT;

P,f,t = E[M41——P?

Ht—l—l n—l,t—i—l] (B'l)

In order to compute the nominal bond prices we introduce inflation as an additional
state variable. Using the law of iterated expectations and conditioning on realizations of

the shock to the level of the consumption growth, we can prove that

P8, = FS, exp{Au + BuAm;} (B.2)

nt
with

Pg,t = Et[M;1exp{p(Bn-1 — 1)‘7An€t+1}F3_1,t+1]
Ap= Ay 1+ By1—1)5o+05(B, 1 —1)%03,.(1—p?
By, = (anl - 1)1/J0

The boundary conditions are Fg’ ;1 =1,A0=0,and By = 0.

The proof is by induction. Suppose equation (B.2) is true for pS Then, from the

n—1,t+1"
Euler equation it must be that

I1
PS, = Et[Mt+1H t

nt

- exp{Ay_1 + By 1AMy 1 }Fy 1]

= Et[Mi11 exp{—10 — YAt — OazVs41 + Ap—1 + Bu_1(10 + oA + UAnUtH)}PE_UH]
= exp{A;_1+ (Bu—1—1)(no + poA7:) } Et [Mt+1st1,t+1 exp{(Bu-1—1)0an0t11}]
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If we use the law of iterated expectations twice and condition on ¢; ), that is the poste-
rior probability at time t + 1, and then on €, 1, that is the error on the level of consumption
growth we have

Ps,t =exp{An 1+ (Bn 1= 1)(’70 + IPOATQ‘)

Z §t+1|t Mt+1 1t+1exp{( n—1— 1)‘7Anvt+1}"TQHEHLUQH :‘Tj/€t+1\t]
je{nl}

given that
(Bp—1— 1)0an0t41|0j€r41 ~ N(0(By-1 — 1)0ar€ts1, (Byo1 — 1)%0% (1 — p?))
we have

PS, =exp{Au_1+ (By_1— 1)('70 + A7) + 0.5(B,_1 — 1)%0% (1 — p?)

Z Crr11t(j) Mt+1 1141 8P{0(Bu—1 — 1)oar€rta tlog,,, = 05, 8]
je{hl}

Therefore, equation (B.2) is satisfied with

F;%(St) = Et[M;y1exp{o(By_1 — 1)(7A7r€t+1}1:$ 1 t—i—l]
Ap=Ay 1+ (Bn—l - 1)770 + O.S(Bn—l - 1)20%71(1 P2)
B, = (Bn—l - 1)7700

C Nominal risk premium

Let’s compute the nominal risk premium

Et( T t+1 rip,t—&-l) (C.1)

Using formula (3.13) we have that

Et( " t+1> = E; (11’1 F,f_1(5t+1) + An—l + Bn—lAnt—i—l —In FE(St) + An + BnATL't) =

— cost + E; (1n Pg_l(stﬂ)) —InF$(s;) + By_1(1j0 + YoATs) — BuArry =

Et(Ant+1)

= cost + E; <ln P;f_l(St_A'_l)) —InF}(st) + oA
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where the last equality comes from B, = (B,—1 — 1)p.

For the second term, we know that rf 1 =1/ In(M?

t+1) and

E(MS,) = Er(e My ) =
— Et [e—(7]0+1P0A7Tt+(7A;TUt+1)eln(s_')’[g+(1_¢)(g_st)+(/\(5t)+1)0§t+1€t+1]]

Using the same methodology that we applied for the formula of the nominal bonds, we
have

Ee(MS,) = exp(ind — (g + (1 - ¢)(5 =) — 1o — Yo7ty + 0.50%,.(1 — p?))

Y. Gepnpe(7) exp(05(—y(A(st) +1)0j — poar)?)
jefhl}

SO

”itﬂ = 1/ln(M§°H) =
= —Ind+7y(g+ (1—¢)(5—st)) + 10 + YoAm — 0503 (1 — p?)) —

~In( X Genn(]) exp05(-7(A(0) + 1)y — poar)?))
jew,

Therefore the nominal risk premium is

E; (r?;’tﬂ — rftH) = cost + E; <ln Fs_l(St_’_l)) —InF¥(s;)—
—7(1=@)E—s)+In( ¥ Eap(i) exp(05(=y(A(se) +1)0 — poan)?))

je{nly
(C.2)

31



References

Ang, A. and M. Piazzesi (2003), “A no-arbitrage vector autoregression of term structure
dynamics with macroeconomic and latent variables.” Journal of Monetary Economics,
50(4), 745-787.

