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Motivation

» Central Banking with many policy instruments:

m Interest rates m Balance sheet management/yield curve management

B On excess reserves m purchases/sales of long-term gov. bonds for reserves
W on required reserves i

B reserve requirements 6

> Generalized policy rule:  state variables — {i,i,0, CB balance sheet (maturity)}
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Motivation

» Central Banking with many policy instruments:

m Interest rates m Balance sheet management/yield curve management

B On excess reserves m purchases/sales of long-term gov. bonds for reserves

B on required reserves i

B reserve requirements 6

> Generalized policy rule:  state variables — {i,i,0, CB balance sheet (maturity)}

» What role does each instrument play? How do they interact?
» What is the welfare-maximizing policy mix?

» What are the implications for the yield curve and duration dynamics?
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Balance Sheet Management: L-Bond purchases from Households
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Balance Sheet Management: L-Bond purchases from HH & Banks
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Overview of Main Results

» Macro model with financial sector, aggregate & idiosyncratic risk, sticky prices
Brunnermeier & Sannikov (2016), Li & Merkel (2025), Merkel (2020)

» Aggregate efficiency can be implemented with interest rate policy alone

» but CB-balance sheet expansion requires more aggressive interest rate policy subsequently
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Overview of Main Results

» Macro model with financial sector, aggregate & idiosyncratic risk, sticky prices
Brunnermeier & Sannikov (2016), Li & Merkel (2025), Merkel (2020)

» Aggregate efficiency can be implemented with interest rate policy alone

» but CB-balance sheet expansion requires more aggressive interest rate policy subsequently
» Adding distributional efficiency pins down optimal balance sheet management
= Preparatory role of balance sheet policies:

O log PtL
0 log x¢

> Interest rate generates long-term bond price fluctuations:

> Balance sheet policy impacts duration in private hands and
PLLy  Olog PE
Re+PEL; Olog xt

mediates the effects of bond price fluctuations:
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Overview of Main Results

» Macro model with financial sector, aggregate & idiosyncratic risk, sticky prices
Brunnermeier & Sannikov (2016), Li & Merkel (2025), Merkel (2020)
» Aggregate efficiency can be implemented with interest rate policy alone
» but CB-balance sheet expansion requires more aggressive interest rate policy subsequently

» Adding distributional efficiency pins down optimal balance sheet management

= Preparatory role of balance sheet policies:

O log PtL
0 log x¢

> Interest rate generates long-term bond price fluctuations:

> Balance sheet policy impacts duration in private hands and
PLLy  Olog PE
Re+PEL; Olog xt

mediates the effects of bond price fluctuations:

» Yield curve implications
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Yield Curve in Boom, Steady State, Bust
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Related Literature (incomplete)

» Macro model with financial sector, aggregate & idiosyncratic risk, sticky prices
Brunnermeier & Sannikov (2016), Li & Merkel (2025), Merkel (2020), Sims (2011)
He & Krishnamurthy, Elenev et al. (2021)

» Constraint-relaxing QE, no endogenous duration risk distribution
Gertler & Karadi (2011), Karadi & Nakov (2021), Eren, Jackson & Lombardo (2024)

» Balance sheet management (QE/QT) and term structure in preferred habitat models
[consumption-savings choice, not portfolio choice focused]
Vayanos & Vila (2021), Kekre & Lenel (2025), ...

» Convenience yield on bank deposits

Transaction cost models, Begenau (2020), ...
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NK Framework with Financial Sector — Risk Focus
» Households/Entrepreneurs:
» Hold capital, utilize it in production (y: = av:k:) and invest (i¢)
» Capital accumulation is subject to uninsurable idiosyncratic risk:
dke = (1/plog(1 + ¢ue) — ) kedt + Giked Z;
e.g. d; = —by(57 — 52)dt + 057dZ;

» Hold long-term bonds and deposits
> More deposits = lower velocity v; and transaction cost t(v;)
P |ssue risky claims to intermedaries, passing on fraction x: of risk
» Intermediaries:
» Hold HHSs' risky claims, reserves, long-term bonds; issue deposits
> Diversify idiosyncratic risk to fraction ¢ € (0,1)
> Sticky prices (Rotemberg)

