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Modern models of monetary policy start from the assumption that the
central bank controls an asset price, namely, the short rate, as its policy
instrument. In these models, this policy instrument is then linked to the
economy through the agents’ Euler equation for nominal bonds. More
abstractly, the Euler equation links the policy instrument to the economy
through the model’s pricing kernel. To be useful, a model of how mone-
tary policy affects the economy should account for how the pricing kernel
has moved with the short rate in postwar U.S. data.1

In this paper, we use data on the dynamics of interest rates and risk
to uncover how the pricing kernel has moved with the short rate in
postwar U.S. data. Our two main findings are as follows:

• Most (over 90%) of the movements in the short rate correspond to
random walk movements in the conditional mean of the pricing ker-
nel. We refer to these movements as the secularmovements in the short
rate.
• The remaining movements, which we refer to as the business cycle
movements, correspond to movements in the conditional variance of
the pricing kernel associated with changes in risk.

Standard models used for monetary policy analysis are inconsistent,
by construction, with these regularities and, hence, do not capture how
the pricing kernel moves with the short rate. We argue that this incon-
sistency is a serious problem if we want to use these models to under-
stand monetary policy and the macroeconomy. We argue that a new
approach to analyzing monetary policy is needed.
Here we sketch a new approach to analyzing monetary policy. To do

so, we build an economic model consistent with the comovements of
interest rates and risk found in U.S. data. Using this model, we interpret
postwar monetary policy as follows:
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• Secular movements of the short rate arise as a result of random walk
movements in the Fed’s inflation target.
• Business cycle movements of the short rate arise as a result of the
Fed’s endogenous policy response to exogenous business cycle fluctua-
tions in risk. The Fed chooses this policy response to maintain inflation
close to its target.

In our economic model, the Fed is simply responding to exogenous
changes in real risk over the business cycle—specifically, to exogenous
changes in the conditional variance of the real pricing kernel—with the
aim of maintaining inflation close to a target level. Clearly, this view
differs substantially from the standard view of what the Fed does over
the business cycle. In the standard view, risk plays no role. Instead, the
Fed’s policy is a function of its forecasts of economic variables that enter
the mean of the pricing kernel, such as expected real growth and ex-
pected inflation. This policy is often summarized by a Taylor rule.
Our interpretation of the historical record is that, over the business cycle,
what the Fed actually did has little to do with these forecasts about
changes in conditional means of growth and inflation. Instead, policy
mainly responded to exogenous changes in real risk.
While we find our model helpful in interpreting the data, it repre-

sents, at best, a start to a new approach. Going beyond this specific
model, our empirical findings lead us to raise two broader questions
to be answered in future research in monetary policy analysis.
The first question regards the secular movements in the Fed’s policy

instrument: Why did the Fed choose such large secular movements in
its policy instrument, namely, the short rate? In our economic model,
we mechanically describe the secular movements in Fed policy as aris-
ing from a random walk inflation target. Our approach here is similar
to that followed in many recent monetary models. The main problem
we see with this approach is that it attributes the vast bulk of the move-
ments in the Fed’s policy instrument to a purely mechanical factor.
Thus, while this approach may be adequate as a statistical description
of Fed policy, it seems useless for answering fundamental questions be-
yond a superficial level: Why did the great inflation of the 1970s occur?
Why did it end? Is it likely to occur again? How can we change institu-
tions to reduce that likelihood?
We argue that, to answer such questions, a deeper model of the forces

driving the secular component of policy is needed. We briefly discuss
some ambitious attempts by Orphanides (2002), Primiceri (2006), and
Sargent, Williams, and Zha (2006) at modeling these forces, but we find
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them wanting. We are led to call for a new approach to modeling the
economic forces underlying the secular movements in Fed policy.
The second question regards the business cycle comovements be-

tween the Fed’s policy instrument and the macroeconomy as captured
in the Euler equation: How do we fix our models so that they capture
this link? The Euler equation in standard monetary models links the
short rate to expectations of growth in the log of the marginal utility
of consumption and inflation. Canzoneri, Cumby, and Diba (2007)
document that this Euler equation in these models does a poor job of
capturing this link between policy and the economy at business cycle
frequencies.
We offer a potential explanation for the failure of the Euler equation.

Existing research nearly universally imposes that the conditional vari-
ances of these variables that enter the Euler equation are constant. Thus,
all the movements in the pricing kernel in these models arise from
movements in conditional means. With our model of the pricing kernel,
we find precisely the opposite, at least for the business cycle. That is,
over the business cycle, nearly all of the movements in the Euler equa-
tion come from movements in conditional variances and not from con-
ditional means.
Given this finding, we argue that recent attempts to fix this Euler

equation by making the conditional means of the pricing kernel more
volatile while continuing to assume that the conditional variances are
constant are misguided. We argue that instead researchers should be
looking for a framework that delivers smooth conditional means and
volatile conditional variances of the pricing kernel at business cycle
frequencies. That is, researchers should come to terms with the fact
that, at business cycle frequencies, interest rates move one for one
with risk.
In terms of antecedents for this work, our pricing kernel builds on the

work of Backus et al. (2001) and Backus, Foresi, and Telmer (2001). Our
economic model is a pure exchange economy with exogenous time‐
varying real risk. Since the early contribution by McCallum (1994), a
large literature has studied interest rates in such economies. Examples
includeWachter (2006), Bansal and Shaliastovich (2007), Gallmeyer et al.
(2007), and Piazzesi and Schneider (2007). Our model drawsmost heavily
from the work of Gallmeyer, Hollifield, and Zin (2005).
Our paper proceeds as follows. Section I documents four key regulari-

ties regarding the dynamics of interest rates and risk that we use to
guide our construction of the pricing kernel. Section II documents that
standard monetary models are inconsistent with these regularities and
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lays out our pricing kernel. Section III presents our two main findings
regarding the comovements of the short rate and the pricing kernel in
postwar U.S. data. Section IV presents the economic model we use to
interpret these findings. Section V discusses the two broader questions
for monetary policy research that follow from our findings. Section VI
concludes.

I. The Behavior of Interest Rates and Risk: Evidence

Empirical work in finance over the past several decades has established
some regularities regarding the dynamics of interest rates and risk that
any useful analysis of monetary policy must address. In this paper, we
focus on the implications of four of these regularities for the analysis of
monetary policy. We will argue that standard monetary models are not
consistent with these regularities and that a new approach is needed if
we are to build models for monetary policy analysis that are consistent
with these regularities. We document these four regularities here. Two
of the regularities regard the dynamics of interest rates and two regard
the comovements of interest rates and risk.

A. Dynamics of Interest Rates

To document the first two regularities, we use a traditional principal
components analysis to summarize the dynamics of the yield curve.
This analysis reveals the following two regularities.
1. The first principal component accounts for a large majority of the
movements in the yield curve. Because it is associated with similar
movements in the yields on all maturities (essentially parallel shifts
in the term structure), this component is commonly referred to as the
level factor in interest rates. It also has the property that it is (nearly)
permanent and is well modeled by a random walk. Here we will refer
to the first principal component as the secular component of interest rates
in order to emphasize that permanence. In the data, this secular com-
ponent corresponds closely to the long rate.

2. The second principal component accounts for most of the remaining
movements in the yield curve. Because it is associated with changes in
the difference between the short rate and the long rate—with changes in
the slope of the yield curve—it is commonly referred to as the slope fac-
tor in interest rates. This component also captures most of the move-
ments in interest rates at business cycle frequencies. Here we will refer
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to this component as the business cycle component of interest rates in
order to emphasize that property. In the data, this business cycle com-
ponent is essentially the yield spread between the long rate and the
short rate.

