Term Premium Variability and
Monetary Policy

Timothy S. Fuerst and Ronald Mau

FEDERAL RESERVE BANK OF CLEVELAND




Working papers of the Federal Reserve Bank of Cleveland are preliminary materials circulated to
stimulate discussion and critical comment on research in progress. They may not have been subject to the
formal editorial review accorded official Federal Reserve Bank of Cleveland publications. The views stated
herein are those of the author and are not necessarily those of the Federal Reserve Bank of Cleveland or the
Board of Governors of the Federal Reserve System.

Working papers are available on the Cleveland Fed’s website:
https://clevelandfed.org/wp



Working Paper 16-11 May 2016

Term Premium Variability and Monetary Policy
Timothy S. Fuerst and Ronald Mau

Two traditional explanations for the mean and variability of the term premium
are: (i) time-varying risk premia on long bonds, and (ii) segmented markets
between long- and short-term bonds. This paper integrates these two approaches
into a medium-scale DSGE model. We consider two sources of business cycle
variability: shocks to total factor productivity (TFP), and shocks to the marginal
efficiency of investment (MEI). The ability of the risk approach to match the first
moment of the term premium depends upon the relative importance of these two
shocks. If MEI shocks are an important driver of the business cycle, then long
bonds are a hedge against the business cycle so that the average term premium

IS negative. The opposite is the case for the TFP shocks. But for either source

of shocks, the risk approach to the term premium predicts a trivial amount of
variability in the term premium. In contrast, the segmented markets model can
easily match both moments. The market segmentation reflects a real distortion,
so that smoothing the term premium is typically welfare-improving. There are
two difficulties with such a policy. First, the mean level of the term premium will
not properly reflect the segmentation distortion because of the risk adjustment.
Second, if the term premium is measured with error, the welfare gain of a term
premium peg is naturally reduced. The paper demonstrates that both of these
effects are quantitatively modest so that the welfare advantage to a term premium
peg survives.

Keywords: Term premium peg, time-varying risk premia, DSGE, total factor
productivity, marginal efficiency of investment, monetary policy.

JEL Codes: E52, G12, G17.

Suggested citation: Fuerst, Timothy S., and Ronald Mau, 2016. “Term Premium
Variability and Monetary Policy,” Federal Reserve Bank of Cleveland Working
Paper, no. 16-11.

Timothy S. Fuerst at the University of Notre Dame and the Federal Reserve Bank
of Cleveland (tfuerst@nd.edu). Ronald Mau is at the University of Notre Dame
(rmau@nd.edu).



In the aftermath of the 2008 financial crisis many central banks have adopted unconventional
policies, including outright purchases of long-term government debt. These bond purchases were an
attempt to alter the yield curve for a given path of the federal funds rate. That is, they were meant to alter
the term premium. In a monetary policy environment with a large Fed balance sheet, an important policy
guestion going forward is whether the term premium (in addition to the funds rate) should be a regular
input into the policy-making process. That is, should the Fed’s bond portfolio be used to smooth
fluctuations in the term premium?

In this paper we integrate two distinct approaches to modeling the term premium in a medium-
scale dynamic stochastic general equilibrium (DSGE) model and characterize the ability of each approach
to generate a variable term premium as observed in the data. We then address how a policymaker should
respond to term premium variability within the context of each modeling approach. Finally, we highlight
two concerns which should be considered with the use of this new policy instrument and comment on the
implications of each on the benefits to policy which smooths fluctuations in the term premium.

The first approach we implement to model the term premium alters preferences as in Epstein-Zin
(1989), hereafter EZ. EZ preferences separate risk aversion from intertemporal substitution elasticities
and are a common feature in the finance literature. Rudebusch and Swanson (2012) is a prominent
example of using EZ preferences in a DSGE framework to model the term premium. The second
approach deviates from an economy with frictionless asset trade by segmenting the asset market so that
short and long bonds are priced by different agents, and the ability of agents to arbitrage the spread
between long and short bonds is constrained by the net worth of the financial sector. In this environment a
bond purchase policy will alter the term premium and have real affects. Carlstrom, Fuerst and Paustian
(2015) is a recent example of this approach.

The two approaches have wildly different implications for monetary policy so that the modeling
choice matters for the central bank. If the term premium is simply another asset price in a world with
frictionless asset trade, then fluctuations in the term premium reflect changes in real activity but are
otherwise irrelevant for central bankers (unless it helps forecast variables of interest to the policymaker).
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That is, in a frictionless model with EZ preferences the term premium should not directly concern policy
makers. In contrast, if the term premium reflects an economic distortion arising from market
segmentation, then there is a first-order role for smoothing fluctuations in the term premium.

Our principal results include the following. First, with a standard calibration of the DSGE model,
and assuming that the business cycle is driven by TFP shocks, the EZ approach can produce an average
term premium comparable to that found in the data, but a trivial and counterfactually small level of
variability in the premium. These results are sensitive to the exogenous shocks. A recurring theme in the
estimated DSGE literature is the importance of MEI (marginal efficiency of investment) shocks which
perturb the link between investment spending and final capital goods. If the business cycle is instead
driven by these shocks, then the average term premium is negative with again trivial variability. We
conclude that the EZ approach by itself has difficulty in both hitting the mean and the variability in the
term premium.

Our second set of results concerns the segmentation model of Carlstrom, Fuerst, and Paustian
(2015). This model features two parameters that define the degree of segmentation in the financial sector:
(i) the degree of impatience of financial intermediaries, and (ii) the level of adjustment costs in changes in
portfolios. These parameters can be chosen to hit exactly the empirical mean and variability in the term
premium. Given such a calibration, there are significant welfare gains to a central bank smoothing
variations in the term premium by actively using its portfolio of long bonds.

