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Abstract

This paper examines the optimal coordination of conventional and unconventional monetary
policy tools in an economy with heterogeneous households and mortgage debt. We build a dy-
namic stochastic general equilibrium (DSGE) model featuring three household types—savers,
borrowers, and renters—and include housing investment, long-term fixed-rate mortgages, and
a housing production sector. The central bank controls both the short-term interest rate and
the long-term rate by adjusting the maturity composition of government bonds. We show that
household heterogeneity significantly alters the optimal policy response to macroeconomic shocks.
Specifically, after a cost-push shock, optimal policy calls for increasing the short-term rate to
contain inflation while simultaneously lowering the long-term rate to ease financial pressures on
indebted households and renters. This combination speeds up the recovery of investment and out-
put, stabilizes inflation, but exacerbates consumption inequality. By contrast, in a representative-
agent model, the optimal response is to raise both rates. Our results underscore the need to con-
sider distributional consequences in monetary policy design and indicate that yield curve control

can serve as a valuable tool in heterogeneous economies.
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1 Introduction

The post-pandemic inflation surge in advanced economies reignited debates over the appropriate
mix of conventional and unconventional monetary policy tools. In the United States and the Euro
Area, central banks reacted by first ending asset purchases and then raising short-term policy rates.
This sequence of actions led to a sharp increase in long-term interest and mortgage rates, amplifying
the financial burden on indebted households. These developments raise a key question: should
conventional and unconventional monetary policy instruments move in the same direction when
responding to inflationary pressures, especially in economies where household debt is widespread?

This paper addresses this question by studying the optimal design of monetary policy in an econ-
omy with heterogeneous households and long-term mortgage debt. We develop a dynamic stochastic
general equilibrium (DSGE) model featuring three types of households—patient savers, impatient
borrowers, and hand-to-mouth renters—and incorporating housing investment, fixed-rate long-term
mortgages, and a housing production sector. The central bank in our model controls both the short-
term nominal interest rate and the long-term rate, through adjustments in the maturity composition
of government bonds held by the private sector, summarized by the relative supply of long-term
bonds. This setup enables us to study how standard interest rate policy and unconventional instru-
ments—such as quantitative easing and yield curve control—jointly contribute to macroeconomic
stabilization.

Our analysis reveals that household heterogeneity significantly alters the optimal response of
monetary policy to macroeconomic shocks. Specifically, following an adverse cost-push shock, we
find that it is optimal for the central bank to raise the short-term interest rate to contain infla-
tionary pressures while at the same time lowering the long-term rate to ease the negative wealth
effects on indebted households and reduce the rental burden for renters. This policy mix supports
a faster recovery in housing investment and aggregate investment, but also widens the consumption
inequality. In contrast, when household heterogeneity is removed from the model—by eliminating
mortgage debt and assuming a representative household—the optimal policy response becomes more
conventional: both short- and long-term rates are raised in response to inflationary shocks.

Methodologically, we derive a second-order approximation to household utility and construct a
social welfare function using Pareto weights. We solve for the optimal policy under commitment,
allowing the central bank to choose both the short-term rate and the relative supply of long-term
bonds. Our results suggest that short-term tightening combined with long-term easing can better
stabilize inflation while also limiting the contraction in housing markets and mitigating financial
stress among vulnerable households.

The paper contributes to the optimal monetary policy literature in three main ways. First, it
extends the standard New Keynesian framework by incorporating long-term fixed-rate mortgage con-
tracts and a housing production sector, allowing for a richer analysis of monetary policy transmission
through housing. Second, it introduces a welfare-based criterion that captures the distributional ef-

fects of monetary policy on heterogeneous households. Third, it offers new insights into the role of



unconventional monetary policy in highly indebted household environments.

This paper extends several strands of the literature. It is closely related to lacoviello| (2005), who
introduces housing and collateral constraints into DSGE models, and Kydland et al. (2016), who
stresses long-term mortgage contracts. We incorporate both fixed-rate mortgages and a housing pro-
duction sector, which lets us distinguish between the flow and stock of household debt. Our model
is also related to |Chen et al. (2012) and |Gertler and Karadi (2011, 2013), who study the macroe-
conomic effects of large-scale asset purchases, but we depart from them by explicitly analyzing the
welfare implications of monetary policy in a heterogeneous-agent setting. In doing so, we contribute
to the growing literature on the distributional effects of monetary policy (e.g., Cloyne et al., 2019)
and on optimal policy under heterogeneity (see [Bilbiie (2008) and Bilbiie| (2025])). In these models,
heterogeneity breaks the sufficiency of the aggregate output gap and raises the welfare cost of real
activity fluctuations, thereby amplifying the weight placed on output stabilization relative to the
representative-agent benchmark. In our framework, heterogeneous balance sheets and borrowing
constraints further strengthen this mechanism, making coordination between short- and long-term
interest rates crucial for welfare-improving stabilization.

