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Introduction

> (my) Key takeaways from Part I:

>

>

>

Uncertainty shocks cause flight to safety

Under flexible prices, deflation increases the real value of government debt
Sticky prices prevent real debt appreciation =

flight-to-safety forces capital and total wealth devaluation (demand recession)
Conventional monetary policy loses its potency:

controls debt growth but not debt revaluation

2/22



Introduction

> (my) Key takeaways from Part I:
» Uncertainty shocks cause flight to safety
» Under flexible prices, deflation increases the real value of government debt
» Sticky prices prevent real debt appreciation —-
flight-to-safety forces capital and total wealth devaluation (demand recession)
» Conventional monetary policy loses its potency:

controls debt growth but not debt revaluation

» Part Il introduces:

» Distributional aspects into the framework = financial sector

» Unconventional policy instruments =—> balance sheet management and interest rate tiering
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Recall: Sticky-Price One Sector Monetary Model

» Households’ problem:

> H
c{",T,i)z(ﬁfE [/0 e " (log(c) — b(ve)) dt] s.t.
d H H
T — St (1 0K)drB + 05 drf (10, 00)

ny

nf!

drtB = (Il’ - ﬂ't)dt

R _ ., _ K ~
drf (s, v) = (pf Ve + ‘*;fK T SR A Y 5> dt + o8 dZ, + 5,d2,
t

dé? = —(5% — 62)dt + 062dZ;

> + NKPC
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Introducing Intermediaries

» Households issue risky claims on capital and offload fraction y; of risk

» Intermediaries hold these claims and diversify idiosyncratic risk to ¢ € (0,1)
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Introducing Intermediaries

» Households issue risky claims on capital and offload fraction y; of risk

» Intermediaries hold these claims and diversify idiosyncratic risk to ¢ € (0,1)

max /E[/ eptlog(ctl)dt} s.t.
o7 0

cl 08,00,
dn’ CI ] !
—t = —tdt +0PdrP + 07" drP + 07 dr
n; n;

1=08 + 07" + o7/

drf = (iy —m)dt  drP = (iP — m,)dt

d I ox g~ —
re” =ridt+of dZ; + p5.dZ;
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Introducing Intermediaries

» Households issue risky claims on capital and offload fraction y; of risk

» Intermediaries hold these claims and diversify idiosyncratic risk to ¢ € (0,1)

max /E[/ eptlog(ctl)dt} s.t.
o7 0

cl,0E .00,
dn’ CI ! I
—t = —tdt +0PdrP + 07" drP + 07 dr
n n

1=05+02" 07

drf = (iy —m)dt  drP = (iP — m,)dt

d ol x g~ —
re” =ridt+of dZ; + p5.dZ;

K ~
» For comparison: drf’H = rXdt +of dZ; + G.dZ;
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Introducing Reserves and Long-term bonds

» Relabel short-term bonds as reserves R, only intermediaries can hold them
» Interest rates for mandatory (i¢) and excess (i¢) reserves:
R RN ;
0,1, + (922 — 0, )it
oF

ja
I¢

dr}(0F) = —e | dt

> Effective policy instruments: average rate i? and marginal rate i” = i, + \F
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Introducing Reserves and Long-term bonds

» Relabel short-term bonds as reserves R, only intermediaries can hold them
» Interest rates for mandatory (i¢) and excess (i¢) reserves:
R RN ;
0,1, + (922 — 0, )it
oF

ja
I¢

drgz(eza) = [ —7Tt‘| dt

> Effective policy instruments: average rate i? and marginal rate i” = i, + \F

» Perpetual long-term bonds L, with fixed coupon it and nominal price PL:

it d(PL/P;) it . .
drt = —dt + —t 2 = | — 4 P — x| dt+ 0 dZ
A A A E
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Introducing Reserves and Long-term bonds

v

Relabel short-term bonds as reserves R, only intermediaries can hold them
» Interest rates for mandatory (i¢) and excess (i¢) reserves:
R RN ;
0,1, + (93% — 0, )it
oF

ja
I¢

drgz(eza) = [ —7Tt‘| dt

\4

Effective policy instruments: average rate i? and marginal rate i” = i, + A}

v

Perpetual long-term bonds L; with fixed coupon it and nominal price PL:

it d(PL/P;) it . .
drt = —dt + —t 2 = | — 4 P — x| dt+ 0 dZ
S A A L

» Nominal wealth is now B; = R; + P-L,

\4

Balance sheet management: buy/sell L; in exchange for R; at market prices
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Introducing Reserves and Long-term bonds

