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A  SUMMARY OF FEDERAL RESERVE AND ECB BALANCE SHEET
Poricies: OBJECTIVES AND TIMING

A.1 Federal Reserve

Date

Statement

ObjectiveS

Policy Source
Rate Level

11/25/2008

“The Federal Reserve announced . . . a
program to purchase the direct obligations of
housing-related government-sponsored enter-
prises (GSEs) . . . and mortgage-backed securi-
ties (MBS) . . . Spreads of rates on GSE debt and
on GSE-guaranteed mortgages have widened
appreciably of late. This action is being taken
to reduce the cost and increase the availabil-
ity of credit for the purchase of houses, which
in turn should support housing markets and
foster improved conditions in financial markets
more generally. . . .”

Financial
Market

1.000 Press
Release

12/01/2008

“The second arrow in the Federal Reserve’s
quiver—the provision of liquidity-remains ef-
fective. Indeed, there are several means by
which the Fed could influence financial condi-
tions through the use of its balance sheet [:] .

. First, the Fed could purchase longer-term
Treasury or agency securities on the open mar-
ket in substantial quantities. . . . Second,
the Federal Reserve can provide backstop lig-
uidity not only to financial institutions but also
directly to certain financial markets, as we have
recently done for the commercial paper market.
. . . Each of these approaches has the potential
to improve the functioning of financial markets
and to stimulate the economy. . . .”

Financial
Market

1.000 Chair
Speech




Date

Statement

ObjectiveS

Policy
Rate Level

Source

3/18/2009

“The Federal Reserve will employ all available
tools to promote economic recovery and to pre-
serve price stability. . . . To provide greater
support to mortgage lending and housing mar-
kets, the Committee decided today to increase
the size of the Federal Reserve’s balance sheet
further by purchasing up to an additional $750
billion of agency mortgage-backed securities . .
. and to increase its purchases of agency debt
this year by up to $100 billion . . . Moreover, to
help improve conditions in private credit mar-
kets, the Committee decided to purchase up to
$300 billion of longer-term Treasury securities
over the next six months. . . .”

Financial
Market,
Inflation

0.125

Press
Release

11/03/2010

“Consistent with its statutory mandate, the
Committee seeks to foster maximum employ-
ment and price stability. . . . To promote
a stronger pace of economic recovery and to
help ensure that inflation, over time, is at levels
consistent with its mandate, the Committee de-
cided today to expand its holdings of securities.
The Committee will maintain its existing pol-
icy of reinvesting principal payments from its
securities holdings. In addition, the Commit-
tee intends to purchase a further $600 billion of
longer-term Treasury securities by the end of
the second quarter of 2011, a pace of about $75
billion per month. . . .”

Inflation,
Unemploy-
ment

0.125

Press
Release

9/13/2012

“To support a stronger economic recovery and
to help ensure that inflation, over time, is at the
rate most consistent with its dual mandate, the
Committee agreed today to increase policy ac-
commodation by purchasing additional agency
mortgage-backed securities at a pace of $40 bil-
lion per month. . . . These actions . . . should
put downward pressure on longer-term inter-
est rates, support mortgage markets, and help
to make broader financial conditions more ac-
commodative. . . .”

Financial
Market,
Inflation,
Unemploy-
ment

0.125

Press
Release




Date Statement ObjectiveS Policy Source
Rate Level

12/12/2012  “To support a stronger economic recovery and Financial 0.125 Press
to help ensure that inflation, over time, is at Market, Release
the rate most consistent with its dual mandate, Inflation,
the Committee will continue purchasing addi- Unemploy-
tional agency mortgage-backed securities at a ment
pace of $40 billion per month. The Commit-
tee also will purchase longer-term Treasury se-
curities after its program to extend the aver-
age maturity of its holdings of Treasury secu-
rities is completed at the end of the year, ini-
tially at a pace of $45 billion per month.

Taken together, these actions should main-
tain downward pressure on longer-term inter-
est rates, support mortgage markets, and help
to make broader financial conditions more ac-
commodative. . . .”

9/17/2019 “The Federal Reserve Bank of New York will Financial 2.125 Desk
conduct an overnight repurchase agreement Market Statement
(repo) operation . . . to help maintain the fed-
eral funds rate within the target range of 2 to
2-1/4 percent. . . . Securities eligible as collat-
eral in the repo include Treasury, agency debt,
and agency mortgage-backed securities. . . .”

3/23/2020 “The Federal Reserve will continue to purchase Financial 0.125 Press
Treasury securities and agency mortgage- Market Release
backed securities in the amounts needed to
support smooth market functioning and effec-
tive transmission of monetary policy to broader
financial conditions. . . .”

§ For the Fed, the policy rate level is the federal funds target rate through 2008, after which it adopted
a target range for the federal funds rate, [DFEDTARL, DFEDTARU], and the level reported here is the
midpoint of this range.



A.2  European Central Bank

Date

Statement

Objectives

Policy
Rate Level

Source

5/05/2011

“The non-standard measures have a clear pur-
pose: ensuring that the standard measures
themselves are transmitted as effectively as
possible despite the otherwise abnormal func-
tioning of some markets. . . . I refer to
this duality as the “separation principle”. The
non-standard measures have to be commensu-
rate with what we are observing on the market,
namely to help the transmission of our mone-
tary policy to function better again. The stan-
dard measures are there to deliver price stabil-
ity in the medium term. . . .”