We consider two practical difficulties with implementing a term premium peg. First, the
economic distortion of the peg depends upon the steady-state term premium which is different from the
mean term premium if the yield on the long bond includes adjustments for risk. This implies that by
implementing a term premium peg the policymaker is suppressing fluctuations in the term premium that
come from the risk-adjustment but which are not representative of the segmentation distortion. Second,
the term premium is subject to serially correlated measurement error. Thus, under a term premium peg the
policymaker is inadvertently introducing exogenous variation into the model economy. This paper
explores both of these effects and concludes that their quantitative significance is modest.
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The paper proceeds as follows. Section 1 lays out the basic segmented markets model with EZ
preferences. Section 2 provides a quantitative analysis of the model with segmentation effects turned off.
Section 3 provides the complementary analysis for the model with active segmentation effects. Policy

issues are discussed in Section 4. Section 5 concludes.

1. The Model

The model economy consists of households, employment agencies, firms, and financial intermediaries

(FI). We will discuss each in turn.

Households

Each household has recursive preferences over consumption and labor given by

—g)11/(1-6)
Ve =U(ce, he) + ﬁ[Et(Vt+1)(1 9)] (1)
Using the terminology of Rudebusch and Swanson (2012), the Epstein-Zin (EZ) preferences twist the

value function. Risk aversion is increasing in 6. If we set 6 =0, we have the standard

preferences. The intra-period utility functional is given by:

_ctv h;“’
Ulcuhe) ==~ i+ k )

where c; and h; denote consumption and labor, respectively. We choose the constant k > 0 so that steady
state utility is positive which ensures that the value function always takes on positive values.?

The household has two means of intertemporal smoothing: short-term deposits (D;) in the
financial intermediary (FI) and accumulation of physical capital (K;). Households also have access to the
market in short-term government bonds (“T-bills”). But since T-bills are perfect substitutes with deposits,

and the supply of T-bills moves endogenously to hit the central bank’s short-term interest rate target, we

Z See Rudebusch and Swanson (2012) for a discussion.



treat D; as the household’s net resource flow into the FI’s. To introduce a need for intermediation, we
assume that all investment purchases must be financed by issuing new “investment bonds” that are
ultimately purchased by the FI. We find it convenient to use perpetual bonds with cash flows of 1, k, k2,
etc. Let Q; denote the time-t price of a new issue. Given the time pattern of the perpetuity payment, the
new issue price Q, summarizes the prices at all maturities, eg., kQ; is the time-t price of the perpetuity
issued in period t-1. The duration and (gross) yield to maturity on these bonds are defined as: duration =
(1—x)"1, gross yield to maturity = Q;* + k. Let CI, denote the number of new perpetuities issued in

time-t to finance investment. In time-t, the household’s nominal liability on past issues is given by:

Ft—l = Clt—l + KCIt—Z + KZCIt_g + .. (3)
We can use this recursion to write the new issue as

The representative’s household constraints are thus given by:

¢ + % + PEL + FfT‘tl < Mh, + RFK, — T, + Dgl Re_q + —Qf(Ff;’:Ft‘l) + div, (5)

Key1 < (1 -8K, + 1, (6)

Ptklt < Qt(Ft;KFt—l) — Q;Clt (7)
t t

where P, is the price level, PF is the real price of capital, R,_; is the gross nominal interest rate on
deposits, RF is the real rental rate, M, is the real wage paid to households, T, are lump-sum taxes, and
div, denotes the dividend flow from the FI’s. The household also receives a profit flow from the
intermediate goods producers and the new capital producers, but this is entirely standard so we dispense
from this added notation for simplicity. The “loan-in-advance” constraint (7) will increase the private cost
of purchasing investment goods.? The first order conditions to the household problem include:

_ Up(ephe) _
Uc(ct,he) - Mt (8)

® Although for simplicity we place capital accumulation within the household problem, this model formulation is
isomorphic to an environment in which household-owned firms accumulate capital subject to the loan constraint.
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1= EtSt+1ﬁ (9)

PfM; = E¢S41[RE 1 + (1 — 8)Pf My 4] (10)
S
Q:M; = E; Hi: [1+ KkQrs1Miiq] (11)

where the real stochastic discount factor (SDF) is given by

-6
_ Vi1 BU(t+1)
Str1 = [<[Et(VH1)(1—9)]1/(1—9)> ] [ Uc(t) ] (12)

Pt
Py

and I1; = is gross inflation. Expressions (8) and (9) are the familiar labor supply equation and Fisher

equation, respectively. The capital accumulation expression (10) is distorted relative to the familiar by the
time-varying distortion M;, where M, =1 +%, J; and A, are the multipliers on the loan-in-advance
t

constraint and budget constraint, respectively. The endogenous behavior of this distortion is fundamental
to the real effects arising from market segmentation. Other things equal, there is a welfare advantage to

stabilizing this distortion.