» Last element: wedge between deposits and long-term bonds
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Introducing Reserves and Long-term bonds
» Last element: wedge between deposits and long-term bonds
» Households use deposits for transactions related to capital with velocity v;:

K _ D,H
9,: = I/tet

» Higher velocity = higher transaction cost t(v;)

R K
pyavy +wy — Ly — Ty

qf

dr!((bt,vh Z/t) = — t(l/t) + [,L?K + q)(Lt) — 0| dt + U?Kdzt + 5td2t
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Introducing Reserves and Long-term bonds
» Last element: wedge between deposits and long-term bonds
» Households use deposits for transactions related to capital with velocity v;:

K _ D,H
9,: = I/tet

» Higher velocity = higher transaction cost t(v;)

R K
pyavy +wy — Ly — Ty

qf

dr:((bt,vh Z/t) = — t(l/t) + H?K + q)(Lt) — 0| dt + U?Kdzt + 5td2t

» Introduces deposit convenience yield and prevents perfect aggregate risk sharing
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Balance Sheets

A

Households L

Intermediaries L

Capital k

L-Bonds

Deposits

Risky
Claims

Net worth

A
|
Risky
Claims Deposits
L-Bonds
Net worth
Reserves
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Optimal Policy: Roadmap

1. Study a relaxed Ramsey problem = analytical characterization of efficient allocations

2. Compare efficient outcomes to laissez-faire
3. Consider a realistic government and study:

» Under which conditions efficient allocations are achievable

» The corresponding optimal policy mix (interest rates + balance sheet management)

8/22



Constrained Efficiency

> Suppose the government raises taxes over time (flow/dt taxes) and in response to aggregate

shocks (loading on dZ;), but not to idios. shocks (not on dZ;)
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Constrained Efficiency

> Suppose the government raises taxes over time (flow/dt taxes) and in response to aggregate
shocks (loading on dZ;), but not to idios. shocks (not on dZ;)
» Behaves as a planner that can directly set:
» Capital utilization rate v;
Capital investment rate ¢;

Distribution of wealth/consumption across sectors 7, = Nt’/Nt,

>
>
> Distribution of wealth across assets ¥: = B:/(P:N:) = (R+ + PFL:)/(PeN:)
>

Distribution of idiosyncratic risk exposure x:
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Constrained Efficiency

» Planner’s objective:

(oo} (oo}
max )\]E/ et |og(ﬁ§ntcth)dt+(1—A)E/ e " (log(#if (1 —m¢)ce Ke) — b(vy)) dt
0 0

{ee,06,96,m,x: 1825
K
st. ¢t = avy — Ly = =(1+ ¢
t t t pl — 9, ( @ t)

dfj -9 dif 1—-9:. 5
fn,t = X tWUtdZt’ Nn,.; =(1-x¢) “5edZ,
it Nt 7t I—n:
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Constrained Efficiency

» Planner’s objective can be simplified to a static one

aggregate efficiency at t

max W, = log(ave — t¢) — (1 — A)b(vy) + % (; log(1 + ¢pre) — 6)

Ve, L, Mt Xe sVt

T Mog(ne) + (1 — A) log(1 — 1) — [Axf e A)“‘Xﬂ (L= 0.

7'-“

distributional efficiency at t
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Constrained Efficiency

» Planner’s objective can be simplified to a static one

aggregate efficiency at t

max W, = log(ave — t¢) — (1 — A)b(vy) + % (; log(1 + ¢pre) — 6)

Ve, L, Mt Xe sVt

T Mog(ne) + (1 — A) log(1 — 1) — [Axf e A)“‘Xﬂ (L= 0.