Financial
Market

1.250

President
Speech

2/05/2015

“At its meeting on 22 January 2015 the Govern-
ing Council of the ECB decided to launch an
expanded asset purchase programme (APP) . .
. Under this expanded programme, the com-
bined monthly purchases of public and private
sector securities will amount to €60 billion. . .
. and will . . . be conducted until the Gov-
erning Council sees a sustained adjustment in
the path of inflation . . . At the lower bound
for policy interest rates, the adoption of further
quantitative measures that can expand the size
and change the composition of the Eurosys-
tem’s balance sheet constitutes the only effec-
tive tool to provide further monetary policy ac-
commodation. . . .” (pp. 15-18)

Financial
Market,
Inflation

0.050

Economic
Bulletin

9/09/2015

“The ECB’s expanded asset purchase pro-
gramme . . . has strongly signalled the ECB’s
commitment to deliver its medium-term price
stability objective, which has in turn been re-
flected in an upward shift in inflation expec-
tations at all horizons. . . . The expanded
APP, together with our credit easing package
launched in summer 2014, has also had a posi-
tive impact on both market and bank credit dy-
namics. . . . The credit easing package and
expanded APP has been effective too in reduc-
ing wholesale funding costs for banks, allow-
ing banks to pass on better funding conditions
to their customers. . . .”

Financial
Market,
Inflation

0.050

Executive
Board
Member
Speech




Date Statement ObjectiveS Policy Source
Rate Level

11/20/2015 “The ECB’s monetary policy measures . . . Financial 0.050 President
have been instrumental in arresting and revers- Market, Speech
ing the deflationary pressures that hit the euro Inflation
a year ago. . . . For asset purchases to boost
activity and inflation . . . improvements in fi-
nancial markets need to be passed through into
credit conditions for the real economy. .

[T]he power of transmission through the bank-
ing system has been rising through the life of

”

our programme. . . .

12/11/2015 “Since June 2014 the ECB has adopted a series Financial 0.050 Executive
of new monetary policy measures, with the aim  Market, Board
to both enhance the transmission of policy and Inflation Member
to reinforce the accommodative policy stance Speech
to counter growing risks of a too prolonged pe-
riod of low inflation. Those measures have in-
cluded reducing key policy rates to levels be-
low zero, introducing a credit easing package —
specifically our Targeted Long-Term Refinanc-
ing Operations (TLTROs) — and expanding our
Asset Purchase Programme (APP). They were
decided against the backdrop of [weak] credit
dynamics . . . , heightened downside risks to
the inflation outlook and a concrete threat to
the stability of inflation expectations. . . .”

3/18/2020  “The Governing Council decided the following: Financial 0.000 Press
(1) To launch a new temporary asset purchase Market Release
programme of private and public sector secu-
rities to counter the serious risks to the mon-
etary policy transmission mechanism and the
outlook for the euro area posed by the out-
break and escalating diffusion of the coron-
avirus, COVID-19. This new Pandemic Emer-
gency Purchase Programme (PEPP) will have
an overall envelope of €750 billion. . . .”

§ For the ECB, the reported policy rate is the main refinancing operations interest rate.



B EQUILIBRIUM DEFINITIONS

The nonlinear equilibrium system is given below with 20 endogenous variables, {Cp, Cp,
N, Q, AN, Y, RE, E,MC, I1, Iy, G, H, A, Q, R, B, @, Y., Gap}, 2 exogenous variables,
{A, ®} and a need to specify two policy strategies for the policy rate, R;, and the size of
the central bank balance sheet, RE;.

(NL.1) %, =2
: m, =T
Ch,
(NL.2) MCAr = (1 — Q))Np)" Cp it
Q \"
L. B =T
(NL3) t (1 ¢ Qt)
O p—
(NL.4) AN, =B 11,
Cp’t
(NL.5) 1=EAN 1R
(NL.6) 1 =CE; At 41 HLH Rfy
RL
(NL.7) Cpt = OMCA¢N; + QiBy — ﬁttQt—lBt—l
1
(NL.8) RL = 1E*Q:
Q-1
(NL.9) 1= |0 — EAN., (Rt » Rf)}
(NL.10) Q:B; = c1>txs + RE;
Gt
(NL.11) Iy, = 1 0
(NL.12) Gy = C MCth + ,3¢p]EtH§+1 Gt
(NL.13) H, = Cp,f Y + By B TE 1 Hypq
(NL.14) I ¢ = (1—¢p)IT“ + ¢y
H €
(NL.15) Ar=(1—¢p) (H_t) + ¢pl 1A
#,t
(NL.16) YA = AN
(NL.17) Y = Cpt + Cp
RE
(NL.18) QE =
Y
1 14T e—1]77
NL.19 Yi=|= A
(NL19) * L/J(l—m e ] *



Y; Y*
(NL.20) GAP, = —L—

YF Y
(NL.21) InAr=(1—pa)InA+psIn A1 + 0,€f
(NL.22) In®; = (1—pg) INO + pg InO;_1 + ope?

Steady state calculations: Given values for {B, 17, p», €}, and the calibration targets: R"/R =
1.015%5;, 1T =1, QE=005Y =1, N=1,(1—-%x)"' =40; Q/y =14, d =4, T = 1;
solve the following:
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B.1 Log-linear Equilibrium System

Let ¢; = InC; — InC. Note, for the interest and inflation rates, we make use of the
approximation InR; —InR ~ Ry —1 — (R —1) = R; — R allowing us to interpret these
variables as net rate deviations from steady state.

