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Abstract
We explore asset pricing implications of fiscal policy in what be-
came the paradigm in dynamic general equilibrium macro-finance
literature. We break down the transmission of government spend-
ing uncertainty into macroeconomic attributes which drive the re-
sponse of the yield curve, both analytically and numerically, and
provide economic interpretation. The novelty of our approach lies
in the way we quantify the decomposition of the pricing kernel.
We find that fiscal uncertainty amplifies the hedging property of
bonds. Depending on the monetary policy conduct the inflation
risk acts as leverage to the long-run consumption and leisure with
increasing intensity over the maturity profile. Spending reversals
break the link between the quantity of fiscal risk and risk premium.

JEL classification: C12; C22; C52.
Key words: Macro-finance, New Keynesian model, Fiscal Policy, Yield Curve.

Downloadable at http://www.nbs.sk/en/publications-issued-by-the-nbs/research-publications

"We are grateful for helpful comments and suggestions from, Martin Andreasen, Patrick Griining, Pawel Zabczyk,
Guido Ascari and the participants of the MMF 2016 Bath UK, World Finance Conference 2016, Research Seminar
at the Bank of Lithuania, International Conference on Macroeconomic Analysis and International Finance, Young
Economist’s Meeting, VI Workshop on Institutions, Individual Behavior and Economic Outcomes, Slovak Economic
Association Meeting, Research Seminar at National Bank of Slovakia, Conference on Imperative of Economic
Growth in the Eurozone, International Conference Challenges of Europe: Growth, competitiveness and inequal-
ity. All remaining errors are only ours.

2Ales Marsal, Research Department of the NBS; Lorant Ksazab, Research Department of the MNB; Roman
Horvath, IES UK.



M ARCENA BAMEA SLINVEMSKA

1. INTRODUCTION

How does the term structure of interest rates respond to a rise in government purchases? Is
the uncertainty about the size of government spending important for bond prices? How does it
depend on monetary policy conduct? Can fiscal policy immunize its impact on the term struc-
ture of interest rates? To answer these questions, we explore asset pricing implications of fiscal
policy in what became a paradigm in dynamic general equilibrium macro-finance literature. To
provide structural interpretation of our results, we derive the second order approximation to the
pricing kernel in terms of conditional moments of underlying macro variables and propose a
new method to calculate these moments. Attributing the risk to specific macroeconomic fac-
tors allows us to explain in detail how fiscal uncertainty affects bond prices and reconcile the
transition mechanism with the empirical evidence.

New Keynesian (NK henceforth) models augmented by recursive preferences have been ar-
gued to be able to match both macro and finance stylized facts (e.g. Rudebusch and Swanson
(2012), Andreasen (2012a), Ferman (2011)), Li and Palomino (2014). The mechanism of gen-
erating the large nominal term premium (NTP henceforth) is attributed to covariance of marginal
utility (real bond portfolio value) with inflation. Our contribution to this strand of literature lies in
providing deeper economic insight of what drives the risks. We disentangle the pricing equation
to its individual risks components: consumption, long run consumption and leisure and "fly to
quality” shocks.

In the first step, we extend the method of Hordahl, Tristani, and Vestin (2007) and show how to
derive the second order approximation of the pricing kernel in the model with Epstein Zin (EZ)
preferences. Deriving the pricing kernel in terms of conditional second moments of underlying
macro variables provides us with an analytical explanation of how exogenous shocks translate
into bond prices and allows us to interpret the bond risk premium in terms of macroeconomic
factors.

Second, we propose a new method to explicitly calculate the model implied conditional second
moments of underlying macro variables. The idea rests on a simple factor model allowing us to
easily calculate how macroeconomic uncertainty translates into risk premia. To our knowledge
this is the first attempt to quantify the decomposition of the pricing kernel.

Third, we are interested in the bond risk premiums while the related literature concentrates only
on the NTP. Using the Siegel and Nelson (1988) terminology we analyze the level, slope and
curvature of the yield curve stochastic steady state. The macro-finance DSGE models such as
Rudebusch and Swanson (2012), Andreasen (2012a), Ferman (2011), Hordahl, Tristani, and
Vestin (2007), Paoli and Zabczyk (2012a) and others focus solely on matching the NTPS.

3The exception is De Paoli, Scott, and Weeken (2010) who look also at the level of the term structure. We differ
from them in the modeling framework. They base their results on utility function with habits and they look solely on
productivity shocks, whereas we use Epstein Zin preferences, focus on fiscal shock and provide a more in-depth
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Fourth, as Croce, Kung, Nguyen, and Schmid (2012) we highlight the fiscal policy impact on the
bond prices. The New Keynesian macro-finance literature argues that government spending
shocks play a minor role in explaining NTP. We however show that by increasing the uncertainty
about government spending shocks to levels which are historically observed in some decades
4. the fiscal story becomes important also from a quantitative point of view. We apply the
theoretical and quantitative decomposition to understand the transmission of fiscal uncertainty
to bond prices.

We build our analysis on a variant of the standard New Keynesian (NK) DSGE model (e.g.
Gali (2002), De Paoli, Scott, and Weeken (2010) or Erceg, Henderson, and Levin (1999))
which we augment by Epstein Zin (EZ henceforth) preferences as in Rudebusch and Swan-
son (2012), Andreasen (2012a), Ferman (2011) and commitment to fiscal consolidation as in
Corsetti, Meier, and Muller (2009). To test the model dependence of our results we consider
several modeling departures from the baseline model.

We find that the ability of the DSGE models to match the core bond pricing stylized facts rests
heavily on generating large inflation risks. Inflation risks are dominant both for precautionary
saving motives and risk premia. The size of the inflation risks is highly sensitive to monetary
policy conduct.

The term structure rises on the impact of government spending shocks due to higher expected
future interest rates. The uncertainty related to government spending on the other hand shifts
the whole term structure down. This can be attributed partly to precautionary saving motives
and partly to the hedging property of bonds®. High volatility in government spending motivates
households to insure themselves against a drop in their wealth. The precautionary saving mo-
tive grows with the size of uncertainty. The decomposition of the pricing equation further shows
that a rise in fiscal uncertainty amplifies the hedging property of bonds against consumption
risks given by the negative covariance between long run consumption and leisure with realized
consumption growth. Intuitively, a negative transitory shock to government spending generates
a positive shock for realized consumption growth but negative shocks to future economic growth
prospects as government spending increases back to its long run mean. This result is salient
for EZ preferences and transitory shocks (see Kaltenbrunner and Lochstoer (2010). The impact
on short bonds is stronger however, thus hedging property decays over the maturity allowing it
to generate a sizable term premium.

The leverage property of bond portfolio to macroeconomic risks is implied by the positive corre-
lation between bond price and long run consumption and leisure risk. Agents in the model know
the impulse response functions of consumption and leisure to government spending shock
which results in the degree of predictability of consumption and leisure after the shock is real-

analysis

“see table 2

Sthe hedging property comes from negative correlation between macro variables, thus it can be understand as
gains from diversification
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ized. Agents know that after a negative shock their consumption will be lower in the long run
relative to the pre-shock period and at the same time the real value of their bond portfolio drops
due to arise in inflation. Deterioration of investor’s wealth after a positive government spending
shock is positively correlated with losses of his bond portfolio leading to positive risk premia.

The response of monetary policy to government spending determines the degree of diversi-
fication of bonds to inflation risks. If monetary policy accommodates fiscal shocks to output
gap (positive coefficient on output gap in Taylor rule), inflation works as a hedge against the
long-run consumption and leisure risks. Non-accommodative policy (monetary policy target-
ing strictly inflation) on the other hand means that long run consumption and leisure risks are
leveraged by inflation. This is in striking contrast to the way productivity (TFP) shocks im-
pact the risk premium where the non-accommodative monetary policy mitigates inflation risks.
Monetary policy authority thus faces a trade-off between the accommodation of government or
productivity shocks by setting the weight on output gap smoothing.

As is common in finance literature we focus on the notion of the market price of risk as it is
independent of the specific characteristics of the asset being priced. We show analytically that
the macroeconomic uncertainty is transmitted to the risk premium through an increase in the
quantity of risk which is in line with many finance models (for an overview see Dai and Singleton
(2002)). The market price of risk depends on the model structure, especially on the fiscal and
monetary policy conduct®.

We also find that spending reversals break the link between the uncertainty about government
spending and risk premium. The increase in predictability of the evolution of debt and taxes
mitigates the impact of uncertainty (through second order terms) on macroeconomic variables.
This fact helps the investor to form a more accurate expectation. Larger time ¢ conditional
information set decreases the risk of bond misspricing, therefore the risk premiums are lower.
Further we show that an exogenous increase in demand for safe and liquid assets generates a
substantial real and nominal term premium.

The remainder of the paper is structured as follows. We provide literature review in section
2. The model is lay out in section 3. In section 4 we discuss our results where we also detail
the decomposition of the pricing kernel. Section 5 concludes. Appendix A provides numerous
sensitivity checks, applies the decomposition of the pricing kernel to Rudebusch and Swanson
(2012) and compares the model mechanism to generate risk premia.

®structural asset pricing models (i.e., Campbell and Cochrane (1999), He and Krishnamurthy (2012), Bansal
and Yaron (2004), Wachter (2013), Barberis et al. (2001)) generally have price of risk being a constant, so that
expected returns vary through time purely as compensation for risk changing through time. Our result is in line with
the Andreasen (2012a), Hordahl, Tristani, and Vestin (2007), Segal, Shaliastovich, and Yaron (2014)

FiscAL PoLicY AND THE TERM STRUCTURE OF INTEREST RATES IN A DSGE MoODEL



M ARCENA BAMEA SLINVEMSKA

2. LITERATURE REVIEW

The standard dynamic stochastic general equilibrium (DSGE) models face difficulties in match-
ing jointly macro and finance empirical moments in data e.g. Rudenbush and Swanson (2008),
Hordahl, Tristani, and Vestin (2007), Jermann (1998). The inability of DSGE models to match
the term premium is known in literature as the Backus, Gregory, and Zin (1989) puzzle. For
this reason, most of the literature in the field focuses on adding new modeling features to
fit additional moments in data. A number of models have been developed to improve the poor
performance of DSGE models in pricing assets. Hordahl, Tristani, and Vestin (2007) shows that
after modifying the standard New Keynesian DSGE model with nominal rigidities and internal
habits, the model delivers sizable term premia. At the same time the model fits relatively well
moments of consumption growth and inflation, although the results are sensitive to the specific
calibration. De Paoli, Scott, and Weeken (2010) demonstrate in a similar model that implica-
tions of composition of preferences for asset prices depend on the source of the shock. Paoli
and Zabczyk (2012b) argue in the model with external habits that neglecting the precautionary
saving motive in the model may have considerable consequences for the design of monetary
policy. Probably the most successful recent contribution comes from Rudebusch and Swanson
(2012). They introduce Epstein and Zin (EZ) preferences into a basic New Keynesian DSGE
model with fixed capital and solve it by the third order. The model fits the level and volatility of
term premium reasonably well without compromising the fit of macro data. This is because EZ
preferences have only second order effects. Long run risk impacts risk premia but it has only
a negligible effect on the moments of macro variables. The model good performance largely
stands on the type of Taylor rule they consider. Gallmeyer, Hollifield, Palomino, and Zin (2009)
demonstrates in the endowment economy the high sensitivity of term premia to the formulation
of Taylor rule. Ferman (2011) documents that introducing the regime switching to model with
EZ preferences helps to account for the response of term premium to the different regimes of
monetary policy. Caldara, Fernandez-Villaverde, Rubio-Ramirez, and Yao (2012) shows that
the model solution by third order perturbation is competitive in terms of accuracy with most
global methods. Diercks (2015) studies the welfare implications of monetary policy when the
model incorporates the latest advances in literature on matching the equity and term premium.
Christoffel, Jaccard, and Kilponen (2013) in the model with habits looks at how the pro-cyclical
fiscal policy affects welfare and risk premia. Lopez, Lopez-Salido, and Vazquez-Grande (2015)
use Campbell and Cochrane (1995) type habits to match both macro and asset pricing stylized
facts.

Our paper relates to De Paoli, Scott, and Weeken (2010) in a sense that we do not attempt
to solve asset pricing puzzles. Instead, we explore asset pricing implications of fiscal policy in
what becomes a paradigm in macro-finance literature. Bansal and Shaliastovich (2012), Se-
gal, Shaliastovich, and Yaron (2014) and Wright (2011) document in the empirical investigation
the link between macroeconomic uncertainty and asset prices. Similarly to these studies, we

FiscAL PoLicYy AND THE TERM STRUCTURE OF INTEREST RATES IN A DSGE MODEL
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evaluate how the quantity of risk coming from macroeconomic uncertainty connects to the risk
premia. We show that our model can replicate the results of Bansal and Shaliastovich (2012).
They show that endogenous increase in the uncertainty about expected inflation raises bond
premia whereas uncertainty related to expected consumption growth decreases the bond pre-
mia. Andreasen (2012a) studies the link between stochastic volatility in productivity shocks and
term premia. He defines uncertainty shocks as stochastic changes in the conditional standard
deviation of the innovations. Distinct from this, we explicitly define the size of the uncertainty
shocks consistently with the data. Pastor and Veronesi (2012) finds in the general equilibrium
model that uncertainty about government policy increases risk premia. Compared to our paper,
Pastor and Veronesi (2012) use a different modeling framework and assume that fiscal policy
uncertainty affects directly the firms profitability. The main difference in the story compared
to our results comes however from the definition of fiscal uncertainty as they link it to the ef-
fectiveness of government spending. They focus on the impact announcements about policy
changes have on the stock prices. In one closely related study, Croce, Kung, Nguyen, and
Schmid (2012) examine the effect of the uncertainty about government spending and and tax
policy on asset prices. They however omit monetary policy and the interactions of monetary
policy with fiscal policy. Our model encompasses the hedging property of bonds emphasized
by Kaltenbrunner and Lochstoer (2010). They examine the asset pricing implication of long-run
consumption risk in the standard production economy model. They document that the long-run
risk component acts as a hedge for shocks to realized consumption. A transitory shock gener-
ating a drop in realized consumption growth implies high future expected consumption growth
as the shock reverts back to the long-run trend and thus the long run risk counterbalances the
realized economic slowdown. The important source of risk in our model is that investors dislike
when inflation is the carrier of bad news for the future economic outlook. This feature was em-
pirically examined in the representative agent asset pricing model by Piazzesi and Schneider
(2007). Positive correlation between real value of bonds and news about future consumption
growth leverages the risk implying a high risk premium.