7'-“

distributional efficiency at t

» Constrained efficient allocation v*(&), ¢*(&), n*(5), ¥*(5), x*(5)

> 1> x*(5)>n*(5) > A
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IRF Planner's Solution after 6,-Shock

Idiosyncratic risk (52) ; Utilization rate (v) o Investment rate (1)
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Laissez-faire

» Goods market clearing + Tobin's q:

Re+ PLL
aertIP(qi‘+qf):p<qf+tW<:t)
R+ PLL,
avy = p+ (L + pp)e + p—=1—
e=p+ 1+ pp)e+p PK,

> Aggregate efficiency requires that 2 + = + | and v; constant
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Laissez-faire

» Goods market clearing + Tobin's q:

Re+ PLL
avtbtzp(qf+qf)=p<qf+tw<:t)
R+ PLL,
avy = p+ (L + pp)e + p—=1—
t=p+(1+pp)t+p PK,

> Aggregate efficiency requires that 52 + = ¢ | and v; constant
> Output gap Y;: = Y,/ Y; = 2uke:

T -
av! K

log Y: = (log v, — log v}) + (log K; — log K;)

instantaneous dynamic

» Sticky prices and no policy response = either static or dynamic output gap

» Policy needs to move nominal wealth in response to an aggregate shock

(See also part |) 13/22



Laissez-faire

» Distributional efficiency requires that 52 + = 9, 1 and 1, 1 (¢f > 0, o¥ > 0)
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Laissez-faire

» Distributional efficiency requires that 52 + = 9, 1 and 1, 1 (¢f > 0, o¥ > 0)

Intermediaries

A L
|
Risky
Claims Deposits
L-Bonds
Net worth
Reserves

1e0f = (e = xt) 0F
N

<0 <0

» Higher 52 = higher 9, but lower 7,

>0

» Intermediaries are short in nominal assets and long in capital =

their net worth share decreases
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Laissez-faire
» Distributional efficiency requires that 52 + = 9, 1 and 1, 1 (¢f > 0, o¥ > 0)

Intermediaries

A L
|
Al neod = (e — Xe) Uf
Claims Deposits N T
<0 <0 >0
» Higher 52 = higher 9, but lower 7,
L-Bonds
» Intermediaries are short in nominal assets and long in capital =
Net worth
Reserves their net worth share decreases

» Tension: flight-to-safety ¥, 1 redistributes wealth away from intermediaries 7, |

» Tight link between wealth alloc. across assets (¢;) and agents (7;) in CE
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Laissez-faire
» Distributional efficiency requires that 52 + = 9, 1 and 1, 1 (¢f > 0, o¥ > 0)

Intermediaries

A L
|
Al neod = (e — Xe) Uf
Claims Deposits N T
<0 <0 >0
» Higher 52 = higher 9, but lower 7,
L-Bonds
» Intermediaries are short in nominal assets and long in capital =
Net worth
Reserves their net worth share decreases

» Tension: flight-to-safety ¥, 1 redistributes wealth away from intermediaries 7, |

» Tight link between wealth alloc. across assets (¢;) and agents (7;) in CE

» Policy needs to redistribute wealth in response to an aggregate shock /2



Policy
> Realistic government — no dZ;-taxes
» Focus on interest rate and balance sheet policy
» Fiscal policy operates in the background
> Interest rate controls sensitivity of bond price to aggregate shocks:

ot Olog PtLU pL — Q! /OO o= JSiduL yo
' Ologs? ‘ A
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Policy
> Realistic government — no dZ;-taxes
» Focus on interest rate and balance sheet policy
» Fiscal policy operates in the background
> Interest rate controls sensitivity of bond price to aggregate shocks:

ot Olog PtLU pL — Q! /OO o= JSiduL yo
' Ologs? ‘ A

» Balance sheet policy controls the share of long-term bonds in nominal wealth:

L Pl PiL
¢ Rt+P15LLt B

. e . L
» Total nominal wealth sensitivity: o2 = ¥toF 15/22



Passive Balance Sheet Management

» Suppose ¥- =9t € (0,1)
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Passive Balance Sheet Management

» Suppose ¥- =9t € (0,1)

» Proposition 2. Fiscal + interest rate policy can implement aggregate efficiency:
B

Pth

PLL Jlog Pt
Be=TR¢+ PEL B=ytof = 17 3
e= et Bebe e =V =R TR, loga?
———— N——

avi =p+(1+pp)i +p

9L interest rate i”
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Passive Balance Sheet Management

» Suppose ¥- =9t € (0,1)