(L.1)
(L.2)

(L.3)

(L.4)
(L.5)
(L.6)
(L.7)

(L.8)

(L.9)

(L.10)
(L.11)
(L.12)

(L.13)

(L.14)

(L.15)
(L.16)
(L.17)

Gt = Cpt — Cht
Q
1-0Q
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Cr = 117th

Ag\]—l,t =Cpt—1 —Cpt — T

0=E +1

0=Elrs1— G+ Eirpyq — 1t

Cpepr = OMCA (wy + mcy + ag + ny)

OB 1 L
+ e <Qt + b — E <‘7t—1 + b1 i — 7Tt>)
K
Vf = —ﬁf% —qt-1

P = % (IEtrtL+1 — rt> — (1 + @ng) 0;

gt + by = (1 — RE) ¢¢ + REre;

Ttyy = 70+ gt — iy

8§t = (1= BpplT°) (mer +yr — cpt) + PPpll* (€Eimi1 + Ergryn)

hy = (1 - ﬁfl’pHs*l) (Yt — cp) + BPpI T (€ = 1)Eymir1 + Eiheyr)

e—1
= (1—¢p) (%) Tt

ét = &7t — € (1 — (PpHe) TCx t + ¢pH€5t—1
Yt + 0t = ar + ny
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(L.18) ger = rey — Y

(L.19) yi = a

(L.20) gapt =Yyt — Yy
(L.21) ap = Pas—1 + 04€¢
(L.22) 0: = pebi_1 + ope}

where C,, is the steady state debt-financed expenditure share of aggregate expenditures
and RE is the steady state share of long-term debt held by the central bank.

Consider the above log-linear approximation of the model around a zero net inflation
steady-state. The structural system consists of IS and Phillips curves, augmented by the
interest rate spread and liquidity premium where the liquidity premium is equal to the
forward-looking path of the interest rate spread:

Y =
— + BE +-—L (C,—0O
1t = ygapt + PEi T4 1 17( b ) Gt

gapr = Eigapi i1 — ((1 —Cp) 1t + CpEiryyq — Bemty — V?)
rt = —(1—pa)a

rt = KBCqr — qi—

Gt = Eilrir + ey — 1

where v = (1-¢,)(1-¢y8)(1+17)/¢,. The model also includes a robust financial block:

Cpr = gapt +ar — (1 —fb) Ct

— -1 1-Q =
Cbcb,tzﬂse (( v +Cb—Q)§t+(2+17)gapt+at)
B 1
+QT (Qt—i-bt—@ <Qt—1+bt—1+7’tL—7Tt)>

() 1-—
(Pf = Z (IEtT£+1 - rt) - (1 + q)Tg) Ht
gt + by = (1 — RE) ¢+ + REre;

Where exogenous shocks follow:

a
At = Palt—1 + 0y€}

0 = poby_1 + ope}

Simplify further by writing the productivity shock, 4, in terms of the natural rate.

(LZ.1) e = ygaps + BEi 1 + ﬁ (Co—Q) &
(LZ.2) gapy = Eigap; 1 — <(1 —Cp) 1t + CpEsrt — Bymtppq — r?)
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(LZ.3) rtL = kPGt — Gi—1
(LZ.4) & =Bl +Eerbg — 1

where v = (1-¢p)(1-¢y8)(1+1)/¢,. The model also includes a robust financial block:

_ 1
(LZ.5) cpr = gapr — (1 —Cp) & — =, ry
- e—1/(1-Q 1,
Cope = Q— << v +Cb—0> &+ (2+n)gap: — 1_pnrt)
B
(L256) + L (b= g5 (gt b+t - ) )
@ 1— _
(LZ.7) gt + b = (1 — RE) {C (Berfi —re) - (1 +¢T) et} + REre,

Where exogenous shocks follow:
(LZ.8) rf = pnli_q + Oney
(LZ.9) 0: = pobr—1 + 0pef

Equations (LZ.1) — (LZ.7) correspond to equations (3.14) — (3.20) in the text. To derive
equation (3.21), start by writing the output gap in terms of output, y;:

1’[

gapt =Yt —ar = Yt +

— Pn
and substitute this from the IS and Phillips curves:

n

7 =
_tp ) + BE¢ i1 + 7 (Cp — Q) &

yr =Eyr1 — <(1 —Cp) 11+ CplEiry — ]Etﬂm)

where 7 is the marginal cost semi-elasticity of inflation, v = (1 + #). Iterating forward
the IS curve defines output in terms of the forward paths of the ex-ante real short- and
long-term rates:

= —IE; Z { 1 — Cb VH_] + Cbrt+]+1 7Tt—|—j+1}

Rearrange the Phillips curve:

rh 1 rf 1 e
y=—g —t,o + p {—1 —tp + 5 (7t — BEt141) — v + (= Cyp) gf}
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and substitute out the forward-looking definitions of output and the liquidity premium
from the right-hand side:

i 1 i 1
yp = ——1 +—{ : +§(7Tt—[3]Et7Tt+1)

T—pn 57| 1—pu
+IE; Z {(1 - Eb)ft+j +Eb”£+j+1 - 7Tt+j+1} + (Q - Eb) IE; 2 {rtL+j+1 - rtﬂ'}]
j=0 j=0

which simplifies to equation (3.21):

o —|—1 _ +1(7r—/3]E7r )+ E i{(l—Q)r k- }
Y= 1—pon 1 1—pn ' 7 t t7Tt41 tj:O t+j t4j+1 tHj+1
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C THE BANKING MODEL