Bansal, R. and M. Yaron (2004), “Risks for the long run: a potential resolution of asset
pricing puzzles.” Journal of Finance, 59, 1481-1509.

Bekaert, G., E. Engstrom, and S.R. Grenadier (2004), “Stock and bond returns with moody
investors.” Journal of Empirical Finance, 17, 867-894.

Boguth, O. and L-A Kuehn (2013), “Consumption volatility risk.” Journal of Finance,
LXVIII (6), 2589-2615.

Breeden, D. T., R. H. Litzenberger, and T. Jia (2015), “Consumption-based asset pricing,
part 1: Classic theory and tests, measurement issues, and limited participation.” Annual
Review Financ. Econ., 7, 35-83.

Campbell, J.Y. and H.J. Cochrane (1999), “By force of habit: A consumption-based ex-
planation of aggregate stock market behavior.” The Journal of Political Economy, 107,
205-251.

Chen, A. Y. (2017), “External habit in a production economy: A model of asset prices and
consumption volatility risk.” Review of Financial Studies, 30(8), 867-894.

Cochrane, J. (2016), “The habit habit.” Hoover institution Economics Working Papers, 16105.

Cox, J., M. Ingersoll, and S. Ross (1985), “A theory of the term structure of interest rates.”
Econometrica, 53, 385-408.

Diebold, E. X., G. D. Rudebusch, and S. B. Aruoba (2006), “The macroeconomy and the
yield curve: a dynamic latent factor approach.” Journal of Econometrics, 131(1-2), 309-
338.

Gurkaynak, R. S., B. Sack, and J. H. Wright (2007), “The u.s. treasury yield curve: 1961 to
the present.” Journal of Monetary Economics, 54(8), 2291-2304.

Gurkaynak, R. S., B. Sack, and J.H. Wright (2010), “The tips yield curve and inflation
compensation.” American Economic Journal: Macroeconomics, 2(1), 70-92.

32



Hordal, P., O. Tristani, and D. Vestin (2006), “A joint econometric model of macroeco-
nomic and term-structure dynamics.” Journal of Econometrics, 131(1-2), 405-444.

Jermann, U. J. (2013), “A production-based model for the term structure.” Journal of Fi-
nancial Economics, 109(2), 293-306.

Kurmann, A. and C. Otrok (2013), “News shocks and the slope of the term structure of
interest rates.” American Economic Review, 103(6), 2612-2632.

Lettau, M., S.C. Ludvigson, and J. Wachter (2008), “The declining equity premium: What
role does macroeconomic risk play?” Review of Financial Studies, 21(4).

Piazzesi, M. and M. Schneider (2007), “Equilibrium yield curves.” NBER Macroeconomics
Annual 2006, 21, 389-472.

Rudebusch, G. D. and E. T. Swanson (2012), “The bond premium in a dsge model with
long-run real and nominal risks.” American Economic Journal: Macroeconomics, 4(1), 105—
143.

Rudebusch, G. D. and T. Wu (2008), “ A macro-finance model of the term structure, mon-
etary policy and the economy.” The Economic Journal, 118, 906-926.

Schneider, A. (2017), “Risk sharing and the term structure of interest rates.” Job Market
Paper, UCLA.

Wachter, J.A. (2005), “Solving models with external habit.” Finance Research Letters, 2, 210—
226.

Wachter, J.A. (2006), “A consumption-based model of the term structure of interest rates.”
Journal of Financial Economics, 79, 365-399.

Yogo, M. (2006), “A consumption-based explanation of expected stock returns.” Journal of
Finance, 61(2), 539-580.

33



(@)

.1142

.1143

.1144
. 1145

.1146

. 1147

. 1148

.1149

.1150

1151

L1152

1153

.1154

1155

.1156

L1157

1158

.1159

.1160

.1161

.1162

.1163

.1164

.1165

RECENTLY PUBLISHED “TEMI” (*)

Monetary policy in times of debt, by Mario Pietrunti and Federico M. Signoretti
(October 2017).