» Proposition 2. Fiscal + interest rate policy can implement aggregate efficiency:
B

Pth

PLL Jlog Pt
By =TR¢+ PLL B_ylgP = Tt t
e= et Bebe e =V =R TR, loga?
———— N——

avi =p+(1+pp)i +p

9L interest rate i”

» Larger CB balance sheet (smaller ¥-) = more aggressive interest rate policy

» Preparatory role of balance sheet management
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Passive Balance Sheet Management

» Suppose ¥- =9t € (0,1)

» Proposition 2. Fiscal + interest rate policy can implement aggregate efficiency:
B

Pth

PLL Jlog Pt
By =TR¢+ PLL B_ylgP = Tt t
e= et Bebe e =V =R TR, loga?
———— N——

avi =p+(1+pp)i +p

9L interest rate i”

» Larger CB balance sheet (smaller ¥-) = more aggressive interest rate policy
» Preparatory role of balance sheet management

» What about debt growth channel?
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Interest Rate Tiering

> Single interest rate policy (no agg. risk):

%) ..
Py :/ e Jiiduil s
t

B .
My =1t — St
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Interest Rate Tiering

> Single interest rate policy (no agg. risk):

» Interest rate tiering:

oo 5.
PtL:/ e il ds
t

B .
By = It — St

Pt = / e~ Sl duilgs
t
pe = (1= 00)if + 057" = s
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Passive Balance Sheet Management

» Can we also implement distributional efficiency?

» From intermediaries’ balance sheet:

ol = (xe — ne)(1 =900 + (- — ne)oeotal

» 1t — share of long-term bonds held by intermediaries
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Passive Balance Sheet Management

» Can we also implement distributional efficiency?
» From intermediaries’ balance sheet:
* K3 * * G, % L * % gL Pt * * * L Pt
npot” = —(xi —ni)oe "+ —nf)9i0 ey +(x; — ) (1= 97)0 0,

flight to safety direct effect indirect effect

» nk — share of long-term bonds held by intermediaries
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Passive Balance Sheet Management

» Can we also implement distributional efficiency?
» From intermediaries’ balance sheet:

* K3 * * G, % * * L * * * L
niold” = —(xi = ni)or " + (g — )09l + (xi — ni) (1 —9;)0tef

flight to safety direct effect indirect effect

» nk — share of long-term bonds held by intermediaries
» Indirect aggregate wealth effect:

> Forafixedﬁf:%,BrT:?qu
t

> Capital price increase benefits levered intermediaries
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Passive Balance Sheet Management

» Can we also implement distributional efficiency?
» From intermediaries’ balance sheet:

* K3 * * G, % * * L * * * L
niold” = —(xi = ni)or " + (g — )09l + (xi — ni) (1 —9;)0tef

flight to safety direct effect indirect effect

» nk — share of long-term bonds held by intermediaries
> Indirect aggregate wealth effect:
. _ Bt /P K
> For a fixed ﬁth,BtTﬁqt T
> Capital price increase benefits levered intermediaries

» Challenge: endogenous bond distribution 1t
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Distributional Efficiency Fixing ¥*
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Aggregate and Distributional Efficiency Fixing 9t

4
3.5

3l
25
Lol

n

151
1+
0.5
ot

-0.5

0.

Portfolio Choice
Optimal Utilization Sensitivity

T T T
Optimal Wealth Share Sensitivity | |
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Aggregate and Distributional Efficiency Fixing 9t

4
3.5

3l
25
Lol

n

151

Portfolio Choice
Optimal Utilization Sensitivity

T T T
Optimal Wealth Share Sensitivity | |

.02 003 004 0.05 0.06 007 008 0.09

» Requires active balance sheet management!
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Aggregate and Distributional Efficiency Fixing 9t

4
3.5

3l
25+
Lol

n

151

Portfolio Choice
Optimal Utilization Sensitivity

T T T
Optimal Wealth Share Sensitivity | |

.02 003 004 0.05 0.06 007 008 0.09

» Requires active balance sheet management!

» Existence and uniqueness of an optimal policy mix under certain conditions

» Intermediate degree of bond market segmentation
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When can CB implement Aggr. + Distr. Efficiency?