Banks indexed by j operate under perfect competition. Banks are financial intermediaries
that originate bonds for financing debt-financed expenditures to households and hold
reserves with funding from deposits and bank equity. Banks survive each period with
probability o and pay accumulated equity to the household upon exit. Consider a bank
balance sheet with nominal private debt, QtEthI, paying the interest rate R}, in the

subsequent period and nominal reserves, REj;, paying the interest rate R}®, backed by
deposits, gjt, requiring interest payments, R;, and accumulated bank equity, th:zg,

Implying bank equity accumulation follows:
X]’tﬂ = Ry thﬁl + RﬁEEEjt - Rtgjt
— (Rfﬁ-l — Rt> thﬁl + (R;’e — Rf) ﬁ]t + Rt}zjt
with bank j’s value function:

Vi =E Y (1-0)o AN i Xy = (1= ) B AN Xjr + 0BiA L Ve
i=1
= (1= 0)EAN | (REy = Re) QB + (RE® = Re) REji + ReXje| + 0BiAN. Ve
In the event of bank default, banks can walk away with 100% of private debt holdings,

Q:Bl!, with probability ©;.%* To prevent this, depositors impose the following limited
enforcement constraint on banks to ensure bank continuation:

Expected value of default = @tQtEﬁI < 17]-,5 = Continuation value

Banks maximize the expected sum of future profits subject to the limited enforcement
constraint. A Lagrangian, with s; as the multiplier on the limited enforcement con-
straint, is given by:

Li= (14 3)(1—0)EAN, [(R}H - Rt> QiBE! + (R — Ry) REjs + R, X

+ (14 20 OEAN 1 Vi1 — 2601 (QiB])

23. Variables, Z;, with a tilde, Z;, reflect nominal quantities.
24.Reserves are fully recoverable in the case of bank default.

13



Implying the first-order conditions:

~ it | WVt |
B, : O —2  —EAN, |[1-0+0 (R Rt>
jt 1+ 5 ti+1 _ X]t+1 t+1
__ [ oV
REj; : 0=EAN, [1-0+0L| (R —Ry)
L aX]t—H_

From the optimality condition for reserves, it follows that the reserve and deposit rates
are equal. To solve for the envelope condition with respect to bank equity, 9Vj+1/ 9Xjt11,
start with expressing the continuation value of bank j as:

‘7jt = Xb,thtngtI + Xre,jtﬁjt + Xx,jt)?]t
with:

Qi1BE e
Xvjt = (1 —0)E AR 41 (Rt+1 Rf) + U]EtAyt-HQ—B]Xb,]tH

jt

REjt+1
Xrejt = (1- ‘T)IEtAytH (Ri = Rt) + ‘TIEtAt t+1 I/{\IJ/S Xre,jt+1
jt

Xjt+1
Xxjt = 1—0+ U]EtAt t+1 e = Xxjt+l

jt

Imposing the optimality conditions, xggj = 0, implies that the limited enforcement
constraint can be written as:

®tQtB]t _Xb,]tQtB]t +Xx]tX't
Xx,jt
®t Xb,jt

- W
Xt = ;i X;;

BFI
(C1) = QiBj; e

Assuming that the modified leverage constraint binds on average, »jp > 0, and imposing
that the reserve and deposit rates are equal, the bank capital accumulation can be written

as follows:?
QB X Q:BI!
(C.2) Dy = % LEEN }%+ = (RtLH - Rt) Lt R = <Rt+1 Rt) Djt + Rt
jt jt jt

25.The time-varying long- to short-term interest rate spread in the data suggests that the constraint
binds on average.

14



Rewrite the bank’s continuation value, \7#, in terms of bank equity using the relationship
in equation (C.1):
O P X = Er Y (1 —0)o' AN Kijig
i=1
= (1= 0)EiApy 1 Xjer1 + OB AN 1O 1D 11 X

which, with a binding leverage constraint and exploiting equation (C.2), can be written
as:

— EAN [1— 0+ 00 1P 1] [(Rfﬂ - Rt) @ + Rjt} X

= 0Py = ANy [1 -0+ 001 @] | (REy — Re) e+ Ry

Since no term on the right-hand side is bank-specific besides allowed modified leverage,
the modified leverage ratio is the same across all banks and follows:

EiAN 1 [1— 0+ 0O 1Py y1] Ry

O —EiAY 1 [1 =0+ 001D 41] (RE, —

Py =P =
]i’ t Rt)

as in Gertler and Karadi (2011). With a binding leverage constraint, allowed modified
leverage is constant across all banks and independent of the level of bank equity. This
implies the envelope condition: Vi) 39Xy = O P;; with the first-order condition over bond
holdings given by:

%]‘t N L
1+ O = EiApy 1 [1— 0+ 0O 1Ppyq] (Rtﬂ — Rt>

Furthermore, bank equity and asset holdings integrate across all banks:
QiBf' = ®:X;

and the law of motion for survivor bank equity can be written as:
X; = [(RtL — Rt71> @1+ Re_1| Xi1

The law of motion for aggregate bank net worth includes the evolution of survivors’
net worth and the net worth of new entrants. A fraction ¢ of bankers at t — 1 survive
until ¢ with net worth evolution as described above. A fraction 1 — ¢ of bankers at t — 1
exit with the market value of end-of-life long-term assets (1 — ¢')xQ;BI!,. Assume that
each period, the household transfers (1 — ¢) ! P;X® to each new entrant to maintain the
scale of the assets managed by the financial sector. Aggregate real net worth evolves
according to:

X; = ol ! [(Rf _ Rt_1> D g+ Rt_l] X1+ X°

15



with the real modified leverage constraint:
QB = X,

Consider the relevant equations to the model equilibrium conditions under the de-
terministic exit limit, = 0, imposing IEtAf\[t LRe=1 from the household problem:
i
1+ Hy

QB! < &,X°
1=, [@t - (EtA{Y;HRtLH - 1)]

1+ O = EfAytHRtLH

The modified leverage ratio applies over the entire net worth and is endogenous, dif-
fering from Sims et al. (2023) who assume an exogenous leverage ratio. The net worth
accumulation and long-term rate definitions are identical to Sims et al. (2023). Modi-
fied leverage rises for a given value of the financial shock as the long-term interest rate
increases.
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D ADDITIONAL RESULTS

D.1 Responses to a Monetary Shock

FIGURE A.1: IMPULSE RESPONSES TO A MONETARY SHOCK

Output Gap Inflation Liquidity Premium
0.0 F e O 3 L.
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Notes: Dashed lines: NK model, v = 0.204 and equations (3.18)-3.20 replaced by ¢; = 0; dashed-dotted
lines: the complete model described by equations (3.14)-3.20 with nominal price rigidity (FF+NK), v =
0.204. The monetary shock is scaled such that the output gap response in the FF+NK model is 0.25%. All
variables are in terms of percentage deviations from steady state outside of the inflation and interest rates
which are deviations from steady state in annualized percentage units.
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D.2  Robustness With Interest Rate Smoothing

We modify the Taylor rule allowing for interest rate smoothing: r; = p,r;—1 + (1 —
0r) @7 + 0r€f, where p; is set to 0.8. Figures A.2, A.3 and A.4 contrast the responses to
natural rate, financial, and monetary shocks with and without interest rate smoothing.
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FIGURE A.2: IMPULSE RESPONSES TO A NATURAL RATE SHOCK
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complete model with interest rate smoothing (p,=0.8). The natural rate shock is scaled such that the output

gap response in the FF+NK model (0,=0) is 0.25%. All variables are in terms of percentage deviations from

steady state outside of the inflation and interest rates which are deviations from steady state in annualized

percentage units.
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FIGURE A.3: IMPULSE RESPONSES TO A FINANCIAL SHOCK
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Notes: Dashed lines: the complete model without interest rate smoothing (0,=0); dashed-dotted lines: the
complete model with interest rate smoothing (0,=0.8). The financial shock is scaled to explain 20% of the
variability in the output gap in the FF+NK model. All variables are in terms of percentage deviations from
steady state outside of the inflation and interest rates which are deviations from steady state in annualized
percentage units.
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FIGURE A.4: IMPULSE RESPONSES TO A MONETARY SHOCK
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Notes: Dashed lines: the complete model without interest rate smoothing (p,=0); dashed-dotted lines:
the complete model with interest rate smoothing (0,=0.8). The monetary shock is scaled such that the
output gap response in the FF+NK model is 0.25%. All variables are in terms of percentage deviations

from steady state outside of the inflation and interest rates which are deviations from steady state in
annualized percentage units.
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D.3  Decomposition of Output Response

FiGure A.5: Outrut IMPULSE RESPONSE TO A NATURAL RATE SHOCK: LABOR SUPPLY AND
LaBOR DEMAND CHANNELS
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Notes: Solid line: Output response to natural rate shock. Dark blue bars: output response attributed to the
labor supply channel; medium blue bars: output response attributed to the labor demand channel; red
bars: output response attributed to the productivity channel. The natural rate shock is scaled such that
the output gap response in the FF+NK model is 0.25%. Output is in terms of percentage deviations from
steady state.
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D.4 Implementable Policy Strategies

FIGURE A.6: IMPULSE RESPONSES TO A NATURAL RATE SHOCK: VARYING IMPLEMENTABLE
PoLricy STRATEGIES
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Notes: Solid lines: inflation- (71; = 0) and liquidity premium-targeting (¢; = 0) dual-instrument monetary
policy; dashed-crossed lines: inflation- (71; = 0) and yield curve slope-targeting (s/; = 0) dual-instrument
monetary policy (; and re; time-varying); dotted lines: single-instrument interest rate policy responding
to inflation only; dashed-dotted lines: single-instrument interest rate policy responding to inflation and
output growth; dashed-crossed lines: to interest rate policy responding to inflation and output growth
and balance sheet policy to yield curve-targeting (sl; = 0). The natural rate shock is scaled such that the
output gap response in the FF+NK model is 0.25%. All variables are in terms of percentage deviations
from steady state outside of the inflation and interest rates which are deviations from steady state in
annualized percentage units.