Labor Unions and Employment Agencies
There is a continuum of labor unions that purchase raw labor from households at price M; and
transform it into a unique labor skill that is then sold to competitive employment agencies.* Union i faces

a labor demand curve given by:

Hi = H, (”VZ)_EW (13)

where W, is the aggregate real wage and Wy is the real wage set by union i. With probability (1 — 8), the

union can re-set its nominal wage in the current period, while with probability 8 its nominal wage simply

* It is convenient to separate nominal wage rigidity from the household. If each household set a nominal wage then
labor input would vary across households. This would imply differences in lifetime utility across households. This
would needlessly complicate asset pricing that depends upon innovations in lifetime utility because of the EZ
preferences.



grows by I1;”, where ,, is the degree of nominal wage indexation to the inflation rate. If union i can re-set
its wage in time-t, its maximization problem is given by:
*rri i *wl—€w i i —€w
maxw;‘{VVtHLE — H{M; + 0801 (WiWoy  Hipy — Hip Wiy Mg} +

02811150 WiV Wi Hhp — HE Wi Wiy Mo} + ) (14)

tw

where W, ; = ;If denotes the automatic adjustment of the real wage to inflation. The optimal real wage

t+1

choice for a typical union that can re-set its wage is given by the following:

we — (15)
Got
€ I Ew
Gye = W, "HMy + Sp416w (ﬁ) Git+1 (16)
(ew—1)
W_1 w 1
Gy = Eew I/I/te Hy + S0y (ﬁ) Gat41 (17)

The aggregate real wage then evolves as follows:

L 1—€
_ o — v w —€y
WO = (1= )W) o + 0, (F2) W (18)

The nominal wage rigidity implies a time-varying dispersion (d’) of real wages that is given by:

w_(1-9,) (%‘)_6‘” +0, (W;;)_EW (n‘:—;)ew W (19)

Each union sells its specific employment variety to a competitive employment agency. These
agencies aggregate up these varieties into a labor service that is sold to firms at real wage W;. These

agencies solve the following maximization problem:

1 \1-1/€y, ,. 1/(1-1/€w) 1 Lo
AINGD dil — [} WiHidi (20)
The optimization conditions are given by:
, wi —€w
= () ", (21)
_ 1 ~N1-1/€, . 1/(1-1/ey)
H, = [ [y (H}) di (22)



Firms and Production
The production side of the model is standard and symmetric with the provision of labor input. There is a
continuum of intermediate good producers, each with monopoly power over the input variety they
produce. A monopolist produces intermediate good i according to the production function

() = Ath(i)aHt(i)l_a (23)
where K, (i) and H.(i) denote the amounts of capital and labor employed by firm i. The variable InA4, is
the exogenous level of TFP and evolves according to:

InA; = palnAi_q + &4, (24)
Every period a fraction 8, of intermediate firms cannot choose its price optimally, but resets it according

to the indexation rule
Pt(l) = Pt—l(i)n:-p_y (25)

where II; = Pi is gross inflation. The firms who can re-set their prices, choose their relative price
t—1

X = Pt—(i), optimally to maximize the present discounted value of profits:
Py
i i i 1-€ ; —€
xeYE = VI MCy + 0,844 {xthL+1th+1p - Yt‘+1‘Pt+fMCt+1} +
maxy, 1-¢, (26)

1-€
955t+15t+2 {xtq’ "y

, e .
1 Perz Yoz = Yeao W W pMCt+2}+---

t+1 " t+2

L
. nf . . . . .
where MC; denotes real marginal cost, ¥;,; = H—t is the automatic movement in the relative price, and
t+1

the firm faces a demand curve given by
Y} = Yex, "6 (27)

The firm’s optimization conditions include:

RE = MC,MPK, (28)
W, = MC,MPL, (29)
* (:'p ﬂ
=5y (30)
—ly€ €
Xi¢ = MCYy + Se16p11, P PILY Xip4q (31)



tp(l—€p) €p—1

X2t =Y + Se416p11, ML, X1 (32)

The aggregate inflation rate and price dispersion, respectively, then evolve as:

77 = (1 6,)(1) % + 6,125 39)
de = ;P [(1— 6,) (M)~ + 6,11, 2P d,_,| (34)

These monopolists sell their intermediate goods to perfectly competitive firms that produce the
final consumption good Y; combining a continuum of intermediate goods according to the CES

technology:

1/(1-€p)
] (35)

Vo= [fy vt di

Profit maximization and the zero profit condition imply that the price of the final good, P, is the familiar

CES aggregate of the prices of the intermediate goods.

New Capital Producers

New capital is produced according to the production technology that takes I; investment goods and

transforms them into p; [1 -S (I:—_‘l)] I new capital goods. The time-t profit flow is thus given by

Py, [1 -s (It’—fl)] I, — I, (36)

where the function S captures the presence of adjustment costs in investment, and is given by S (II—‘)
t—-1

) 2
%(ll—t—l) . These firms are owned by households and discount future cash flows using the
t—1

household’s SDF. The investment shock follows the stochastic process
logpe = pulogue—1 + &4, (37)
where g, is i.i.d. N (O, aﬁ). Using the terminology of Justiniano, Primiceri, and Tambalotti (2011), we

will refer to these shocks as “marginal efficiency of investment” (MEI) shocks.