More recently, |Alexandrov and Brunnermeier| (2026|) show that while interest rate policy can
achieve efficient aggregate outcomes near steady state, similar to our findings, active balance-sheet
management becomes essential when shocks push the economy away from it because it prepares
the economy’s risk exposure for future rate movements. Interest rates create bond-price fluctua-
tions that steer consumption and wealth, while balance-sheet policy ensures that agents hold the
appropriate level of risk to make these rate changes effective. Overall, the optimal mix implies that
larger central-bank balance sheets require more aggressive future rate adjustments, and increases in
idiosyncratic risk call for rate cuts and expanded bond holdings.

A related strand of the literature studies the optimal mix of monetary and fiscal policy under
heterogeneity (see Bilbiie et al.| (2024) and |[McKay and Wolf| (2022))), showing that fiscal transfers can,
alongside monetary policy, relax the trade-off between macroeconomic stabilization and inequality.
In our framework, yield curve control also generates redistribution by lowering debt-service costs and
relaxing borrowing constraints, thus shifting resources from savers to borrowers. However, long-term
rate management operates through asset prices and borrowing conditions rather than directly through
disposable income, as fiscal transfers do. Thus, while the additional monetary instrument improves
aggregate stabilization, it does not eliminate distributional tensions, highlighting the second-best
nature of unconventional monetary policy, especially when fiscal space is limited.

The remainder of the paper is organized as follows. Section 2 presents the model. Section 3
analyzes the monetary transmission with household heterogeneity. Section 4 derives optimal targeting
rules and discusses the implications of heterogeneity for the design of monetary policy. Section
5 outlines the calibration strategy. Section 6 reports the quantitative results, including impulse
responses under different policy regimes. Section 7 concludes with policy implications and directions

for future research.



2 Model

The model is a closed-economy DSGE model with housing and household debt. The economy
has three types of households: patient (savers), impatient (borrowers), and renter (hand-to-mouth
agents) households, as in |Cloyne et al. (2019). We allow for long-term fixed-rate mortgages and
distinguish between the flow and stock of household debt, following Kydland et al.| (2016), |Garriga.
et al. (2017), and |Alpanda and Zubairy| (2017). The government issues short- and long-term bonds
to finance deficits, and the long rate affects aggregate demand through its impact on borrowers’
mortgage interest burden. The central bank jointly controls short and long rates: it sets the short
rate via a Taylor rule and the long rate by adjusting the stock of long-term government bonds.

Production is standard.

2.1 Households

The economy is populated by three types of infinitely lived agents a € {P, I, R}, whose intertemporal

preferences over consumption ¢, ¢, housing hg ¢, and labor n, ¢ are given by:

[e'S) n1+19
Et Z Bgitevt log Ca,r + flog ha,T - 1 :,_719 ) (1)

T=t

where t indexes time, £ is the weight on housing , ¥ is the inverse Frisch elasticity of labor supply,
and S, is the type-specific time-discount parameter with 5; < Bp < 1E| The preference shock v, is

common to all households and follows a stationary AR(1) process.

2.1.1 Patient households (savers)

Patient households (P) are the savers in the economy; they accumulate owner-occupied and rental
housing, capital, short- and long-term government bonds, and extend mortgage loans to borrowers.

Their period budget constraint is given by:

) ‘ . Qs Qr, K L
cpt + ane (Pt + ihrt) + Qi ting + P’t bs + 2 L brs— —bri—1 |+ 2 < WpiNpt (2)
t t ¢ Pt
P4 d Dy 1 E Qr¢ Dy
h ke bt 1+ b (R ) =gz —T b+ 2t
+raehRe + Tk eRe—1 + P, (bst—1+0brt—1)+ (Rf_1 + Ka P, + P axt t P, Lt + P,

where P, denotes the aggregate price level, while Z; refers to nominal profits of intermediate-goods
producers and taz; denotes real taxes paid to the government, both in lump-sum fashion. wp; is the
real wage on the labor services of patient households, g5 ; and g;; denote the (real) relative prices
of housing and capital, respectively, while i5p;, ipr and iy are the patient households’ investment

purchases in owner-occupied housing, rental housing, and capital. The related laws of motion for

!Since renter households are hand-to-mouth, S is irrelevant for the dynamics. We set Br = B in the welfare
analysis.



the stock of these assets are given by:

hpi = (1 —0p) hpi—1 + inpy, (3)
hrt = (1 —0n) hRi—1 + inRyt, (4)
ke = (1 —0k) ke—1 + iny, (5)

where 05, and J;, are depreciation rates of housing and capital. Similarly, 71, ; and 71, denote the
rental income that patient households receive from their rental housing and capital holdings.