Capital misallocation and financial development: a sector-level analysis, by
Daniela Marconi and Christian Upper (October 2017).

Leaving your mamma: why so late in Italy?, by Enrica Di Stefano (October 2017).

A Financial Conditions Index for the CEE economies, by Simone Auer (October
2017).

Internal capital markets in times of crisis: the benefit of group affiliation in Italy,
by Raffaele Santioni, Fabio Schiantarelli and Philip E. Strahan (October 2017).

Consistent inference in fixed-effects stochastic frontier models, by Federico Belotti
and Giuseppe Ilardi (October 2017).

Investment decisions by European firms and financing constraints, by Andrea
Mercatanti, Taneli Mikinen and Andrea Silvestrini (October 2017).

Looking behind the financial cycle: the neglected role of demographics, by
Alessandro Ferrari (December 2017).

Public investment and monetary policy stance in the euro area, by Lorenzo Burlon,
Alberto Locarno, Alessandro Notarpietro and Massimiliano Pisani (December
2017).

Fiscal policy uncertainty and the business cycle: time series evidence from Italy, by
Alessio Anzuini, Luca Rossi and Pietro Tommasino (December 2017).

International financial flows and the risk-taking channel, by Pietro Cova and
Filippo Natoli (December 2017).

Systemic risk and systemic importance measures during the crisis, by Sergio
Masciantonio and Andrea Zaghini (December 2017).

Capital controls, macroprudential measures and monetary policy interactions in
an emerging economy, by Valerio Nispi Landi (December 2017).

Optimal monetary policy and fiscal policy interaction in a non-Ricardian economy,
by Massimiliano Rigon and Francesco Zanetti (December 2017).

Secular stagnation, R&D, public investment and monetary policy: a global-
model perspective, by Pietro Cova, Patrizio Pagano, Alessandro Notarpietro and
Massimiliano Pisani (December 2017).

The CSPP at work: yield heterogeneity and the portfolio rebalancing channel, by
Andrea Zaghini (December 2017).

Targeting policy-compliers with machine learning: an application to a tax rebate
programme in Italy, by Monica Andini, Emanuele Ciani, Guido de Blasio, Alessio
D’Ignazio and Viola Salvestrini (December 2017).

Banks’ maturity transformation: risk, reward, and policy, by Pierluigi Bologna
(December 2017).

Fairwise trading in the money market during the European sovereign debt crisis,
by Edoardo Rainone (December 2017).

Please in my back yard: the private and public benefitsof a new tram line in
Florence, by Valeriia Budiakivska and Luca Casolaro (January 2018).

Real exchange rate misalignments in the euro area, by by Michael Fidora, Claire
Giordano and Martin Schmitz (January 2018).

What will Brexit mean for the British and euro-area economies? A model-based
assessment of trade regimes, by Massimiliano Pisani and Filippo Vergara Caffarelli
(January 2018).

Are lenders using risk-based pricing in the consumer loan market? The effects of
the 2008 crisis, by Silvia Magri (January 2018).

Listening to the buzz: social media sentiment and retail depositors’ trusts,
by Matteo Accornero and Mirko Moscatelli (February 2018).

Requests for copies should be sent to:
Banca d’Italia — Servizio Studi di struttura economica e finanziaria — Divisione Biblioteca e Archivio storico — Via
Nazionale, 91 — 00184 Rome — (fax 0039 06 47922059). They are available on the Internet www.bancaditalia.it.



"TEMI" LATER PUBLISHED ELSEWHERE

2016

ALBANESE G., G. DE BLASIO and P. SESTITO, My parents taught me. evidence on the family transmission of
values, Journal of Population Economics, v. 29, 2, pp. 571-592, TD No. 955 (March 2014).
ANDINI M. and G. DE BLASIO, Local development that money cannot buy: Italy’s Contratti di Programma,

Journal of Economic Geography, v. 16, 2, pp. 365-393, TD No. 915 (June 2013).

BARONE G. and S. MOCETTI, Inequality and trust: new evidence from panel data, Economic Inquiry, v. 54,
pp- 794-809, TD No. 973 (October 2014).