Financial Intermediaries

The FI’s in the model are a stand-in for the entire financial nexus that uses accumulated net worth
(N¢) and short-term liabilities (D;) to finance investment bonds (F;) and the long-term government bonds
(By). The FlIs are the sole buyers of the investment bonds and long-term government bonds. We again
assume that government debt takes the form of perpetuities that provide payments of 1, «, k°, etc. Let Q,
denote the price of a new-debt issue at time-t. The time-t asset value of the current and past issues of
investment bonds is:

Q¢Cly + kQc[Cly—y + KClp_y + K*Cly_3 + ] = QcF; (38)
The FIs balance sheet is thus given by:

i_ZQt+£_ZQt=i_:+Nt=LtNt (39)
where L; denotes leverage. Note that on the asset side, investment lending and long-term bond purchases

are perfect substitutes to the FI. Let Rk, ; = (“KQ—Qf“), denote the realized nominal holding period return
t

on the long bond. The FI’s time-t profits are then given by:

Py_
profi = ;Ttl [(Ré‘ —RL )L + Rt—l]Nt—l (40)

The FI will pay out some of these profits as dividends (div;) to the household, and retain the rest as net
worth for subsequent activity. In making this choice the FI discounts dividend flows using the
household’s pricing kernel augmented with additional impatience.® The FI accumulates net worth because
it is subject to a financial constraint: the FI’s ability to attract deposits will be limited by its net worth. We
will use a simple hold-up problem to generate this leverage constraint, but a wide variety of informational
restrictions will generate the same constraint. We assume that leverage is taken as given by the FI. We
will return to this below. The FI chooses dividends and net worth to solve:
Vi = maxy, qiv, Et Z;‘;o(ﬁoj Apyjdivey

(41)

> In contrast, Gertler and Karadi (2011, 2013) assume that FI’s only pay out dividends upon their exogenous death.

9



subject to the financing constraint developed below and the following budget constraint:

Pt1

div + Ne[1+ f(N)] < [(RL Rg—1)Lt—1 + Rt—l]Nt—l (42)

_ 2
The function f(N;) = % (%) , denotes an adjustment cost function that dampens the ability of the

FI to adjust the size of its portfolio in response to shocks. The FI’s optimal accumulation decision is then

given by:

A1+ N f'(Ne) + f(N)] = Etﬁ(AtH (Rt+1 Rg)Lt + R (43)

The hold-up problem works as follows. At the beginning of period t+1, but before aggregate
shocks are realized, the FI can choose to default on its planned repayment to depositors. In this event,
depositors can seize at most fraction (1 — @) of the FI’s assets. If the FI defaults, the FI is left with
®RE, LN, which it carries into the subsequent period. To ensure that the FI will always re-pay the

depositor, the time-t incentive compatibility constraint is thus given by:
EtSt+1 {RmL Ny = R{(Ly = D)Ni} = @L NtEtSt+1 Rm (44)

It is useful to think of (44) as determining leverage. Since net worth scales both sides of the inequality,
leverage is a function of aggregate variables but is independent of each FI’s net worth. We will calibrate
the model so that this constraint is binding in the steady state (and thus binding for small shocks around
the steady state).

Equations (43) and (44) are fundamental to the model as they summarize the limits to arbitrage
between the return on long-term bonds and the rate paid on short-term deposits. The leverage constraint
(44) limits the FI’s ability to attract deposits and eliminate the arbitrage opportunity between the deposit
and lending rate. Increases in net worth allow for greater arbitrage and thus can eliminate this market
segmentation. Equation (43) limits this arbitrage in the steady-state by additional impatience (¢ < 1) and
dynamically by portfolio adjustment costs (i,, > 0). Since the FlI is the sole means of investment finance,

this market segmentation means that central bank purchases that alter the supply of long-term debt will
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have repercussions for investment loans because net worth and deposits cannot quickly sterilize the

purchases.

Central Bank Policy

We assume that the central bank follows a familiar Taylor rule over the short rate (T-bills and deposits):

In(Ry) = (1 = p) In(Rgs) + pIn(Re—1) + (1 = p)(tme + 7,77 F) (45)
where ytgap = ln(Yt/th) denotes the deviation of output from its flexible price counterpart. We will
think of this as the Federal Funds Rate (FFR). The supply of short-term bonds (T-bills) is endogenous,
varying as needed to support the FFR target. As for the long-term bond policy, the central bank will
choose between: (i) an exogenous path for the quantity of long-term debt available to Fls, or (ii) a policy
rule that pegs the term premium and thus makes the level of debt endogenous. We will return to this
below.

Fiscal policy is entirely passive. Government expenditures are set to zero. Lump sum taxes move

endogenously to support the interest payments on the short and long debt.

Debt Market Policies
To close the model, we need one more restriction that will pin down the behavior in the long debt market.
We will consider two different policy regimes for this market: (i) exogenous debt, and (ii) endogenous

debt. We will discuss each in turn.

Exogenous Debt

The variable b; = Q; % denotes the real value of long-term government debt on the balance sheet of FI’s.
t

There are two distinct reasons why this variable could fluctuate. First, the central bank could engage in
long bond purchases (“quantitative easing,” or QE). Second, the fiscal authority could alter the mix of

short debt to long debt in its maturity structure. Further research could model both of these scenarios as
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exogenous movements in long debt and the quantitative effect of each. Our benchmark experiments will
hold long debt fixed at steady state. Under this exogenous debt scenario, the long yield and term premium

will be endogenous.

Endogenous Debt

The polar opposite scenario is a policy under which the central bank pegs the term-premium at its steady
state value. Under this policy regime the level of long debt will be endogenous. Under a term premium
peg the asset value of the intermediary will remain fixed, while composition of assets will vary. That is,
any increase of Fl holdings of investment debt is achieved via the central bank purchasing an equal

magnitude of government bonds. The proceeds from this sale effectively finances loans for investment.