3. THE MODEL

We rely on a general equilibrium model similar to Rudebusch and Swanson (2012), Andreasen
(2012a) and Ferman (2011) to quantitatively examine the links between government spending
and dynamics of the term structure of interest rates. Our economy is populated by: i) house-
holds with recursive preferences who supply labor and buy public bonds, ii) firms operating
on the final and intermediate goods market with the latter facing nominal rigidities, #ii) a gov-
ernment raising funding by lump-sum taxes and by issuing government bonds, iv) a monetary
policy following a Taylor rule.

FiscAL PoLicY AND THE TERM STRUCTURE OF INTEREST RATES IN A DSGE MODEL
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3.1HOUSEHOLDS

The economy is inhabited by a continuum of households. The representative household chooses
paths for consumption C' and leisure, L to maximize expected utility:

max Eq Z Btu(C't, Ly) (1)

t=0

where ( is the subjective discount factor of future stream of utilities, subject to a budget con-
straint:

P.Cy + EtQt,t+1Bt+1 < By + Wy N; + T (2)

where E;Qq+1B:+1 is the present value of a portfolio of risk free bonds. @, ;41 is the stochas-
tic discount factor, W, N, is the household labor income, time constrain is normalized to one,
N, + L; = 1 and P, is the aggregate price level. T; summarizes all lump-sum transfers to the
household.

The objective function in equation 1 can be written in recursive form as

Vi = u(Cy, Ly) + BE Vi (3)

We follow Rudebusch and Swanson (2012) and use the following transform of Epstein and Zin
(1989) preferences:

1

Vi = u(Cy, L) + B(E [V 5°]) 7= (4)
when U(Ct, Lt) > 0.

If u(Cy, Ly) < 0, as in our benchmark calibration, the recursion takes the form:
_1
Vi = u(Cr, Le) — BBV \5")) == (5)

Swanson (2012) shows the relationship of parameter « to the relative risk-aversion, intertem-
poral elasticity of substitution (v) and coefficients’.

Cl—'y N1+n

The period utility is represented by w(C;, L;) = e ( = e
preference shock which follows the autoregressive process:

) where b; is the time-

by = pybi_1 + opel (6)

7In our benchmark model o = 1 — %
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where ¢/ € N(0,1), o, controls the volatility of the preference shocks and p, sets the persis-
tence. Fisher (2015) shows that preference shocks can be understood as shocks to demand
for safe assets. Taking advantage of this interpretation and complying with the estimates of
Andreasen (2012b) we introduce exogenous changes in the preferences even if this means
that part of the nominal term premium is explained exogenously.

The household optimization exercise delivers an Euler equation which allows us to price a bond
of any maturity:

.
Qi1 = ﬁ( G ) b Vi1 eher1=be (7)
Ciy1) P [Etvtﬁr—la] ~a
and labor supply:
Ny
Wy = X@ (8)

Letting 11,1 = P,+1/P, denote inflation the price of a 7-period nominal bond can be written as:

bond bond -1
PT,t = E; Qt,t+1PT—1,t+1Ht+1 (9)

3.2FIRMS

Final good firms operate under perfect competition with the objective to minimize expendi-
A

—1 —At
tures subject to the aggregate price level P, = (fol Pt(i)Ttdz') using the technology Y; =

1+
(fol Yt(z‘)ﬁdz’) " The final good firms aggregate the continuum of intermediate goods i on
the interval 7 € [0, 1] into a single final good. Here \; stands for the time-varying markup.

The cost-minimisation problem of final good firms deliver demand schedules for intermediary
goods of the form:

0 = (55 My (10)

A continuum of intermediate firms operates in the economy. Intermediate firm i uses the Cobb-
Douglas technology

Yi(i) = A KON, (i) 7 (11)

where K refers to the fact that firms have fixed capital® and N;(i) is the amount of labor em-

8Firm-specific capital can be interpreted as a model with endogenous investment that features strong adjustment
costs in investment. Further, Rudebusch and Swanson (2012) emphasize the importance of firm-specific fixed
factors for generating a degree of inflation persistence which can be found in the actual data.

FiscAL PoLicY AND THE TERM STRUCTURE OF INTEREST RATES IN A DSGE MODEL
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ployed. In equation (11) technology follows the autoregressive process:
log Ay = palog Ay 1 +UA€,§4 (12)

where €{ is an independently and identically distributed (iid) shock with zero mean and constant
variance.

Intermediate firms face quadratic adjustment costs as in Rotemberg (1982):

PAC(i) = (Pft(f())l - ) PY; where ( stands for the adjustment cost parameter. Interme-
diate firm chooses price, P;(i), so as to maximize the expected discounted sum of future profits

corrected by adjustments costs:

Et{ZQmPP [Duers(0) — PACy ()]} (19)

where Dy ;4(i) = P4 (1)Yi4(4) — Wiy j Ny (2) is the profit of firm ¢ between time ¢t and t + j
and Q.+ ; is the stochastic discount factor which is given by equation (7). The term W;_; Ny ;
represents the cost of labor.

The profit maximization exercise delivers the New Keynesian Phillips curve,

1 Y;
MC, = n At ¢ @ S\ At EiQusC 7Tt+1 _ ) T Yo (14)
™

14+ XM 14+ N\ T 1+ N T Y;
where profits are discounted by Q; ;11 and the average real marginal cost is defined as
1 W\ [ Y\ 17
MC = ———— <At> <At> (15)
( O)Kl 0 t t
In equation (14) the markup (or cost-push) shock is given by:
log(1 4 A) = (1= px)log(1+ A) + palog(l + A1) + orep (16)

In case of flexible prices, ( = 0 and in the absence of cost-push shocks the marginal cost is
constant and is equal to the inverse of the gross markup (1+)\)

3.3MONETARY POLICY

The model is closed with a monetary policy rule assuming that monetary authority sets the
short-term nominal interest rate i; based on a simple Taylor rule.

it =1+ Opfte + Gy (17)

FiscAL PoLicY AND THE TERM STRUCTURE OF INTEREST RATES IN A DSGE MODEL
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where 7; and y; denote the percentage deviations of inflation and aggregate output from their
corresponding deterministic steady states, i is the deterministic steady state of one period
nominal interest rate. Parameters ¢, and ¢, determine the weight monetary policy authority
puts on stabilizing the deviations of inflation and output from their steady state values.

3.4MARKET CLEARING

In equilibrium firms and households optimally choose prices with respect to their constraints
and each market clears. The market clearing in the goods market requires that the aggregate
demand equals to aggregate output in the economy:

Vi=Ci+Ge+ 1 (18)

where G; is an exogenous autoregressive process of the form:
log Gt = (1 — pg)log G + pglog Gi_1 + oged (19)

where ¢{ is an iid shock with zero mean and unit variance. Parameter o scales the standard
deviation of the shock. We assume in our benchmark model that government runs a balanced
budget financed through lump-sum taxes obtained from the household sector. The fixed nature
of capital implies fixed investment that is used to replace depreciated capital: I; = I = /K.

We consider two fiscal scenarios. The first one is the simple fiscal setup assuming that govern-
ment spending has stochastic variation and is covered by lump-sum taxes in each period (the
case of balanced budget). The second fiscal arrangement allows for deficit, government debt
and spending reversals as in Corsetti, Meier, and Mdller (2009). With spending reversal the
reduction in debt is aided by restraint on government purchases in the future. Corsetti, Meier,
and Mdller (2009) shows that spending reversals and, hence, higher savings of the government
in the future generate crowding-in effects of government spending.

3.5EXTENSIONS

We utilize the framework introduced by Corsetti, Meier, and Muller (2009) to study the effects
of fiscal consolidation on the term structure. Government consumption is financed through
either lump-sum taxes, T; (taxes are in nominal terms) or the issuance of nominal debt, D, real
government expenditures are denoted G;.

Ti + Qti+1De11 = Dy + PGy (20)

FiscAL PoLicY AND THE TERM STRUCTURE OF INTEREST RATES IN A DSGE MODEL
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which can alternatively be expressed in real terms after dividing by the price level:

Dpy
Tr + Qtt+1Dpiy1 = — + Gy (21)
t
where Tx; = % are taxes in real terms and Dp; = P’?_fl is a measure for real beginning-of-

period debt.

Corsetti, Meier, and Miiller (2009) use a fiscal rule of the following form:

Tre = V¢Dpy (22)
Spending reversals are captured by the following process for government purchases:

log Gy = (1 —p)log G + plog Gy—1 — ¥ log Dyt + 1t (23)

Researchers typically assume that the government spending today leads eventually to an in-
crease in taxes. The idea of Corsetti, Meier, and Miiller (2009) is that it is not necessary to
increase taxes in response to higher government debt because government expenditures can
be reduced to help settle debt. How does this work in our theoretical model? Spending re-
versals alter the short-run effects of the government spending innovations through a financial
channel that captures the combined effect of fiscal and monetary policy on long-term interest
rates. Households expect that the public spending will go down in the future. Monetary policy
will increase short-term interest rates but long-term interest rates will decrease because of the
expected lower future short term interest rates which will boost contemporaneous consumption.

In other words, an increase in government spending will subsequently cause spending to fall
below trend level for some time. The anticipated spending reversal does not crowd out private
consumption and boosts the expansionary effect of G on output at the impact.

3.6CALIBRATION AND SOLUTION METHOD

To assign values to the parameters in our model we follow what has become standard cali-
bration in the literature for small closed economy models. Our calibration is similar to Rude-
busch and Swanson (2012), Smets and Wouters (2007), Paoli and Zabczyk (2012b) or Ferman

(2011). The parameter values are summarized in table 1. Under Rotemberg price setting

p(1-0+0182) . .
(= C is set such that the slope of New Keynesian Phillips curve corresponds to

1-¢)(1—pp)(1-0)
the Calvo case with an average duration of price stickiness equal to ﬁ = 4 quarters. Animpor-
tant portion of the nominal term premium in the model is driven by the calibration of preference
shock, elasticity of intertemporal substitution and Frisch elasticity. Whereas Rudebusch and

Swanson (2012) pick lower than usual values of IES and Frisch elasticity we use a somewhat

FiscAL PoLicY AND THE TERM STRUCTURE OF INTEREST RATES IN A DSGE MODEL
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higher persistency of preference shock and keep IES and Frisch elasticity at values standard
in the literature. This is motivated by Fisher (2015) who provides structural interpretation to
preference shock and identifies its increased importance since 2008.

Table 1: Calibration of the model

Monetary Policy Rule Exogenous processes
¢ry 219 b 0.83 o, 0.020
by1y 0.075 pA 0.98 o4 0.005

Ox 0.18 o, 0.051
e 0.94 o 0.008
Structural Parameters The Steady-State
B 099 6 0.33 I 1.004
v 2 X 02 K/4Y) 25
n 0.40 (¢ 2833 GY 0.2
a -108 4§ 0.02

The quantity of fiscal risk is represented by the volatility in the innovations to government spend-
ing, o4, from the range of 4 bps to 6 percent. To determine this range we build on the argument
forcefully put forward in Ramey (2011). She argues that defense spending is consistent with
the specification of government spending in most VAR and DSGE models. The figure 27 shows
that defense spending accounts for most of the volatility of total government spending. The ma-
jor movements in defense spending are associated with the military build up distributed around
the war dates. Ramey (2011) shows that since the state and local (non-defense) spending
are driven in large part by cyclical fluctuations in state revenues, aggregate VARs are not very
good at capturing shocks to this type of spending. In most of the DSGE literature government
spending enters exogenously the model. Thus, one has to be cautious when looking into the
data for its counterpart. We check that defense spending is not correlated with the US business
cycle to confirm its exogenous character, HP filter the series and use it to calculate the standard
deviation of innovations.

Table 2 shows the volatility of the model consistent innovations and government spending for
various sub-samples. The volatility of innovations in our data sub-samples ranges from 0.49 to
5.83 and justifies the wide range of o, we use to evaluate the model. Our baseline calibration
matches the long run average period between 1969 and 2009°.

The model is approximated to the second-order using Dynare routines. The second-order
approximation is necessary to break the certainty equivalence of linearized models.

%to calculate long run average we exclude the Korean and Vietnam war military build up as it is often done in the
empirical literature - some argue that the Korean and Vietnam War were unusually large

FiscAL PoLicY AND THE TERM STRUCTURE OF INTEREST RATES IN A DSGE MODEL
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Period | o, std(G)
1947 - 1957 | 5.83 17
1957 -1967 | 1.55 4.53
1967 - 1977 | 1.61 4.71
1977 -1987 | 0.49 1.43
1987 - 1997 | 0.61 1.79
1997 - 2007 | 0.9 2.63
1969 - 2009 | 0.8 2.43

Table 2: Standard deviation of defense spending and implied innovations. Results are in %
deviations from the HP trend

4. TRANSMISSION MECHANISM: INSIGHTS

FROM THE MODEL

In this section, we first provide a summary of the core results and discuss some of the policy
implications. Consequently we derive the second order approximation of the pricing kernel in
terms of conditional moments of the underlying macro variables to identify the fundamental
drivers behind our results. To quantitatively evaluate the conditional moments we modify what
is known in portfolio management as performance attribution (Brinson factor model).

When describing the yield curve we distinguish between the immediate impact of government
spending on the term structure and the long-run impact on the stochastic steady state. The
immediate impact is the transitory contemporaneous response of the yield curve to a rise in
government expenditure. The long-run effects are represented by the change in the stochastic
steady state, and it embodies the adjustment of the bond prices to risk'®. We define the n
-period nominal term premium as NTP* = if — > Ey[i;1;]. The deviation of the bond yield to
maturity from the pure expectations hypothesis represents compensation for risk and is positive
when it is riskier to invest in the long-term bond than to invest in a sequence of short-term bonds
for n periods''. Under risk premium we understand the difference between the stochastic
and deterministic steady state of the term structure of interest rates'2. If this difference is
negative bonds provide a hedge against macroeconomic risk and thus we call the difference
an insurance premium. The risk premium is positive when bonds leverage the exposure to
uncertainty.