In response to a natural rate shock, Figure A.6, under a dual-instrument policy with
inflation (71; = 0) and yield curve slope targeting, there is no effect on inflation and a rel-
atively small effect on the output gap. Thus, targeting only observable variables largely
neutralizes the macroeconomic effects and stabilizes the economy to a natural rate shock.
The central bank responds by lowering the policy rate and engaging in quantitative eas-
ing. In contrast, conventional interest rate policy simply leads to a contraction of the
output gap and inflation in response to a natural rate shock. Under conventional in-
terest rate policy with a strict yield curve slope-targeting balance sheet policy, a natural
rate shock has similar effects on macroeconomic variables, but the central bank responds
with quantitative easing instead of interest rate policy.
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FIGURE A.7: IMPULSE RESPONSES TO A FINANCIAL SHOCK: VARYING IMPLEMENTABLE
PoLricy STRATEGIES
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Notes: Solid lines: inflation- (7r; = 0) and liquidity premium-targeting ({; = 0) dual-instrument monetary
policy; dashed-crossed lines: inflation- (71; = 0) and yield curve slope-targeting (s/; = 0) dual-instrument
monetary policy (r; and re; time-varying); dotted lines: single-instrument interest rate policy responding
to inflation only; dashed-dotted lines: single-instrument interest rate policy responding to inflation and
output growth; dashed-crossed lines: to interest rate policy responding to inflation and output growth and
balance sheet policy to yield curve-targeting (sl = 0). The financial shock is scaled to explain 20% of the
variability in the output gap in the FF+NK model. All variables are in terms of percentage deviations from
steady state outside of the inflation and interest rates which are deviations from steady state in annualized
percentage units.

Looking at the responses to the financial shock, we observe a complete stabilization of
the output gap and inflation when using balance sheet policy. The responses are simi-
lar for the dual-instrument policy strategies—optimal dual policy, dual policy targeting
only observable variables, and conventional interest rate policy combined with a strict
yield-curve slope targeting balance sheet policy. In the case of only interest rate policy,
the central bank lowers the policy rate, but not by enough so that the output gap and
inflation still contract.
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E PROPERTIES OF ENDOGENOUS BALANCE SHEET PoLICY

E.1 Dual Instrument Policy Ensures that the Divine Coincidence Holds

Proposition 2. Absent endogenous balance sheet policy, the divine coincidence fails due to lig-
uidity premium variability.

Let r[* be the policy rate that supports an inflation target. The IS and Phillips curves
can be written as:

0=gap+ 1 (G- 0) &

gap; = Bigapy 1 — (1f — CylBt (Spq — &r) — 17)

From the Phillips curve, it is clear that under inflation-targeting interest rate policy the
output gap co-varies with the liquidity premium. If the liquidity premium is not stabi-
lized, the divine coincidence does not hold. The IS curve implies:

1+7

E — = — T _ i
tCt+1 — Ct 77Cb+Q(rt )

allowing the long-term rate to be written in terms of the inflation-targeting policy rate
and the natural rate:

lEtri_LLJd:(l——l—'—’7 )r?—l——l—i_n ri
nCp + Q2 nCp + Q)

Consider the financial block in the economy, substituting the output gap from the prob-
lem and instituting fixed balance sheet policy, re; = 0:

Co—Q+ (1-Cy) (1+7) 1,
Cpt = — 14y Ct—l_pnrt
A
— e—1 1-O = Cp,—Q 1
bCb,t << + Cyp ) (2+7) 1_“7)(3 = on"t
B
QB 1 1+7 - 1+797
—|—— —|—b—— _ —|—b7 + 1—_— Ty +——r_
Y qt t ﬁC qt—1 -1 17Cb+Q t—1 77Cb+Qt
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N—— ~~
C D

Combining the equations above and collecting terms, this simplifies to:

(EbA—Qe_llB) £ = (Eb—08_1> L 28 ((1_@ ?c(r;f—w;)> B

€ € 1_Pn 4
OB 1 — D - OB 1 —\ D "
Y5 ((1 ~RE) 7€+ (1 —C)) Tt Y g ((1 ~RE) 7€ —C) "
(o L)

The liquidity premium varies with natural rate and financial shocks, deviations of the
policy rate from the natural rate, and lagged shocks and deviations.

Proposition 3. There exists endogenous balance sheet policy, ref, that stabilizes the output gap,
inflation, and the liquidity premium, the equivalent of the “divine coincidence” in this economy.

Corollary 3.1. The policy rate, ry, equals the natural rate when balance sheet policy supports
liquidity premium stabilization.

As shown above, output gap variability is proportional to liquidity premium vari-
ability when the central bank targets inflation. If both are equal to zero in all periods,
the Phillips curve holds and the IS curve holds for the policy rate equal to the natural
rate, r; = r{!. Conjecture that there exists a balance sheet specification, re;, for which this
is true. The financial block in the economy under the divine coincidence simplifies to:

-1 _ n B 1
<Q€ - _ Cb) . itpn — QT <(1 — K)qt + bt — %bt_l)

qt+ by = — (1— RE) <1+<I>1;€C) 0; + REre]

With the liquidity premium fixed, the ex-ante nominal long-term rate equals the natural
rate. Using the definition of the long-term rate in terms of the bond price allows us to
define the current bond price as a function of the natural rate:

it

IE‘trtLJrl = KIBGIthH—l —qr = rIt/l = qt = _1 _ KﬁCP
n
implying that the equilibrium debt level is given by:

n
T't

N 1 _Kﬁépn B

4

b (1 - RE) (1 T q)%) 6, + REre;
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Modified leverage and the bond price are fully exogenous in this case. Thus, the equi-
librium debt level only depends on exogenous terms and the policy variable, re;. The
equilibrium level of debt-financed expenditure is also fully exogenous and only varies
with natural rate shocks. The financial account constraint defines the balance sheet pol-
icy that instills the divine coincidence:

1 1—-RE 1— 1
rej = —ref {1+ —— (1 + <I>—§> (Bt - —Gt_1>

BC RE 4 pS
1 (k(—pa) Y [qe=1 N\ A 11y
(BC) Eﬁ(l—%ﬁam QB(?) e (%)>1-1M_%FF551—KﬁQM

E.2  Balance Sheet Policy Supports Model Determinacy with a Policy Rate Peg

Proposition 4. Endogenous balance sheet policy can provide a determinate rational expectations
equilibrium with a permanent policy rate peg.