We document these two regularities here. We use monthly data on
the rates of U.S. Treasury bills of maturities of 3 months and imputed
zero coupon yields for maturities of 1–13 years over the postwar period
from1946:12 to 2007:12. For 1946:12–1991:2,we use data fromMcCulloch
and Kwon (1993) for these series; for 1991:3–2007:12, we use CRSP
(Center for Research in Security Prices) data for the 3‐month T‐bill rate
and data from Gurkaynak, Sack, and Wright (2006) for the other zero
coupon rates. ( In the rest of our analysis, we use the 3‐month T‐bill rate
as our measure of the short rate and the 13‐year zero coupon rate as our
measure of the long rate.)
Our principal components analysis of the yield curve uses the traditional

procedure (closely following that of Piazzesi [forthcoming, sec. 7.2]). We
focus on the first two principal components, which together account for
over 99% of the variance of the short rate and over 99.8% of the total vari-
ance of all yields. In figure 1, we plot the short rate and the first two prin-
cipal components of the yield curve that result from our analysis.2
Fig. 1. Short rate and the secular and business cycle components. The short rate is the
3‐month T‐bill rate. The secular and business cycle components are the first two princi-
pal components derived from a decomposition of the covariance matrix of a vector of
14 yields: the 3‐month rate and the imputed zero coupon yields for maturities k ¼ 1; . . . ;
13 years over 1946:12–2007:12. For the period 1946:12–1991:2, we use data from McCulloch
and Kwon (1993), and for the period 1991:3–2007:12, we use data from Gurkaynak et al.
(2006).
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To document our first regularity, we note that the first principal com-
ponent accounts for over 90% of the variance of the short rate. (It also
accounts for over 97% of the total variance of all yields.) This compo-
nent’s monthly autocorrelation is over .993. Figure 1 demonstrates vi-
sually that this component captures the long secular swings in the short
rate. Figure 2 demonstrates that it also corresponds closely to the long
rate.
To document our second regularity, we show in figure 3 that the sec-

ond principal component is very similar to the yield spread between
the short rate and the long rate. This component’s monthly autocorrela-
tion is .957. Figure 1 demonstrates that, barring one exception in the
early 1980s, this component captures well the business cycle movements
in the short rates.

B. Interest Rates and Risk

With regard to the dynamics of interest rates and risk, decades of em-
pirical work have revealed that movements in the business cycle com-
ponent of interest rates are associated with substantial movements in
risk. Specifically, this work has found two regularities regarding the
comovements of interest rates and expected excess returns.

3. Movements in the difference between the short rate and the long
rate—that is, the yield spread—are associated with movements in risk,
Fig. 2. Long rate and the secular component. The long rate is the imputed zero coupon
yield for 13‐year bonds over 1946:12–2007:12.
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defined as the expected excess returns to holding long‐term bonds of a
similar magnitude.

4. Movements in the short rate relative to foreign currency short rates
are associated with movements in risk, defined as the expected excess
returns to holding foreign currency bonds of a similar magnitude.

We follow much of the literature in interpreting movements in expected
excess returns as movements in the compensation for risk.3 Before we
cite some of the work documenting these regularities, let us describe
them more precisely. We begin with the regularity on the yield spread
and the expected excess returns to holding long bonds. We use the fol-
lowing notation to describe these empirical results. Let Pk

t denote the
price in time period t of a zero coupon bond that pays off 1 dollar
in period tþ k and let pk

t ¼ log Pk
t . Then the (log) holding period return,

that is, the return to holding this k‐period bond for one period, is
rktþ1 ¼ pk�1

tþ1 � pk
t . The (log) excess return to holding this bond over the

short rate it is rkxtþ1 ¼ rktþ1 � it: The risk premium on long bonds is the
expected excess return Etrkxtþ1. Many researchers have run return fore-
casting regressions of excess returns against the yield spread similar to
the regression

rkxtþ1 ¼ αk þ βkðyk
t � itÞ þ εktþ1; ð1Þ

where yk
t ≡� pk

t =k is the yield to maturity on this bond. Regressions of
this form have been run for 20 years, starting with the work of Fama
Fig. 3. Yield spread and the business cycle component. The yield spread yL
t � it is

defined as the difference between the imputed zero coupon yield for 13‐year bonds and
the 3‐month T‐bill rate. For the business cycle component, see caption to fig. 1.
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and Bliss (1987). (See also the work of Campbell and Shiller [1991] and
Cochrane and Piazzesi [2005].)
Note that, under the hypothesis that the risk premia on long bonds

are constant over time, the slope coefficient βk of this regression should
be zero. In the data, however, these regressions yield estimates of βk

that are significantly different from zero, with point estimates typically
greater than one for moderate to large k.
We emphasize the magnitude of this slope coefficient here because

these regression results thus imply that the risk premium on long bonds
moves more than one for one with the yield spread. More precisely,
note that a finding that the slope coefficient βk ≥ 1 implies that

CovðEtrkxtþ1; y
k
t � itÞ≥Varðyk

t � itÞ; ð2Þ
which, by the use of simple algebra, implies that the variance in the risk
premium on long bonds is greater than that of the yield spread:

VarðEtrkxtþ1Þ≥Varðyk
t � itÞ: ð3Þ

The fourth regularity regarding movements in the spread between
the short rate and foreign currency–denominated short rates and the
expected excess returns to holding foreign currency–denominated
bonds is simply a consequence of the empirical finding that exchange
rates are well approximated by random walks, as documented by
Meese and Rogoff (1983) and much subsequent work.
To see this, let

r�xtþ1 ¼ i�t þ etþ1 � et � it ð4Þ
denote the (log) excess return on a foreign short bond with rate i�t ,
where et is the log of the exchange rate. If exchange rates are a random
walk, then Etetþ1 ¼ et, so that

Etr�xtþ1 ¼ i�t � it: ð5Þ
That is, the expected excess return on a foreign bond is simply the interest
differential across currencies.

II. Toward an Economic Model

In this section, we present the result that standardmodels, by assumption,
cannot match the dynamics of interest and risks that we have discussed.
We thenpresent a simplemodel of the pricing kernel that is consistentwith
these dynamics.
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A. The Standard Euler Equation

Consider, first, the link between the short rate andmacroeconomic aggre-
gates built into standardmonetarymodels.We beginwith representative
agent models. The short‐term nominal interest rate enters standard rep-
resentative consumer models through an Euler equation of the form

1
1þ it

≡ expð�itÞ ¼ βEt

�
Uctþ1

Uct

1
πtþ1

�
; ð6Þ

where it is the logarithm of the short‐term nominal interest rate 1þ it; β
and Uct are the discount factor and the marginal utility of the represen-
tative consumer, respectively; and πtþ1 is the inflation rate. Analysts then
commonly assume that the data are well approximated by a condition-
ally lognormal model, so that this Euler equation can be written as

it ¼ �Et

�
log

Uctþ1

Uct

1
πtþ1

�
� 1

2
Vart

�
log

Uctþ1

Uct

1
πtþ1

�
: ð7Þ

A critical question in monetary policy analysis is, What terms on the
right‐hand side of (7) change when the monetary authority changes the
interest rate it? The traditional assumption is that conditional variances
are constant, so that the second term on the right‐hand side of (7) is
constant. This leaves the familiar version of the Euler equation:

it ¼ �Et log
Uctþ1

Uct
þ Et log πtþ1 þ constant: ð8Þ

Thus, by assumption, standard monetary models imply that move-
ments in the short rate are associated one for one with the sum of
movements in the expected growth of the log of the marginal utility
of the representative consumer and expected inflation. The debate in
the literature on the effects of monetary policy might thus be summa-
rized roughly as a debate over how much of the movement in the short
rate is reflected in the expected growth of the log of marginal utility of
consumption (representing a real effect of monetary policy) and how
much of themovement is reflected in expected log inflation (representing
a nominal effect of monetary policy). A resolution of this debate in the
context of a specific model depends on the specification of its other equa-
tions. However, virtually universally, the possibility that movements in
the short rate might be associated with changes in the conditional var-
iances of these variables is ruled out by assumption.
We have described the standard Euler equation in the context of a

model with a representative consumer. Our discussion also applies to
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more general models that do not assume a representative consumer. To
see this, note that we canwrite equations (6)–(8) more abstractly in terms
of a nominal pricing kernel (or stochastic discount factor) mtþ1 as

expð�itÞ ¼ Et expmtþ1: ð9Þ
In a model with a representative agent, this pricing kernel is given by
expðmtþ1Þ ¼ βUctþ1=ðUctπtþ1Þ and (9) is the representative agent’s first‐
order condition for optimal bond holdings. In some segmented market
models, (9) is the first‐order condition for the subset of agents who ac-
tually participate in the bond market; in others, (9) is no single agent’s
first‐order condition. In general, (9) is implied by lack of arbitrage pos-
sibilities in the financial market.
Using conditional lognormality, we see that (9) implies that

it ¼ �Et½mtþ1� � 1
2
Var t½mtþ1�; ð10Þ

and with constant conditional variances, we have that

it ¼ �Etmtþ1 þ constant: ð11Þ
Thus, the more general assumption made in the literature is that move-
ments in the short‐term interest rate are associated with movements in
the conditional mean of the log of the pricing kernel and not with
movements in its conditional variance.
Standard monetary models with constant conditional variances are

clearly inconsistent with the evidence on the comovements of interest
rates and risk. We can see this by considering the following proposition:
Proposition 1. In any model with a pricing kernel in which vari-

ables are conditionally lognormal and conditional second movements
are constant, risk is constant.
Proof. Letmtþ1 be (the log of) the pricing kernel and let rtþ1 be any log

asset return. Lack of arbitrage implies the standard asset‐pricing formula:

1 ¼ Et exp ðmtþ1 þ rtþ1Þ: ð12Þ
Taking logs of (12) and using conditional lognormality gives 0 ¼ Etmtþ1 þ
Etrtþ1 þ 1

2 Vartðmtþ1 þ rtþ1Þ:
Using (10) implies that the expected excess return on this asset is

Etrtþ1 � it ¼ � 1
2
Vartðrtþ1Þ � Covtðmtþ1; rtþ1Þ: ð13Þ

If conditional second moments are constant, then expected excess re-
turns are constant. Hence, risk is constant. QED
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Proposition 1 implies that, when we log‐linearize our models and im-
pose that the primitive shocks have constant conditional variances, risk
is constant. Our reading of the literature on monetary policy is that
these assumptions are nearly universal. Yet, as we have seen, the evi-
dence is clear that risk is not constant. This seems a serious problem if
we want to use these models to understand what in the macroeconomy
moves when the short rate moves.

B. A Simple Model of the Pricing Kernel

Here we present a simple model of the pricing kernel that is consistent
with the evidence on interest rates and risk that we have discussed.
This model serves as a statistical summary of the joint dynamics of in-
terest rates and risk. In the next section, we use this model to decom-
pose movements in the short rate observed in postwar U.S. data into
movements in the conditional mean of the pricing kernel and its condi-
tional variance. This model is similar to the “negative” Cox‐Ingersoll‐
Ross model analyzed by Backus et al. (2001) augmented with a random
walk process and an independently and identically distributed (i.i.d.) shock
to the pricing kernel. To analyze the expected excess returns on foreign
bonds, we extend the model to having two countries and two currencies
in a manner similar to that in the 2001 work of Backus, Foresi, and Telmer.

1. The Home Country Pricing Kernel

The model has two state variables, z1t and z2t, that govern the dynamics
of the pricing kernel, interest rates, and risk. One state variable follows
a random walk with

z1tþ1 ¼ z1t þ σ1ε1tþ1; ð14Þ
and the other follows an AR1 process with heteroskedastic innovations
given by

z2tþ1 ¼ ð1� φÞθþ φz2t þ z1=22t σ2ε2tþ1: ð15Þ
The innovations ε1tþ1; ε2tþ1 are independent, standard, normal ran-
dom variables. Because these state variables are independent and all
yields will be linear combinations of these variables, they correspond
to the principal components of the yield curve implied by this pricing
kernel. We will show below that z1t is a level factor and z2t is a slope fac-
tor. To emphasize its persistence, we refer to z1t in the model as the secular
component of interest rates. Because it is stationary, we refer to z2t in the
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model as the business cycle component of interest rates. (We calibrate our
model so that the secular and business cycle components in the model
correspond closely to the secular and business cycle components that
we have identified in the data.)
We use these two state variables to parameterize the dynamics of the

pricing kernel. The (log of the) pricing kernel mtþ1 is given by

�mtþ1 ¼ δþ z1t þ σ1ε1tþ1 � ð1� λ2=2Þz2t þ z1=22t λε2tþ1

þ σ3ε3tþ1; ð16Þ
where ε3tþ1 is a third independent, standard, normal random variable.

2. The Short Rate

Given this stochastic process for the pricing kernel, we use the standard
asset‐pricing formula it ¼ �log Et expðmtþ1Þ to solve for the dynamics of
the short rate. Because the pricing kernel is conditionally lognormal, we
have that

it ¼ �Etmtþ1� 1
2
Vartðmtþ1Þ; ð17Þ

so that movements in the short rate correspond to a combination of move-
ments in the conditional mean of the log of the pricing kernel and move-
ments in the conditional variance of the log of the pricing kernel. Observe
that the conditional mean of the log of the pricing kernel is given by

Etmtþ1 ¼ �δ� z1t þ ð1� λ2=2Þz2t ð18Þ
and that the conditional variance of the log of the pricing kernel is given
by

1
2
Vartðmtþ1Þ ¼ 1

2
ðσ2

1 þ σ2
3Þ þ

λ2

2
z2t: ð19Þ

We thus have that

it ¼ δ� 1
2

�
σ2
1 þ σ2

3

�þ z1t � z2t: ð20Þ

Note that the structure of this model implies that the state variable z1t is
the secular component of the short rate and the state variable z2t is the
business cycle component of the short rate.
In contrast to standard monetary models, this model allows for vari-

ation over time in the conditional variance of the pricing kernel. As (19)
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makes clear, that variation corresponds to business cycle movements in
the short rate,with the extent of that variation governed by the parameter
λ. In particular, λ governs how movements in the business cycle com-
ponent of the short rate are divided between movements in the condi-
tional mean of the (log of the) pricing kernel and the conditional variance
of the (log of the) pricing kernel. Specifically, the response of the condi-
tional mean of the pricing kernel to z2t is 1� λ2=2, and the response of
1=2 of the conditional variance is λ2=2. Thus, if λ ¼ 0, then here, as in the
standard model, the conditional variance of the pricing kernel is con-
stant, and all movements in z2t correspond to movements in the condi-
tional mean of the log of the pricing kernel. In contrast, if λ ¼ ffiffiffi

2
p

, then
the conditional mean of the pricing kernel does not respond to move-
ments in z2t, while 1=2 of the conditional variance of the pricing kernel
responds one for one with z2t. If λ >

ffiffiffi
2

p
, then the conditional mean and

the conditional variance of the pricing kernel move in opposite direc-
tions when the business cycle component of the short rate moves.

3. Longer‐Term Interest Rates

To solve for longer‐term interest rates, we use the standard asset‐pricing
formula

pk
t ¼ log Et exp ðmtþ1 þ pk�1

tþ1 Þ ð21Þ

to set up a recursive formula for bond prices. These prices are linear func-
tions of the states z1t and z2t of the form

pk
t ¼ �Ak � Bkz1t � Ckz2t; ð22Þ

where Ak, Bk, and Ck are constants. Then we can use standard unde-
termined coefficients to derive this proposition:
Proposition 2. The coefficients of the bond prices are given recur-

sively by

Ak ¼ δþ Ak�1 þ Ck�1ð1� φÞθ� 1
2
ðBk�1 þ 1Þ2σ2

1 � σ2
3;

Bk ¼ Bk�1 þ 1;

Ck ¼ �ð1� λ2=2Þ þ Ck�1φ� 1
2
ðλþ Ck�1σ2Þ2;

with A1 ¼ δ� ðσ2
1 þ σ2

3Þ=2, B1 ¼ 1, and C1 ¼ �1.
This content downloaded from 144.082.115.101 on August 13, 2018 19:05:25 PM
ll use subject to University of Chicago Press Terms and Conditions (http://www.journals.uchicago.edu/t-and-c).