°note that we use interchangeably the notions of quantity of risk, uncertainty and volatility of government spend-
ing

"level of NTP and slope are equal but not their volatility. See for instance Ferman (2011) or Rudebusch and
Swanson (2012)

'2jn particular the second order correction terms oo in the policy function, see Schmitt-Grohe and Uribe (2004)
or Andreasen (2012b)
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Figure 1: Term structure and varying volatility of G shocks. The legend shows the volatility of
the government spending innovation.

4.1RESULTS

We show that: i) a transitory increase in government spending raises at impact the current
and future short term nominal interest rates and thus the whole term structure goes up i) the
higher the uncertainty related to government spending the lower the level of the yield curve.
The shift in the term structure of interest rates results from the precautionary saving motive and
diversification (hedging and leverage property of bonds); iii) the response of monetary policy
to government spending determines the degree of diversification of bonds to inflation risks.
If monetary policy accommodates fiscal shocks, inflation works as a hedge against the long-
run consumption and leisure risks. Non-accommodative policy on the other hand means that
long-run consumption and leisure risks are leveraged by inflation. This is in striking contrast
to the way productivity (TFP) shocks impact the risk premium where the non-accommodative
monetary policy mitigates inflation risks. Monetary policy authority thus faces trade-off between
accommodation government or productivity shocks by setting the weight on output gap smooth-
ing.; iv) fiscal authority committed to fiscal consolidation immunizes the effect of its spending
on the term structure.

4.1.1 Fiscal Policy Uncertainty

Figure 1 demonstrates that the rise in uncertainty related to government spending in our bench-
mark model decreases the level of the term structure of interest rates. The darker line corre-
FiscAL PoLIcY AND THE TERM STRUCTURE OF INTEREST RATES IN A DSGE MODEL
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sponds to term structure of interest rates with lower volatility. The lowest volatility of government
spending innovations we consider is 40 bps and the highest 6 percentage points.

The driving force behind the drop is the insurance property of bonds against uncertain fu-
ture realization of fiscal policy. High volatility in government spending motivates consumption
smoothing households to insure themselves against a drop in their wealth. The precaution-
ary savings motive grows with the volatility. Paoli and Zabczyk (2012b) argues that productivity
shocks in the log-linearized models abstracting from precautionary saving may give significantly
biased policy implications. We extend in this sense the Paoli and Zabczyk (2012b) argument
to government spending shocks. High volatility of fiscal policy increases the importance of the
households risk aversion for the evolution of the interest rates throughout the whole maturity
structure. In addition to the precautionary motive the drop in yields is driven by the hedging
property of bonds. The value of bonds is negatively correlated with the long run consumption
and leisure risks.

Policy making authorities in a certainty equivalent world will underestimate the growth in the
demand for government bonds and thus the consequent drop in steady state consumption.
The increase in uncertainty will make financing of the government debt cheaper in the default
free world but at the cost of causing large demand shifts away from consumption to govern-
ment bonds. By not taking these effects into account fiscal and monetary policy mix delivers
suboptimal results from a welfare point of view.

Figure 12 in appendix shows the impact of fiscal uncertainty on the term structure when mon-
etary policy authority doesn’t accommodate fluctuations in aggregate output. The drop in the
level of the yield curve is lower for the equal size of the uncertainty as in figure 1. This is driven
by the leverage property of real bonds against the long-run consumption and leisure risks and
partly by lower precautionary saving against inflation volatility as the inflation is less volatile in
a non-accommodative output gap regime. The intuition goes as follows. The persistence of
government spending shock generates predictability of consumption and hours worked (thus
implies long-run consumption and leisure risks). Agents know that the drop in consumption and
leisure will last for several quarters. If at the same time positive government spending shock
makes inflation rise, bonds loose their real value and investors demand an extra leverage pre-
mium for holding bonds.

Now we turn to discuss why the yield curve slopes upward. In general, due to recursive
preferences the timing of the resolution of uncertainty matters for households. The price
of a 10-year bond is determined by a set of expectations conditional on time ¢, E;[P!’] =
Qt1+1Qt+1t+2Q1+2,t43 - - - Qr494+10- The nominal term premium comes from the stochastic
character of Q)+, the volatility of underlying macro series increases the chance of forming
wrong expectations and ex-post wrong bond prices. The nominal term premium represents the
compensation for revaluation in expectations as the new information arrives. The predictability
in consumption and leisure means that the arrival of new information creates an impact lasting
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for several quarters. Agents with Epstein Zin preferences dislike surprises with long-run effects
which makes the reevaluation in expectations especially costly.

To get a required pay off in ten years agents have two options: ) to take a position in a long
term bond, i) to buy a one year bond and roll it forward each period.'® Which variant the
household chooses depends on the intensity of households’ risk aversion and inter-temporal
smoothing motives. Households with low inter-temporal elasticity of substitution (IES) have a
strong desire to smooth utility over time and will choose to buy bonds with long maturity. Risk-
averse households smoothing utility across the state of the world will prefer to roll over one year
bonds. To purchase long term bonds risk averse agents require a discount to compensate them
for the uncertainty related to future shock realization. In our model the conditional volatility of the
shocks is constant over time thus the precautionary saving motive plays a negligible role as the
risks are the same for all maturities. What determines the NTP is the difference in how much the
macro variables co-vary (leverage and hedging property of bonds) across the maturity. Long-
run risk has little impact on short maturity bonds. It has nevertheless significant impact on the
long maturity bonds because of the persistence. If the central bank does not accommodate
output gap shocks, the increase in uncertainty about future government spending generates
large inflation risks which are positively correlated with the long-run consumption and leisure
risks. This creates significant risks for pricing the bonds correctly, thus agents require an extra
premium for holding long maturity bonds.

The mechanism of generating inflation risk by government spending shock has been known at
least since Linnemann and Schabert (2003). They explain that persistent and large govern-
ment spending shocks are less inflationary with an output-gap coefficient of ¢, > 0 because
a positive output-gap coefficient raises the real interest rate even more in response to positive
spending shocks discouraging households from further spending in the present. Furthermore,
they point out that the general equilibrium outcome of a positive government spending shock fi-
nanced by lump-sum taxes is a fall in inflation and short-term nominal interest rate when ¢, > 0.
A rise in government purchases leads to higher future taxes (a negative wealth effect) induc-
ing households to cut consumption expenditures and to have less leisure as long as both are
normal goods. With a given time frame less leisure translates into higher hours worked (an out-
ward shift in labor supply). The shrinkage in household spending causes firms to produce less
and, therefore, demand less labor. The leftward movement of the labor demand curve pushes
the real wages down which has downward pressure on inflation through the New Keynesian
Phillips curve.

3In the model households can buy only one period bonds. The decision between taking position in 10-year bonds
and rolling forward one quarter bonds is only illustrative. The set of expectations households formed at time ¢ is the
analogy of being locked in bonds with long maturity.
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4.1.2 Implications for Monetary Policy

Figure 2 shows the impulse response function at the impact for the whole term structure of
interest rates. Each panel represents the impact of the shock starting at 40 bps to 6 percent-
age points. The red dashed line with dots is the stochastic steady state of the term structure
assuming that the monetary policy authority adjusts its interest rate solely in response to in-
flation (¢, = 0). The red line is the term structure one period after the economy is hit by
an increase in government spending. The blue line constitutes the analogy when the weight
on output stabilization is positive (¢, = 0.075). The degree of uncertainty about government
spending has important consequences for setting the monetary policy. In an economy with a
low degree of uncertainty about government spending monetary policy targeting only inflation
reduces the inflation risk premia more than monetary policy which smooths also deviations from
the output gap. This is because in a strictly inflation targeting regime monetary policy does not
have to react as strongly to productivity shocks and thus the volatility of inflation triggered by
productivity shocks is lower. Nevertheless, when the degree of uncertainty about government
spending increases above 3 percentage points, the inflation risk generated by fiscal policy over-
weighs the stabilizing effect of strictly inflation targeting policy towards productivity shocks. In
a strictly inflation targeting regime the inflation risks generated by fiscal uncertainty are very
costly. Building on the argument by Linnemann and Schabert (2003) discussed above, the
accommodative monetary policy mitigates inflation and reinforces the hedging property of real
bonds to long-run consumption and leisure risks.
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Figure 3: Impact impulse response function for different sizes of the shock. The stochastic
steady state of the term structure and the impact of increase in government spending on the
yield curve. The red lines are the benchmark case. The blue lines represent the commitment
to spending consolidation.

4.1.3 Spending Reversals

We introduce credible commitment of fiscal policy into the model such that government reduces
its expenditure when government debt increases. The government spending is therefore an
endogenous function of the government debt and fiscal policy decisions about government
spending are history dependent. The benchmark model augmented by spending reversals
predicts that there will be no crowding out of private investment by government. Households
work more in a response to increases in aggregate demand. Higher government spending
is financed through extra taxes and government debt. The price of debt rises to encourage
additional savings. Expectations about future lower than steady state government spending
imply lower future taxes and debt pushing the future expected interest rates down. Higher future
disposable income makes households form expectations about future higher consumption. The
intertemporaral smoothing assumption raises the current level of consumption and discourages
savings.

Figure 3 depicts the impact impulse response functions of the term structure of interest rates
for different sizes of the government spending shock. The red line represents the yield curve
implied by the benchmark model and blue line shows the term structure of interest rates when
fiscal policy commits to spending reversals. In an economy with spending reversals i) the yield
curve is immune to the degree of fiscal uncertainty, i:) the insurance and nominal term premium
are both lower than in the benchmark case.

The impact response of term structure of interest rates is driven by the intertemporal substi-
FiscAL PoLicy AND THE TERM STRUCTURE OF INTEREST RATES IN A DSGE MoDEL
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tution effect (expectation hypothesis). The impact on yield curve steady state is negligible.
The precautionary saving component of the term structure is neutralized in the presence of
spending reversals. The transitory increase in government spending shows up at the short tail
and is driven by the rise in debt and intertemporal smoothing motives from households. Fis-
cal policy commitment to finance temporarily higher spending by future austerity significantly
decreases the price of risk related to uncertainty about government spending. Figure 13 and
figure 14 demonstrate that the risk premiums are negligible for both monetary policy regimes
considered. The history dependence in otherwise stochastic evolution of debt introduces into
the model economy a new source of information. The increase in predictability of the evolution
of debt and taxes mitigates the impact of uncertainty (second order terms) on macroeconomic
variables. This fact helps the investor to form a more accurate expectation. Larger time ¢ con-
ditional information set decreases the risk of bond miss-pricing, therefore the risk premia are
lower.

4.2THE THEORETICAL DECOMPOSITION

The principal issue of the discussion in Section 4.1 was concentrated on the effect of govern-
ment spending on the term structure of interest rates. Yet, the impact of government spending
on the yield curve is not direct but propagates through the macroeconomic fundamentals. We
are interested in disentangling the transmission and quantitatively evaluating the importance of
specific channels. We motivate the decomposition and show how to quantitatively evaluate the
channels of the transmission mechanism.

As emphasized by Kreps and Porteus (1978) and Backus, Routledge, and Zin (2004) the recur-
sive preferences in the form considered in this paper cannot be reduced by simply integrating
out future information about the consumption process. Instead the timing of information has
a direct impact on preferences and the intertemporal composition of risk matters. To illustrate
how macroeconomic risk factors enter the pricing equation we analytically derive the second
order approximation to the pricing kernel in terms of conditional second moments of macroe-
conomic fundamentals. The unconditional mean of the price of bond with maturity n can be
written as 14

Detailed derivation can be found in appendix
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where Sy, (Z‘;‘;O B [aq}ﬂ' +aciyj — bﬂtﬂ-]) can be interpreted as the revaluation in the ex-
pectations or long-run risk or news (surprise) about the future path of consumption and leisure.
The long-run risk is directly related to the predictability in consumption and leisure. Therefore
understanding the source of the long risk in our model economy is equivalent to understanding
how the dynamic behavior of consumption and leisure is determined. The parameter a de-
termines if agents prefer early or late resolution of uncertainty. Early resolution of uncertainty
means that agents wish to smooth consumption over the state of nature rather than over time'®.
Equation (24) shows how the quantity of macroeconomic risk translates into the bond prices.
There are two sources of risk: i) precautionary savings represented by the variance terms i)
leverage/hedging effect demonstrated by the covariance terms.

The precautionary saving motive highlights the risk aversion of investors to macroeconomic
volatility. Risk averse consumption smoothing investors buy bonds as a form of insurance
against unpredictable stochastic shocks. The cost of the shocks depends on the context, neg-
ative news is more costly in a recession than in an economic boom. In what follows we focus
on detailed discussion of the risk premia generated by the covariance terms (context).

The term Cov (A”éHn, 2?21 frtﬂ') captures the risk that shock is bad news for realized con-
sumption growth and at the same time inflation undermines the real value of savings. High
inflation in periods of low consumption is especially hurtful for bond holders because bonds
lose their value exactly when the consumption smoothing households need their savings most.
This risk component was highlighted especially in models using habit formation (e.g. Hordahl,
Tristani, and Vestin (2007).

SNote that o = —108, model is calibrated to feature preference for early resolution of uncertainty. The intuition
and calibration behind « is discussed in B.3
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The Cov (Z?:1 Tttn, SHn) premium compensates investors for the risks inflation presents for
long-run consumption and leisure. This term embodies the aversion of investors to the drop
in consumption and leisure lasting for extended periods of time. They are willing to pay a high
price for bonds which pay well in real terms throughout the whole period of low consumption and
leisure. In other words, investors require a high risk premium for holding risk affecting the bond
portfolio real value for many periods. This risk attribute plays a crucial role in explaining the
differences of yield curve response to government spending in different monetary policy setups.
Inflation as a carrier of bad news for future consumption growth was empirically documented
for example by Piazzesi and Schneider (2007).

Fisher (2015) shows that preference shocks can be interpreted as shock to the demand for safe
and liquid assets. The term Cov (2?21 Crtris > i frtﬂ-) thus represents the risk that rise in
demand for safe assets will be accompanied by growth in inflation. For instance, the flight to
safety as a consequence of market crashes leads to reallocation from stocks to bonds. If the
increase in demand for safe assets creates inflationary pressures, bond holders will ask for the
liquidity premium to compensate them for the loss in the real value of bonds'®.

