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Fiscal Policy and the

What dO we dO? Term Structure of

Interest Rates

A. Margal

Preview

» macro-finance paper

> we believe that asset prices are driven by macro
fundamentals

» statistical approach (Nelson-Siegel, unrestricted VAR)

» structural approach

> partial equilibrium models or static general equilibrium

models
» DSGE



Our

approach

the goal is not to find great investment opportunity
but explain existing prices = asset pricing

Is there some formula which tells how much is the
bond worth? P; = E[X¢41]

We assume THERE IS! Implied by what become a
paradigm in this literature

NK model with EZ preferences

we calculate derivatives of pricing kernel(uncertainty,
unexpected shock)

question if they make sense
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How do we differ from the rest of the literature?

1. We look at the whole term structure, the rest of the
literature looks only at NTP

» we look at the level, slope and curvature whereas RS
(2008,2012), Andreasen (2011), Ferman (2011), HTV
(2007), Paoli (2012) and all the others, look just at
the slope

» Why is all this important? NTP tells you why 10 year
bond bears higher yield than short maturity bond. We
explain the model implied bond price itself, where the
risk comes from and show it over the whole maturity
profile

2. We derive the pricing kernel in terms of conditional
second moments

3. attribution - quantitatively evaluate the decomposition
4. Fiscal story
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Fiscal story

» Large part of NTP (more than half) is usually
explained by TFP shocks. No one cares much about
government spending shocks as they play minor role
(explain about 5 % of NTP)

» show that if you increase the uncertainty about
government spending shocks to levels which are
historically observed the fiscal story gets important
also from quantitative point of view

» We apply the theoretical and quantitative
decomposition (point 2 and 3) to show exactly the
transmission of government spending shocks to bond
prices

> we show

> the transmission depends on monetary policy
» fiscal policy is history dependent
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Fiscal Policy and the
HOUSGhOld problem Term Struﬁture <t>f
Interest Rates
A. Margal
Representative, infinitely-lived agent have Epstein and Zin
(1989) preferences. ol

_1
Ve = u(Ce, Np) + BIE V] T (1)

The period utility is given by:

C1—0'1 N1+02
CroLe)=et{ Tt — —w -t
u(Ce,Le) = e {1—0’1 w1+02

(2)

| 4
| 4

> separability of risk aversion from coefficient of
intertemporal elasticity of substitution



Supply side
Firm's problem

Final good firms operate under perfect competition and use
following technology to bundle the intermediate good

Y, = < /0 Ly (i)di> o (3)

We follow Smets and Wouters (2003) and allow some
degree of substitutability across differentiated intermediate
goods \; to vary over time (time varying mark up). Profit
maximization gives demand for intermediate good

+A¢

Yo(i) = <P;ft")>lkf Y, (4)

The implied aggregate price level is given by

Pe= (/s Pf(i)“%)%
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- Fiscal Policy and the
S u pply Slde Term Structure of

Interest Rates

Firm's problem
A. Mar3al

In the intermediate good sector all firms have identical
Cobb-Douglas PF: Model

Y: = AKINEO (5)

where A, is the aggregate level of technology, K is fixed,
N; hours worked

Price stickiness

The price stickiness is introduced by Rotemberg adjustment
cost. Firms can reset the prices of each differentiated good
in every period paying the quadratic adjustment costs

Wp[ﬂﬁ)l
2 | Pa(i)7

qzﬂh (6)



Closing the model e Strocture of

Interest Rates

A. Margal

Model
Monetary authority follows interest rate rule:
i =1+ &+, Y, (7)
The market clearing condition in the final good market

Yt:Ct+Gt+($R (8)



Fiscal Policy

Government spending
Gt = p6Gr-1+ UGQG
where €& € N(0,1)
Spending reversals (Corsetti 2009)
» G is financed Ty + Qt4+1Dtr1 = Dt + P:G;
> taxes are endogenous Tr; = VD
Gt = (1 — pG)G + pGGt_l + \UtDRt + O'GG,_.G

The model is calibrated and driven by productivity,
mark-up, preference shocks.
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Fiscal Policy and the