Atkeson and Kehoe402

A

Proof. To find these prices, we start with k ¼ 1 to find the price of the
short‐term bond, using the asset‐pricing formula (21) with p0tþ1 ¼ 0;
so that

p1t ¼ log Et exp ðmtþ1Þ ¼ Etmtþ1 þ 1
2
Vartðmtþ1Þ;

so plugging into both sides gives

� A1 � B1z1t � C1z2t ¼ �δ� z1t þ 1
2
ðσ2

1 þ σ2
3Þ þ z2t:

For k > 1; we write the coefficients at k as functions of the coefficients

at k � 1 as follows. Given our form in (22), we know that

pk�1
tþ1 ¼ �Ak�1 � Bk�1z1tþ1 � Ck�1z2tþ1:

Using the form of the dynamics of the state variables (14) and (15), we
have

pk�1
tþ1 ¼ �Ak�1 � Bk�1z1t � Bk�1σ1ε1tþ1 � Ck�1ð1� φÞθ

� Ck�1φz2t � Ck�1σ2z
1=2
2t ε2tþ1:

Note, then, that this bond price is conditionally lognormal. Combining
this bond price with our form for mtþ1 gives

log Et exp
�
mtþ1 þ pk�1

tþ1

� ¼ Et
�
mtþ1 þ pk�1

tþ1

�þ 1
2
Var t

�
mtþ1 þ pk�1

tþ1

�

¼ �δ� Ak�1 � Ck�1ð1� φÞθþ 1
2
ðBk�1 þ 1Þ2σ2

1 � ðBk�1 þ 1Þz1t

�½�ð1� λ2=2Þ þ Ck�1φ�z2t þ 1
2
ðλþ Ck�1σ2Þ2z2t þ σ2

3:

Using

pk
t ¼ �Ak � Bkz1t � Ckz2t

then gives recursive formulas for the coefficients of bond prices and
yields. QED

4. Level and Slope Factors ≈ Secular and Business Cycle Components

We now show that, in our model, the secular component of interest
rates z1t corresponds to a level factor that leads to parallel shifts in
the yield curve and that the business cycle component z2t corresponds
to a slope factor that leads to changes in the spread between the long
and short rates.
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Since yields are related to prices by yk
t ¼ �pk

t =k; this implies that
yields can be written as

yk
t ¼ 1

k
ðAk þ Bkz1t þ Ckz2tÞ:

Thus, the implications of thismodel for the yield curve and itsmovements
depend on the behavior of the coefficientsAk=k, Bk=k, andCk=k. Note here
that our recursion implies that Bk ¼ k. Thus, we can write yields as

yk
t ¼ z1t þ 1

k
ðAk þ Ckz2tÞ:

Clearly, movements in the secular component z1t correspond to parallel
shifts in the yield curve becausewhen this componentmoves, all yields shift
by the same amount. Hence, this component corresponds to a level factor in
yields.4 Note that this result follows from the fact that z1t is a randomwalk.
We next show that z2t corresponds to a slope factor. To see this, note

that Ck converges to a negative constant C ̄ as k grows. Hence, for large k,
movements in z2t have no impact on long yields, since C̄=k goes to zero
as k gets large. In particular, since C1 ¼ �1, we have that any yield dif-
ferential is given by

yk
t � it ¼ constantþ ðCk=k þ 1Þz2t;

and the observation that Ck=k converges to zero as k gets large implies
that, at the same time, the yield differential converges to

yk
t � it ¼ constantþ z2t:

Thus, z2t is a slope factor in that movements in it correspond to move-
ments in the spread between the long rate and the short rate for long
enough maturity bonds.

5. Expected Excess Returns

We now turn to our model’s implications for expected excess returns on
both long‐term bonds and foreign currency–denominated bonds.
Long‐term bonds. We begin with the excess returns to holding a long‐

term bond for one period. To compute these in our model, we use the
asset‐pricing formula (21). Since bond prices and the pricing kernel are
conditionally lognormal, we can write this formula as

pk
t ¼ Etmtþ1 þ Etpk�1

tþ1 þ 1
2
Vartðmtþ1 þ pk�1

tþ1 Þ:
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Hence, the expected excess return on a k‐period bond is given by

Etrkxtþ1 ¼ Etpk�1
tþ1 � pk

t � it

¼ 1
2
Vartðmtþ1Þ � 1

2
Vart

�
mtþ1 þ pk�1

tþ1

�
;

or, equivalently,

Etrkxtþ1 ¼ � 1
2
Vartðpk�1

tþ1 Þ � Covt
�
mtþ1; pk�1

tþ1

�
: ð23Þ

Thus, we see that expected excess returns, which we interpret as com-
pensation for risk, are determined by a combination of movements in
the conditional variance of the log of the pricing kernel, the conditional
variance of bond prices, and the covariance between the log of the pricing
kernel and the log of bond prices.
Using our solutions for bond prices in the formula for excess returns

(23) gives this proposition:
Proposition 3. The expected excess returns on holding a long‐term

bond are given by

Etrkxtþ1 ¼ Dk þ Fkz2t; ð24Þ
where D1 ¼ F1 ¼ 0 and

Dk ¼ �Bk�1

� 1
2
Bk�1 þ 1

�
σ2
1;

Fk ¼ σ2Ck�1

�
λ� 1

2
Ck�1σ2

�
; for k > 1:

Note from (24) that movements in expected excess returns on long

bonds are a function only of movements in the business cycle compo-
nent of interest rates z2t. Hence, a regression of excess returns on the
yield spread of the form (1) in our model has slope coefficients of

βk ¼ Fk
Ck=k þ 1

: ð25Þ

We refer to these slope coefficients as the Fama‐Bliss coefficients.
Foreign currency–denominated bonds. The expected excess return on a

foreign currency–denominated bond is given by

Etr�xtþ1 ¼ i�t þ Etetþ1 � et � it;

where i�t denotes the log of the foreign short rate and et denotes the log
of the exchange rate. To model these expected excess returns, we also
model the foreign pricing kernel m�

tþ1. This foreign kernel prices foreign
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currency–denominated assets and thus can be used to derive foreign bond
prices in amanner similar towhat we have done above for domestic bond
prices. In particular, for the foreign currency–denominated bond,

i�t ¼ �Etm�
tþ1 �

1
2
Vart m�

tþ1: ð26Þ

The lack of arbitrage in complete financial markets implies that

etþ1 � et ¼ m�
tþ1 �mtþ1; ð27Þ

so that taking conditional expectations gives

Etetþ1 � et ¼ Et
�
m�

tþ1 �mtþ1
	
: ð28Þ

Using (10), (26), and (27) gives

Etr�xtþ1 ¼
1
2

�
Vart mtþ1 � Vart m�

tþ1

�
: ð29Þ

Wemodel the foreign pricing kernel in a symmetric fashion as the do-
mestic pricing kernel as in (14), (15), and (16) and impose that the param-
eters in the two countries are identical. We also impose that the secular
component of interest rates is common to both countries, in that
z1t ¼ z�1t. Under these assumptions,

Etetþ1 � et ¼
�
1� λ2

2

��
z�2t � z2t

�
; ð30Þ

Etr�xtþ1 ¼
λ2

2

�
z�2t � z2t

� ¼ λ2

2

�
i�t � it

�
: ð31Þ

Note that, with λ ¼ ffiffiffi
2

p
, the expected change in the exchange rate in our

model is constant and hence exchange rates are a random walk. With
this choice of λ, the expected excess return to a foreign currency bond
is simply Etr�xtþ1 ¼ z�2t � z2t ¼ i�t � it:

C. Calibration and Consistency with the Evidence

Wehave derived ourmodel’s implications for the key features of the data
on the dynamics of interest rates and risk thatmotivate our study.Wewill
use this model to decompose the observed postwar U.S. history of inter-
est rates into a secular component and a business cycle component, and
to measure the comovements of these components of the short rate with
the conditional mean and the conditional variance of the pricing kernel.
To do so, however,wemust first choose parameter values for ourmodel.

We set the time period to be a month. We choose parameter values so our
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model is quantitatively consistent with the four facts that motivate our
analysis. Since we demean the data, we need only choose parameters that
affect our model’s implications of how interest rates and risk move as the
secular and business cycle components move. Thus, we need only set the
parameters that determine Bk and Ck and the expected excess returns on
long‐term bonds and foreign bonds. These parameters are λ, which deter-
mines how the conditional variance of the pricing kernel moves with the
business cycle component of interest rates, and φ and σ2, which govern
how persistent the business cycle component is and how the conditional
variance of the business cycle component moves with its level. We set
these parameters to be λ ¼ ffiffiffi

2
p

, φ ¼ :99, and σ2 ¼ :017, so the model re-
produces the four regularities on interest rates and risk we have dis-
cussed above. We now discuss our model’s quantitative implications
for each of these regularities.
1. That the secular component of interest rates z1t in the model is a ran-
dom walk that acts like a level factor on the yield curve is built into the
specification. This level factor in our model corresponds closely to the
first principal component of interest rates we discussed. We demon-
strate this result in figure 4, where we plot the loadings on the first prin-
cipal component from the data for bonds of maturities 3 months and
from 1 to 13 years, together with the coefficients Bk=k (the “loadings”
on z1t) for the same maturities from our model.