The term Cov (A" ¢4y, St+r) Shows that it depends what realized consumption growth predicts
for the expected consumption and leisure. Kaltenbrunner and Lochstoer (2010) discuss the
implication of this term in the model without labor-leisure choice and with technology shocks
only. They argue that investors with Epstein Zin preferences demand a premium for holding
bonds when shock to realized consumption growth is positively correlated with shock to ex-
pected consumption growth. In the case of negative correlation the expected consumption and
leisure works as a hedge against the realized drop in consumption. A similar transition works
in the case of government spending shocks. A transitory shock to government spending is
expected to revert back to its long-run trend. Thus, while the shock to realized consumption
growth is negative (positive), the shock to expected future long-run consumption growth is pos-
itive (negative) as consumption reverts to the long-run trend. If agents have a preference for
early resolution of uncertainty as suggested by the empirical literature, and thus dislike shocks
to both realized and expected consumption growth, the long-run risk component acts as a
hedge for shocks to realized consumption growth and the real term premium is lower. For this
reason Kaltenbrunner and Lochstoer (2010) argue in their paper that investors need to form
preferences for late resolution of uncertainty to match the high price of risk found in data. The
previous line of logic does not necessary hold in the model with labor-leisure choice where the
negative shock to realized consumption growth is followed by upward reevaluation in expected
consumption growth but downward revision in expected leisure time. If the adjustment in leisure
is strong enough the implication for timing of uncertainty resolution might be reversed. House-
holds’ future consumption growth is driven by an even higher increase in hours worked turning

6Taking advantage of this interpretation and complying with the estimates of Andreasen (2012b) we introduce
exogenous changes in the preferences even if that large part of the nominal term premium is in this way explained
exogenously. To show that our key results do not depend on the preference shock we perform our analysis also in
the Rudebusch and Swanson (2012) model
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the covariance term to positive'”. Agents with a preference for early resolution of uncertainty
will ask an extra premium for holding bonds in such a case.

The term Cov (Z?:1 C}Hj, Stin (.)) indicates that when long-run consumption and leisure re-
spond positively to increases in the preferences for safe assets then the long-run effects work
as a hedge against the shifts in preferences. Negative covariance between preference shock
and long-run consumption and leisure risks on the other hand implies that *flight to quality” will
tend to increase the real term premium.

Finally, the term Cov (E;‘:l (At,tﬂ-,A”éHn) represents the fact that bond holders ask for a
premium when the increase demand for safe assets is correlated with realized consumption
growth. A “flight to quality shock” increases bond prices directly through the pricing kernel.
When the rise in bond prices is accompanied by negative growth in realized consumption
growth the price of bond portfolio increases exactly when agents need it the most (in times
of low consumption) and thus pushes the risk premium down.

Although the preference shock is important for the nominal term premium, it does not affect the
shift in the yield curve induced by government spending shock as we assume shocks are not
correlated. To separate the quantity of macroeconomic risk from the price of risk, we rewrite
the covariance terms in the equation (24) using correlations. Correlations represent the price
of risk which is independent of the volatility of exogenous shocks and depends solely on the
model lay out. Transmission of change in quantity of risk coming from government spending to
the change in risk premium can be expressed by8:

dytm; 1 [ ,00%, 902  ,00%
E - c s
dog ] 2n { doy - Joy ta doy
0(oeoz a 0(oeo ad(ozo
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where [ 90 ] is the change in the stochastic steady state of the nominal term structure of
interest rates induced by change in government spending uncertainty, o2 stands for the condi-
tional volatility of variable x. The correlation between variable = and y is denoted by p,, The
correlations among variables are not affected by the size of the shock'®.

The issue here is that in general E;Varyj_1x1; # Varyx,yj for j > 1, thus one cannot quanti-
tatively evaluate the above decomposition of the pricing kernel based on the ex-post simulated
data.?® The price of uncertainty arises through the second order terms in the conditional ex-

this is the case especially in RBC type of models where hours worked increases in response to positive produc-
tivity innovation. Nevertheless, as Gali (1999) argues the covariance between hours and productivity is negative or
near zero in the data.

Bderivations are in the appendix

"®this can be seen for example from from impulse response functions, the direction of response of variables to
government spending shock is independent of the shock size

Dnote that even if we average over the ergodic distribution of the yield curve to calculate the unconditional mean
of the term structure the variance and covariance in the decomposition are still conditional on the information in time
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pectations about the risk factors. Unconditional moments of model generated data don’t price
the risk as the uncertainty has already materialized. We thus turn to what we call attribution
analysis and explain how to quantitatively evaluate the conditional moments.

4.3ATTRIBUTION

In this section we propose a method to quantitatively evaluate the specific channels of the trans-
mission mechanism as discussed in the section 4.2. The price of bonds contains compensation
for risk related to macroeconomic fundamentals.

The second order approximation of the benchmark model pricing kernel points to four risk
factors driving term structure, i) consumption growth, ii) inflation, iii) long-run risk 2!, iv)
preference shock. To track the propagation of exogenous shock to yields through macroeco-
nomic factors is complicated by the fact that the effects of the factors are cross correlated. For
instance, in the case of two factors, consumption growth and inflation, the term structure of
interest rates can be written as a composite function ytm(c(G,7(G)), n(G,c(G))). The yield
curve moves in response to G shock because consumption directly adjusts to the new level of
government expenditure and because consumption responds to the new inflation rate. Taking
the derivative with respect to G delivers 24 [0 | e 9n] 4 dyim [0m 4 O be] |n the following
analysis we quantify the change in yields driven separately by factor stand alone effects, con-
sumption growth 3%”” gg and inflation ‘9yt7rm 97 and the interaction effect coming from the factor

cross derivatives, 24m 9c o | dulm o 0c - For 1 factors the derivative of composite function

can be written

8ytm 8ytm Fi OF; @ Lo
ZZ OF, { aFj aG] fori # j (26)

where F' stands for the macroeconomic factor driving the yield curve dynamics. To decompose
the effects of changes in government spending on the yield curve we use the idea of Brinson
multi-factor model®® (Brinson and Fachler (1985)). Figure 4 illustrates the idea behind the
decomposition. Without loss of generality let us abstract from the preference shock for now
and consider only the remaining three factors. We start the analysis at the deterministic steady
state where the term structure is just a flat line at % Adding the stand alone risk factor increases
the level of yield curve to the factor specific node. In terms of equation (26) we quantify the
first term after multiplying the bracket. However, factors interactions contribute to the change
in the yield curve as well. Thus, we need to calculate the factor cross derivatives as well. In
figure 4 this is represented by the nodes at the dashed lines intersection. For example, the total

t

2'The long-run risk may be interpreted in several ways as highlighted in Epstein and Zin (1989). The crucial point
is that time to resolve uncertainty matters thus shocks to continuation value matters

2this version of factor model is widely use in portfolio management for return attribution analysis
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Figure 4: Intuition behind the decomposition

effect of changes in consumption growth and inflation on the yield curve is the sum of the stand
alone impacts, Acty1, m¢+1, and their interaction, m(Aci41, me+1). Considering all three factors
in figure 4, the total change is the sum of risks attributed to the stand alone factors, interaction
of two factors and interaction of all three factors together. In general, the total effect in the n-
factor pricing equation can be decomposed into n groups of factor interactions and stand alone
factor risks.

Figure 4 demonstrates how to calculate the risk groups within our macro model. Let’s again
focus only on two factors, consumption growth and inflation. First, calculate the yield curve
within the macro model where the pricing equation contains only consumption growth or infla-
tion. Second, subtract the determinist steady state. In this way we can isolate the individual
contribution of inflation and consumption growth as a risk factor in pricing equation. Third, eval-
uate the model with both risk factors and subtract the stand alone risks factors calculated in
the previous step and subtract again the determinist steady state to find the attribution of the
factors interaction. More formally,
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Ry =Y (M(F)— M(st.st.)) (27)
Roi=Y > M(F,F;)— Ry — M(st.st.)) (28)
(2
Rg:ZZZ(M(Fi,Fj,...Fg)—Rn_l —Rn_s...R1) (29)
g ? J

where M (F;) is the model with the risk factor i and M (st.st.) is the model at the steady state.

Up to the second order approximation the interaction terms of two factors correspond to the
covariance terms in the equation (24) and stand alone factors represent the variances. Higher
order interactions are non-zero only for higher order approximation. This can be very clearly
seen from the second order approximation of the term structure. We define the purely risk-
free rate as ytm;"f’” = g which serves as a benchmark. The pricing kernel reflecting the
consumption growth risk is ytm™ = £ — 2 Var, (A"¢;4p,). The risk premium attributed to the

T 2n

consumption growth, rp,.. is then

2
Elytm™ — ytmi?™) = L BVar, (A%,.1) (30)

Up to the second order, the pricing kernel accounting both for nominal and real risk can be
written as
c,m,n B 72 na 1 - A i na = ~
Eytm; = %—%EVart (A ct+n)+2nEVartj§:1 (wt,tﬂ-)—ﬁECovt A ct+n,z:17rt+j (31)
= ]:
thus we can calculate the covariance term as the difference between the total risk premium,
Elytm$™" — ytm} ™), and the risk premia of individual factors, rp,, rp;.

n
Elytmy™" — ytm:f’n — RP)] = %E Covy | A"Cin, Zﬁtﬂ- (32)
i=1

where the sum of stand alone risk premiums is RP, = rp. + rp,. Adding other factors and
calculating the risk premiums follows the same pattern.
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4.4PRECAUTIONARY SAVING EFFECT

In the first step we decompose the level of the yield curve into the deterministic and stochastic
part®3. We can use the equation (70) to write one period yield to maturity as

1
—ytmy = Eiqt 441 +§ Vary(qe,441) (33)
——— —_———

Intertemporal substitution Compensation for risk

where ¢;.+1 is the log deviation of one period stochastic discount factor from its deterministic
steady state. To discourage agents from savings the interest rate that clears the market is
affected by the intertemporal smoothing and compensation for risk. The unconditional mean of
the intertemporal substitution part corresponds to the deterministic steady state. The variance
term determines how uncertainty affects interest rates. To analyze how the compensation for
risk affects the transmission mechanism of shocks, we need to understand the determinants
of Var;(qs+1). In our benchmark model, the average deterministic level of the yield curve
is 5.72 percentage points, and it is constant over the maturity, the average yield to maturity
of the stochastic component is —0.96 and is increasing with maturity. Figure 24 illustrates
the difference between the stochastic steady, deterministic steady state, insurance premium,
nominal term premium and yield curve consistent with the expectations hypothesis. In what
follows we focus on explaining the bond’s insurance premium generated by uncertainty about
fiscal policy.

ZBprecisely, we decompose the mean of the ergodic distribution of the stochastic system (stochastic steady state)
to its deterministic and stochastic component
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Gov spend Gov spend

Stand alone factors Benchmark 6, = 0.075 6y = 0.0 TFP Mark up Preference

Levels % L*100 % L*100 % Level % Level % Level %
—ZVar(ACi1) -0.012 (1.3) || -0.016 (0.9) | -0.012 (1.3) |-0.008 (1.4) 0 (0.2) |-0.003 (1.17)
— 5 Var (3 min) -0.821 (85.4) || -1.04 (59.7) | -0.77 (78.5) | -0.36  (63.3) | -0.078 (100.1) | -0.37  (126.4)
— 2V ary(Spen) 0.077 (-8.1) | 0.08 (-5.1) | 0.087 (-8.8) | 0.05 (-8.8) 0 (0) 0.026  (-8.9)
—3Var: 30 (Guaes) -0.02  (2.1) 0 (0) 0 (0) 0 (0) 0 (0) -0.02 (6.84)
Factor interactions
—ZCovi(ACi1n, Y j—y Te4n) 0.001 (-0.2) 0 (0.1) 1 0.009 (-0.9) | 0.005 (-0.1) 0 (-0.2) [-0.004 (1.43)
—22Cov (AC¢4n, Stin) -0.283 (29.4) | -0.72 (41.8)| -0.63 (64.6) | -0.41 (73.18) 0 (0) 0.144 (-49.57)
—2Cov(Stpns Y1y Titn) 0.418 (-43.5) || -0.004 (2.6) | 0.34 (-34.7) | 0.16 (-28.2) 0 (-0.1) | 025 (-87.9)
+2C0v(Stns 35—y (Ct+)) -0.349 (36.4) 0 (0) 0 (0) 0 (0) 0 (0) -0.34  (120)
+2Cov (ACin, Y-y (Grats)) 0.016 (-1.7) 0 (0) 0 (0) 0 0 0 (0) | 0.016 (-5.76)
+2Covt (301 (Chd) s 2opey Mon) || 0.01 (-1) 0 (0) 0 (0) 0 (0) 0 (0) 0.01  (-3.44)
Total
E[L30  ytm'] [ -096 (100) [[-0.017 (100) [-0.099 (100) | -0.58  (100) [-0.078 (100) | -0.29  (100)

Table 3: Shows the factors attribution to the stochastic component of the yield curve. The reported numbers are averages over the maturity
profile n = 40, each column shows the contribution of the attribute to the mean of ergodic distribution of the yield curve in levels and
percentages (Zf?fi). The higher order interactions are zero up to the 2nd order approximation. The benchmark model in the second column
is decomposed to contribution of single shocks to overall risk. L « 100 means that numbers in the column are multiplied by 100 for better
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Table 3 summarizes the results of the factor attribution. The variance of the pricing kernel is
broken down to conditional moments of macroeconomic factors attributed to the risk premium
and thus quantifies equation (24).