Yields and Term Premia

The (gross) yield on the long-term bond is defined by RL°™:

RP™ = Q' +k (46)
The term premium is defined to be the difference between this yield and the corresponding yield implied
by the expectations hypothesis (EH) of the term structure. This hypothetical bond price and corresponding

yield are defined as

1+kE.QEH
EH — th t+1 47)
EH,lon 1
Rt 9 = Qtﬂ + K (48)

The term premium is then given by:

TP, = Qi _ Q% _ Riong _ RfH.long (49)
¢t Q

2. The Term Premium with Frictionless Financial Markets
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We begin our quantitative analysis by abstracting from market segmentation effects. Segmentation is
toggled off by setting { = 1, and y,, = 0. This implies M; = 1. Expanding the definition of the bond

price we have:

St+1 Stt+1 St42. 2 St+1 Se+2 St+3
=F + kE + kE———+ - 50
Q  Meyq  Mggq Mess E Megq Mesp Megs (50)

Similarly we have:

t Et Set1 + Et Set1 E, >tz St+2 ZEt St+1 E, St+2 E, St+3 4. (51)

Meq Ht+2 Meyq l_It+2 l_It+3

This implies that the bond price can be expressed as

0, = QFY + Kcov, (ﬂ Sfi) + o (52)

)
Metq " Mo

Since k < 1, the early covariances are gquantitatively the most important. Hence, there is a positive term

premium if and only if the nominal SDF (%) is negatively autocorrelated at short horizons.
t+1

As emphasized by Fuerst (2015), it is impossible to generate a significantly positive term
premium with standard preferences (6 = 0). There are two reasons for this result. First, with 8 = 0, and
for plausible values of v in (2), the real SDF has trivial variability (this is just a manifestation of the
equity premium puzzle). Second, inflation is positively autocorrelated at short horizons, an
autocorrelation that is inherited by the nominal SDF. This positive autocorrelation in the nominal SDF
kills any chance of generating a positive term premium.

But the EZ effect (6 > 0) can easily deliver a positive term premium. Recall that the real SDF is

given by:

-0
_ Vi+1 BU(t+1)
Str1 = [<[Et(VH1)(1—9)]1/(1—9)> ] [ Uc(t) ] (53)

The SDF is a product of an EZ term and the traditional inter-temporal marginal rate of substitution. The

EZ term is, essentially, a forecast error, an innovation in lifetime utility. If 6 is large enough, then a
positive innovation in lifetime utility will lead to a sharp one-time decline in the real SDF. To generate a

term premium we need a persistent movement inflation that is of the opposite sign as this innovation in
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lifetime utility. The model has two exogenous shocks: TFP shocks and MEI shocks. Positive innovations
in either of these shocks will lead to positive innovations in lifetime utility. The implications for the term
premium then depend upon the response of inflation to these shocks. We will look at each shock in turn.

To capture the mean and variability of the term premium, we use a third-order approximation to
the model. The baseline parameter values are displayed in Table 1. The financial parameters are chosen to
imply a bond duration of 40 quarters, a steady state term premium of 100 bp, and FI leverage of 6. In this
section we abstract from segmentation issues and set ¢ = 1 (implying no steady state term premium), and
Y, = 0. The remaining parameter values are broadly consistent with the literature that estimates medium-
scale DSGE models, with two important caveats. The estimation literature typically includes habit in
consumption (from which we abstract), but excludes EZ effects (which we include). Consistent with the
evidence in Justiniano, Primiceri, and Tambalotti (2011), output and investment variability are largely
driven by MEI shocks. At the 8-quarter horizon, MEI shocks account for 62% of the variability of output,
and 87% of the variability of investment.

Measurement of the term premium is easy in theory, but difficult in practice. For the period 1961-
2007, Rudebusch and Swanson (2012) report a mean term premium of 106 bp, and a standard deviation of
54 bp. For the period 1962:1-2008:4, Adrian, Crump, and Moench (2013) report a mean of 169 bp, and a
standard deviation of 154 bp. For our benchmark data target we will use a mean of 130 bp, and a standard
deviation of 100 bp.

Figures 1 and 4 examine the model’s implications for TFP shocks. With no EZ effects (6 = 0),
the model generates a trivial average term premium. But with sufficient EZ risk aversion, it is quite easy
to hit a fairly large mean premium: with 6 = 200, the mean term premium is nearly 100 bp. The reason
for this is quite evident in the impulse response function in Figure 4 (which assumes 6 = 200) . A
positive TFP shock leads to a sharp increase in lifetime utility which implies a large negative innovation
in the real SDF. The persistent TFP shock implies a persistent decline in inflation. Hence, the nominal
SDF is significantly negatively correlated at short horizons thus implying a positive term premium.

Without the EZ effect, the movement in the real SDF is trivial so that there is only a tiny term premium.
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But there is a problem with TFP shocks. The variability of the term premium is counterfactually
small. Even with 8 = 200, the standard deviation is less than 5 bp(!). This result is distinct from the
results reported by Rudebusch and Swanson (2012) who report much larger variability in the premium.
For example, their “best fit” in their Table 2 reports a term premium standard deviation of 47 bp. The
reason for this different result is the form of the Taylor rule used. Rudebusch and Swanson (2012) assume
that the central bank responds to the level of output relative to steady state (or trend in a model with
exogenous growth). Let us call this an “output” rule in contrast to the “gap” rule in (45). It is useful to

rewrite the gap as,

Ye/Yes !
y?““WﬁFJ=MMAm—mmUmJ=%—%”
t SS

Since output is the sum of flexible price output and the gap, we can write an output rule as:

n(R) = (1 = p) In(Rss) + p In(Re—1) + (1 = p)(Tamte + 7,977 + 1,/ '*") (54)
For the case of TFP shocks, an output rule is akin to adding serially correlated exogenous policy shocks to
a gap-based Taylor rule. Consider a positive TFP shock. An output based rule implies that the central
bank commits to a persistent series of contractionary policy shocks. This then implies that the decline of
inflation is much more substantial, and thus generates more term premium variability. Under a gap rule,
the initial decline in inflation is 45 bp and the (negative) innovation in the real SDF is under 10%. Under
an output rule, the initial inflation decline is 275 bp and the SDF innovation is over 15%. Further, under
an output rule the persistent sequence of contractionary policy shocks keeps inflation persistently below
steady state. Even after 20 quarters, inflation is over 200 bp below steady state (compared to 10 bp for the
gap rule). We thus conclude that the model is able to generate substantial term premium variability only if
the central bank uses a non-typical policy rule.

Figures 2 and 5 provide the corresponding analysis for MEI shocks. In this case, the EZ
preferences actually hurt the model’s ability to generate a positive term premium: the mean term premium
is monotonically decreasing in 6. The reason for this is clear in the impulse response function in Figure 5

(which assumes 8 = 200). A positive MEI shock increases lifetime utility and thus generates a negative
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innovation in the real SDF. But by increasing the demand for final output which can now more easily be
transformed into capital, the MEI shock increases total demand and thus persistently increases the
inflation rate. Hence, the nominal SDF has positive serial correlation and thus delivers a negative term
premium. For demand shocks long-term bonds are a hedge, and thus have a negative term premium. As
with TFP shocks, the variability of the term premium is again trivial.

Figure 3 reports the mean and standard deviation of the term premium when both shocks are
active. The results are as anticipated. The mean term premium is increasing in the EZ parameter, but the
effect is much more modest than in Figure 1. The variability of the term premium is again trivial.

As emphasized by Bansal and Yaron (2004), long run risk is helpful in matching the equity
premium with EZ preferences. The basic logic is that more persistence in the shock process implies larger
variability in the real SDF. For the case of the term premium, greater persistence in either the TFP or MEI
shocks is not helpful. As TFP shocks become more persistent, the wealth effect on labor supply tends to
increase marginal cost and inflation, an effect that mitigates the EZ effects. For example, if we set
pa = 0.999, and 8 = 200, the mean term premium is 34 bp, with a standard deviation of 8 bp. For MEI

shocks, greater persistence simply amplifies the hedging properties of the long bond. With p,, = 0.95,

and 68 = 200, the mean term premium is -416 bp, with a standard deviation of 78 bp.

We thus conclude that the EZ approach to the term premium has difficulty in matching either the
mean or standard deviation of the term premium. One significant caveat to this is if the cycle is driven by
TFP shocks and the central bank follows an output Taylor rule. Since the gap represents departure from
the flexible price benchmark, optimal Taylor rules will typically include responses to the measured gap.
In contrast, there is never a welfare-based argument for responding to measured output. One could thus
suggest that to match the mean and variability of the term premium requires EZ effects and a suboptimal

policy rule of a particular form.
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3. Adding Segmented Markets

Given the difficulty of generating significant variability in the term premium solely from EZ
effects, here we investigate the model with the segmentation effects turned on. As noted in Table 1, we
use Y, =1, and ¢ = 0.9852. The portfolio adjustment elasticity is comparable to the estimate of
Carlstrom, Fuerst and Paustian (2015). The extra-level of discounting generates a steady-state term
premium of 100 bp, and a steady state segmentation distortion of My, = 1.072. The mean term premium
will be the sum of the steady-state premium and the EZ risk adjustment that comes from the higher order
approximation of the model.

Figure 6 reports the mean and standard deviation of the model’s term premium for the case in
which both shocks are active. The results with the segmentation effects turned off are also reported for
comparison. Several comments are in order. First, the model with segmentation effects make long bonds
much riskier. Compared to the model without segmentation effects, the mean term premium is more
sharply increasing in 8. These effects are quantitatively important. With 8 = 200, the segmentation
effects increase the mean risk adjustment for long bonds by over 200 bp. It is thus quite easy to match the
empirical mean of the term premium by choosing some combination of EZ effects (8) and extra
discounting (¢). Second, and more importantly, the segmentation effects can easily generate significant
term premium variability. Again, the segmentation effects are quantitatively important: the SD of the term
premium is an order of magnitude larger in the model with active segmentation effects. A EZ term of,
say, 8 = 50, allows the model to closely mirror both the mean and SD of the term premium in the data.
We will use this value going forward.

Figures 7-8 report the impulse response functions to the two exogenous shocks (for 8 = 50). The
TFP shock causes a significant decline in the inflation rate. Since long bonds are nominal, this leads to a
surge in the FI’s real holdings of long bonds. The portfolio adjustment costs imply that the Fl is willing to

hold this abundance of long bonds only if term premia rise in compensation. This premia movement is
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substantial (roughly 20 bp on impact), and because of the loan-in-advance constraint on investment, leads
to a decline in investment and a corresponding surge in consumption.

For the MEI shock there are contrasting effects on the term premium. The surge in inflation
lowers the FI’s holding of long bonds implying a decline in term premia. But the MEI shock increases the
demand for investment and a consequent rise in term premia. The net effect is quite small: the term
premium falls by 7 bp on impact. This is an important observation. Although the MEI shocks are an
important driver of the business cycle, they contribute only a modest portion of variability in the term
premium.