2. That the business cycle component of interest rates z2t in the model
acts like a slope factor is also built into the specification. With our chosen
Fig. 4. Loadings on the secular and business cycle components, data and model. The
loadings on the secular and business cycle components in the data are the factor loadings
in the principal components decomposition. The loadings are the secular components in
the model and the coefficients Bk=k and Ck=k, respectively.
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parameters, this slope factor in our model corresponds closely to the sec-
ond principal component of interest rates that we discussed above. We
demonstrate this also in figure 4, where we plot the loadings on the sec-
ond principal component from the data for bonds of maturities 3 months
and from 1 to 13 years, togetherwith the coefficientsCk=k (the “loadings”
on z2t) for the same maturities from our model.

3. That movements in the yield spread are associated with movements
in the expected excess returns on long bonds of similar magnitude (risk)
follows from our parameter choices. Specifically, at these parameter val-
ues, (25) implies that the Fama‐Bliss coefficient for a 5‐year bond is 1.

4. That movements in the short rate relative to foreign currency short
rates are associated with movements in the expected excess returns to
holding foreign currency bonds of a similar magnitude (risk) also fol-
lows from our parameter choices. Specifically, since λ ¼ ffiffiffi

2
p

, (30) and
(31) imply that exchange rates are a random walk and that expected
excess returns on foreign bonds thus move exactly one for one with
the interest differential.

As we have seen in figure 4, the coefficients on z1t and z2t in the model
correspond closely to the factor loadings on the first and second principal
components. Hence, in our decomposition, the constructed interest rates
capture the dynamics of the yield curve nearly as well as the first two
principal components do in the data. Recall that these two components
account for over 99% of both the variance of the short rate and the overall
variance of the yield curve. In this sense, our decomposition captures the
dynamics of interest rates extremely well.
We have purposefully chosen a very parsimonious parameteriza-

tion of the pricing kernel, and we have chosen parameters so the model
closely matches the dynamics of interest rates and risk. Specifically, we
chose parameters so the responses of yields and excess returns to the
state variables, as summarized by the coefficients Bk and Ck, match those
found in the data. We have abstracted from the model’s implications for
means of yields and excess returns, as summarized by the coefficients
Ak. Our model does not have enough parameters to simultaneously
match all three sets of coefficients. (For some work on pricing kernels
with a larger number of parameters that attempt to match both the dy-
namics and the means of interest rates and risk, see Dai and Singleton
[2002] and Cochrane and Piazzesi [2008].) We have adapted a simpler
approach because we find it more useful in deriving lessons for mone-
tary policy analysis. In summary, we have a quantitative pricing ker-
nel model that captures very well the dynamics of interest rates and is
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consistent with empirical evidence on how risk moves with interest
rates.

III. The Decomposition of Interest Rates

We now use our pricing kernel to decompose the movements in the
short rate observed in postwar U.S. data into movements in the condi-
tional mean and the conditional variance of the pricing kernel. Our two
main findings are the following: First,movements in the secular component
of the short rate correspond to randomwalk movements in the conditional
mean of the pricing kernel. Second, movements in the business cycle com-
ponent of the short rate correspond to movements in the conditional var-
iance of the pricing kernel.
To construct our decomposition, we set z1t and z2t equal to the ob-

served history of the first and second principal components after scaling
these components appropriately.5 With this definition of z1t and z2t, we
obtain the same decomposition of the short rate into secular and busi-
ness cycle components shown in figure 1. When we do so, the secular
and business cycle components in our model account for the same
portion of movements in the short rate that is accounted for by the first
two principal components of interest rates in the data, over 99%. We
now use our model of the pricing kernel to interpret this decomposition.

A. Expectations of Future Policy

Ourmodel gives a simple interpretation of the decomposition in figure 1.
Movements in z1t in the figure represent movements in expectations
of where the short rate will be in the long run. Under this interpreta-
tion, in the postwar period over 90% of the variance in the Fed’s policy
instrument—the short rate—is associated with movements in agents’
expectations of where the Fed will be setting its policy instrument in
the distant future.

B. The Short Rate and the Pricing Kernel

Consider next what the decomposition implies for the comovements of
the short rate with the conditional mean and variance of the pricing
kernel. Recall that

it ¼ �Et½mtþ1� � 1
2
Vart½mtþ1�: ð32Þ
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As we have discussed above, standard monetary analyses impose that
the conditional variances are constant, so that

it ¼ �Etmtþ1 þ constant: ð33Þ
In our model, (18) and (19) imply that, when λ ¼ ffiffiffi

2
p

,

� Etmtþ1 ¼ constantþ z1t; ð34Þ

� 1
2
Vartðmtþ1Þ ¼ constant� z2t: ð35Þ

This result gives a very stark interpretation of the decomposition of the
short rate shown in figure 1: movements in the secular component of
the short rate are movements in the conditional mean of the pricing ker-
nel, and movements in the business cycle component are movements in
the conditional variance of the pricing kernel.
These results thus imply that, at least for business cycle analysis, ex-

isting monetary models miss the link between the short rate and the
economy present in postwar U.S. data. In these models, movements
in the short rate are associated solely with movements in the condi-
tional mean of the pricing kernel. Our quantitative model implies that,
for business cycle analysis, in the data, movements in the short rate are
associated solelywithmovements in the conditional variance of the pricing
kernel.

IV. Toward a New View of Monetary Policy

Our pricing kernel is a statistical summary of the joint dynamics of in-
terest rates and risk observed in postwar U.S. data. To give an economic
interpretation of this pricing kernel, we build an economic model in
which equilibrium asset prices are described by this pricing kernel. In
this sense, our economic model is consistent with the dynamics of inter-
est rates and risk observed in postwar U.S. data. We use this economic
model to lay a foundation for a new view of monetary policy.
Using our pricing kernel model, we have made two points about the

postwar history of the Fed’s policy instrument: most of the movements
in this policy instrument are permanent, driven by the secular compo-
nent, and the business cycle movements in this policy instrument are
associated with movements in risk. In our economic model, we give
an interpretation of these findings with two assumptions: the secu-
larmovements in the Fed’s policy instrument arise frompermanentmove-
ments in the Fed’s inflation target, and the business cycle movements in
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the Fed’s policy instrument arise from the Fed’s endogenous policy re-
sponse to exogenous changes in real risk in the economy. We then discuss
how this interpretation leads to a new view of monetary policy.
The model economy we build here is a pure exchange economy with

exogenous time‐varying risk. Since the early contribution by McCallum
(1994), a large literature has studied interest rates in such economies.
Examples include the work of Wachter (2006), Bansal and Shaliastovich
(2007), Gallmeyer et al. (2007), and Piazzesi and Schneider (2007).
A. An Economic Interpretation of the Model

Here, we identity the various key parts of our pricing kernel model with
their economic counterparts. Again,we interpret the secular component of
interest rates in our model as corresponding to the Fed’s long‐run infla-
tion target, π�

t ¼ z1t, which follows a random walk. We interpret the
shock ε3tþ1 in the pricing kernel as the deviation of realized inflation
πtþ1 from the inflation target π�

tþ1. Given this interpretation, realized infla-
tion in our model is the sum of a random walk component and an i.i.d.
component,

πtþ1 ¼ z1tþ1 þ ε3tþ1;

as in the model of inflation studied by Stock and Watson (2007).
We interpret the business cycle component of nominal interest rates

in ourmodel (z2tÞ as corresponding to the real pricing kernel derived from
the growth of the marginal utility of the representative agent in our econ-
omy. Assume that the representative consumer has expected utility with
external habit of the form

E0

X∞
t¼0

βt 1
1� γ

ðCt � XtÞ1�γ;

where Xt is an exogenous stochastic process for external habit.
Since habit is external, the representative consumer’s marginal utility

is given by

ðCt � XtÞ�γ:

Following Campbell and Cochrane (1999), we define

St ¼ Ct � Xt

Ct
:
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Using lowercase letters for logarithms of variables, we write the pricing
kernel as

mtþ1 ¼ log β� γðctþ1 � ct þ stþ1 � stÞ:

We assume that the logarithm of consumption growth is i.i.d. with

ctþ1 � ct ¼ δc þ σcε2tþ1:

Note that in this representative agent framework, ct is also aggregate
consumption. We assume that the external habit level Xt is a nonlinear
function of lagged values of consumption, habit, and a preference shock
z2t given implicitly by

stþ1 ¼ st þ ηðz2tÞε2tþ1;

where z2t evolves according to

z2tþ1 ¼ ð1� φÞθþ φz2t þ σ2z
1=2
2t ε2tþ1:

With

ηðz2Þ ¼
ffiffiffi
2

p

γ
z1=22 � σc

and ε2tþ1 independent of ε1tþ1, the pricing kernel in this economy is given
by (14), (15), and (16) with λ ¼ ffiffiffi

2
p

.