The variance of the macro variables triggers the precautionary savings behavior. Covariance
terms determine the diversification property of macroeconomic fundamentals. By re-writing
covariances in terms of correlation and standard deviation we can separate quantity of risk from
the price of risk. The sign of correlation (price of risk) determines if the specific macro risk factor
functions as a leverage or hedge against other macro factors. The standard deviation of the risk
factor together with the coefficient of risk aversion, 1, and intertemporal elasticity of substitution,
1/, defines the intensity with which the risk reflected in the bond prices. The second column
of the table 3 represents our benchmark model using a full set of exogenous variables. The
third column isolates the impact of government spending when monetary policy accommodates
shocks to deviations in output gap (¢, = 0.075), the fourth column decomposes the fiscal risk
when the monetary policy lets the money supply freely adjust (¢, = 0). The rest of the columns
separate the effects of individual shocks on the yield curve average maturity stochastic steady
state. Our main focus is on fiscal policy, therefore we concentrate in the following discussion
mainly on the third and fourth column. Fiscal policy explains only a negligible part of the total
risk in the economy for the benchmark calibration. Nevertheless, we have documented in the
Section 4, that increase in the uncertainty about government spending strongly reflects in bond
prices and uncertainty about fiscal policy dominates the compensation for risk. The relative
importance of the transmission channel is independent of the degree of fiscal uncertainty. For
example, when we double the volatility of government spending in the benchmark model, 59.7%
of the increase in the risk still attributes to the volatility of inflation. In other words, the effect of
government spending uncertainty on the risk compensations is proportionate.

In both monetary policy scenarios the compensation for precautionary saving effect (variance
terms in table 3) comes from inflation risk and generates more than half of the bond insurance
premium. The uncertainty associated with the size of government spending translates through
the aggregate supply®* into the uncertainty about inflation. The uncertainty about the level
of inflation motivates agents to build up a precautionary saving buffer. Consequent higher
demand for bonds pushes the yields down. The precautionary saving channel is dominant for
other shocks as well.

We now turn to discussion of factor interactions (covariances) in table 3. Positive humbers
in terms of % contributions represent the hedging property of bonds while the negative num-
bers constitute the leverage. To emphasize the intuition behind the hedging property of bonds
against long-run risk generated by fiscal uncertainty consider the period impact of exogenous
increase in government spending, € > 0 on the average deviation of bond yield to maturity

%4in response to positive government spending shock households compensate for higher current or future taxation
by raising hours worked. The production function ensures rise in aggregate output which puts downward pressure
on prices
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from the deterministic steady state,

OAC OSt4n
0eC <0 0eC

Elytm}] — ytm; < Cov ( (Ciny Liyn) > 0> <0 (34)
Positive innovation in government spending lowers realized consumption growth through the
wealth effect. Nevertheless, the transitory character of shocks implies positive reevaluation in
expectations about the future path of consumption relative to after shock consumption. The
positive news about consumption thus provides a hedge against the realized drop in consump-
tion. The hedging character of long-run risk is strengthened by the update in expectations
about the future path of hours worked. Investors expect that they will work less in the future
and at the same time their consumption grows. The predictability of the future consumption
and leisure together with preference for early resolution of uncertainty means that the short run
consumption risks are compensated by long-run consumption and leisure risk. This mecha-
nism is in detail discussed by Kaltenbrunner and Lochstoer (2010) for productivity shocks. In
general, this holds for most transitory shocks apart from preference shocks which generates a
rise in consumption growth, a consequent sharp drop and then again a rise creating positive
covariance between realized consumption growth and long-run consumption growth.

Figure 17 reports the comparison of impulse response functions for the main macroeconomic
variables in the regime with ¢, = 0.075 and ¢, = 0. The core difference between the regimes
lies in the behavior of inflation which rises in response to positive government spending shock in
the regime where monetary policy authority puts zero weight on output stabilization. The long-
run risk drives the differences in response of risk premia to changes in the fiscal uncertainty. We
consider again the case that the economy is hit by ¢“ > 0 and that monetary policy sets ¢, = 0.
The average deviation of bond yield to maturity from the deterministic steady is proportionate

to,

03 51 T4n L
0eC T 0eG

Elytm{] — ytm; < Cov ( (Crin, Liyn) > 0> >0 (35)

If the monetary authority lets the money supply freely adjust in response to government spend-
ing shock the inflation risk is leveraged by the long-run consumption and leisure risk. Agents
in the model know the impulse response functions of consumption and leisure to government
spending shock which results in the degree of predictability of consumption and leisure after
the shock is realized. Agents know that after a negative shock their consumption will be lower
in the long-run relative to the pre-shock period and at the same time the real value of their bond
portfolio drops due to the rise in inflation. Deterioration of the investor’s wealth after a positive
government spending shock is positively correlated with losses of his bond portfolio.

Whereas in case of accommodative monetary policy, ¢, = 0.075, shocks to investor’s wealth
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are hedged by the real value of his bond portfolio.

n
9 Zj:l Tt+n
0eC

0 St+n
0eG

Ei[ytmy'] — ytmy oc Cov < <0, (Ctan, Liyn) > 0) <0 (36)

Monetary policy response to government spending shock is the key element determining the
ability of bonds to provide diversification.

Interestingly, bonds do not offer any hedging or leverage against macroeconomic risk in case
of mark up shocks. This is because the change in consumption is almost perfectly offset by the
adjustment of hours worked (see figure 21).

4.5VARIATIONS IN UNCERTAINTY

Figures 1, 13 and 14 document that a rise in fiscal uncertainty is followed by a drop in the level?®
of the yield curve. The change in the yield curve is driven solely by the quantity of risk. The
correlation between macro factors is not affected by the changes in the volatility. Note that we
assume that exogenous shocks in our model are not cross-correlated, thus the interaction of
macroeconomic factors with the demand for safe assets (preference shock) does not play any
role thus we can omit the shocks to demand for safe assets in the pricing equation. To explain
which factors drive the yield curve decrease as a response to the rise in fiscal uncertainty we
rewrite equation (24) in the following form,

3y/tr\n? ! 2 0 C 0 . 5 0

E = _— - n n - ) o (.

t doy ] on )7 8Ug\/aw (A"€1n) + anVar;(Wt,tﬂ) +a aagVarSH (+)
7 oe0s) o N | e des) :

on C A" ) i T T A" ns n

n  dog, ot Ci+ ;WHJ n a0, Corr (A" €4, Stin)
ad 0708 n R
E (aUg)Corr Z Tttn, Sttn (37)

j=1

Equation (37) highlights the fact that since the parameters and correlations are constant the
change in the level of the yield curve is coming from the change in volatility of macroeconomic
factors.

Table 8 shows that the relative contribution of the macro factors to the change in yields is
proportionate to the rise in shock volatility and these proportions are constant in the size of
uncertainty.

Zchange in the mean of ergodic distribution of the stochastic process averaged over the maturity profile implied
by the change in the volatility of the innovations in government spending shock
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The uncertainty associated with higher volatility of government spending increases the overall
macroeconomic quantity of risk in the economy. This is especially hurtful in case of inflation.
The increase in volatility of inflation directly translates into the volatility of the real value of
bond portfolio. The uncertainty about the future inflation motivates agents to build up a pre-
cautionary saving buffer. Higher macroeconomic volatility increases the total amount paid for
hedging/leveraging the risk.

4.6REALIZED YIELD ON BONDS

The response of the bond yields to the impact of government spending shock is depicted in
the figure 2 for ¢, = 0.075 and ¢, = 0. The transitory response of the term structure of
interest rates to government spending shock is driven in our benchmark model solely by the
expectation hypothesis. Yield curve rises at impact with increase in government spending
because monetary policy authority sets higher nominal interest rates in response to a positive
output gap. The expectations about future higher nominal interest rates shift the yield curve up.
The transitory character of the shock implies that as the nominal interest rate returns back to
its steady state value. Thus, the expectations about future short term yields decrease as well.
For this reason the response of yields with longer maturity is weaker at the impact of the shock.
The price of bonds with higher maturity responds one to one to the expected path of nominal
interest rates laid down by central bank?8.

4.7FACTOR ATTRIBUTION OVER THE MATURITY PROFILE

The figure (5) shows how macroeconomic factors attribute to the drop of the term structure
of interest rates when there is an increase in uncertainty and monetary policy authority sets
¢y = 0.075. The hedging property of long-run risks against the realized consumption growth
decreases with maturity as the predictability of consumption and leisure worsens in the long
horizon.

The figure (6) shows the decomposition of the drop in the yield curve in response to increase
in fiscal uncertainty when monetary policy authority sets ¢, = 0.

The hedging property of long-run risks to counterbalance the drop in realized consumption risks
decreases with maturity as in the case when ¢, = 0.075. However, the positive covariance of
inflation with long-run risks increases over the maturity profile. A persistent increase in inflation
means that a real bond portfolio looses its real value more over the longer horizon than at the
impact period. Bonds with longer maturity face by default higher inflation risks in the model.

%The benchmark model is approximated to the second order thus risk premiums are constant in time and there-
fore do not play any role in explaining the economy dynamic response to the realized shocks. To check robustness
of the result we solve the model up to 3th order to conclude that changes in risk premiums (the third order terms)
do not affect the direction of yield curve response to realized shock.
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4.8NOMINAL TERM PREMIUM

Table 4 shows the attribution of macroeconomic factors to nominal term premium?’.

A large part, 63%, of the nominal term premium is explained exogenously by preference shocks.
Andreasen (2012b) estimates the term structure and shows that 59% of 10Y NTP is explained
by preference shocks.

The covariance of long-run risk with inflation is an important part of the overall NTP confirming
the results of Rudebusch and Swanson (2012), Andreasen (2012b) or Piazzesi and Schneider
(2007). Nevertheless, in the accommodative monetary policy regime bonds protect their hold-
ers against the nominal risks in case of government spending shocks and thus contribute to the
lower NTP.

The transitory character of shocks means that the hedging property of bonds implied by the
transitory character of shocks gets weaker as the shock returns back to its steady state and
therefore is relatively less important for long maturity bonds. This is why Cov,(ACi4n, St4n)
increases the real term premium but decreases the risk premium. This is the reason why this
class of models can generate a sizable term premium despite the Kaltenbrunner and Lochstoer
(2010) result.

To show that our key results related to fiscal policy don’t rely on the preference shock we
perform our analysis also in the Rudebusch and Swanson (2012) model. See appendix for the
robustness checks.

2"The figure 24 demonstrates how the nominal term premium differs from the insurance property of bonds. NTP
is the same as the slope of the term structure in our benchmark model.
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Gov spend Gov spend

Stand alone factors Benchmark 6, = 0.075 6, = 0.0 TFP Mark up Preference

Levels % L*100 % L*100 % Level % Level*100 % Level %
— 3= A" ary(ACyyn) 0.02 (1.7) 0.03 (4.1) | -0.022 (2) | 0.005 (1.3) 0.167 (446) | -0.012 (1.7)
—ag AV ary (375 i) -0.014  (-1.2) 0 (0) 0 (0) | -0.004 (-1.1) -0.014  (-37.6) | -0.009  (-1.3)
75—2Vart(5t+n) 0.074 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
— 5 A"Vary i1 (Grrg) -0.074 (6.2) 0 (0) 0 (0) 0 (0) 0 (0) 0.073  (9.8)
Factor interactions
—EA"Covy(ACrin, YSj—y Tetn) 0.008 (0.7) 0 (0.1) 0 (0) | 0.005 (1.7) 0.139 (-372) | -0.002  (0.3)
— A" Covi(ACin, St4n) -0.173 (-14.6) 0.73 (105.2) | 0.637 (56) | 0.15  (36) 0.022 (58.4) | -0.33 (-44.8)
—SA"Covy(Sin, 351 Ti4n) 0.528 (44.5) -0.06 (-9.2) | 0479 (42) | 0.266 (62) 0 (5.3) 0.26 (35)
+EA"Covy(Sens 2oy (Ctits)) 081  (68.3) 0 V) 0 (0) 0 0) 0 (0) 0.81 (108.1)
+EA"Covt(ACtn, 35— (Cets)) -0.061  (0) 0 (0) 0 (0) 0 (0) 0 (0) | -0.06 (-8.1)
+%A"szt(Z;‘:1 (Cets) > 25—1 Te4n) || -0.006 (0) 0 (0) 0 (0) 0 (0) 0 (0) -0.005 (-0.7)
Total
NTPIOY [ 1185 (100) ][ -0.0069 (100) [0.0136 (100) | 0.429 (100) | 0.00037  (100) | 0.74 (100)

Table 4: shows the factors attribution to nominal term premium contained in a 10 year bond. Each column shows the contribution of the
attributes to NTP levels and percentages (Efifi). The higher order interactions are zero up to the 2nd order approximation. The benchmark
model in the second column is decomposed to contribution of single shocks to overall risk. L « 100 means that numbers in the column are

multiplied by 100 for better readability. « = —108, v = 2
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5. CONCLUSION

We develop a new method to decompose the pricing kernel into the precautionary savings and
risk premia in terms of underlying macro variables. This allows us to provide a detailed eco-
nomic story of how the risk (insurance) premium and nominal term premium are determined in
the canonical macro-finance model. We show that the success of the Rudebusch and Swan-
son (2012) model and its variants is driven by the ability of the model to generate large inflation
risks for the long run consumption and leisure and that the price of inflation risks for the realized
consumption is close to zero. We document the importance of the monetary policy fiscal mix
for bond prices. Uncertainty about fiscal policy increases the precautionary saving motives and
drives the level of the term structure of interest rates down. The risk premia depend on the
monetary policy set up. We show further that the Kaltenbrunner and Lochstoer (2010) result
holds for the level of the yield curve but not for the slope. The ability of New Keynesian model
to match the nominal term premium strongly depends on this property.

FiscAL PoLicY AND THE TERM STRUCTURE OF INTEREST RATES IN A DSGE MODEL
Working Paper NBS

M

38



M ARCENA BAMEA SLINVEMSKA

REFERENCES

ANDREASEN, M. (2012a): “On the Effects of Rare Disasters and Uncertainty Shocks for Risk
Premia in Non-Linear DSGE Models,” Review of Economic Dynamics, 15(3), 295-316.

ANDREASEN, M. M. (2008): “Explaining Macroeconomic and Term Structure Dynamics Jointly
in Non-linear DSGE Model,” University of Aarhus and CREATES, Working Paper Series No.
236.

ANDREASEN, M. M. (2012b): “An estimated DSGE model: Explaining variation in nominal
term premia, real term premia, and inflation risk premia,” European Economic Review, 56(8),
1656—-1674.

BAckus, D., A. W. GREGORY, AND S. E. ZIN (1989): “Risk Premiums in the Term Structure,”
Journal of Monetary Economics.