Consider the log-linear model and suppose the monetary authority credibly targets

the liquidity premium, ¢; = 0 for all ¢, via reserve management, ref, under a permanent
policy rate peg, r; = 0, implying:

7 = ygapt + BE T

gapy = Eigaps1 + B + 17
C, ¢ 1\ 1 ¢ QB/, 1 B
Qe 1 1] <gapt 1_pnrt) = +mgapr+ 57y (bt B (b1 7Tt)>

by = — (1 - RE) (1+q>%> 6: + REre!

Abstracting from shocks, the system can be written as:

7Ty 1 0 0] '[~v+B 7 0 i
gapt | = 0 1 0 1 1 0 8apt 11
1’6?_1 Xm Xgap 1 0 0 ¢B ref

S

~"

D

which is stable so long as the matrix D has two out of three eigenvalues inside the unit
circle. The characteristic equation for matrix D is given by:

(CB—e)[(B+r—e)(1—e)=7]=0
The eigenvalues are:
0<er = QB <1

L4 B+7—/(1+B+7)—4p
5 <

1

—1<e =
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1+B+7+ \/(1+ﬁ+'y)2—4ﬁ

1 <e3 = >

Corollary 4.1. Inflation-targeting balance sheet policy, re[t, provides a determinate linear ratio-
nal expectations equilibrium with a permanent policy rate peg.

Consider the log-linear model and suppose the monetary authority credibly targets
inflation, 71; = 0 for all ¢, via reserve management, re/’, under a permanent policy rate

peg, r+ = 0«

Y =
0= L (C,—O

V84pt T 7 " (Cp ) Gt
gapy = Eigapi 1 + CpE4 Al 1 + 1

rt = kBCqr — qi—1
& = Beli1 + Berfg
1

cpr = gapt — (1—Cp) Ct_l—p
— —1 -1 1-0
(Cb—QE2 - )cb’tzﬂg (( ; +1—Q) §t+(1+;7)gapt>

g

s

+ % <(1 —)qt + bt — %btl)
o 1-—
¢t = Z]Etr,fL+1 - (1 + CD—C g) 0;

qt +bt = (1 —ﬁ) (Pt +ﬁ7’€tn
The Phillips curve implies that the output gap is proportional to the liquidity premium:

Q-G
147

8apt = Gt

Substituting the output gap from the IS curve defines a first-order difference equation
for liquidity premium dynamics:

1+7
El — ]E + —_Tn
(E.1) Gt = EiCri1 a1nC,"

This implies from the liquidity premium definition that the expected future long-term
rate is proportional to the natural rate:

1+n

]EtrtL+1 = Q-+ Wébrt

and, from the allowed modified leverage definition, allowed modified leverage is fully
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exogenous:

® 1+ o ( 1-— )
T 1+d—5)p
9= Ta+n1C, " z )"

Rearranging the definition of the expected long-term rate defines the current bond price
as a linear function of the natural rate:

/I 1 1+7 .

| — L ¢l =
Q+4C ' 1-CPrpa Q1+ 4G, !

Q—i—ﬂéb

kCBEiqi11 — gt = i = qr = k{PEs 41 —

The equilibrium debt level is a linear function of the natural rate, financial shock, and
balance sheet policy:

P 1+y < 1- > } — 1 1+7
by = (1 —RE ———7r — (1+DP—=2| 0| + REref + —ry
= ){Cchb ;)" C T Bron Q4 Gy !

Given that the output gap is proportional to the liquidity premium, the two equations
defining debt-financed expenditure can be written as:

(E.2)
_ _ (@) + ﬂEb _ 1 n
Cot = [1 —1_“7 Gt 1—Pnrt
(E.3)

[ _(1-o 1 ¢ QB(, 1
(58—1_1>Cb/t_(7+1 Cb)ét—i_ﬁs—lT((l K)qt + by 5Cbt 1)

Equations (E.2) and (E.3) consolidate to define the current liquidity premium. We have
shown that current bond price is a linear function of the current natural rate and that
the equilibrium debt level is a linear function of the current natural rate, financial shock,
and balance sheet policy. Given this, the current liquidity premium is a linear function of
current and lagged values of the exogenous variables, {r}, 6;}, and balance sheet policy,
reft:

(E4) Gt = wiry + war} | + w36 + wab—1 + wsreft — werel 4

Substituting equation (E.4) into equation (E.1) defines a first-order difference equation
for balance sheet policy log-differences, Are]" = ref' —re[" |, as a function of exogenous
terms:

O " 0r—1

1+7 m
———— +w —w3(1— — —w
Q+14G, [ws 3(1 — pp)] We 2 we 4 We

w
Arell = 7w5lEtAref+l + |wy —wi(1—pn) +
6

This equation has a solution, and therefore completes the proof of model determinacy, if
|ws| < |we|. From equations (E.2) and (E.3) along with the definitions of the bond price,
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qt, and debt level, by, in terms of the exogenous variables and the balance sheet policy:

w
DB <1 = ws < we
We

ws and wg have the same sign implying that the solution is non-oscillatory. Note, the
inflation-targeting balance sheet policy under and interest rate peg is stationary in first-
differences. This implies that the balance sheet level is non-stationary under this policy.
Following shock innovations, the model converges to a new steady state over time.