Bond prlceS Term Structure of

Interest Rates

A. Margal

Model

oo (5) ML (]

Gt 7Tt+J+1 Vt+j+1

» by chaining the pricing kernel we can price bond of any
maturity

> having the term structure of interest rates
y/tr\n: = —%qt,Hn we can calculate the derivatives:

1. dytm, /OeC unexpected increase in government
spending

2. we explain where the risk premium By/tﬁf — r comes
from and calculate dytm, /0o¢

3. term premium NTP{ =il — %", E[irj], ONTP{ /Oo¢
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Benchmark model
¢, = 0.075

Stochastic Averages of the Nominal Yield curve
T T T T

2] o

yield to maturity

5 I I I I I I I I I
2v0

1 2 3 4 5 6 7 8 S 10
maturity

Figure: Term structure and varying volatility of G shocks. In the
legend is the volatility of the G innovation.
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Fiscal Policy and the
Benchmark mOdel Term Structure of
Interest Rates
¢y =0 2
A. Margal

Stochastic Averages of the Nominal Yield curve
T T T T T

Fidings

yield to maturity

Figure: 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.



Fiscal Policy and the
ReSU ItS Term Structure of

Interest Rates

A. Margél
Impact IRF to G =0.004 Impact IRF to G=0.012 Impact IRF to G =0.02 Impact IRF to G =0.028
52 s 5 B
5 1 5 = 5
2 2 | 5
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55 5 5

vield to maturity
yield to :naturily
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yield to maturity

: m‘atur\gty ° m‘atur\gty °
Figure: The Role of Monetary Policy. The stochastic steady state
of the term structure and the impact of increase in government
spending on the yield curve for two policy regimes.



Model with spending reversals

Stochastic Averages of the Nominal Yield curve
5.35 T T T T T

—0.004
5.3F N0.008
No.012
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Mo.016
5.2F M o.02
Z5185L 0.024
i 0028
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5
maturity

Figure: Term structure and varying volatility of G shocks. In the
legend is the volatility of the shock. In the box is the maximal
slope over the whole grid of parameters.
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Analytical decomposition

—n
ytm,

2n

n

n

Var; Z (ét,tﬂ') +7*Vary (A"&;1n) + Var, Z (Ree4)

j=1

=1

2 n
(6% 2 ~
S-VareSea () + %Covt > Ceeais Aesn

Jj=1

1 n n /_y n
2 A~ na ~
;COVt g Gt t+js E Tt4j | — ;COVt A"€;ip, E Tetj
Jj=1 Jj=1

Zfr,t+j75t+n )

Jj=1

n
Z 7Art+n-, 5t+n
J=1

Jj=1

« ~
- %COVt (A"Ct+n7 5t+n)

(12)
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Precautionary savings

Stand alone factors ‘ B ¢y =0.075 ¢, =0 TFP Mark up Pref
— 25 Var(ACen) 1.3 0.9 1.3 1.4 0.2 1.2

“2 Vart(ZjL1 Tt4n) 85.4 59.7 78.5 63.3 100 126.4
— 5= Var(Stin) -8.1 -5.1 -8.8 -8.8 0 -8.9

=2 Vare 30 (Geers) 2.1 0 0 0 0 6.4

Factor interactions

—2Cove(ACrin 31—y Tern) 0.2 0.1 01 | -01 0.2 15

— 22 Cove(ACtins St4n) 29.4 41.8 64.6 | 73.18 0 -5.7

—%Cove(St+n, ZJ’-’:I Tttn) -43. 2.6 -34.7 | -28.2 -0.1 -87.9
+%Covt(Stsn, Zj’-'zl (Ce,e+4)) 36.4 0 0 0 0 120

+3 Cove(ACein, 2571 (Ceerf) -1.7] 0 0 0 0 -5.76
+1Covi(37 g (o) i Tean) | -1 0 0 0 0 -3.44
Total

Ei[ytm}] — ytm; \ -0.96 -0.02 -0.01  -0.58 -0.08  -0.29

Table: attribution
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- - Fiscal Policy and the
Market prlce Of rlSk Term Stru);ture <t)f