These endogenous movements in the term premium reflect changes in the risk adjustment on long
bonds and changes in the segmentation distortion. From our earlier results, we know that there are trivial
movements in the premium arising from risk effects. Instead, almost all of the variability in the term
premium reflects changes in the segmentation distortion. The central bank could use purchases (sales) of
long debt to mitigate these increases (decreases) in the term premium and their consequent effect on real

activity. We will investigate these issues below.

4. Segmented Markets and Monetary Policy

Carlstrom, Fuerst and Paustian (2015) demonstrate that up to a first-order approximation the term
premium moves one-for-one with the market segmentation distortion (M;). This segmentation distortion
has real effects by altering the efficient allocation of output between consumption and investment. Hence,
a policy that stabilizes the term premium is likely to be welfare increasing. But things are more
complicated with EZ effects and higher order approximations. Now the term premium will reflect both
the segmentation distortion (as in Carlstrom, Fuerst, and Paustian (2015)), and the time-varying risk
effects arising from the EZ preferences.

Our focus is on policy across the business cycle, so we introduce steady-state subsidies on factor

prices (to counter the monopoly mark-ups) and the cost of capital goods (to counter the loan-in-advance
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constraint) so that the steady-state of the model is efficient. Using a third-order approximation, we
compute the welfare gain of a policy that varies the central bank’s holdings of long bonds to stabilize the
term premium at its steady state level of 100 bp. The baseline comparison policy is one in which the
central bank holds its nominal bond portfolio fixed. Welfare is measured by expected lifetime utility of
the household evaluated at the non-stochastic steady state.®

Figure 9 reports the welfare gain of a term premium peg as a function of 8. The welfare gain is
normalized to consumption units so that for example, 0.05, means a perpetual increase in steady state
consumption of 0.05%. Figure 9 also reports the welfare gain of a long debt policy in which the central
bank pegs the market segmentation distortion at steady-state (M; = M,). Absent any interactions with
the mark-up distortions, a segmentation peg will be optimal as it eliminates a time-varying distortion from
the model. We do not view a segmentation peg as a reasonable policy alternative, but it helps demonstrate
the advantages and disadvantages of a term premium peg. Recall that up to a first-order approximation,
these two pegs are identical. But there are differences with higher order effects.

For the case of both shocks and 6 = 0, there is a welfare gain of the term premium peg of nearly
0.2%. This is close to the gain of a segmentation peg. But as we increase the EZ coefficient 6, these two
welfare gains diverge. The gain of a segmentation peg is modestly increasing in 8, an implication of the
household’s preference for distortion-stabilization as risk aversion increases. But the gain of a term
premium peg diminishes in 8. This decline arises because of the growing gap between the steady-state
and mean term premium. The steady state premium comes from the additional FI discounting and thus
reflects the segmentation distortion. The mean term premium is the steady-state premium plus the risk
adjustment (either positive or negative) that comes from the EZ effect. As we increase the EZ coefficient,
the mean term premium under the baseline policy becomes further separated from the steady-state term

premium. A central bank that pegs the mean term premium at 100 bp. will therefore exacerbate the

® We use Dynare to carry out these calculations. It is important to note that our welfare criterion will have the same
value for both a second order and third order approximation.
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average segmentation distortion by pegging the premium at the wrong level. This mismeasurement
problem is increasing in 6, so that the welfare gain of the premium peg is decreasing in 6.

This mismeasurement problem is similar but distinct for the two shocks. Consider first the case of
TFP shocks in Figure 9. As we increase 6, the mean term premium under an exogenous debt policy
increases because of risk aversion effects (see Figure 1). If the central bank pegs the mean term premium
at 100 bp, it is then using its portfolio to overcompensate for segmentation effects, thus driving the
average segmentation distortion below steady state. These effects are illustrated in Figure 10 which
graphs the average segmentation wedge (relative to steady-state) as a function of 6. Under a term
premium peg this mean distortion is decreasing in 6 as the “overcompensation” effect increases. This then
implies that the gain to a term premium peg is diminishing in 6. The story is symmetric for the case of
MEI shocks. The risk effect on the average term premium is now decreasing in 8 (see Figure 2). If the
central bank pegs the mean term premium at 100 bp, it will drive the average segmentation distortion
above steady state (see Figure 10). The average segmentation distortion is thus increasing in 8, so that the
welfare gain of a term premium peg is again decreasing in 6.

In summary, in a world with EZ risk effects on bond prices, the mean term premium is not the
same as the mean segmentation distortion. By pegging the mean term premium, the central bank will
typically exacerbate the mean segmentation distortion, pushing it above or below its non-stochastic steady
state. There is thus a trade-off between minimizing variability in the segmentation distortion and
achieving a desired mean. But these mismeasurement effects are modest. Even with 8 = 200, the welfare
gain of the peg is still substantial at 0.14%.

All of these effects are magnified if we abstract from subsidies that make the non-stochastic
steady state efficient. With TFP shocks, the mean segmentation distortion is decreasing in 8, so that the
welfare gain of the term premium peg is increasing in 6. Just the converse is true for MEI shocks. With
6 = 200, the welfare gain of the term premium peg is nearly 1.2% for TFP shocks, -0.5% for MEI

shocks, and 0.68% for both shocks.
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Another pitfall to responding to the term premium is that it is likely measured with significant
error. We thus introduce serially correlated measurement error to the model’s observed term premium. By
pegging the measured term premium at a mean of 100 bp, measurement error implies that the central bank
is inadvertently introducing exogenous fluctuations in the term premium into the model economy. We set
the serial correlation of measurement error to 0.50. Figure 11 sets 8 = 50, and plots the welfare gain of
the term premium peg as a function of the SD of measurement error. Since the SD of the term premium in
the data is no more than 130 bp, a reasonable upper bound on the measurement error is 100 bp. But even
with this large degree of noise, the gain to a term premium peg remains substantial.