B. A New View of U.S. Monetary Policy

This economic interpretation of our model leads to a new interpretation
of the history of U.S. monetary policy in the postwar period. Under this
new interpretation, the business cycle movements in the Fed’s policy
instrument, the short rate, arise as a result of the Fed’s need to compen-
sate for exogenous business cycle fluctuations in risk as it aims for its
inflation target.
Specifically, under this interpretation of our model, expected growth

of consumption is always constant and the Fed is always hitting its in-
flation target, at least in expectation. In a standard model, with constant
risk, the movements in the short rate would then correspond only to
movements in the Fed’s inflation target, that is, it ¼ constantþ π�

t . In
this model, however, risk is time‐varying because of exogenous shifts
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in habit, so that the short rate has a business cycle component that is
driven by these business cycle fluctuations in risk:

it ¼ constantþ π�
t �

1
2
Vart mtþ1 ¼ constantþ π�

t � z2t:

These business cycle fluctuations in the Fed’s policy instrument are re-
quired to ensure that inflation stays on target, and they correspond in
the data to fluctuations in the slope of the yield curve.
A simple way to summarize our view about what the Fed does over

the business cycle is that it simply responds to exogenous changes in
real risk—specifically, to exogenous changes in the conditional variance
of the real pricing kernel—with the aim of maintaining inflation close to
a target level. This does not seem to be what standard monetary policy
analysis focuses on. In our experience as Fed staff members, for example,
we know that the typical policy meeting at the Fed involves detailed dis-
cussions of forecasts of economic variables that enter the mean of the pric-
ing kernel, such as expected real growth and expected inflation. These
discussions are often summarized by a Taylor rule for policy that makes
no reference to risk. Our interpretation of the historical record, however,
is that, over the business cycle, the Fed’s response had little to do with
these forecasts about changes in conditional means of growth and infla-
tion. Instead, policy mainly responds to exogenous changes in real risk.

V. A Research Agenda

Our economic model is only one potential interpretation of the implica-
tions of the joint dynamics of interest rates and risk for monetary policy
analysis. In looking forward more broadly to a new research agenda for
monetary policy analysis, we take away two important questions to be
confronted in future research.
1. One question regards the secular movements in the Fed’s policy instru-
ment. We interpret these as arising from random walk movements in the
Fed’s inflation target.Whilewe view this interpretation as a purelymechan-
ical accounting of these secularmovements, it also avoids a central question:
Why did the Fed choose the secular movements in its policy instrument?

2. The other question regards the business cycle comovements between the
Fed’s policy instrument and themacroeconomy as captured in the standard
Euler equation. We have suggested here—and Canzoneri et al. (2007) have
documented—that, in practice, standard monetary models miss this link.
Nowwe need to know, How dowe fix our models so that they capture it?
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A. Why Did the Fed Choose the Secular Movements in Policy?

The literature has offered two basic approaches to modeling the secular
movements in the short rate in postwar U.S. data. One approach mechani-
cally describes aspects of Fed policy over this period that led to these
movements. The other approach explicitly models the Fed’s objectives
and information that led to its behavior. So far, neither approach has been
successful.
In our economic model, we have followed the first approach that me-

chanically describes the secular movements in Fed policy as arising from
a random walk inflation target. We have documented that the random
walk policy component is large, accounting for over 90% of the variance
in the short rate over the postwar period. Thismodel seems adequate as a
purely statistical description of Fed policy, but it seems useless for an-
swering fundamental questions beyond a superficial level. Again, Why
did the great inflation of the 1970s occur? Why did it end? Is it likely to
occur again? How can we change institutions to reduce that likelihood?
Researchers have begun wrestling with these questions. For example,

Orphanides (2002) argues that the Fed’s difficulties in interpreting real‐
time economic data in the 1970s played a key role in shaping the Fed’s
choice of the short rate during that time. It is unclear, however, what
mechanism in this framework would lead to a large random walk com-
ponent in policy. Thus, we do not see how an explanation of this sort
would be able to account for the secular component of Fed policy.
Primiceri (2006) and Sargent et al. (2006) have made the most ambi-

tious attempts to reconcile the observed secular movements in Fed pol-
icy with optimizing behavior by the Fed. In their work, the Fed uses a
misspecified model to choose policy and continually revises that model
in light of the data. This approach is clearly aimed at fundamental ques-
tions in analysis of monetary policy in the postwar period. Unfortu-
nately, data on the secular movements in Fed policy pose a formidable
challenge to models of this type. The basic problem is that these models
have a difficult time generating a volatile random walk component of
policy simply from learning dynamics.
To illustrate this point, we graph in figure 5 the time series for long‐

run averages of expected inflation over horizons of 20 and 30 years from
the model of Sargent et al. (2006), together with the secular component
of Fed policy from our quantitative model.6 Clearly, the expectations of
long‐run averages of inflation from the learning model are much less
volatile than the secular component of postwar monetary policy.
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In sum, existing approaches to the forces driving the secular compo-
nent of policy have not been successful. Thus, a new approach is needed.
In thinking about a new approach, we note that the secular component

of interest rates has not always been volatile. In fact, the postwar pe-
riod stands out from theU.S. historical record as a periodwith exception-
ally high volatility of the secular component of interest rates. To illustrate
this point, in figure 6Awegraph a short rate and a long rate for theUnited
Fig. 5. Sargent‐Williams‐Zha (SWZ) expectations of 20‐ and 30‐year average inflation
and secular component of interest rates.
Fig. 6A. Long and short rates in the United States. The short rate is the 3‐month commer-
cial paper rate, and the long rate is the yield of a long‐term bond. For detailed information,
see the data appendix.
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States from 1836 through 2007. For the short rate, we use the U.S. 3‐month
commercial paper rate, and for the long rate, we use the yield on a 10‐year
U.S. Treasury bond (available at http://www.globalfinancialdata.com).
Clearly, in the prewar period, fluctuations in the long rate (which we as-
sociate with the secular component of interest rates) are a much smaller
fraction of overall fluctuations in the short rate than they are in the postwar
period. This difference in prewar and postwar behavior of long and short
rates is also evident in the data for many other countries, including the
Fig. 6B. Long and short rates in the United Kingdom. The short rate is the private discount
rate, and the long rate is the 2.5% consol yield. For detailed information, see the data appendix.
Fig. 6C. Long and short rates in France. The short rate is the private discount rate for the
period 1860–1914 and the 3‐month T‐bill for 1960–2007. The long rate is the 10‐year
government bond yield. For detailed information, see the data appendix.
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United Kingdom (fig. 6B), France (fig. 6C), Germany (fig. 6D), and the
Netherlands (fig. 6E).
A central question in the analysis of monetary policy at the secular

level then is, What institutional changes led to this pattern? To answer
this question at a mechanical level, we note that the gold standard was
the main institution governing monetary policy in the prewar era and
that after the war most countries switched to a fiat standard governed
for part of the time by the Bretton Woods agreement. But this answer is,
Fig. 6D. Long and short rates in Germany. the short rate is the Berlin discount rate for
the period 1860–1914 and the 3‐month T‐bill for 1953–2007. The long rate is the 10‐year
government bond yield. For detailed information, see the data appendix.
Fig. 6E. Long and short rates in the Netherlands. The short rate is the private discount
rate for the period 1860–1914 and the 3‐month T‐bill for 1946–2007. The long rate is the
10‐year government bond yield. For detailed information, see the data appendix.
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at best, superficial. In the prewar era, countries chose to be on the gold
standard most of the time and chose to leave it when it suited their pur-
poses. Thus, the relevant questions are, rather, What deeper forces led
agents to have confidence that their governments would choose stable
policy over the long term? And what forces led them to lose this confi-
dence after World War II? Only if we can quantitatively account for this
history can we give advice on how to avoid another great inflation.

