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1 Details on Monetary Policy Announcements Since

2008:11
Table Al. Unconventional Monetary Policy Announcements
Date Announcement
25 11 2008 Start of LSAP-I
01 12 2008 Treasury securities purchases
16 12 2008 FFR lowered to zero lower bound
28 12009  Disappointing FOMC meeting
18 32009  Additional Treasury purchases
10 8 2010  Start of LSAP-II
219 2010  Confirming existing reinvestments
3 11 2010  Additional Treasury purchases
98 2011 Decided to maintain a highly accommodative stance of monetary policy
2192011 Maturity Extension Program
2512012  Decided to maintain a highly accommodative stance of monetary policy
20 6 2012 Continuation of Maturity Extension Program
1392012  Start of LSAP-III
12 12 2012 Decided to maintain a highly accommodative stance of monetary policy
19 6 2013  Decided to maintain a highly accommodative stance of monetary policy
18 9 2013  Continuation of QE
18 12 2013 Begin tapering QE in January
19 3 2014  Possibility of raising the fed funds rate 6 months after the end of QE
and decided to make a reduction in the pace of its asset purchases
18 6 2014  Cut another $10 billion from its purchases of Treasury assets and mortgages
and decided to make a further reduction in the pace of its asset purchases
17 9 2014  Reduced its QE bond purchase by another $10 billion
and decided to make a further reduction in the pace of its asset purchases
17 12 2014 Prepared to raise interest rates only when the economy improves enough
and reaffirmed the current target range for the FFR remains appropriate
18 32015  Reaffirmed the current target range for the federal funds rate remains appropriate
17 6 2015  Signaled the possibility of a rate increase in three to six months
1792015  Left the fed funds rate unchanged
16 12 2015 Raised the fed funds rate a quarter point to 0.5 percent
16 3 2016  Kept the interest rate unchanged
156 2016  Voted against raising rates

Notes to the table. The dates include the most important dates from Wright (2012).



2 Relationship Between Our Shock and Other Mone-

tary Policy Shocks

Figure Al. Relationship Between Our Shock Nakamura and Steinsson’s

Conventional Monetary Policy Period
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The figure depicts the coefficient v (7) in the regression of our functional monetary

policy shock, E{ (7), on the Nakamura and Steinsson’s (2017) monetary policy shock.



Figure A2: Relationship Between the Components
of Our Shock and Nakamura and Steinsson’s

Conventional Monetary Policy Period
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Notes. The figure depicts the correlation relationship the components of our functional mone-
tary policy shock and Nakamura and Steinsson’s (2017) (narrative) monetary policy shock.



Figure A3: Panel A: Our Shock vs. Krippner (2015)
A. Conventional Period B. Unconventional Period
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Panel D. Unconventional Monetary Policy Period
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Notes. Panels A-B in the figure depicts the relationship between our functional monetary
policy shock, 5{ (7), and Krippner (2015) in the bottom panels. Panels C-D depicts the correlation
between the components of our functional monetary policy shock and Krippner’s (2015) monetary
policy shock.



3 Robustness to Adjusting the Shock for the Number
of Days in the Month

In this robustness exercise, we re-scale the shocks depending on the day of the month it took
place. The weight equals the number of days from the day of the shock until the end of the
month, divided by the number of days in the month.

Figure B1l. Output Response in Conventional Times
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Figure B2. Inflation Response in Conventional Times

Percent

03I'nflation IRF on 11/2001 s 11/2001 10Inﬂaﬁon IRF on 9/1998 a5 9/1998
4.7 1
45 1
4.65 i
4 ]
=—Yield Curve Before
—~ - — —k—Yield Curve After
4 o
SES < S
o e =]
0] (] [}
= 1 e =
25 1
2 ]
—Yield Curve Before
—k— Yield Curve After
-0.4 15 -
0 5 10 15 20 0 50 100 150 0 5 10 15 20 0 50 100 150
Horizon Maturity Horizon Maturity
04Inflation IRF on 2/1999 52 2/1999 Oslnﬂation IRF on 5/2000 5/2000
51 ] |
5 ]
< ] =
ISES = ]
(4}
=
'g 4.8 1 o 1
= Yield Curve Before
—k— Yield Curve After 1
4.7 1
4.6 1
—Yield Curve Before 1
—k— Yield Curve After
0.8 . . . 45 n n . .
0 5 10 15 20 0 50 100 150 50 100 150
Horizon Maturity Horizon Maturity
2Il;{fll(ation IRF on 1/2007 53 1/2007 0 08Inflation IRF on 1/2004 s 1/2004
. —Yield Curve Before
—+— Yield Curve After A ]
1 52 1
351 1
5.1 i
— 3r 1
1 1% = 2
< o <
T 5 1 o S 250 1
IS @ g
-2 < o =
2t ]
49 1
3 1
151 1
-4 48 1 i J
=Yield Curve Before
—#— Yield Curve After
-5 - . - 4.7 - - -0.06 0.5
0 5 10 15 20 0 50 100 150 0 5 10 15 20 0 50 100 150
Horizon Maturity Horizon Maturity



Percent

Percent

Percent

Figure B3. Output Response in Unconventional Times
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Figure B4. Inflation Response in Unconventional Times
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4 Robustness to Cumulating Multiple Shocks that Ap-
pear in the Same Month

In this robustness exercise, we sum multiple monetary policy shocks when they appear in
the same month.