BAckus, D., B. ROUTLEDGE, AND S. ZIN (2004): “Exotic Preferences for Macroeconomists,”
NBER Working Papers 10597, National Bureau of Economic Research, Inc.

BANSAL, R., AND |. SHALIASTOVICH (2012): “A Long-Run Risks Explanation of Predictability
Puzzles in Bond and Currency Markets,” NBER Working Papers 18357, National Bureau of
Economic Research, Inc.

BANSAL, R., AND A. YARON (2004): “Risks for the Long Run: A Potential Resolution of Asset
Pricing Puzzles,” Journal of Finance, 59(4), 1481-15009.

BRINSON, G. P., AND N. FACHLER (1985): “Measuring Non-US Equity Portfolio Performance,”
Journal of Portfolio Management, 11(3), 73—76.

CALDARA, D., J. FERNANDEZ-VILLAVERDE, J. RUBIO-RAMIREZ, AND W. YAO (2012): “Comput-
ing DSGE Models with Recursive Preferences and Stochastic Volatility,” Review of Economic
Dynamics, 15(2), 188—206.

CAMPBELL, J. Y., AND J. H. COCHRANE (1995): “By Force of Habit: A Consumption-Based
Explanation of Aggregate Stock Market Behavior,” Working Paper 4995, National Bureau of
Economic Research.

CHRISTOFFEL, K., |. JACCARD, AND J. KILPONEN (2013): “Welfare and bond pricing implica-
tions of fiscal stabilization policies,” Research Discussion Papers 32/2013, Bank of Finland.

CORSETTI, G., A. MEIER, AND G. MULLER (2009): “Fiscal Stimulus with Spending Reversals,’
IMF Working Papers 09/106, International Monetary Fund.

CRoOCE, M. M., H. KUNG, T. T. NGUYEN, AND L. SCHMID (2012): “Fiscal Policies and Asset
Prices,” Review of Financial Studies, 25(9), 2635—-2672.

FiscAL PoLicY AND THE TERM STRUCTURE OF INTEREST RATES IN A DSGE MODEL

39



M ARCENA BAMEA SLINVEMSKA

DAl, Q., aAnD K. J. SINGLETON (2002): “Expectation puzzles, time-varying risk premia, and
affine models of the term structure,” Journal of Financial Economics, 63(3), 415-441.

DE PaoLl, B., A. ScoTT, anp O. WEEKEN (2010): “Asset pricing implications of a New Keyne-
sian model,” Journal of Economic Dynamics and Control, 34(10), 2056—2073.

DIERCKS, A. M. (2015): “The Equity Premium, Long-Run Risk and Optimal Monetary Policy,”
FEDS working paper 2015-087, FED.

EPSTEIN, L. G., AND S. E. ZIN (1989): “Substitution, Risk Aversion, and the Temporal Behavior
of Consumption and Asset Returns: A Theoretical Framework,” Econometrica, 57(4), 937—
69.

ERCEG, C. J., D. W. HENDERSON, AND A. T. LEVIN (1999): “Optimal monetary policy with
staggered wage and price contracts,” International Finance Discussion Papers 640, Board of
Governors of the Federal Reserve System (U.S.).

FERMAN, M. (2011): “Switching Monetary Policy Regimes and the Nominal Term Structure,”
Dynare Working Papers 5, CEPREMAP.

FISHER, J. D. (2015): “On the Structural Interpretation of the SmetsWouters Risk Premium
Shock,” Journal of Money, Credit and Banking, 47(2-3), 511-516.

GALI, J. (1999): “Technology, Employment, and the Business Cycle: Do Technology Shocks
Explain Aggregate Fluctuations?,” American Economic Review, 89(1), 249-271.

GALI, J. (2002): “Monetary Policy and Exchange Rate Volatility in a Small Open Economy,”
NBER Working Paper.

GALLMEYER, M. F., B. HOLLIFIELD, F. PALOMINO, AND S. E. ZIN (2009): “Term Premium
Dynamics and the Taylor Rule,” EFA 2009 Bergen Meetings Paper 2015-087, EFA.

HORDAHL, P., O. TRISTANI, AND D. VESTIN (2007): “The Yield Curve and Macroeconomic
Dynamics,” Working paper series 832.

JERMANN, U. J. (1998): “Asset pricing in production economies,” Journal of Monetary Eco-
nomics, 41(2), 257-275.

KALTENBRUNNER, G., AND L. A. LOCHSTOER (2010): “Long-Run Risk through Consumption
Smoothing,” Review of Financial Studies, 23(8), 3190-3224.

KAszaB, L., AND A. MARSAL (2013): “Fiscal Policy and the Nominal Term Premium,” Cardiff
Economics Working Papers E2013/13, Cardiff University, Cardiff Business School, Eco-
nomics Section.

KREPS, D. M., anD E. L. PORTEUS (1978): “Temporal Resolution of Uncertainty and Dynamic
Choice Theory,” Econometrica, 46(1), 185-200.

FiscAL PoLicY AND THE TERM STRUCTURE OF INTEREST RATES IN A DSGE MODEL

40



M ARCENA BAMEA SLINVEMSKA

L1, E. X., aND F. PALOMINO (2014): “Nominal rigidities, asset returns, and monetary policy,”
Journal of Monetary Economics, 66(C), 210-225.

LINNEMANN, L., AND A. SCHABERT (2003): “Fiscal Policy in the New Neoclassical Synthesis,”
Journal of Money, Credit and Banking, 35(6), 911-29.

LoPEz, P., J. D. LOPEZ-SALIDO, AND F. VAZQUEZ-GRANDE (2015): “Nominal Rigidities and
the Term Structures of Equity and Bond Returns,” Finance and Economics Discussion Series
2015-64, Board of Governors of the Federal Reserve System (U.S.).

PaoLl, B. D., anD P. ZABCzYK (2012a): “Cyclical Risk Aversion, Precautionary Saving and
Monetary Policy,” CEP Discussion Papers dp1132, Centre for Economic Performance, LSE.

(2012b): “Cyclical Risk Aversion, Precautionary Saving and Monetary Policy,” CEP
Discussion Papers dp1132, Centre for Economic Performance, LSE.

PASTOR, L., AND P. VERONESI (2012): “Uncertainty about Government Policy and Stock
Prices,” Journal of Finance, 67(4), 1219—-1264.

PiAzzEsI, M., AND M. SCHNEIDER (2007): “Equilibrium Yield Curves,” in NBER Macroeco-
nomics Annual 2006, Volume 21, NBER Chapters, pp. 389—472. National Bureau of Eco-
nomic Research, Inc.

RAMEY, V. A. (2011): “ldentifying Government Spending Shocks: It’s all in the Timing,” The
Quatrterly Journal of Economics, 126(1), 1-50.

RUDEBUSCH, G. D., AND E. T. SWANSON (2012): “The Bond Premium in a DSGE Model with
Long-Run Real and Nominal Risks,” American Economic Journal: Macroeconomics, 4(1),
105—43.

RUDENBUSH, G., AND E. T. SWANSON (2008): “Examining The Bond Premium Puzzle with a
DSGE Model,” Journal of Monetary Economics.

SCHMITT-GROHE, S., anD M. URIBE (2004): “Solving dynamic general equilibrium models
using a second-order approximation to the policy function,” Journal of Economic Dynamics
and Control.

SEGAL, G., |. SHALIASTOVICH, AND A. YARON (2014): “Good and Bad Uncertainty: Macroeco-
nomic and Financial Market Implications,” 2014 Meeting Papers 488, Society for Economic
Dynamics.

SIEGEL, A. F., aND C. R. NELSON (1988): “Long-Term Behavior of Yield Curves,” Journal of
Financial and Quantitative Analysis, 23(01), 105-110.

SMETS, F., AND R. WOUTERS (2007): “Shocks and Frictions in US Business Cycles: A
Bayesian DSGE Approach,” American Economic Review, 97(3), 586—606.

FiscAL PoLicY AND THE TERM STRUCTURE OF INTEREST RATES IN A DSGE MODEL

41



FiuT

e

AR A BAMBA SLUVENSEA
RISV ETE

SUTHERLAND, A. (2002): “A Simple Second-Order Solution Method for Dynamic General Equi-
librium Models,” Discussion Paper Series, Department of Economics 200211, Department of
Economics, University of St. Andrews.

TRISTANI, O., AND G. AMISANO (2010): “A nonlinear DSGE model of the term structure with
regime shifts,” 2010 Meeting Papers 234, Society for Economic Dynamics.

UHLIG, H. (2010): “Easy EZ,” unpablished manuscript.

VAN BINSBERGEN, J. H., J. FERNNDEZ-VILLAVERDE, R. S. KOIJEN, AND J. RUBIO-RAMREZ
(2012): “The term structure of interest rates in a DSGE model with recursive preferences,”
Journal of Monetary Economics, 59(7), 634—648.

WEIL, P. (1990): “Nonexpected Utility in Macroeconomics,” The Quarterly Journal of Eco-
nomics, 105(1), 29-42.

WRIGHT, J. H. (2011): “Term premiums and inflation uncertainty: empirical evidence from an
international panel dataset,” American Economic Review, 101(3), 1514—1534.

FiscAL PoLicY AND THE TERM STRUCTURE OF INTEREST RATES IN A DSGE MODEL

42



FiuT

e

AR A BAMBA SLUVENSEA
RISV ETE

A. ROBUSTNESS CHECKS

We test robustness of our results with respect to model and parameter specification. First,
we identify the parameters driving the asset prices and vary these over the grid of admissible
values. Second, we look if our results hold in the Rudebusch and Swanson (2012) model which
has became very popular in the field.

A.1MODEL EVALUATION

We report the model implied macro and finance moments along with the empirical moments
for quarterly US data from 1961 to 2007. The table 5 demonstrates that the model is able
to replicate the core macro-finance features reasonably well and comparably with the state of
the art literature, e.i. Rudebusch and Swanson (2012), van Binsbergen, Fernndez-Villaverde,
Koijen, and Rubio-Ramrez (2012).

The resulting model set up is a compromise between complexity and clarity. We focus on
matching the factors driving the nominal term premium and fiscal policy to be as close to the
data as possible. The somewhat poorer match of the variables not contained in the pricing
kernel goes on the costs of keeping the model simple and tractable. Further in the paper, we
also argue that the results are robust to a wide range of model specification and we analyze
the sensitivity of the results to large grid of the underlying parameters values.

Moments [ 1961-2007 B C D E F G

SD(ACY) 2.9* 242 3.48 258 251 249 322
SD(C%) 0.83 207 225 219 216 216 2.61
SD(Vy) 1.71 222 261 215 213 2.08 2.46
SD(m) 2.52 120 148 120 127 127 127
SD(it) 2.71 261 3.16 262 272 272 272
SD(w) 0.82 3.50 442 3.78 3.72 3.72 3.96
SD(r) 2.30 1.93 234 193 196 195 2.08

E(NTP,) 1.06 1.19 040 121 -0.01 1.62 1.07

Table 5: Empirical and model based unconditional moments. B is the benchmark model, C
is the model with the spending reversals extension, D ¢, = 0 is the benchmark model with
zero weight on output gap in Taylor rule, E benchmark model with standard CRRA preferences,
F represents benchmark model with o = 0.06 , G benchmark model with o = 0.004, All
variables are quarterly values expressed in percent. Inflation, interest rates are at an annual
rate

A.2PARAMETER DEPENDENCE

First, we focus on the sensitivity of our results to parameters driving the monetary policy. As

highlighted above, the conduct of monetary policy is an important determinant of the slope and
FiscAL PoLicy AND THE TERM STRUCTURE OF INTEREST RATES IN A DSGE MoDEL
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level of the term structure in response to government spending shock. For this reason, we
test the robustness of our findings over the whole grid of Taylor rule estimates found in the
data. Table 6 shows the estimated ranges in most influential recent studies quantifying the
parameters’ values in the Taylor rule.

Study | Period i Dy
Taylor (1996) 1987-1997 1.53 0.77
Judd and Rudebush (1998) 1987 -1997 1.54 0.99
Clarida, Gali and Gertler (2000) | 1979-1996 2.15 0.93
Orphanides (2003) 1979-1995 1.89 0.18

Table 6: Taylor rule estimates for US

We take the maximal boundary values for each parameter and plot the slope, level and their
changes over the whole grid of parameter combinations. Figure 7 shows the average maturity
stochastic steady state of the yield curve and its relationship between the weight monetary
authority puts on inflation and output with respect to volatility of government spending shock.
Figure 8 plots the same for the 10Y bond nominal term premium. We can see that when the
volatility of the government spending shock is low it is the high weight on output gap stabi-
lization which increases the stochastic steady state of the yield curve as well as the nominal
term premium. On the other hand, when the volatility of government spending shock is high
then it is the low weight on output gap stabilization increasing the level and NTP of the term
structure. The economic story behind relates to the dichotomous situation of monetary policy
authority when the high weight on inflation works well in accommodating productivity shocks
but poorly with government spending shocks. In the economy with low fiscal volatility the rela-
tive importance of productivity shocks is much higher thus the low weight on stabilizing inflation
generates big inflation long run risks and drives the level and NTP up.

Specifically we look what happens with the slope and level after the rise of volatility from o =
0.004 to o = 0.06. The upper part of figure 9 demonstrates that the drop in the term structure
of interest rates after rise in fiscal uncertainty is independent of the choice of weights in the
Taylor rule. In other words, the level of the yield curve decreases after the rise in volatility of
government spending for any considered combination of weights on inflation and output. The
bottom chart in Figure 9 shows that the nominal term premium of the term structure of interest
rates rises with increase in volatility only if the weight on output gap stabilization in Taylor rule
is very close to zero.