B. How Do We Fix the Euler Equation in Our Models?

Aswehave discussed, inmodernmonetarymodels, the policy instrument
enters the economy through the Euler equation that links the short rate to
expectations of growth in the marginal utility of consumption and infla-
tion. Canzoneri et al. (2007) document that this Euler equation in standard
models does a miserable job of capturing this link between policy and the
economy at business cycle frequencies. Here we offer some intuition for
why this is so. We then argue that existing attempts to fix this Euler equa-
tion are misguided, and we propose a new direction.
Consider, first, what aspects of the comovements of the short rate and

macroeconomic aggregates are not captured in the Euler equation of
standard monetary models. The basic problem with the simplest of
these models is that the terms

�Et log
Uctþ1

Uct
þ Et logπtþ1

are too smooth relative to the short rate at business cycle frequencies, so
they account for virtually none of the fluctuations in the policy variable,
the short rate, at these frequencies.
To illustrate this point, we have estimated a version of the Smets‐

Wouters (2007)model,7with their habit preferences replaced by standard
CRRA (constant relative risk aversion) preferences, and we have com-
puted the errors in the consumption Euler equation, where the error is
computed as

errort ¼ it �
�
�Et log

Uctþ1

Uct
þ Et log πtþ1

�
:

In figure 7, we plot the HP‐filtered (HP = Hodrick‐Prescott) short rate
(the federal funds rate) and the HP‐filtered error in the Euler equation.
(We HP filter both it and errort so that we can focus on business cycle
frequencies.) We find this figure striking. As we have explained, in
theory, the standardmonetarymodels imply thatmovements in the short
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rate are associated one for one with the sum of the movements in the
expected growth of the log of marginal utility for the representative
consumer and expected inflation. Figure 7 shows that, in practice, in a
standard monetary model, movements in the short rate are associated
almost one for one with the Euler equation error, and the model captures
essentially none of the link between the short rate and the macro-
economy. Since this Euler equation is the fundamental link between
monetary policy and the macroeconomy, this type of model can hardly
be considered useful in accounting for analyzing monetary policy at
business cycle frequencies if the observed movements in the monetary
policy instrument at these frequencies correspond simply to the unex-
plained error in this equation.
How should we fix this problem? To address this question, consider

the Euler equation allowing for movements in conditional variances:

it ¼ �Et log
Uctþ1

Uct
þ Et log πtþ1 � 1

2
Vart

�
log

Uctþ1

Uct

1
πtþ1

�
: ð36Þ

Consider, first, a way that has been tried to fix this equation but which
does not work. The approach taken in most of the literature so far has
been to use more exotic preferences, such as preferences with habit
persistence, but to continue to log‐linearize the model and assume con-
stant conditional variances. Mechanically, this approach amounts to mak-
ing the conditional means of marginal utility growth (Et logUctþ1=Uct)
more volatile while assuming that the conditional variances are still
constant.
Fig. 7. HP‐filtered federal funds rate and HP‐filtered Euler equation error CRRA utility
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That this approach is a failure is well documented by Canzoneri et al.
(2007). For example, consider what happens when we repeat the experi-
ment of figure 7 using the Smets‐Wouters model as specified with habit
persistence. In figure 8, we plot the HP‐filtered short rate and the HP‐
filtered Euler equation error from the model. Clearly, adding habit does
not improve matters.
Our decomposition suggests that the approach being taken in the lit-

erature to fixing the Euler equation is misguided. Our decomposition
indicates that we should not be trying to make the conditional mean
more volatile at business cycle frequencies; at these frequencies, it is ap-
proximately constant. Instead, we should be looking for a framework
that delivers smooth conditional means and volatile conditional var-
iances of the pricing kernel at business cycle frequencies.
Note that the economic model we have described here, while useful

in helping us interpret the data, is probably not the full answer to this
problem. In that model, we have made special assumptions that guar-
antee that the conditional mean of the pricing kernel is constant. (We
made consumption growth i.i.d. and engineered the habit process ap-
propriately.) If Canzoneri et al. (2007) are right that expected con-
sumption growth varies over time, then our model is likely to have
problems similar to those they document for other models. The rea-
son is that when expected consumption growth varies over time, the
conditional mean of the pricing kernel in our model would likely be-
come volatile.
Fig. 8. HP‐filtered federal funds rate and HP‐filtered Euler equation error with habit
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VI. Concluding Remarks

We have used a simple model of the pricing kernel to interpret the post-
war U.S. data on the dynamics of interest rates and risk and to draw out
implications from these data for new research directions formonetary pol-
icy analysis. Our work here also points to new directions for empirical
work on the dynamics of interest rates and risk. We have used a simple
model of the pricing kernel and have shown that, given the data, it yields
a sharp characterization of the dynamics of the short rate, the conditional
mean of the pricing kernel, and its conditional variance. The short rate has
a random walk component that accounts for the vast bulk of its move-
ments. The conditional mean of the pricing kernel closely tracks that ran-
dom walk component. The short rate also has a stationary component
that accounts for almost all of the rest of its movements. The conditional
variance of the pricing kernel closely tracks this stationary component.
We think that refining our simple characterization empirically might

yield some useful results. Specifically, a huge literature uses a wide vari-
ety of affine models of the pricing kernel to model the dynamics of inter-
est rates and risk. Prominent recent examples are Dai and Singleton
(2002) and Cochrane and Piazzesi (2008). The most promising of these
models might be used to develop new tools for using yield curve data
in real time to help guide the Fed’s choice of monetary policy.
In building our economic model, we made assumptions that gave

one possible interpretation to the joint dynamics of interest rates and risk
that we uncovered with our pricing kernel. Under this interpretation,
the Fed must continually adjust the short‐term nominal interest rate
in response to exogenous time variation in risk even if the Fed’s sole
objective is to maintain a constant level of expected inflation. We think
of this view as the exogenous risk approach. An alternative approach, the
endogenous risk approach, reverses the direction of causality. In it, the
Fed is an active player in generating time‐varying risk. Alvarez, Atkeson,
and Kehoe (2002, 2007) propose such an approach. At this point, we do
not see any strong evidence favoring one approach over the other.
Clearly, before progress can be made in modeling monetary policy, we
must sort out which way the causality actually runs: from risk to the
Fed or from the Fed to risk.

Data Appendix

This appendix refers to the data in figures 6A–6E. All the data are
available at http://www.globalfinancialdata.com.
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United States

For the short rate, the series used is the U.S. 3‐month commercial paper,
which consists of short‐term, unsecured promissory notes issued pri-
marily by corporations. It is derived from data supplied by the Deposi-
tory Trust Company. The sources for this series are Walter B. Smith and
Arthur H. Cole, Fluctuations in American Business (Cambridge, MA:
Harvard University Press, 1935); Federal Reserve Bank, National Mone-
tary Statistics (New York: Federal Reserve Board: 1941, 1970 [annually
thereafter]). For the long rate, we use the U.S. long‐term bond yield.
This series is a combination of several indices. From February 1861 until
December 1877, the 6% U.S. government bonds of 1881 are used. From
January 1878 until January 1895, the 4% U.S. government bonds of 1907
are used, and from February 1895 until December 1918, the 4% U.S.
government bonds of 1925 are used. Where no trades were recorded
during a given month, the previous month’s yield was used. The source
for these data is William B. Dana Company, The Financial Review (New
York: William B. Dana Co. [1872–1921]), which reprinted data pub-
lished by the Commercial and Financial Chronicle. Beginning in 1919,
the Federal Reserve Board’s 10‐ to 15‐year Treasury bond index is used.
This is used through1975. In 1976, the 20‐year bond is used, andbeginning
on February 26, 1977, the 30‐year bond is used. Beginning on February 19,
2002, the 30‐year bond series includes all bonds of 25 years or more. The
sources for these series are Sydney Homer, A History of Interest Rates
(New Brunswick, NJ: Rutgers University Press, 1963) from Joseph G.
Martin, Martin’s Boston Stock Market (Boston, 1886) (1800–1862); Hunt’s
Merchants Magazine (1843–53); The Economist (1854–61); Financial Review
(1862–1918); Federal Reserve Bank, National Monetary Statistics (New
York: Federal Reserve Board, 1941, 1970, annually thereafter); and Salomon
Brothers,Analytical Record of Yields and Yield Spreads (NewYork: Salomon
Brothers, 1995).