Interest Rates

is independent of the specific characteristics of the asset being priced

A. Margal
. 1 n . n
ytmg = —o_ Vare > (Ct,t+j) +7°Var, (A"&n) + Vare y  (fee4))
j=1 =1
2 n
- %Vart5t+n )+ %%UA&COTH > Cerjr A"e1n i i
j=1 actor attribution

n n
A . ¥ na ]
+ Uwcorrt (E Ct+js E Tetj | — ;‘TAEU%COFH A€, E Tt j
1 j=1

j=t

A~ e} R
+ ;O'CO'SCOI'I} (Z <t+j75t+n(') — ’YTUA{;O'SCOI‘I‘t (AnCt+n7St+n)

a .
_ ;aﬁasCorrt (Zl Retns Stn (13)
j=



Fiscal Policy and the

Nomlnal Term Premlum Term Structure of

Interest Rates

A. Mar3al
Stand alone factors | B| ¢,=0075 ¢,=0| 0, =006 TFP Pref
—2-Var(ACeyn) 17 4.1 2 2 13 17
7§v‘art(27:1 Tetn) 1.2 0 0 0 11 -13
— % Vary(Se4n) 0 0 0 0 0 0
=2 Vare 30 (Geers) 6.2 0 0 0 0 98
Factor interactions
~ZCove(BCrin Yy Tern) 07 01 0 0 01 03 (eSS
—29Cove(ACerny Sean) -14. 105.2 56 56 36 -44.8
—2Cove(Strn, X g Te1n) 44.9 -9.2 42 42 62 35
+2Cove(Sern Y7y (Cereri)) 68.3 0 0 0 0 108
+2Cove(ACetn, Y jq (Geet))) 5.1 0 0 0 0 81
+1ACovi (X7 (Gerej) , ofy Tean) | 0.5 0 0 0 0 0
Total
E[ytm]] — ytm, [ 119 0.007 0.01 0.6 0.43 074

Table: NTP



Results

Factor attribution over the maturity profile ¢,

risk premium

Fiscal Policy and the
Term Structure of
Interest Rates

= 0.075 )
A. Margal

2
W 6o,

e,
Clvar ()

EICovA Cpr )

o (5 Gy, 8. L eeeem”

lcovs,, =)

T===low uncertainty
high uncertainty

Factor attribution

Yield TO’M aturity

5
Maturity

Figure: Factor attribution over the maturity profile ¢, = 0.075



Results

Factor attribution over the maturity profile ¢, =0

® -Var. (A G,
- Var, (S,
1| ]van (7,
[Cova Cpp )
Elcov(AC,, S,
oG T

o

risk premium

Attribution analysis
T T
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low uncertainty
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Figure: Factor attribution over the maturity profile ¢, =0

5
Maturity
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Summing it up ...

> rise in uncertainty about government spending
amplifies the hedging property of bonds against long
run risks to consumption and leisure

» Depending on the monetary policy conduct the
inflation risk acts as leverage to the long run
consumption and leisure and thus increases the risk
premium

» nominal risk increases over the maturity profile
whereas the real risk declines

» spending reversals break the link between quantity of
fiscal risk and risk premium
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Term Structure of
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Benchmark model

> to explain the transmission of exogenous government
spending on term structure it is necessary to
understand how the model economy works

> imagine that the economy is in the steady state (long
run equilibrium)

> next, the economy is hit by exogenous G shock
(e¢>0att=1landeg=0att>1)

> economy response is driven by wealth effect

Fiscal Policy and the
Term Structure of
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Conclusion



Fiscal Policy and the

ReSU ItS Term Structure of

Interest Rates

Benchmark model )
A. Margal
¢, Response to 1% G annualized pi, to 1% G n, Response to 1% G
0 [y 02
T ,,/// \

£ -0.02 e - S £ 015f
5 s s ,/ ] \
kS ~ 5 - £

= -0.04 / 22 / = 04

3 3 y H N
Bl ° / z S
R 06/ 24l R 005 S )

/ | Conclusion
0.08 4
0 10 20 30 40 0 10 20 30 40 o 10 20 30 40
Yy, Response to 1% G w, to 1% G shock annualizedi, to 1% G
02 0 0
P \
- \
0.15 -0.02 o \