As documented elsewhere in the literature, see for example Rudebusch and Swanson (2012),
Hordahl, Tristani, and Vestin (2007) or Kaszab and Marsal (2013), the size of the term premium
is directly related to the coefficient of relative risk aversion. The micro and macro estimates
of this parameters varies over the wide range of values. van Binsbergen, Fernndez-Villaverde,
Koijen, and Rubio-Ramrez (2012) estimate risk aversion to be 79. In general, standard equi-
librium models used in macroeconomics require rather high risk aversion to deliver the basic

FiscAL PoLicY AND THE TERM STRUCTURE OF INTEREST RATES IN A DSGE MODEL

44



" gil
.-'f“'-':-"?r
et

AR A BAMBA SLUVENSEA
FNRNSYRTT S

o =0.004
9

inflation output

¢ =0.06
9

inflation output

Figure 7: average maturity stochastic steady state of the term structure of over the grid of Taylor
rule regimes for volatility (upper one) o = 0.004 and volatility o = 0.06 (bottom)
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Figure 8: average nominal term premium of 10Y bond over the grid of Taylor rule regimes for
volatility (upper one) o = 0.004 and volatility o = 0.06 (bottom)
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Figure 9: (upper one) E(ytm) with o = 0.06 minus E(ytm) with o = 0.004 and (bottom) NTP
of 10Y bond at o = 0.06 minus NTP of 10Y bond at o = 0.004
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asset pricing stylized facts. Here we check robustness of our results to the range of sensible
values of risk aversion. Further, we reproduce the chart in Rudebusch and Swanson (2012) and
Kaszab and Marsal (2013) to directly compare relationship between the nominal term premium
and coefficient of relative risk aversion.

Figure 10 shows that the maturity average of the stochastic steady state of the yield curve
decreases with the increase in risk aversion. This is driven by the precautionary saving motive.
The second part of the picture shows the nominal term premium. It is remarkable to find that in
the economy with dominant fiscal shock the rise in risk aversion actually decreases the nominal
term premium. This is because bonds provide hedge against rise in inflation (not just nominal
but also real bond price increases when inflation is high).

The figure11 illustrates the relationship between risk aversion and term premium across differ-
ent models. We compare our benchmark model with the model by Rudebusch and Swanson
(2012) and various extensions of the model which are part of Kaszab and Marsal (2013). We
can get higher nominal term premium with lower risk aversion in our model but this result is
driven by the preference shock which is exogenous.

A.3MODEL DEPENDENCE

Figure 26 shows the decomposition of the pricing kernel for Rudebusch and Swanson (2012)
model. One can see that the success of Rudebusch and Swanson (2012) is driven by the ability
of the model to generate large inflation risks for the long run consumption and leisure.

The transmission of the shocks is qualitatively in line with our benchmark results. We pursue
this exercise also in the model with richer fiscal sector as in Kaszab and Marsal (2013) to find
that our conclusions hold?8.

Znumbers are not reported here
FiscAL PoLicY AND THE TERM STRUCTURE OF INTEREST RATES IN A DSGE MODEL
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Figure 10: Upper block shows how the maturity average of the stochastic steady state of the
yield curve varies with relative risk aversion. Bottom block shows the sensitivity of NTP to risk
aversion. Both for low and high fiscal volatility
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Figure 11: The relationship between the coefficient of relative risk-aversion and the mean of
the nominal term premium using our benchmark model and variants of Rudebush and Swanson

(2012) model
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RS RP RS NTP RS BF RP RS BF NTP

Stand alone factors CRRA =175 CRRA =175 CRRA =110 | CRRA =110
Levels % Levels % Levels % Level %

A"Vary(ACiiy) -0.004 (1) 0 (4.1) | -0.036 (4) 0.01 (1.3)
A”Vart(zyzl Tt4n) 0.104 (34) | -0.043 (-10) -1.1 (108) | -0.09 (-7)

Vary(Stin) 0.013 (4) 0 (0) 0.12  (-11) 0 (0)
Factor interactions
Covt(ACyy, Z;;l Te4n) || 0.015 (5) 0.014 (3) 0.06 (06) | 0.005 (4)

Cov(ACin, Stin) -0.17  (-55) | -0.009 (-2) -0.87 (86) 0.17  (13)
Covt(SHn,Z?:len) 0.352 (114) | 0.466 (109) | 0.82 (-81) | 1.15 (89)
Total

premium H 0.31 (100) \ 0.428 (100) \ -1.01  (100) \ 1.295 (100)

Table 7: RS stands for Rudebusch and Swanson (2012) model with benchmark calibration, RP stands for risk premium, BF for best fit
calibration of Rudebusch and Swanson (2012). Each column shows the contribution of the attributes to NTP and risk premium in levels and

73a0N 3DSA V NI S3LVY LSIHILN| 40 JHNLONYLS WHI] IHL ANV ADIT0d VIS4

Re

percents (

fi
> ki

). The higher order interactions are zero up to the 2nd order approximation.

LFHY



Fie

e

AR A BAMBA SLUVENSEA
RISV ETE

B. NOTE ON RECURSIVE PREFERENCES

The preferences are the crucial element driving large part of the results. Recursive preferences
has been utilized increasingly in the asset pricing literature. Nevertheless, in macroeconomic
literature Epstein Zin preferences belongs, yet, to group a of so called exotic preferences (see
Backus (2014)). We provide detailed solution of the bond pricing equation and its second order
approximation. The explicit second order solution to bond prices is useful because it helps us
to better develop the intuition about the drivers of dynamics of the term structure of interest
rates and relate them to macroeconomic fundamentals.

We lay out the recursive preferences as in Weil (1990). First, we use the utility transformation
as in Rudebusch and Swanson (2012) that simplifies the work with utility kernels including la-
bor. Next, we derive and log-linearize the stochastic discount factor (SDF). To substitute out
the recursive element and to get SDF just as a function of macroeconomic fundamentals we
log-linearize the value function and introduce the surprise operator as in Uhlig (2010). Con-
sequently, using the method developed by Sutherland (2002) we derive the general form of
second order approximation to the bond pricing equation. Finally, we merge the results to
highlight the drivers of the yield curve dynamics.

B.1VALUE FUNCTION TRANSFORMATION

In the asset pricing literature, the recursive preferences are usually formulated in the following
form (see Weil (1990), Epstein and Zin (1989), Bansal and Yaron (2004), Uhlig (2010), Guvenen
(2009)),

11—~ ﬁ
v = {uler, No)' ™ + BBV | (38)

where ¢ stands for the risk aversion and + is the inverse of inter-temporal elasticity of substitu-
tion. In this paper we follow Rudebusch and Swanson (2012) and use slightly different form of
value function

V= {u(Ce, o) + BIEV T (39)

when using the additively separable period utility function it is useful to transform the value
function as in Rudebusch and Swanson (2012) . We set 1=~ = 1 — o and define V; = V™~

1

Vi = u(Cy, Ny) + B(E [V, 1)) T= (40)

FiscAL PoLicY AND THE TERM STRUCTURE OF INTEREST RATES IN A DSGE MODEL
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when u(Cy, L) > 0. If u(Cy, Ly) < 0, as in our benchmark calibration 2, the recursion takes the
form:

Vi = u(Cy, Ly) — B(E[-VA7*]) Te (41)

To obtain the first order conditions, we solve for the constrain optimization problem.

B.2SOLVING FOR SDF

There are several ways how to find optimal size of savings (bond purchases).

1. The social planner’s problem formulation allows us to find the pricing kernel of the econ-
omy myy; = % (see Caldara, Fernandez-Villaverde, Rubio-Ramirez, and Yao

(2012))

2. use Bellman equation - dynamic programming approach (see for exampleFerman (2011),
Andreasen (2008), Tristani and Amisano (2010))

3. formulate the problem as lagrangian (see Rudebusch and Swanson (2012), Andreasen
(2012a)

Here we use the dynamic programming approach and define

1
Vi = p max {u(Cy, Ly) +5(Et[Vt£r_1a]) =a + M [PCy+ EyQy 4 41Bi11 — By — PW N, — T3]} (42)
t+1,“t,4VtE

where - AL
C 7L = - ebt 43
u(Cy, Ly) [1_7 X1+"7} (43)
note that
1
Visr = max {u(Ciy1, Nepr) + B(Epa [V,5M]) T (44)
Biy1,C, Nt
+ M41[Pit1Ci41 + B 1Qip1,042Brv2 — Biy1r — PyaWip i Nepr — T}
oVy .
0Biy1 |
Qi1 = Bm[EtVtia]thﬁ(l — a)\i41 (45)
oVy .
N, *
e YN = -\ P,W, (46)

®the first order conditions will be correct however in either way
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oVy .

C—’Y
)\ — t b 47
t 7]3,5 € (47)

Substituting A from equation 47 to equation 46 gives labor supply equation:
XN, = C, "W, (48)

Combining equation 45 with equation 47 delivers stochastic discount factor at time ¢ for stochas-

tic payoff at time ¢ + 1.
Ct+1>_7 Py [VQH} -
= 49
Qti+1 = G ( C, P | R, (49)

where (; = eb+17 is the preferences shock, 7,1 = Pgl is the inflation between period ¢ and

t + 1, and certainty equivalent value of future consumption and leisure R; is given by:

Ry = BV (50)
Because of term [%1} "730 news at t + 1 about consumption in ¢yyo, ¢i43 . .. and leisure in
ni+2, N3 - . . affects marginal utility of ¢, and ny4 relative to marginal utility of ¢, and n;.
Good news at ¢t + 1 about future consumption and leisure is a positive shock to Ry11(Vi42), and
therefore to V41 = F(ci41, ner1; Rev1(Vig2)). The more concave is the utility function and the
more uncertain ;.1 is, the lower is the certainty equivalent R;. Note that R; = V;,, if there is
no uncertainty on V4.

There are two advantages to SDF of time-separable expected utility. First, it separates EIS
from coefficient of relative risk aversion. Second, it is another source of risk premium, not just
covariance with contemporaneous consumption growth, but also covariance with return to total
wealth matters.

By chaining the stochastic discount factor we can price bond of any maturity:

Qtp4n = B" (ngn> - H St [ S, }a (51)

g ML Vitj+

B.3LOG-LINEARIZING SDF

First we log linearize equation (50)

30next periods value relative to its certainty equivalent
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LHS:
R'7ee(1=0)  RI=9(1 4 (1 — a)fy) (52)

RHS:
Vl—aEte(l_a)‘A’tJrl =~ Vl_a(l + (1 = a)Ervii) (53)

Canceling out steady state delivers:

t = BV (54)
Next, we log linearizing equation (49). RHS after taking Taylor expansion

st.st. + St.StEt[Ct — ’)/Aét_;,_l — Tyl — Oé(\A/H_l — f‘t) (55)

Canceling out steady state and joining LHS with RHS we get log linearized price of one period
bond:

qtn = Gt — YAC1 — Tep1 — (Ve — 1) (56)

Next, we substitute equation 50 into equation (49) to highlight that v,,; — r; is the next periods
value relative to its certainty equivalent 3

a1 = By {G — vAC 1 — 1} — a(E 1V — Evegr) (57)

By chaining the stochastic discount factor we derive the price of bond with any maturity n:

n

n n
Grin = Y EiGivj = VA" Erin — By ) Fewj — o | D (Vewjur — Frgj) (58)
j=1 j=1 j=1

Note that risk aversion is denoted ) and « is then:

a—1-12¥ (59)
I—n

so for the news to enter stochastic discount factor the risk aversion must be different of the
inverse of intertemporal elasticity of substitution. v and «) are so called demands for smoothing

parameters, intratemporally and intertemporally. Consider following hypothetical processes for
consumption and leisure

3'hote that the term V.1 — #; in time ¢ expectations equals to zero. This is given by the fact that the first order
approximation eliminates uncertainty from the model and thus the E.v:4+1 = R:. Agents expectations are up to the
first order identical to certainty equivalent
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1. coin flipped at ¢t = 0 determines high or low consumption and leisure at all dates 1,2,3
LT

2. T coins flipped at t = 0 determine high or low consumption and leisure at all dates 1,2,3
LT

3. T coins flipped before each period to determine consumption and leisure that period

The first process implies intertemporally smooth path of consumption and leisure but is charac-
terized by big time-zero volatility in V; and thus dislike by risk averse agents. It will be preferred
only if 1/~ is very small. In the second process all information is revealed at time ¢ = 0 thus
E(Vi41) varies over time non-stochastically but the process features higher variation across
time than the first one. The third process shares with the second one the volatility across time
but differs in the timing of uncertainty resolution. When v < 1 agents prefer early resolution of
uncertainty.

B.4LOG-LINEARIZING THE VALUE FUNCTION

The goal is to express bond prices as a function of macroeconomic fundamentals. Therefore,
we need to eliminate the recursion. Lets assume that the period utility is additively separable
CRRA.

Cl—fy N1+77
1—7_X1+77

1

}@+M@Wﬁmwa (60)

2

Remember that R; = [Etvtﬁr‘la]ﬁ is the certainty equivalent of next period’s utility. The log-
linearized equation (B.4) around zero steady state is

. cCt—v.,  (C NI-1

Vi % Gt + % C; — % n; + Bty (61)

simplifying the notation
Vi = a(ét +¢€;) — by + Bty (62)
_ ¢ _ (N

where a = *=— and b = ~~—X.
Solving the equation (61) forward we get:

V=D (0l + aters) = Y Bbingy, (63)

j=0 §=0

Next, it is convenient to follow Uhlig (2010) and introduce the "surprise” operator S, |, for any
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random variable z, given by

Stinjt = Brr(x) — Ey(z) (64)

thus for the period ¢ + 1, Sy4; is filtering out the surprise in conditional expectations and is
defined

St41 = Tep1 — Eiwip1] (65)

Note that the surprise over n periods is simply

St+n = St4n + Stgn—1+ ...+ Si1 (66)

Applying the filtering, using the equation (63) in the SDF, equation (56), we can show that the
bond pricing equation is determined by the period consumption growth, inflation, exogenous
preference shock and the surprise or news about the future consumption and labor.

oo
Gr1 = Grp1 — VA& 11 — Fep1 — @S | D [GQH +acy; - bﬁt+j] (67)
=0

Notice that the labor enters the bond pricing equation which is usually the case only with non-
separable preferences. Nevertheless, labor affect only higher order terms. Price of bond with
maturity n is given by

Grin =Y Croj — VA €t — > Arej— aSipn | DB [aét-i-j T acyj — by (68)

j=1 j=1 j=0

The revaluation in the expectations can be understood as well as the news or surprise. In-
vestors require compensation for the uncertainty underlying the surprise component. Net effect
of good news about ¢;19,cri3 ... and ngia, ngas, ... on marginal utility of ¢, and n; 1 depends
on a. If a is positive, news is a positive shock to SDF. Note also that news about ¢, directly
affect the consumption growth part of SDF but it also shows up in the second part of equation
(68). If there is no news about ¢4 9, ¢;13 and ng o, ny1 3 SDF reduces to g (th—jl)f7 7~1. Each
period agents make expectations about future consumption and hours worked for the remaining
life of the bond and compare it with the previous period execrations. The difference between
this two is the update in expectations reflected in price of bonds. The update of expectations is
sum of all news (surprises) over the remaining maturity of the bond about the life time stream
of consumption and leisure.
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B.5SECOND ORDER APPROX. TO THE TERM STRUCTURE

The derivations rely on Sutherland (2002) who argues that first order approximate solutions
are sufficient to derive second order approximate solutions to second moments. Second order
accurate solutions for second moments can be obtained by considering first-order accurate
solutions to realized values because terms of order two and above in the behaviour of realized
values become terms of order three and above in the squares and cross products of realized
values. The first part of the derivations, which is not explicitly working with EZ preferences, is in
line with Hordabhl, Tristani, and Vestin (2007). The price of bond with maturity » is defined Pt(") =
E4[Qt++n); in the non-stochastic steady state P = Q. Lower case letters define logarithm of
their upper case counterparts.