BELTRATTI A., B. BORTOLOTTI and M. CACCAVAIO, Stock market efficiency in China: evidence from the
split-share reform, Quarterly Review of Economics and Finance, v. 60, pp. 125-137, TD No. 969
(October 2014).

BOLATTO S. and M. SBRACIA, Deconstructing the gains from trade: selection of industries vs reallocation of
workers, Review of International Economics, v. 24, 2, pp. 344-363, TD No. 1037 (November 2015).

BOLTON P., X. FREIXAS, L. GAMBACORTA and P. E. MISTRULLI, Relationship and transaction lending in a
crisis, Review of Financial Studies, v. 29, 10, pp. 2643-2676, TD No. 917 (July 2013).

BONACCORSI DI PATTI E. and E. SETTE, Did the securitization market freeze affect bank lending during the
financial crisis? Evidence from a credit register, Journal of Financial Intermediation , v. 25, 1, pp.
54-76, TD No. 848 (February 2012).

BORIN A. and M. MANCINI, Foreign direct investment and firm performance: an empirical analysis of
Italian firms, Review of World Economics, v. 152, 4, pp. 705-732, TD No. 1011 (June 2015).

BRAGOLI D., M. RIGON and F. ZANETTI, Optimal inflation weights in the euro area, International Journal of
Central Banking, v. 12, 2, pp. 357-383, TD No. 1045 (January 2016).

BRANDOLINI A. and E. VIVIANO, Behind and beyond the (headcount) employment rate, Journal of the Royal
Statistical Society: Series A, v. 179, 3, pp. 657-681, TD No. 965 (July 2015).

BRIPI F., The role of regulation on entry: evidence from the Italian provinces, World Bank Economic
Review, v. 30, 2, pp. 383-411, TD No. 932 (September 2013).

BRONZINI R. and P. PISELLL, The impact of R&D subsidies on firm innovation, Research Policy, v. 45, 2, pp.
442-457, TD No. 960 (April 2014).

BURLON L. and M. VILALTA-BUFI, 4 new look at technical progress and early retirement, 1ZA Journal of
Labor Policy, v. 5, TD No. 963 (June 2014).

BUSETTI F. and M. CAIVANO, The trend—cycle decomposition of output and the Phillips Curve: bayesian
estimates for Italy and the Euro Area, Empirical Economics, V. 50, 4, pp. 1565-1587, TD No. 941
(November 2013).

CAIVANO M. and A. HARVEY, Time-series models with an EGB2 conditional distribution, Journal of Time
Series Analysis, v. 35, 6, pp. 558-571, TD No. 947 (January 2014).

CALZA A. and A. ZAGHINL, Shoe-leather costs in the euro area and the foreign demand for euro banknotes,
International Journal of Central Banking, v. 12, 1, pp. 231-246, TD No. 1039 (December 2015).

CESARONI T. and R. DE SANTIS, Current account “core-periphery dualism” in the EMU, The World
Economy, v. 39, 10, pp. 1514-1538, TD No. 996 (December 2014).

CIANI E., Retirement, Pension eligibility and home production, Labour Economics, v. 38, pp. 106-120, TD
No. 1056 (March 2016).

CIARLONE A. and V. MICELI, Escaping financial crises? Macro evidence from sovereign wealth funds’
investment behaviour, Emerging Markets Review, v. 27, 2, pp. 169-196, TD No. 972 (October
2014).

CORNELI F. and E. TARANTINO, Sovereign debt and reserves with liquidity and productivity crises, Journal
of International Money and Finance, v. 65, pp. 166-194, TD No. 1012 (June 2015).

D’AURIZIO L. and D. DEPALO, An evaluation of the policies on repayment of government’s trade debt in
Italy, Ttalian Economic Journal, v. 2, 2, pp. 167-196, TD No. 1061 (April 2016).

DE BLASIO G., G. MAGIO and C. MENON, Down and out in lItalian towns: measuring the impact of
economic downturns on crime, Economics Letters, 146, pp. 99-102, TD No. 925 (July 2013).

DOTTORI D. and M. MANNA, Strategy and tactics in public debt management, Journal of Policy Modeling,
v. 38, 1, pp. 1-25, TD No. 1005 (March 2015).