» NK-monopolistic competition for good-differentiators
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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;)
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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 freely set:
Aggregate efficiency (static/dynamic output gap)
» Capital utilization rate v
> Capital investment rate ¢;
Distributional efficiency
> Distribution of idiosyncratic risk exposure x:
» Distribution of wealth/consumption across sectors 1 = Nt’/Nt,

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

» Planner’s objective:

oo

(oo}
max AE / e Pt log(filn.ci Ky )dt + (1—-\)E / e " (log(#if (1—m¢)ce Ke) — b(ve)) dt
0 0

{vestemexe, 912

K
s.t. ¢ K = ave Ky — 1 K = plqifﬂ;(h qf = (1+¢t:) Tobin's g
— Ut
dijl 1-9; . = diit! 9,
~7’r}[t = Xt tgpo.tdzﬁ an-ll' - (1 - Xt) tO'tdZt
un Nt un 1=
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Constrained Efficiency

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

aggregate efficiency,(ve,te)

max W, = log(ave — 1e) — (1 — \)b(ve) + % (1 log(L + due) — 5)

Ve,Le,Mes Xt 0t (b
52 [ x? (1—x¢)?
+Alo +(1=XN)log(l —n,) — =L [)\t 24 1—)\] 1—9,)?
g(re) + (1= Nlog(1 —n) = 3 |AL5¢7+ (1= A, 57| (1= ¥0)

distributional efficiency, (x¢,m¢,0¢)

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

9/25



Constrained Efficiency

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

aggregate efficiency,(ve,te)

max W, = log(ave — 1e) — (1 — \)b(ve) + % (1 log(L + due) — 5)

Ve,Le,Mes Xt 0t (b
52 [ x? (1—x¢)?
+Alo +(1=XN)log(l —n,) — =L [)\t 24 1—)\] 1—9,)?
g(re) + (1= Nlog(1 —n) = 3 |AL5¢7+ (1= A, 57| (1= ¥0)

distributional efficiency, (x¢,m¢,0¢)

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

» Optimal allocation: 1 > x*(&) > n*(5) > A
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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:

> Aggregate Efficiency (Output gap)
> Capital utilization v*(5+) is constant (u;"* = ;" = 0)
> Investment rate ¢*(5¢) is decreasing in &+

> Distributional Efficiency

» Intermediaries’ wealth and risk shares n*(5:) and x*(&+) are increasing in &

» Nominal wealth share ¥*(&¢) is increasing in &+
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IRF Planner's Solution after 6,-Shock
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Laissez-faire vs Planner’'s IFR

instantaneous dynamic
2 N — * __ auvKe . o * *
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Distributional Eff: Flight-to-safety lowers bankers’ wealth, risk share: n:0{ = (n: — x¢) ©



Externalities

» Sticky prices = instantaneous output gap (inefficient utilization v;)
> ‘Aggregate’ pecuniary externality:
> Agents don't internalize the link between their portfolio choice ¥; and investment ¢; driven
by capital price ¥
» ‘Distributional’ pecuniary externality:

> Agent don't internalize the link between aggregate wealth/consumption distribution 7, and

idiosyncratic risk sharing x:
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Realistic Government

» Central bank:
> Sets interest rates i, and i, reserve requirements 0
» |ssues reserves dRRt‘ = puRdt + ol dZ;

CB
» Holds bonds dLLCfB — Hi’CBdt+U§’CBdZt
t

» Fiscal authority:
> F_  LF|F P L . . L
Issues long-term bonds dL; = u;’" L; dt paying interest i, nominal price P;
> Levies a range of ‘flow’ taxes (intermediation, wealth, capital)

» Motivation: bonds are issued at auctions, CB bond purchases/sales are OMO
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Realistic Government

» Central bank:
> Sets interest rates i, and i, reserve requirements 0
» |ssues reserves dRRt‘ = puRdt + ol dZ;