1. Balance sheet policy affects the distribution if private agents do not ‘undo’ QE/QT

= requires that CB can manipulate endogenous bond and wealth distributions
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When can CB implement Aggr. + Distr. Efficiency?

1. Balance sheet policy affects the distribution if private agents do not ‘undo’ QE/QT
= requires that CB can manipulate endogenous bond and wealth distributions
» In our framework this is determined by transaction cost function t(v¢)
> Existence of optimal policy mix requires t(v;) to be sufficiently steep
» t'(1:) =0 = agents trade bonds & deposits to perfectly share aggregate risk
= no redistributive role of MP
» t'(1:) > 0 = convenience yield on deposits prevents perfect aggregate risk sharing

= CB can affect wealth distribution
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When can CB implement Aggr. + Distr. Efficiency?

1. Balance sheet policy affects the distribution if private agents do not ‘undo’ QE/QT
= requires that CB can manipulate endogenous bond and wealth distributions
» In our framework this is determined by transaction cost function t(v¢)
> Existence of optimal policy mix requires t(v;) to be sufficiently steep
» t'(1:) =0 = agents trade bonds & deposits to perfectly share aggregate risk
= no redistributive role of MP
» t'(1:) > 0 = convenience yield on deposits prevents perfect aggregate risk sharing
= CB can affect wealth distribution
2. With full segmentation or short sell constraints on gov. bonds:
= CB is constrained in manipulating wealth distribution

= Competitive equilibrium is generically inefficient with full segmentation
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Optimal Policy over the Cycle

» Proposition 5. Let 52 be small. Then, an increase in 52 leads to:

> a cut in the interest rate i;

» a milder interest rate policy
going forward (lower UfL)

» a rebalancing towards long-term

bonds (higher 9%)

Marginal interest rate i

Long-term bond price P*

0.15 1.4
1.2
0.1
1
0.05
0.8
0.6
0.08 0.09 .1 0.11 0.12 0.08 0.09 0.1 0.11 0.12
52 2
Long-term bond share 9% Long-term bond price volatility 07"
0.34 0.035
0.32
0.3 0.03
0.28
0.26 0.025
0.08 0.11 0.12 0.08 0.09

0.09 0.1
52

q o
o
o
©
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Optimal Policy over the Cycle

» Proposition 5. Let 52 be small.

> a cut in the interest rate i;

» a milder interest rate policy
going forward (lower UfL)

» a rebalancing towards long-term

bonds (higher 9%)

Then, an increase in 52 leads to:

Marginal interest rate i

Long-term bond price P*

» Reduce bond price volatility, otherwise intermediaries scale down

0.15 1.4
1.2
0.1
1
0.05
0.8
06
0.08 0.09 .1 0.11 0.12 0.08 0.09 0.1 0.11 0.12
52 2
Long-term bond share 9% Long-term bond price volatility o
0.34 0.035
0.32
0.3 0.03
0.28
0.26 0.025
0.08 0.09 0.1 0.11 0.12 0.08 0.09 0.1 0.1 0.12
P*] &2
21/22

» Compensate by larger quantity of bonds



Summary

» Macrofinance model to study optimal policy mix

> Role for aggregate and distributional efficiencies
» Preparatory role of balance sheet policies: efficient exposure to future shocks
» Larger CB balance sheet requires more aggressive interest rate policy subsequently

» Joint aggregate and distributional efficiency requires active balance sheet management over

the cycle
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How much does duration risk exposure move in the data?

L dlog P}
> In the model, of = Vtof ~ 95 t0jm
t

L
» In the data, ﬂﬁalg%’pf ~ total nominal wealth duration in private hands
t
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How much does duration risk exposure move in the data?

L dlog P}
> In the model, of = Vtof ~ 95 t0jm
t

L
» In the data, ﬂﬁalg%’pf ~ total nominal wealth duration in private hands
t

Actual

= = *Without QE - LR

1 L L L L L L L L
2008 2010 2012 2014 2016 2018 2020 2022

» 100bp interest rate hike in 2007 ~ 177bp hike in 2009
> 100bp interest rate hike in 2023 without QE ~ 181bp hike with QE
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Household’s Problem

max E { /0 et (log(ct) — b(ur)) dt} t.