LIBERATI D., M. MARINUCCI and G. M. TANZI, Science and technology parks in Italy: main features and
analysis of their effects on hosted firms, Journal of Technology Transfer, v. 41, 4, pp. 694-729, TD
No. 983 (November 2014).

MARCELLINO M., M. PORQUEDDU and F. VENDITTI, Short-Term GDP forecasting with a mixed frequency
dynamic factor model with stochastic volatility, Journal of Business & Economic Statistics , v. 34,
1, pp. 118-127, TD No. 896 (January 2013).

RODANO G., N. SERRANO-VELARDE and E. TARANTINO, Bankruptcy law and bank financing, Journal of
Financial Economics, v. 120, 2, pp. 363-382, TD No. 1013 (June 2015).

ZINNA G., Price pressures on UK real rates: an empirical investigation, Review of Finance,v. 20, 4, pp.
1587-1630, TD No. 968 (July 2014).

2017

ADAMOPOULOU A. and G.M. TANZL, Academic dropout and the great recession, Journal of Human Capital,
V.11, 1, pp. 35-71, TD No. 970 (October 2014).

ALBERTAZZI U., M. BOTTERO and G. SENE, Information externalities in the credit market and the spell of
credit rationing, Journal of Financial Intermediation, v. 30, pp. 61-70, TD No. 980 (November
2014).

ALESSANDRI P. and H. MUMTAZ, Financial indicators and density forecasts for US output and inflation,
Review of Economic Dynamics, v. 24, pp. 66-78, TD No. 977 (November 2014).

BARBIERI G., C. ROSSETTI and P. SESTITO, Teacher motivation and student learning, Politica
economica/Journal of Economic Policy, v. 33, 1, pp.59-72, TD No. 761 (June 2010).

BENTIVOGLI C. and M. LITTERIO, Foreign ownership and performance: evidence from a panel of Italian
firms, International Journal of the Economics of Business, v. 24, 3, pp. 251-273, TD No. 1085
(October 2016).

BRONZINI R. and A. D’IGNAZIO, Bank internationalisation and firm exports: evidence from matched firm-
bank data, Review of International Economics, v. 25, 3, pp. 476-499 TD No. 1055 (March 2016).

BRUCHE M. and A. SEGURA, Debt maturity and the liquidity of secondary debt markets, Journal of
Financial Economics, v. 124, 3, pp. 599-613, TD No. 1049 (January 2016).

BURLON L., Public expenditure distribution, voting, and growth, Journal of Public Economic Theory,, v.
19, 4, pp. 789-810, TD No. 961 (April 2014).

BURLON L., A. GERALI, A. NOTARPIETRO and M. PISANI, Macroeconomic effectiveness of non-standard
monetary policy and early exit. a model-based evaluation, International Finance, v. 20, 2, pp.155-
173, TD No. 1074 (July 2016).

BUSETTI F., Quantile aggregation of density forecasts, Oxford Bulletin of Economics and Statistics, v. 79,
4, pp. 495-512, TD No. 979 (November 2014).

CESARONI T. and S. [Ezz1, The predictive content of business survey indicators: evidence from SIGE,
Journal of Business Cycle Research, v.13, 1, pp 75-104, TD No. 1031 (October 2015).

CONTI P., D. MARELLA and A. NERI, Statistical matching and uncertainty analysis in combining household
income and expenditure data, Statistical Methods & Applications, v. 26, 3, pp 485-505, TD No.
1018 (July 2015).

D’AMURI F., Monitoring and disincentives in containing paid sick leave, Labour Economics, v. 49, pp. 74-
83, TD No. 787 (January 2011).

D’AMURI F. and J. MARCUCCI, The predictive power of google searches in forecasting unemployment,
International Journal of Forecasting, v. 33, 4, pp. 801-816, TD No. 891 (November 2012).

DE BLASIO G. and S. POy, The impact of local minimum wages on employment: evidence from Italy in the
1950s, Journal of Regional Science, v. 57, 1, pp. 48-74, TD No. 953 (March 2014).

DEL GIOVANE P., A. NOBILI and F. M. SIGNORETTIL, A4ssessing the sources of credit supply tightening: was
the sovereign debt crisis different from Lehman?, International Journal of Central Banking, v. 13,
2, pp- 197-234, TD No. 942 (November 2013).