Table 2 provides some sensitivity analysis by combining these two forms of measurement error.
As discussed, the gain to a segmentation peg is modestly increasing in risk aversion 6. The gain of the
term premium peg is decreasing in both 8, and the level of measurement error in the central bank’s
observation of the term premium. But even with very high risk aversion, and a large level of measurement

error, the welfare gain of the term premium peg is still significant: 0.07%.

5. Conclusion

The last decade has demonstrated the creativity of central banks in creating new policy tools to
deal with an evolving financial crisis and tepid recovery. A natural question going forward is which of
these tools should become part of the regular toolbox of policymakers. One justification for the large
scale asset purchases was to alter the term structure for a given path of the short-term policy rate. That is,
the policies were (in part) designed to alter the term premium.” In analyzing such policies in a DSGE
environment, one needs an economic rationale for both the mean and variability in the term premium.
This paper has investigated two natural choices: (i) a time-varying risk premium for long bonds, and (ii) a

time-varying market segmentation effect.

" Meltzer (2003, 2009) recounts other time periods in which the Fed attempted to alter the term structure.
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The paper suggests that the risk approach has difficulty in explaining the observed variability in
the premium, whereas the segmentation approach can easily match the variability in the data. Further,
according to the segmentation approach this variability is welfare-reducing so that there is a natural
argument for a central bank to use its balance sheet to smooth fluctuations in the term premium. There are
at least two concerns to consider when smoothing these fluctuations. The first is that a term premium peg
prohibits fluctuations due to real economic activity, i.e. time varying risk effects. The second is that the
term premium could be mismeasured and pegging the observed term premium introduces the
measurement error into the economy. This paper shows that the effect of both of these concerns is modest

and there are considerable welfare gains to smoothing term premium fluctuations.
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Table 1: Parameter values for baseline calibration.

Preference parameters
B 0.99
v 2
n 1
Ugs 1
hgg 1
Production parameters
a 0.33
) 0.025
€p = €y 5
Yi 2
Nominal stickiness.
0, =0, 0.75
ip =iy 05
Financial parameters
K 1-1/40
¥ 1
{ 0.9852
P 0.1687
Exogenous shocks
P4, 04 0.95, 0.01
P> Oy 0.80, 0.06
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Table 2: Welfare gain of Term Premium Peqg
and Segmentation Peq (both shocks).

Term Peg | Segmentation Peg

0ne =0 |0.1869 |0.1974
Ome = 100 | 0.1185 | 0.1974

=0 |01759 | 0.2000
0me = 100 | 0.1076 | 0.2000

6 =200
0ne =0 | 01431 | 0.2079
om0 = 100 | 0.0748 | 0.2079

25



Mean term premium (b.p.)

SD term premium (b.p.)

100

90

80

70

60

50

40

30

20

10

4.5

35

25

15

0.5

Figure 1: Term premium with TFEP shocks.
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Fiqure 2: Term premium with MEI shocks.
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Mean term premium (b.p.)
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Fiqure 3: Term premium with TEP and MEI shocks.
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output

Fiqure 4: IRF to a TFP shock.

(no segmentation effects)
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Legend: Output, investment, consumption, output gap, and real SDF, are percent deviations from steady
state. Inflation, the funds rate, the 10-year yield, and the term premium (prem) are deviations from steady
state in annualized bp The IRFs are computed with a third-order approximation.
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Figure 5: IRF to a MEI shock.
(no segmentation effects)

output investment consumption
15 10 05
) i /_
0
05 0 | /
0 5 05
5 10 15 20 5 10 15 20 5 10 15 20
inflation output gap FFR
100 2 200
50 /\ . /\ 100 /\
0 0 0
-50 1 -100
5 10 15 20 5 10 15 20 5 10 15 20
R10 yield term premium Real SDF
40 1 5
20 _\ 0 /—_- 0
’ K i / 5 /
20 2 10
5 10 15 20 5 10 15 20 5 10 15 20

Legend: Output, investment, consumption, output gap, and real SDF, are percent deviations from steady
state. Inflation, the funds rate, the 10-year yield, and the term premium (prem) are deviations from steady
state in annualized bp. The IRFs are computed with a third-order approximation.
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Figure 6: Term premium with segmentation.

(TEP and MEI shocks)
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Fiqure 7: IRF to a TFEP shock.
(with segmentation effects)
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Legend: Output, investment, consumption, output gap, and real SDF, are percent deviations from steady
state. Inflation, the funds rate, the 10-year yield, and the term premium (prem) are deviations from steady
state in annualized b.p. The IRFs are computed with a third-order approximation.
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Figure 8: IRF to a MEI shock.
(with segmentation effects)
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Legend: Output, investment, consumption, output gap, and real SDF, are percent deviations from steady
state. Inflation, the funds rate, the 10-year yield, and the term premium (prem) are deviations from steady
state in annualized bp. The IRFs are computed with a third-order approximation.
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Consumption Units

Fiqure 9: Welfare gain of a Term Premium Peq

Welfare gain of term premium peg
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Solid lines denote term premium peg; dashed lines denote segmentation peg.
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Figure 10: Mean Segmentation Wedge
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Figure 11: Welfare gain of a Term Premium Peq
(measurement error)
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