CB
» Holds bonds dLLCfB — Hi’CBdt+U§’CBdZt
t

» Fiscal authority:

> Issues long-term bonds dLf = Mﬁ’FLfdt paying interest i*, nominal price P}

> Levies a range of ‘flow’ taxes (intermediation, wealth, capital)
» Motivation: bonds are issued at auctions, CB bond purchases/sales are OMO
> Long-term bond holdings of private agents are L1+ LH = [, = LF — (B

» Distribution across sectors nt = L! /L, is endogenous
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Policy

> Focus on interest rate and balance sheet policy

» Fiscal policy operates in the background

» Balance sheet policy controls the share of long-term bonds in nominal wealth
= duration exposure in private hands:

PLL, _ PEL,

ot = -
"R+ PEL, B

> Interest rate controls sensitivity of bond price to aggregate shocks, (Sims 2011):

N
—_—
dlog PL X e (o1 £ 0B _ P
tPL = 8|Zi&; ) Pg_:Et/ e_fr (eto; (05 o5 05))dsiLdT
t t

. . L 15/25
» Total duration risk: o5 = 9P



Passive Balance Sheet Management

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

» Suppose V- =9t € (0,1)

> Proposition 2. Fiscal+interest rate policy can implement aggregate efficiency

B,
* 1 *
avy = (1+ pd)iy +p+PPth
PLL Jlog Pt
B, =TR.+PL B i t
e = Rt Peke gt % T R.t PLL, Dlogs?
total duration risk —_— —

“duration” ¢L interest rate i;
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Passive Balance Sheet Management

» Suppose V- =9t € (0,1)

> Proposition 2. Fiscal+interest rate policy can implement aggregate efficiency

B,
* 1 *
avy = (1+ pd)iy +p+PPth
PLL Jlog Pt
B, =TR.+PL B i t
e = Rt Peke gt % T R.t PLL, Dlogs?
total duration risk —_— —

“duration” ¢L interest rate i;

» Pins down total duration risk, o5
> Larger CB balance sheet (smaller duration 9%)

== more aggressive interest rate policy
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Passive Balance Sheet Management

» Can we also implement distributional efficiency?
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Passive Balance Sheet Management

» Can we also implement distributional efficiency?
» From intermediaries’ balance sheet:
* Sk * * 9, L * % oL Pt * * * L _pPt
77tU1t7 = _(Xt — )Ut * +(77t — T )ﬁtﬁtat + (Xt - m)(l - ﬁt),&tat

Flight to safety Direct effect Indirect effect

» Challenge: endogenous bond distribution 1t
> Bonds are (relative) anti-hedge for intermediaries (sign(c) = sign(atPL))

> Intermediaries scale down on bonds if they get more volatile (if ¥ 1)
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Distributional Efficiency Fixing ¥*
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Aggregate and Distributional Efficiency Fixing 9t
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» Requires active balance sheet management! (/--changes shift yellow line & other curves)

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

19/25



Role of Transaction Cost

> Existence of optimal policy mix requires transaction cost t(1;) to be sufficiently steep
» t(r;) =0 = agents trade bonds & deposits to perfectly share aggregate risk
= CB has no control over wealth distribution
» t(v;) > 0 = convenience yield on deposits
= no perfect aggregate risk sharing
= CB can affect wealth distribution
» t'(v;) determines whether CB can implement constrained efficient allocation
» 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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Passive balance sheet management: Welfare Loss

0o 01 02 03 04 05 06 07 08 09 1
F(6%)

» Non-zero welfare loss even around the steady state
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Yield Curve Implications

Yield Curve

Low &

— Steady state A it 1—ptL
T High & ’yt:PTL—i—)\(PtL‘

> term spread:

positive in recession

negative in boom

» hump shape is optimal

= policy should not

undo hump
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Yield Curve Implications

Yield Curve

Low &
Steady state
High &

Expected Maturity

hump shape also if
price of risk for
intermediaries is zero
oMV =0

expectations hypothesis
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Optimal Policy Over the Cycle

» Proposition 3. Let 52 be small. Then, an increase in 52 leads to:

Yields pPL
. . . 0.15
P> a cut in the interest rate i; 12
» a milder interest rate policy 01 1
. plL
going forward (lower o{ ) 0.05 08
> a rebalancing towards 0 06
) L 0.08 0.09 O.‘1 0.11 0.12 0.08 0.09 0.‘1 0.11 0.12
long-term bonds (higher ;) s s
I o
035 0.035
03 0.03
0.25 0.025
02 0.02
0.08 0.09 0.1 0.11 0.12 0.08 0.09 0.1 0.11 0.12
52 &2
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Summary

» Macrofinance model to study optimal policy mix

> Role for aggregate and distributional efficiencies
» Larger CB balance sheet requires more aggressive interest rate policy subsequently

» Joint aggregate and distributional efficiency requires active balance sheet management
over the cycle
» Optimal usage of balance sheet management is preparatory:

> Efficient exposure to future shocks

» Yield curve can be optimally humped shaped
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Motivation
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Household’s Problem

max E [ /0 et (log(ct) — b(wy)) dt] ot.

L,H
Csz’UnLtthyo 007,08 Xt

dnl! cf!
= e 00 ot o (drt(ves e ve) = xedr™) + 7l
t
1=07" 4+ 07" + 01— xe) v = 0

ve— e —7H 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

(o]
max ]E[/ e‘ptlog(ct')dt} s.t.
c.of.00he0 00" Lo
/
dn;

i

I
— St + R (OF) + 02 drP + 08 drl + 07 dr + 7l dt
nt nt

D,lI L,/ N R
1=0F+6."+ 6, +07"  6F > 6]

. Ry
> drf(OF) = i(6F)de + LYPD = [LLHG LN | gy

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

> drP = iPdt + 7d(11/§:) = [if —m] dt

. L .
> drt = frde+ QP =[5 uf" —m] dt + of 0z,
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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:
1—¢ €

=] (@) s

® Perfectly competitive final good producers

Y:dt

» Bundle varieties into consumption good using CES aggregator

e NKPC:

E [dﬂ't] ( f.H E [dYt] C,H y) g ( e—1
=\ - + Gt Te = pe(l—17)—
Y, dt €

€ i e—1
Wt:REtK e ft dTY <ps(1—7—)—€ )ds
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Equilibrium

> Key variables: &tr Nty Ut, 1915, Pt{_v Tt
» Markovian equilibrium with state variables S = {5, 7, v}:
> Laws of motion for S:

d&7 = —bs(67 — 5%)dt + 052dZ;

e _ nde 4 o7 dz,

Tt
due

Ut

= prdt + o, 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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Forward-Looking Equations

» Nominal long-term bond price

» Money valuation equation

]E[g?t]:“f:p_st—(l—ﬁt)(( —9F) (i — if + vt (r))+5?H6t)

— (1= 0P MR (1) + 0t o

> NKPC:

E|dm E|[dY € e—1
[dt t] = (r:’H \[/tdtt]+ tCH Y) Wt_H<Pt(1_Tt)_ c )
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Efficient Consumption & Risk Allocation Only: Implementation

* M,k * ) _0,* * * * * L
niod =i —xioe "+ (Xf —mp + ﬁt(nl‘- - Xt))ﬂéaf
0.777* L
1 _t e of =vit ()

ve [X¢ = ¢ + 071 = x7) = (L= me)dedy] =105
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Constrained Efficiency: Properties

AL — N)(1— ) (1 — A+ 2p?) — (1 —20)p? >0
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Consolidated Government

pRR + PLubLe + Perf Ke = iRy + ie(Re = R) + L — o oL PEL,

25/25



IRF under Full Efficiency
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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:

av :pq—?—l—L p£+q5_1_ ﬁ q?(]‘_ﬂt) l
t 191‘ t 19[» ¢ ’l9t ¢’l9t d)
B
ar = . B: = R:+ Py L
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IRF under Production Efficiency
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IRF under Production Efficiency: Equivalence
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IRF under Allocative Efficiency: Multiplicity
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