DEL PRETE S., M. PAGNINI, P. RossI and V. VACCA, Lending organization and credit supply during the
2008-2009 crisis, Economic Notes, v. 46, 2, pp. 207-236, TD No. 1108 (April 2017).

DELLE MONACHE D. and 1. PETRELLA, Adaptive models and heavy tails with an application to inflation
forecasting, International Journal of Forecasting, v. 33, 2, pp. 482-501, TD Ne. 1052 (March
2016).



FEDERICO S. and E. TOSTI, Exporters and importers of services: firm-level evidence on Italy, The World
Economy, v. 40, 10, pp. 2078-2096, TD No. 877 (September 2012).

GIACOMELLI S. and C. MENON, Does weak contract enforcement affect firm size? Evidence from the
neighbour's court, Journal of Economic Geography, v. 17, 6, pp. 1251-1282, TD No. 898 (January
2013).

LOBERTO M. and C. PERRICONE, Does trend inflation make a difference?, Economic Modelling, v. 61, pp.
351-375, TD No. 1033 (October 2015).

MANCINI A.L., C. MONFARDINI and S. PASQUA, Is a good example the best sermon? Children’s imitation
of parental reading, Review of Economics of the Household, v. 15, 3, pp 965-993, D No. 958
(April 2014).

MEEKS R., B. NELSON and P. ALESSANDRI, Shadow banks and macroeconomic instability, Journal of
Money, Credit and Banking, v. 49, 7, pp. 1483—-1516, TD No. 939 (November 2013).

Micucct G. and P. Ross1, Debt restructuring and the role of banks’ organizational structure and lending
technologies, Journal of Financial Services Research, v. 51, 3, pp 339-361, TD No. 763 (June
2010).

MOCETTI S., M. PAGNINI and E. SETTE, Information technology and banking organization, Journal of
Journal of Financial Services Research, v. 51, pp. 313-338, TD No. 752 (March 2010).

MoOCETTI S. and E. VIVIANO, Looking behind mortgage delinquencies, Journal of Banking & Finance, v.
75, pp. 53-63, TD No. 999 (January 2015).

NOBILI A. and F. ZOLLINO, A4 structural model for the housing and credit market in Italy, Journal of
Housing Economics, v. 36, pp. 73-87, TD No. 887 (October 2012).

PALAZZO F., Search costs and the severity of adverse selection, Research in Economics, v. 71, 1, pp. 171-
197, TD No. 1073 (July 2016).

PATACCHINI E. and E. RAINONE, Social ties and the demand for financial services, Journal of Financial
Services Research, v. 52, 1-2, pp 35-88, TD No. 1115 (June 2017).

PATACCHINI E., E. RAINONE and Y. ZENOU, Heterogeneous peer effects in education, Journal of Economic
Behavior & Organization, v. 134, pp. 190227, TD No. 1048 (January 2016).

SBRANA G., A. SILVESTRINI and F. VENDITTI, Short-term inflation forecasting: the M.E.T.A. approach,
International Journal of Forecasting, v. 33, 4, pp. 1065-1081, TD No. 1016 (June 2015).

SEGURA A. and J. SUAREZ, How excessive is banks' maturity transformation?, Review of Financial
Studies, v. 30, 10, pp. 3538-3580, TD No. 1065 (April 2016).

VACCA V., An unexpected crisis? Looking at pricing effectiveness of heterogeneous banks, Economic
Notes, v. 46, 2, pp. 171-206, TD No. 814 (July 2011).

VERGARA CAFFARELI F., One-way flow networks with decreasing returns to linking, Dynamic Games and
Applications, v. 7, 2, pp. 323-345, TD No. 734 (November 2009).

ZAGHINI A., A Tale of fragmentation: corporate funding in the euro-area bond market, International
Review of Financial Analysis, v. 49, pp. 59-68, TD No. 1104 (February 2017).

2018

BELOTTI F. and G. ILARDI Consistent inference in fixed-effects stochastic frontier models, Journal of
Econometrics, v. 202, 2, pp. 161-177, TD No. 1147 (October 2017).