Corollary 4.2. Balance sheet policy that targets the output gap, re"", with a permanent policy
rate peg results in model indeterminacy.

Consider the log-linear model and suppose the monetary authority credibly targets
the output gap, gap: = 0 for all ¢, via reserve management, re{"’, under a permanent
policy rate peg, r; = 0:

T = ‘B]Etﬂ'prl + ﬁ (Eb — Q) Ct

0 = CpEiAZ 11 + Epmyyq + 17
ri = xkBCqr — qi—1
& =Bl + Borfy — 1

1

Cb,t:_(l_éb)gt_l_p

Ebe,t:Qs_l((17704-6;,—0)@}—1 1 }’?)

€ — Pn
B
+Q—(E]t+bt
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Bl (% 14+ big 1 —7Tt>)
¢r = %]Etrhl - (1 + @1%) 0;

qt + bt = (1 — ﬁ) (Pt + RET'Egap

The IS curve defines a relationship between inflation expectations and forward-looking
changes in the liquidity premium:

E¢7tii1 = — (CoE(AG 41 + 1Y)

Substituting inflation expectations from the Phillips curve defines the current inflation
rate in terms of the liquidity premium and the natural rate:

T = —‘B (Eb]EtAgt+l + Vt) + ﬁ (Cb — Q) gt

With output gap-targeting balance sheet policy under a permanent policy rate peg, the
non-financial block of the model defines the current inflation rate in terms of the liquidity
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premium path and the natural rate. The financial block of the economy in this case is
given by:

ZE g it —(1-Cp)
_ -1 1-0O = 1
e (R L=
B 1
+ QT (Qt + bt — Bl (qr-1+ b1 — At — ﬂt))

__ (0] 1— _
gt +b = — (1-RE) (ZlEtACtH + (1 + CDT) 9t> + REred™”

Given the relationship between inflation and the liquidity premium from the non-financial
model block, the financial block consolidates into a single equation relating the liquidity
premium and endogenous balance sheet balance sheet policy to exogenous variables.
Given that both the liquidity premium and balance sheet policy are unknown, this re-
sults in model indeterminacy.
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F CALCULATION OF THE YIELD CURVE SLOPE

The yield curve slope measures the relative level of the long-term yield-to-maturity
(YTM) to the short-term YTM. Correspondingly, we define YCC as a policy commitment
to holding the yield curve slope fixed via balance sheet policy.

To relate YCC to liquidity premium-targeting, first define the long-term YTM and the
yield curve slope

long 1
R, = — +x,
: Qi
long
R
LOPE; = —L
SLOPE; R,

Riong is the long-term yield-to-maturity given the bond price, Q;, and coupon decay
rate. SLOPE; is the gross yield curve slope, relating Ri(mg to Ry, the short-term yield-to-
maturity.

A useful asset pricing benchmark to consider is the expectations hypothesis. The
expectations hypothesis states that the gross return to holding a long-term asset equals
the return to rolling over short-term asset holdings of appropriate size from period to
period to match the payout structure of the long-term asset—or no arbitrage. This pro-
vides a theory of the term structure of interest rates in which long-term interest rates
are the forward-looking average of expected short-term rates. The long-term bond price
and long-term YTM for the perpetual coupon bond under the expectations hypothesis
(denoted by superscript EH) are given by

EH_ 1t B Qph
t R ,
long,EH 1
R, 8 = QEH + x.

Note, the introduction of the expectations hypothesis benchmark allows decompos-
ing the yield curve slope into the product of two terms—TP; and SlopeFH,

long long,EH
Slope; = Ky « R
t Rlong,EH R;
_t\,_/ v
TP, SlopeFH

The first term, TP, is the term premium, that is, the excess return to holding long-
term debt versus rolling over short-term debt of appropriate size to match the payout
structure of the asset. The second term, SlopefH, is the yield curve slope under the
expectations hypothesis. Variability in the latter reflects changes in the forward-looking
policy rate path relative to the current policy rate level. An expected future monetary
policy tightening, respectively increasing future short-term policy rates, correspondingly
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implies a positive slope. The liquidity premium relates to the yield curve slope via the
term premium.

To see this, consider a log-linear approximation of these new variables around the
zero net inflation steady state with some simplifications given (3.16) and approximating
¢ =1 as in Carlstrom et al. (2017) for simplicity,

riong = —(1—=xpL)q: = (1 — xP)E; i,) (xB) rtL+1+j'
i

gt = kBBt —re = —Er Y (kB) 11y,
=0

(kB) it

gk

riong,EH _ _(1 _ K‘B)ntH — (1 — K‘B)IEt .

j=0
l long,EH 1
slopey = rtong — rtong + rtong — 1.
~ s N —
tpt slopeEH

Combining the equations above equations and using (3.17) allows the term premium to
be written in terms of the liquidity premium and future policy rate expectations,

slope; = i1(.L > j Ty
1_,p = ot Ei )y [1 — (xB) ] (Vf+1+]' - Vt+j) +E; ) (kB) riyj— 1
— P =0 =0 — P
term premiarm, tpt/(1—xp) future policy r‘atce expectations

Note, the yield curve slope convolutes term premium movements, which are directly tied
to the liquidity premium, and changes to the expected path of future policy. In so much
that a central bank can reasonably estimate the term premium, term-premium-targeting
balance sheet policy would more closely resemble targeting the liquidity premium.
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