5 5 o Soo

$ oap 2 004} 2

H N 3 Y H

M ™~ 3 / 3 001 ™

=005 = .06/ = s -

0 — o0
0 10 20 30 40 0 10 20 30 40 0 10 20 30 40

Figure: IR functions to 0.8% shock in G in basic NK model with
regime shifts. In Taylor rule p, >0



Benchmark model

a¢
G’

v

A G > 0 decreases disposable income implies
‘% < 0 assuming they are normal goods

> less leisure causes AN > 0
> aggregate demand goes up because < AG T

> = > 0 implies higher Y; = A; K(’N1 0 than in real
terms Y; = Gt + G; + 6K thus prices must go down

» firms cannot cut prices fully because of nominal
rigidities

» they respond by reducing output and labor demand,
this decreases wages

» MP rices nominal interest rate - accommodating the
rise in Y, real rate falls

Important: consumption and prices fall

Fiscal Policy and the
Term Structure of
Interest Rates

A. Margal

Conclusion



Benchmark model

> rise is driven by the expected higher nominal interest
rates

> response of NTP is very small

» CB rises i; to accommodate output

|1 H‘WH LT \ﬁﬂﬂﬂ’ﬂ’ﬂ’ﬂr m
ool | AL DD Y DO

Figure: Attribution analysis of the period impact
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Term Structure of
Interest Rates
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Results

Baseline model with output stabilization

» imagine that the economy is in the steady state (long
run equilibrium)

» next, the economy is hit by exogenous G shock
(e¢>0att=1landeg=0att>1)

» MP is not responding to rise in Y; and accommodates
the additional money demand

» firms can respond to additional demand by rising their
prices

Important: consumption fall, prices rise

Fiscal Policy and the
Term Structure of
Interest Rates

A. Margal

Conclusion



Results

Baseline model with output stabilization

<, Response to G shock

annualized piy to G shock

n, Response to G shock

] N\ -
001 e 002\ ——o>0 ——ho >0
L \ o =0 tho, =0
002 e Y | ——
5 = § 0015 5
5 - s ~ s N\
2 S o > 3 01
$ 004 3 I 3 \
® ® 0005 = =®
- 7 o, >0 I— 005
i =
v ——tho,=0 e
007 10 2 30 a h 10 E 30 a 10 2 30 a
Y Response to G shock W, to Gshock annualized i1 to G shock
0.
ho, > 0 001 T 005 \\ ho, >0
01 imo‘/:a 002 il \ imny =0
§ AN 1 5 7 oot N
s - ® 003 K
H 3 / i A
Boos N 8 o0e % 3
= = sl ®om
002 \\ 005}/ 001 SR
10 30 A 007 10 30 A 10 30 A

Figure: IR functions to 0.8% shock in G
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Taylor rule

As highlighted above, the conduct of monetary policy is
important determinant of the slope and 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.

Study Period Or Oy

Taylor (1996) 1987 - 1997 1.53 0.77

Judd and Rudebush (1998) 1987 - 1997 1.54 0.99
Clarida, Gali and Gertler (1998) | 1979 - 1994 2.2 0.07
Clarida, Gali and Gertler (2000) | 1979 - 1996 2.15 0.93
Orphanides (2003) 1979 - 1995 1.89 0.18

Table: Taylor rule estimates for US

Fiscal Policy and the
Term Structure of
Interest Rates
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Conclusion



Taylor rule - robustness check

Change in Slope after increase in fiscal uncertainty

yield to maturity

°b b b oo ow

18
inflation -7

yield to maturity

e

® T
inflation o0 057 output

Figure: Changes in the level and slope of the term structure of
interest rate over the grid of Taylor rule regimes after the change
in volatility of government spending shock ranging from

oc = 0.004 to o0 = 0.06
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Fiscal Policy and the