Figure C1. Output Response in Conventional Times
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Figure C3. Output Response in Unconventional Times
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Figure C4. Inflation Response in Unconventional Times

;nflation IRF on 11/2008 11/2008
351 1
3l 1
- 251 1
g
o 27 1
g
>
15r h
1t 1
o5 ah .
= Yield Curve Before
B . . . 0 n n
0 5 10 15 20 0 50 100 150
Horizon Maturity
Inflation IRF on 1/2009 1/2009
0.6 T T T 35 T T
3t 1
251 1
S ot 1
)
k=]
[}
= 15} 1
1t 1
0.5 bt
= Yield Curve Before
—¥— Yield Curve After
14 . . . 0 n n
0 5 10 15 20 0 50 100 150
Horizon Maturity

Ilnflation IRF on 11/2010

11/2010

Yield (%)

= Yield Curve Before

—¥— Yield Curve After
04 . . . 05 : ;
0 5 10 15 20 0 50 100 150
Horizon Maturity

13

Percent

Percent

Percent

3Inflation IRF on 12/2008

12/2008

25

05

Yield (%)

= Yield Curve Before
—*k— Yield Curve After

1 . . . 0
0 5 10 15 20 0 50 100 150
Horizon Maturity
0 7Inflation IRF on 8/2010 s 8/2010
251 ]
n ]
I
S
o 1571 i
2
=
1k ]
05 § ]
;: —Yield Curve Before
—%— Yield Curve After
02 . . . o : ;
0 5 10 15 20 0 50 100 150
Horizon Maturity
Inflation IRF on 9/2012 9/2012
03 : . . 1.8 . :
| 1.6 ]
14 ]
12 —
1, |
e\°/
1 © 08 1
2
1 > o6 ]
0.4 ]
02 |} ]
| 0 = Yield Curve Before
—¥— Yield Curve After
05 . . . 02 ; ;
0 5 10 15 20 0 50 100 150
Horizon Maturity



5 The Special Case of the Nelson and Siegel (1987)
Model and Univariate X,

We report the calculations for the case of the Nelson and Siegel (1987) model, focusing on
the case where X, is a scalar univariate autoregressive process (n = p = 1). In the Nelson
and Siegel (1987) model, ¢ = 3. Please note that the notation is specific to this section. We
shall prove that:

X P11 P12 P12 Pip X1 Ux¢
61775 — ?1 ¢272 0 0 ﬁl,t—l + ?l,t ) (1)

¢ 0 ¢y O Bai1 Un,t

53,1‘, ¢q 0 0 @99 BS,tfl U3¢

and that the VAR has a vector moving average representation:
00 3 B 3 B

Xy = Eoel,iux,t—z‘ + 14 (izlfiui,t—1) + 19 (izljiui,t—2> + .. (2)
Bii = bopuxi 1+ Oapux o+ Pyl + gotiyg 1+ (3)
53,t = Ogr11ux—1 + 03112ux -2+ wqﬂjlﬂq,t + ¢3+1,2@3,t71 4o (4)

In the Nelson and Siegel (1987) model, ¢;(7;A) = 1, where

(T3 A) = G+ Caga(T; A) + C3g3(T5 N),
G (T5A) = &1+ D092(T3 A) + P393(T5 A),
Upe(T3A) = Uryg + U go(T; A) + Usrgs(T; A). (5)
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Repeated substitutions of (1) into itself yield:

X = it oyt Gy Xiat by, [ ) fialriNdr +uxe)
#0n [ W ER(rN) + 60 (73N Xis + Dy firalrid) + g (73 N)r +
= (It i)t b / W(r)ea(T NV + 1wy + 61yt + b / w(T)uge (v Ndr
@+ b [ WD) (r NI Xica + 61600 +03) [ wlr)fiari Ve
= (1 o+ 8y + 0 [ 0TV
(14 b1y + d22)brs / w(r)ea(; N)dr

Fuxs + ¢1quxe—1 + (¢%1 + ¢12 /w(7)¢271(7; A)dT)ux -2

+ony [ WOua(m N+ 61600+ 03) [wTuseamNdr L (6)
=11 :;:,2

fi(5A) = alsA) + ¢2,1('§ M(er + ¢1,1Xt—2 + 012 / w(T) fi-a(T; AT + ux ;1)

+¢2,2(C2('5 A) + ¢2,1('§ N Xio + ¢2,2ft—2<'§ A) tupea(5A) +upe(sA),
= (14 dga)ca(-5A) + do1(5A)er + g (5 N ux 1+ upe(55A) + Pgotigi—1(+5 A)

011 9220001 (3 ) Xica 4 0 (0015 [ 0N + 6 fia4)
o (7)
Then, using egs. (5) and (6), the differential’ of X;,; in the direction
Wry(T3A) = Uiy + U5,92(T3 A) + U3,95(75 )
is
Ui [ W dr = gD + L, + BT (®)