CARTA F. and M. DE PHLIPPIS, You've Come a long way, baby. husbands' commuting time and family
labour supply, Regional Science and Urban Economics, v. 69, pp. 25-37, TD No. 1003 (March
2015).

CARTA F. and L. RizzIcA, Early kindergarten, maternal labor supply and children's outcomes: evidence
from Italy, Journal of Public Economics, v. 158, pp. 79-102, TD No. 1030 (October 2015).
CECCHETTI S., F. NATOLI and L. SIGALOTTI, Tail co-movement in inflation expectations as an indicator of

anchoring, International Journal of Central Banking, v. 14, 1, pp. 35-71, TD No. 1025 (July 2015).

Nucct F. and M. RIGGI, Labor force participation, wage rigidities, and inflation, Journal of
Macroeconomics, v. 55, 3 pp. 274-292, TD No. 1054 (March 2016).

SEGURA A., Why did sponsor banks rescue their SIVs?, Review of Finance, v. 22, 2, pp. 661-697, TD No.
1100 (February 2017).



FORTHCOMING

ADAMOPOULOU A. and E. KAYA, Young Adults living with their parents and the influence of peers, Oxford
Bulletin of Economics and Statistics, TD No. 1038 (November 2015).

ALBANESE G., G. DE BLASIO and P. SESTITO, Trust, risk and time preferences. evidence from survey data,
International Review of Economics, TD No. 911 (April 2013).

BARONE G., G. DE BLASIO and S. MOCETTI, The real effects of credit crunch in the great recession. evidence
from Italian provinces, Regional Science and Urban Economics, TD No. 1057 (March 2016).
BELOTTI F. and G. ILARDI, Consistent inference in fixed-effects stochastic frontier models, Journal of

Econometrics, TD No. 1147 (October 2017).

BERTON F., S. MOCETTI, A. PRESBITERO and M. RICHIARDI, Banks, firms, and jobs, Review of Financial
Studies, TD No. 1097 (February 2017).

BoOFONDI M., L. CARPINELLI and E. SETTE, Credit supply during a sovereign debt crisis, Journal of the
European Economic Association, TD No. 909 (April 2013).

BRILLI Y. and M. TONELLO, Does increasing compulsory education reduce or displace adolescent crime?
New evidence from administrative and victimization data, CESifo Economic Studies, TD No. 1008
(April 2015).

CASIRAGHI M., E. GAIOTTI, L. RODANO and A. SECCHI, A “Reverse Robin Hood”’? The distributional
implications of non-standard monetary policy for Italian households, Journal of International
Money and Finance, TD No. 1077 (July 2016).

CIPRIANI M., A. GUARINO, G. GUAZZAROTTI, F. TAGLIATI and S. FISHER, Informational contagion in the
laboratory, Review of Finance, TD No. 1063 (April 2016).

D’AMURI F., Monitoring and disincentives in containing paid sick leave, Labour Economics, TD No. 787
(January 2011).

FEDERICO S. and E. TOSTL, Exporters and importers of services: firm-level evidence on Italy, The World
Economy, TD No. 877 (September 2012).

GIACOMELLI S. and C. MENON, Does weak contract enforcement affect firm size? Evidence from the
neighbour's court, Journal of Economic Geography, TD No. 898 (January 2013).

NATOLI F. and L. SIGALOTTI, Tail co-movement in inflation expectations as an indicator of anchoring,
International Journal of Central Banking, TD No. 1025 (July 2015).

RIGGI M., Capital destruction, jobless recoveries, and the discipline device role of unemployment,
Macroeconomic Dynamics, TD No. 871 (July 2012).

SEGURA A., Why did sponsor banks rescue their SIVs?, Review of Finance, TD No. 1100 (February
2017).



	Pagina vuota
	1169 testo final.pdf
	Introduction
	Risk-free rates and consumption growth
	Benchmark model
	Real rates and surplus-consumption

	Model
	Markov switching consumption growth and the equilibrium risk-free rate
	The term structure of real risk-free rates
	Nominal yield curve

	Empirical analysis
	Parameter estimation
	Model solution
	Simulation

	Conclusion
	Market-implied real interest rates
	Pricing of real and nominal bonds
	Nominal risk premium