Taylor rule - robustness check o S o

Interest Rates

A. Margal
Level of Term Structure in MP low volatiity
9
2" 5
£s 4
£
2 5
= 6
g a 5
2 147
8T s 007 057
infiation Level of Tem Stucture in MP high volatiity
o Conclusion
é‘ 10
% 0
£
2.0
3
]
=Y

inflation output

Figure: Level and slope of the term structure of interest rate over
the grid of Taylor rule regimes for volatility (upper one)
oc = 0.004 and volatility o = 0.06 (bottom)



Taylor rule - robustness check e Strocture of

Interest Rates

A. Margal
Slope of Term Structure
35
4
35 3
z 3+
s 25
g
S5+
z Conclusion
T, 2
15
1.5
1=l
19
147
16 057
15 007
inflation output

Figure: Slope of the term structure of interest rate over the grid
of Taylor rule regimes for volatility o = 0.004



Fiscal Policy and the

Emplrlcal eVldence Term Structure of

Interest Rates
Where do we stand?
A. Margal

» we did not find study relating government spending as
we define it with dynamics of the yield curve

Conclusion
» something we currently intensively work on - first
estimates suggest our conclusions are qualitatively in
line with data (we insert into Ramey codes yields)
> our arguments are model based

» model fits stylized macro and vyield curve facts



Empirical evidence

Literature review

The literature studying the effects of fiscal policy on
interest rates documents relationship. For instance:

>

Barth (1991) surveys 43 studies; 18 positive effect, 6
mixed effects, 19 not significant or negative

Gale and Orsag (2003) redo Barth (1991); from 19
studies with projected deficits 13 positive, 5 mixed
effects, 1 no effect

similar conclusion Mankiw (1999)
often cited papers as Evans (1987) or Plosser (1982)
no effect

Afonso Martins (2010) using macro - finance model
find government debt and the budget deficit rise
sovereign yield curve in US

Fiscal Policy and the
Term Structure of
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Empirical evidence
Afonso Martins (2010)

Response of INF to DB4

Response of LEVELM to DB4

1.2
Kl

0.2 54 P
04 —

T
uo\/ <
04q S —
DET T T T T T T T T T T T T T T T T T T T T T 7T T 4 d

4 8 8 10 12 14 18 48 20 22 24 28 ATTrT T T T
2 4 5 8 1012 M 18 18 20 2 24 28

Response of SLOPEM to DB4

Figure: Response to Debt to GDP ratio

0.8+
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T
101214151320222426
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Empirical evidence

Fiscal Policy and the
Term Structure of
Interest Rates

Response of LEVELM to BALANCE Response of SLOPEM to BALANCE A. Marzdl
4
24 T .
- —— —
e . ) 054
B e L I — C i
onclusion
6 8 10 12 14 16 18 20 2 2 4 6 B 10 12 4 18 18 20 2 24 26
Response of INF to BALANCE
4]
o =
,./"7
-44 . S
- O I S
8 8 10 12 14 18 18 20 24 26

Figure: Response to Budget Balance



Fiscal Policy and the
Term Structure of

Supplemental content. Interest Rates
A. Margal
<, Response to 1% G annualized pi1 to 1% G n Response to 1% G
N ,x10 02
1 o \
> - 151\

g 002 = - o T N
2 S 2 p £ \
3 004 - 5 HEX
S / £ 3

/
=X 006 % ® X008 -

008 4
0 10 20 30 40 (] 0 20 30 40 (] 10 20 30 40 .
Conclusion
Y Responseto 1% G w, to 1% G shock annualized i1 t0o 1% G
0. 0
0.4 0.02 T
c c 2 c
BN £ - £
HARI =004 H
3 . S S 3
005 Pt = .06}/ *
Y
0 10 20 30 40 0 0 20 30 40 (] 10 20 30 40

Figure: IR functions to 0.8% shock in G. In Taylor rule p, > 0

Back to



consumpiton growth annualized inflation
0.05 T T 0.025 T
— rtho >0
¥
0.02 ——tho_=0 |
¥
0.015
% % 0m
w018 -
: 0.005 :
M2 .......................
0254 1 or //—/—"
0.3 . ' ; -0.005 . ' ;
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Figure: IR functions to 0.8% shock in G

Back to
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Fiscal Policy and the
Term Structure of
Interest Rates

Consumption Hours worked
1 T 04 - A. Margal
s : —rtho_ >0 s ;
= : ¥ =
5 05 : — tho =0 | 502
= \k Y -
o o
o 10 20 30 40 o 10 20 30 40
Output nominal interest rate
0.4 15
g 02 ‘ : z :
= : = 05 : Conclusion
0 0 -
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annualized inflation consumpiton growth
1 T 2 T
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Figure: IR functions to 2% shock in flight to quality

Back to



How do we do things?