B . 1, _ . 1,
(L + Den + §P§,i) = E [Q(l + Qttn + 2qt2+n):|

. 1.
= qkF; [1 + Qg4n + 20154.”]

After canceling out steady state, we get:

. . 1, 1,

Ptn = Et[Qetin + §Qf,t+n] - ipgn
Up to the first order p;,, = Ei{d:+n}, thus we can substitute for the quadratic term p?,, =
(Er{att1n})?. It follows that:

1

5 (Bedirsin)”

. . 1,
Pt = By [Qt,tm + 2Qt2,t+n] -

From the last equation using the definition of variance %2 we can define price of one period
bond.

. . 1 .
Ptn = Ei[Qt 10| + §Vart[qt,t+n] (69)

using the definition of yield to maturity, y/tnTt = —(1/n)q,» We can write equation (69)

_— 1 1 .
ytm, = ——E4qt t4+n — — Vary(Qe,t4n) (70)
n 2n

and use equation (68) and plug it into 70 to get

%Var(z) = E[z*] — (E[z])®
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n

ytm; = _%Et Z [6t+n] — YA"Ctin — Z [Tt t+n) — @Stpn () (71)
o =1

— Ve, 2 [Geen] = 987604n = 3 fiternd — aSian () (72)
= =

Unconditional mean of the term structure is then

. 1 "L ? . 1 n
E[ytm ] —% Vart Z (CH-J) — % [Vart (A ct—i—n)} — % Vart Z (7Tt,t+j)
7=1 J=1

O£2 Y - na
+ —%E [VartSHn ()] + EE COVt ZCH_]', A Ct4n

=1
1 [ n n ’Y n
+ EE Covy ZCtJrjaZﬁ'tJrj _HE Covy Anét+nazﬁ-t+j
L Jj=1 j=1 j=1
a [ . Yo
—F |C S . - —F|C A"¢ S,
+ - ovy ]Z:;Ctﬂ, t4n (+) - [Covi (A" Ctpn, Sign)]
o [ n
— —E | Cov, 2mn,5t+n (73)
- J:

St+n embodies the intensity of surprises from consumption, leisure and preference shocks over
the maturity horizon. For a random variable ytm,, the unconditional mean is simply the average
of the realized yields. In contrast, the conditional mean of ytm, is the expected value of ytm;
given a conditioning set of variables, ; (shock realization). The term under the expectations
in the equation (71) is on average zero. The term thus corresponds to the determinist steady
state. The variance components represent the Jensen’s inequality term and arise from the
relative convexity of nominal bonds. Note also that even if we calculate mean of the stochastic
steady state of the yield curve the variance and covariance is still conditional on the information
intime ¢

Next, we rewrite the covariance terms using the definition for correlation. To make the equa-
tion more compact we rewrite the equation (73) using different notation. Note that ops =
[Vart(A"éHn)]%, pae,s = Corry (A"€4n, Si+n) and other variables in equation (73) are rewrit-
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ten analogically.
Ey/tr\nn = —i {02 +7202 s+ o2+ 04202} + ZO'AO'AAp“ 4t laAoApA .
t m ¢ Ac T S n ¢oAeline T L OOTPE &
v o Yo a
—  —OAeOwPAs T —O:0SPE g — ——OATSPAS — —O7OSP#,S (74)
n n ’ n n

C. DERIVING THE MODEL'S STEADY STATE

Labor supply in steady state

w
oy = A (75)

x is calibrated in such way that steady state hours worked are N = 1.

1
W n
_ — 7
[C”x] (76)
Next, from the Philips curve | get
MC = S (77)
DY

so then from the definition of aggregate marginal costs

(%)
1 1 [(Y\T0
i (k) 7

so | can express W. Capital and government spending as s fraction of output are calibrated
thus known.

%)
1—60 (K\1-0
_ s 7
w=175(7) w9
Thus, we know steady state wage just as a function of parameters. Now | can get y as a
function of parameters.

Plugging equation 79 into 75 and using the market clearing condition Y = C + G + §K and
consequently C' = (1 — ¢ — 6£)Y

I
S
—
>
SN—

—

&
3|
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So we search for y making N = 1:
()
—g sk [~ o
From production function:
KON (K\ T
v-(v) =) Y %2
So it should follow that if N = 1 then:
K\ 1-0
Y = (Y> 1 (83)
and also,
K=Y (84)
From equation 81,
)™
Y Y

Now using equation 83

Lo (1)
1+
(- E— )

So using equation 80 and plugging in from production function | get:

1-6 (K\ 15 " _ 6
()’ _(EY Ty 88
{ G—o)Y]” X} <Y> (68)

getting out output in steady state:
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B\
Y = 89
EEI ©9

Knowing steady state output | can back up steady state hours worked from equation 82. From
the market clearing condition | can get steady state consumption C = (1 — % — 6§)Y.

Consequently, % =10 so K = 10Y. Capital is at its steady state value so the investment must
exactly offset capital depreciation. Therefore, I = K. Similarly, G = 0.2Y.

The last steady state value is the value function. Note that you can rewrite the value function
as infinite geometric sum by iteration. In steady state

V = u(C,N) + Blu(C, N) + B{u(C, N) + pu(C,N)...}] (90)

taking the utility out of the bracket

V=u(lC,N)1+8+3+5..] (91)

so the steady state is

D. CHARTS
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Figure 12: Term structure and varying volatility of G shocks in the benchmark model when
central bank puts zero weight on output gap stabilization. In the legend is the volatility of the
government spending innovation.
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Figure 13: Term structure and varying volatility of G shocks in the model with spending reversals
when central bank puts ¢, = 0.075 on output gap stabilization. In the legend is the volatility of
the government spending innovation.
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Figure 14: Term structure and varying volatility of G shocks in the model with spending reversals
when central bank puts ¢, = 0 on output gap stabilization. In the legend is the volatility of the
government spending innovation.
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Figure 16: Shows that the TFP shock generates higher inflation risks in the strict inflation

targeting regime

<, Response to G shock

annhualized pi1 to G shock

i 0025
-001 002 rhoy =0
rtho, =0
5 -002 5 0015 !
B 003l R
H S 0010
& 004 K]
® X 0005 :
= 005 rhoy =0 © :
006 tho, =0 0 //fr
007 -0.005 i
0 10 20 20 40 0 10 20 30 40
Y, Response to G shock W, to G shock
014 . ‘ 0
012 tho, =0 001
rho =0 :
o 01 v B ] e
8 S
§ 008 5 -003
> H
2 o0s 3 o004t
® = :
=t o4 E s 0 SRR TR S PP PP
0,02 -0.06
0 . 007
i 10 20 30 40 0 10 20 30 40

Figure 17: IR functions to 0.8% shock of innovations in government spending. Compares the

benchmark model case, ¢, = 0.075t0 ¢, =0
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Figure 18: IR functions to 0.5% shock in productivity innovations. Compares the benchmark
model case, ¢, = 0.075t0 ¢, =0
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Figure 19: IR functions to benchmark shock calibration of preference shock innovations. Com-
pares the benchmark model case, ¢, = 0.075t0 ¢, =0
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Figure 25: The blue line is the stochastic steady state of the nominal term structure of interest
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the insurance premium investors are willing to pay. The difference between the yield curve and
and yields consistent with expectations hypothesis constitute the nominal term premium. The
intersection of the blue and red line is the one period nominal interest rate
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¢l

Benchmark Government spending
¢, = .075 ¢y =0 ¢y = 075 ¢y =0 ¢, = .075 ¢y =0 ¢y = .075 by =0

Stand alone factors o) — 004 oy = 004 0, = 6 o) =6 o) — 004 oy = 004 by = 6 6y = 6

Levels % L % L % Level % Level % Level % Level % Level %
7%Va7’f,(ACf,+n) -0.012 (1.3) [-0.012 (1.3) |-0.021 (1.1) |-0.019 (1.3) 0 (0.9) -0 (1) |-0.009 (0.9) | -0.007 (1)
=5 Var (3 wiyn) -0.814 (85.8) | -0.789 (79.3) | -1.396 (72.5) | -1.22  (79) | -0.003 (59.7) | -0.002 (78) | -0.58 (59.7) | -0.437 (78)
— LV ary(Sp4n) 0.077 (-8.1) | 0.076 (-7.7) | 0.126  (-6.6) | 0.12  (-8.1) 0 (-5.1) 0 (-9) | 0.05 (-5.1) | 0.049 (-9)
7%\@ S0 (Gery) -0.02 (21) | -0.02 ®) -0.02 (1) -0.02 (1.3) 0 (0) 0 (0) 0 (0) 0 (0)
Factor interactions
—ZCo0i(ACk1n, Y 1=y Tetn) 0.001 (-0.2) [-0.002 (0.2) | 0.001 (-0) [ 0.003 (-0.2) -0 (0.1) 0 (-1) [-0.001 (0.1) [ 0.005 -1
—22Covy(ACysn, Stin) -0.277 (29.2) | -0.277 (27.9) | -0.68 (35.6) | -0.635 (41) | -0.002 (41.8) | -0.0016 (65) | -0.41 (41.8) | -0.36  (65)
—8Cov(Strns 1 Tetn) 0.419 (-44.1) | 035 (-35.2) | 0.39 (-20.4) | 0.54 (-35) -0 (2.6) | 0.001 (-35) | -0.025 (2.6) | 0.193 (-35)
+2Covt(Styns Y gy (Grits) -0.35 (36.9) | -0.34 (35.1) | -0.35 (18.2) | -0.35 (22.6) 0 (0) 0 (0) 0 (0) 0 (0)
+2Cov(ACrin, 1y (Cutts)) 0.017 (-1.7) | 0.02 (1.8) | 0.017 (-0.9) | 0.017 (-1.1) 0 (0) 0 (0) 0 (0) 0 (0)
F2Cou (XS (Chos) s gy Tgn) || 001 (11) | 001 (11) | 001 (05) | 0.01 (-0.7) 0 (0) 0 (0) 0 (0) 0 (0)
Total
Elytm}] — ytmq; -0.948  (100) [-0.994 (100) [-1.925 (100) | -1.55 (100) [ -0.004 (100) | -0.002 (100) [ -0.98 (100) | -0.56 (100)

Table 8: shows the factors attribution to the stochastic component of the yield curve for benchmark model and government shock only. The
reported numbers are averages over the maturity profile n = 40, each column shows the contribution of the attributes to the mean of ergodic
distribution of the yield curve in levels and percents (Zf-ifi)' The higher order interactions are zero up to the 2nd order approximation. The
benchmark model in the second column is decomposea to contribution of single shocks to overall risk. L % 100 means that numbers in the
column are multiplied by 100 for better readability. o = —108, v = 2
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Benchmark Benchmark
Stand alone factors (in %) ¢y = 0.075 ¢y =0 TFP
— L AVar(AC,) 0.9 1.3 1.4
—%AVW}(Z?:I 7Tt+n) 59.7 78.5 63.3
—5-AVary(Siyn) -5.1 -8.8 -8.8
Factor interactions (in %)
—%ACOUt(ACH_n, Z?:l 7Tt+n) 0.1 -0.9 -1
—B2ACov(ACin, St1n) 41.8 64.6 73.2
— 2 ACov(Stins D5y Titn) 2.6 -34.7 -28.2
Total
AE[ytm}] \ -0.976 -0.55 -0.978

Table 9: Quantifies the factors attribution to the total drop in the level of the term structure of
interest rates when the volatility of the innovations to government spending increases from 0.4%
to 6% (volatility of TFP is design to deliver similar size of the drop in the yield curve, from 0.214%
to 0.687%). The reported numbers are averages over the maturity profile n, each column shows
the percentage contribution of the attributes to the total change in the level of the yield curve.
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Stand alone factors | B G G¢,=0
— L Var,(ACn) 13 09 1.3
—%Vart(zgzl Ti+n) 854 59.7 78.5
—2Vary(Sein) 81 -5.1 -8.8
— 55 Var: YU (Crery) 2.1 0 0
Factor interactions

—%COUt(ACt+n, Z?:l 7Tt+n) -0.2 0.1 -0.1
— 2 Covy(ACtin, Stin) 294 41.8 64.6
~2Covy(Stims 1y Tein) 435 26 -34.7
+2C0u(Stans N0y (Cett)) 364 0 0
+2Cov (AC1p, 2251 (Gratj)) -1.7 0 0
+2ACou (Y0 (Crerg) D iy Ten) | -1 0 0
Total

Eytmy] — ytmy (053 -0.052 0.0066

Table 10: The table shows the factors attribution to the stochastic component of the yield curve
and to the transmission of fiscal uncertainty. The reported numbers are averages over the ma-
turity profile n, each column shows the percentage contribution of the attributes to the mean of
ergodic distribution of the yield curve. These proportions are constant in the size of uncertainty
thus we interpret them as prices of risk. The higher order interactions are zero up to the 2nd or-
der approximation. B represents the benchmark model, G is B with only government spending
shock
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