L,H
Cf’,vt,LthH NN

dnH C D.H X
e Las drP + 65H drl 1 oK (drtK(Ut, Lo ) — Xedr] v”) +rHde
1=02" 408" 10K - x) v 02 = oK

ve— e —7K 40, K o 7
> drk = Paqu+D —t(ve) + pud + g(Lt)] dt +of dZ, + 5:dZ,
> ot = rrdt+ 07 dZ + 5ed 2,
> drP = iPde 4 LU = [iP — ] dt

> drt = frde+ QP =[5 uf" —m] dt + of 0z,
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Intermediary’s Problem

oo
max E [/ e "t Iog(ct')dt} s.t.
coF 00" 00" 07! 0
d”i C:.{ R 1 R(nR D, ; D Li gL x,0 4 x,1 ]
- = _Wdt—’—at drt (Gt )+9t7 drt +9t7 drt +6t7 drt7 +Ttdt
t

n

1=0F + 02" +00" + 07" 0F > 6%

. RNy
> drR(OF) = i(0F)dt + SR — [EAHOL OO ] gt

> dr = (i ) dt+ o dZ, + p5.d 2,

> drtD — ’Pdt—l— d(ll//;’:) _ [,-tD —7Tt] dt

. L .
> drl = F',itLdt+ d(Pl?/f:) = [F’TZ + P —wt] dt + oP dz,
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Monopolistic Firms

® Monopolistic producers add variety to a common good produced by HH:

> Linear technology: Y{ = y{ set prices P{ s.t. Rotemberg frictions:

il 1—g i\ —€
o —H P F P K i\ 2 F
/0 =t |:(Pt) —pe(l—7") (Ft) Y (ﬂJt) - T

® Perfectly competitive final good producers

Yidt

» Bundle varieties into consumption good using CES aggregator

e NKPC:

Eid E [dY, -1
[d] = (rtf’H— \[/dtt] +<tC’HUty> Tt — Z (Pt(l_T)_ - )
t
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Constrained Efficiency

» Proposition 1. Under some assumption on {\, ¢}, there exists a unique solution to the
planner’s problem for n*(d;) > A and the constrained efficient allocation has the following
properties:

» Capital utilization v*(G¢) is constant (uy"™" = o, = 0)
» Intermediaries’ wealth and risk shares n*(5:) and x* (&) are increasing in &

» Nominal wealth share 9*(&¢) is increasing in &

>

Investment rate .*(5¢) is decreasing in &;
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Net Worth and Risk Distributions

» Net worth distribution:
NE I L= 1 -9 | kK,

Households

Intermediaries

> Idiosyncratic risk distribution:  x; held by Intermediaries

1 — x+ held by Households
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Equilibrium

» Key variables: &;, n;, vt, ¥, PL, ¢
» Markovian equilibrium with state variables S = {5, 7, v}:
» Laws of motion for S:
dé7 = —bs(67 — 52%)dt + 057dZ;
dne

Tt

dve _ vt 4 oV dz,

t

= pWldt + ol dZ,

> Policy variables i(S), i(S), 95(S), 87(S), 7'(S), 7%(S), 7*(S)
> Mappings 9(S), P*(S), n(S)

satisfying agents' optimality and market clearing
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Efficient Consumption & Risk Allocation Only: Implementation

* 1, * ) 0, * * * * L
nio¢ t = (nf — Xi)oy t 4+ (X; —m + V5 (ar — Xt))ﬁéaf
o .
1 _t n of =it ()

ve [Xp =i + 071 = xt) — (1 - an)dedy] =195
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Consolidated Government

PRR: + PLutLy + Perf Ky = iRy + ie(Re — Ry) + itLe — of oLPEL,

oFRe+ Profly =0
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Production Efficiency Only: Implementation

» ¢, is an equilibrium ‘mapping’
= implement ¥} by appropriate capital taxes 7/¢ along the equilibrium path
P v, is a state variable = need to ensure py = oy =0Vt
» Drift is targeted by i,
> Volatility loading is targeted by i and 9t

» From goods market clearing:

B B K B B
q q q, —1 q g5(1 -9 1
a’Ut:pﬁit‘f'Lt:pﬁit—F td) :pﬁt_'_t(gbﬁt)_
t t t t
B B:
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