United Kingdom

The short rate for the United Kingdom is the U.K. private discount rate.
Data are for the beginning of the month from 1867 until 1917. Data for
1824–57 are for first class bills at undetermined periods. Thereafter, the
data are for 3‐month banker’s bills whenever given, or the nearest item
to this type of paper or the closest period. The sources for these data are
Sydney Homer, A History of Interest Rates (New Brunswick, NJ: Rutgers
University Press, 1963 (1800–1823); (NBER) Parliamentary papers, 1857,
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10, pt. 1; Report from the Select Committee on Bank Activity, 463–64 (1824
to May 1857); The Economist and Investor’s Monthly Manual (1867–1939);
Central Statistical Office, Annual Abstract of Statistics, London: Central
Statistical Office, 1919–). The long rate for the United Kingdom is the 2.5%
consol yield. The British consol paid 3% fromAugust 1753 until December
1888, 2 3/4% from 1889 through 1906, and 2 1/2%beginning in 1907. The
actual price for the annuities/consols is provided in IGGBRCPM. Series
for notes and bonds are also included. A series for 4‐ to 5‐year notes
issued by the British government is quarterly from 1937 through III/1947
and monthly thereafter. This series used the 5% conversion loan, 1944–64
from 1935 to 1938; 2.5% national war bonds 1952–54 from 1947 to 1949;
and exchequer stock and treasury stock of 4–5 years’ maturity thereafter.
A series for 10‐year bonds is also included beginning in 1958. The series
for 10‐year bonds uses the 3.5% war loan of 1932 (callable in 1952) from
1933 through 1946; 3% savings bonds 1960–70 in 1947; 2.5% savings
bonds 1964–67 from 1948 to 1950; 3% savings bonds 1965–75 from
1951 to 1958; and 3.5% treasury stock 1979–81 from 1959. The sources
for this data are Larry Neal, The Rise of Financial Capitalism (Cambridge:
Cambridge University Press, 1990) for data between 1698 and 1823; The
Times of London for data from 1823 until 1844; and The Economist and The
Bankers Magazine from data from 1844 onward.

France

The short rate for France consists of two series: France private discount
rate from 1860 to 1914 and the 3‐month treasury bill yield from 1960 to
2007. The sources from the first series are The Economist and Investor’s
Monthly Manual (1867–1914), ISI (1920–36), and the League of Nations
(1936–40). The data for 1960–69 consist of the short‐term discount rate
paid on government bonds. The sources for the 3‐month treasury bill
are League of Nations, Monthly Statistical Bulletin (Geneva: League of
Nations, 1931–45); and Banque de France, Bulletin Trimestriel (1946–).
For the long rate, we use the 10‐year government bond yield. The 3%
consol is used fromMay 1825 to 1949. The 5% consols issued in 1949 are
used from 1950 until 1971, and an index of public and semi‐public bond
yields for issues guaranteed by the government is used from 1972 to 1983.
Data for the 10‐year bond begin in November 1983. The sources are The
Bankers Magazine, London (1845–65); Investor’s Monthly Manual, London,
and The Economist (1866–73); L’Economiste Francais (1874–97); Jean Dessirer,
“Le prevision statistique des mouvements des valeurs de bourse,” Journal
de la Societe Statistique de Paris (May 1928): 160‐92 (1898–1911) as collected
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from Reforme Economique; Institut National de la Statistique et des Etudes
Economiques (INSEE), Annuaire statistique de la France (Paris: INSEE) and
INSEE, Bulletin mensal statistique (Paris: INSEE, 1800–).

Germany

For the short rate, we used the Berlin SE discount rate from 1860 to
1914. The sources for this data are The Economist and Investor’s Monthly
Manual (1860–94) and Statistisches Reichsamt (1895–1945). From 1953
to 2007, we used the 3‐month treasury bill yield from the Deutsche
Bundesbank, Monthly Report. The long series used is the 10‐year bench-
mark bond available from the Bundesbank. The benchmark bond is used
for this series. The benchmark bond is the one that is closest to the stated
maturity without exceeding it. When the government issues a new bond
of the stated maturity, it replaces the bond used for the index to keep the
maturity as close to the stated time period as possible.

Netherlands

The short rate consists of two series: Netherlands private discount rate
from 1860 to 1914 and Netherlands 3‐month treasury bill yield from
1946 to 2007. The source for the private discount rate is The Economist
(1867–1914). The 3‐month treasury bill yield consists of the 3‐month
treasury bills through 1985. Three‐month loans to local authorities are
used beginning in 1986 because the issues of short‐term government
securities (Dutch treasury certificates) are insignificant, since the total
amount outstanding of short‐term government securities is usually less
than 5% of the total amount outstanding of government debt. For the
long rate, we use the 10‐year government bond yield. Data for the
Dutch 3s are used from 1814 through June 1870, the 2.5% consol from
July 1870 through July 1914, and the 3% consol fromMarch 1907 through
1917. Data are also available on the Dutch 4s from April 1833 through
June 1870. For the 1900s, the 2.5% consol is used from 1900 through July
1914, and the 3% consol is used fromNovember 1915 through December
1917. The 2 1/2% consol is used from 1946 until 1954, the 3 1/4% issue of
1948 is used from 1955 until October 1964, and an index of the three or
five longest‐running issues of the Dutch government begins in November
1964. The sources for this series are The Economist and Banker’s Magazine
(1844–1918); International Statistical Institute, International Abstract of
Economic Statistics (London: International Conference of Economic Ser-
vices, 1934 (1919–30) and 1938 (1931–36); League of Nations, Statistical
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Yearbook (Geneva: League of Nations, 1926–45); Central Bureau of Statis-
tics, Maandschrift (1946–).
Endnotes

The views expressed herein are those of the authors and not necessarily those of the
Federal Reserve Bank of Minneapolis or the Federal Reserve System.
1. Throughout this paper, we consider models in which all variables are condition-

ally lognormal, and we use the term pricing kernel as shorthand for the log of the pricing
kernel.
2. We have scaled these principal components so that the short rate’s loadings on each

of these components are equal to one.
3. The bulk of the asset‐pricing literature interprets measured returns as capturing the

total payoffs to owning an asset and accounts for differences in returns as arising from
differences in risk. In doing so, this literature assumes that measured returns do not leave
out some portion of total returns, such as taxes, transactions costs, or liquidity services
that both differ across assets and vary over the business cycle.
4. Note that, theoretically, the inclusion of a random walk component of the short rate

leads to counterfactual implications for the average value of very long yields. This is be-
cause Ak has a component that grows linearly with k as k gets large and then a component
that growswith k2 coming fromB2

k�1. This implies that, for large k, the constantAk=k quickly
goes to negative infinity. We will not worry about this limiting implication. Instead, we
imagine that the random walk component of interest rates is in fact stationary, but that it
appears to be a random walk over a 30‐year horizon.
5. Movements in the principal components are determined only up to a scale factor.

Motivated by (20), we set the scale factor on these components so that the response rate
of the short rate to the first principal component is 1 and the response of the short rate to
the second principal component is �1.
6. Tao Zha kindly provided us with these long‐run expectations of inflation from the

2006 Sargent, Williams, and Zha model.
7. Actually, we asked Ellen McGrattan to reestimate the model using codes kindly pro-

vided by Frank Smets and Raf Wouters, and she kindly obliged. This applies later to the
computations underlying figs. 7 and 8 as well.
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