EZ preferences

3 cases for C and L Back to

1. coin flipped at t = 0 determines high or low
consumption and leisure at all dates 1,2,3 ... T

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

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

> intertemporally smooth path of C and L but big
time-zero volatility in V4

» all info revealed at t = 0 thus E;( Vi1 varies over time
non-stochastically but features higher variation across
time

> timing of uncertainty resolution, when v < 7 agents
prefer early resolution of uncertainty

Fiscal Policy and the
Term Structure of
Interest Rates

A. Margal

Conclusion



How do we do things?

Epstein-Zin

Time separable

Habit Formation

N——

Inf 20.00 6.67 5.00

Figure: Demand for insurance over the frequencies (Dew-Becker

and Giglio 2013)

Back to @,

Crcle length (vears)
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Definitions

Fiscal Policy and the
Term Structure of
Interest Rates

A. Margal
Yields
T
551 ) i
Insurance premium
£ sF R
5 Conclusion
£
2
=
®
451 Nominal term premium
4 -
—_— st.st.
-+ expect hypothesis
~ -~ -deterministic st.st.
| | | | | L |
3% 5 10 15 25 30 35 40

Back to

20
maturity

Figure: Defining terms



Calibration

The model is calibrated to match moments of

» macro consumption growth, inflation, one period
interest rate

» asset pricing (10Y slope, level and NTP)

» Standard value for US

» based on Rudebush Swanson (2012), Ferman (2012),
Andreasen 2012

> we take the parameter and model dependency very
seriously

Back to
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Term Structure of
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Calibration

Table: Calibration of the model

Monetary Policy Rule

P
Py

2.19
0.075

Structural Parameters

B
v

n
RiskAv

0.99

2

0.40

110

6 0.33
A 02
¢ 233
§ 0.02

Exogenous processes

Pb
PA
P
PG

ﬁ

K/(4Y)
Gy

0.83
0.98
0.18
0.94

2.5
0.2

Obp
OA
OX
oG

The Steady-State
1.004

0.020
0.005
0.051
0.008

Fiscal Policy and the
Term Structure of
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A. Margal

Conclusion



Calibration
Quantity of risk

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

Back to

Period og  std(G)
1947 - 1957 | 5.83 17
1957 - 1967 | 1.55 453
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
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Analytical decomposition

» nominal risk
. ~ n A H

» stagflation story Cov (A”ch dim1 7rt+j) high
inflation and low consumption means that the bond
looses its value exactly when needed the most,
empirically Piazzesi Schneider (2006)

> Cov (zj":l ﬁt+n,5t+n)

Il rise in demand for safe assets accompanied by growth in inflation (Fisher (2015))

n =~ n A

Cov (Zj:l Ce,t+js Zj:l 7Tt+j)
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Analytical decomposition

> real risk

» Cov (A"€t1n, St1n) Kaltenbrunner and Lochstoer
(2010), if agents dislike shocks to both realized and
expected consumption growth, the long run risk
component acts as a hedge for shocks to realized
consumption growth.

» Cov (Z};l Co.trjr Stin ()) interaction of the
preference for safe assets with the revision in
expectation about future consumption growth and
leisure. An exogenous increase in demand for safe
assets lowers the marginal cost of saving, thereby
increasing the incentive to save by buying risk-free
bonds. The rise in demand for safe assets is bad news

for expected future consumption growth and leisure
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Factor Attribution

» not simple to calculate conditional moments
> E;Variyi-1xeq # Varixey
» we use the idea of performance attribution to

decompose the pricing kernel and to calculate
unconditional moments

> lets for the sake of explanation consider only three
factors and no steady state inflation
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Figure: Diagram demonstrating the Brinson Fachler approach
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