Because (1) holds for every 7, this model can be written as a four-variable VAR model:

Xt P11 1ol dipla G313 X1 Ux.t
Bia 1 Pap 0 0 Bii-1 Uy ¢

’ = g ’ ’ + | 7 ) 9
52,1: {52 0 ¢2,2 0 62,t—1 Tf2,t ( )
63,75 o 0 0 ¢2,2 53,t—1 U3zt

! As we discuss in the Not-for-Publication Appendix, the differential we define here is a Gateaux differ-
ential.
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where the intercept terms are omitted for simplicity. Similarly, because (7) holds for each 7,
we have a vector moving average representation:

Xe = uxs+ ¢rguxe—1+ (67, + ¢1,2/w(7)¢2,1(7)d7)ux,t—2 + b1 (Lnlin g1 + Lplig -1 + I313(10)
-

P v
=011 552,2 =111
+¢19(d11 + Po0) (L1lin 2 + Ipling o + I3tz 2) + ...
E7/":,2

B = druxg1+ (b1 + boo)Prtix i o + i + Goolin g1 + (S1901 11 + 655) 8140 + -+
ﬁzt = ¢2UX,t—l + (¢1,1 + ¢2,2)¢2UX¢—2 + Uy + ¢22712,t—1 + (¢1,2¢2[1 + ¢32)62,t72 +oe
BSt = ¢3“X,t—l + (¢1,1 + ¢2,2)¢3UX¢—2 + Uz + ¢227]3,t—1 + (¢1,2¢3[1 + ¢32)63,t72 +oe

i.e., using a more general notation:

q
Xi = uxi+0i1uxi—1+01oux—2+ 1/’1,1(j§1]jﬂj,t—1) (15)

q
+w12(j§1[jaj,t,2) + ...
Biy = O2auxi1+bapuxi o+ Ui+ Yooty 1+ (16)

)

Byt = Ogriauxi1+0g112uxi2+ g + V1 0Uge1+ ", (17)

where 0,; = ¢1717 012 = (Qﬁl + ¢172fw(7)¢271(7)d7), 021 = (?51» O22 = (¢1,1 + ¢272)€$1;
V11 = G1o, V19 = G10(d1 1 + Ba5), ete.

6 Additional Evidence on the Multi-Dimensionality of
the Monetary Policy Shock

Can monetary policy be fully summarized by movements in short-term interest rates (a sit-
uation which we refer to as "one-dimensional monetary policy", following Giirkaynak et al.,
2005a), or is monetary policy operating in other ways as well? We investigate this issue
by plotting the monetary policy shocks in Figure D. If monetary policy shocks were "one-
dimensional" then all the shocks should line up along one dimension, that is, they should
belong to the same line. The figure visually suggests that this is not the case. To control for
the possible asymmetry of monetary policy shocks, we consider expansionary and contrac-
tionary shocks separately, and we also distinguish between conventional and unconventional
monetary policy periods. In particular, both unconventional and expansionary conventional
monetary policy shocks, depicted in the graphs on the right, seem scattered along more
than two dimensions. The contractionary shocks instead, depicted on the bottom left graph,
visually appear to be lying on a plane.
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Figure D. Monetary Policy Shocks in the Nelson and Siegel Model
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7 Additional Examples of Functional Shocks

This section discusses two additional examples of functional shocks. The first example is
a functional tax policy shock. We focus on two episodes: the American Taxpayer Relief
Act and Middle Class Tax Relief and Job Creation Act in 2012 and the Tax Cuts and
Jobs Act in 2017. Panel 1 in Figure E plots the changes in the marginal tax rates in 2008
and in 2018 as a function of wage income. The calculations are based on a representative
household that consists of a 38-year-old taxpayer, a 38-year-old spouse and two children
under 13 and are done using Internet TAXSIM (version 27). In the simulations, we assume
a representative adult who, in both years, earned the same salary, received $100 dividend
income, $100 interest income, no capital gains or losses other than wage income and no other
income, and spent $3000 on real estate taxes, $10000 on child care expenses and $10000 on
mortgage. The pictures show the functional shocks in the two years: the change in the
marginal tax schedule as a function of wage income. Clearly, the change in the tax schedule
affects individuals differently, depending on their wage income, and our functional shock can
describe such heterogeneity.

The second example is a functional uncertainty shock. The coronavirus COVID-19 pan-
demic created a huge uncertainty shock. There are several measures of uncertainty; one
such measure (ex-ante uncertainty) is the change in the predictive density (see e.g. Rossi,
Sekhposyan and Soupre, 2016). The Survey of Professional Forecasters publishes forecast
densities of several macroeconomic variables, including real output growth. The graph on
the left of Figure E, Panel 2, shows the forecast densities in the fourth quarter of 2019 and
the first quarter of 2020, before and after the COVID-19 pandemic shock. The functional
uncertainty shock is the downward shift in the predictions of future output growth, and is
depicted on the panel on the right.
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Figure E. Monetary Policy Shocks in the Nelson and Siegel Model
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