Qs and Qs denote the nominal prices of short- and long-term government bonds issued in
period ¢, while bg; and by, ; denote outstanding quantities of these bonds. A short bond issued in
period ¢ — 1 pays FP;—1 in nominal terms in period ¢, while a long term bond issued in period ¢ — 1
pays decaying coupon payments of Pi_1, kPi_1, k>P,_1, ... in periods t, t + 1, t + 2, ..., respectively.
Note that in period t, the ex coupon nominal price of a long-term bond issued in period ¢t — 1 is given
by H%QLJ’ where II; = P;/P,_; is the inflation factor, which allows us to include long term bonds
in the houscholds’ budget constraint above in recursive fashion ]

L, is the amount of new lending extended to impatient households, while D;_; denotes the stock
of mortgage debt carried over from the previous period. On the latter, the patient households receive
a fraction kg of principal payments and an average interest payment of R,‘Ll from borrowers. The

laws of motion for the stock of debt and the average interest charged on the debt are respectively

given by:
Dy Dy Ly
o1 = 6
-Pt ( 'K’;d) —Pt + Pt7 ( )
and D D L
t ~d t—1 d t pl
— R =(1—kry) —R? 1+ =R,. 7
Pt t ( d) Pt t—1 Pt t ( )

where R! is current nominal fixed rate on new mortgage loans. Note that R is a choice variable for
the patient households (joint with their choice of newly extended loans, L;), while they take as given
the economy-wide current fixed mortgage rate, R}.

Following (Chen et al. (2012), agents pay a transaction cost I'; on their long-term debt holdings

and this cost is given by:

bre\'2
Ft = Fl m exp(ep t) — ]., (8)
Qs,tbs ’

where I'y and I'y are the level and elasticity parameters, and €r; is an exogenous AR(1) process. The
stock of mortgage debt faces the same transaction cost I'; as long-term government bonds, ensuring
that changes in long-term rates affect the interest burden of borrower households and thus their
aggregate demand.

Patient households maximize utility subject to their budget constraint and No-Ponzi conditions.

The optimality conditions for labor supply, owner-occupied housing, rental housing, and capital are,

2Note that x = 0 reduces the long-term bond to a short-term bond.



respectively, given by:

n%t = /\P,th,t, (9>
c A
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hpg Ap,
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A
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where Ap; = 1/cp; denotes the Lagrange multiplier on the period budget constraint. Similarly,

optimal holdings of short- and long-term government bonds satisfy:

)\Pt+1> 1 ]
st =L P~ : 13
ase = v | (50755 ) (13)
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Ap I
and the corresponding nominal yields on short- and long-term bonds are given by:
1
qs.t
1
1+Rpt = — + k. (16)
qr.t

Finally, the optimality conditions for the flow and stock of mortgage loans and the average interest

on them are given, respectively, by:

1+ Ft = QdP,t =+ QrP’tR,lf, (17)
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where Qgp; and Q,p; are the Lagrange multipliers on the laws of motion for the mortgage debt stock
and the average interest on debt given in @ and , respectively. Note that with full principal
repayment for each period (i.e., kg = 1), we have Rgl = Ri for all ¢, and the above expressions would

collapse to a familiar expression:

/\P7t+1> 1 +Ri] (20)

Apt 1PN}

1+Ty = E; [<,BP

with T'; capturing the spread on mortgages relative to the short rate. In our general case, this holds



only at the steady state with R? = R! = Ry, andﬂ

1+ R4
1+ R

=1+T. (21)

2.1.2 Impatient households (borrowers)

Impatient households borrow from patient households to finance their investment in owner-occupied

housing and hold no other assets. Their period budget constraint is:

. Dy 4 Ly
crt + quitnrg + (Rilfl + fid) —— Jwrnrg + —, (22)
b b
where wy; is their real wage and ip7; is their residential investment purchases. Their housing stock
evolves according to:

hrs = (1—0n)hrt—1+inrs- (23)

Each period, impatient households face a borrowing constraint on new loans:
Ly :
B = nginig, (24)
t
where ¢ is the regulatory LTV ratio.

Their optimality conditions for labor supply and owner-occupied housing are:

i = Argwr, (25)

c A
(1 - ¢,th) qht = fhﬂ + E; [(51 I’H—l) (1 - 5h) (1 - ¢,Ut+1) qht+11| » (26)
Pt ALt

)

where Ar; and p; are the multipliers on the budget and borrowing constraints, respectively. The

optimality conditions for the flow and stock of mortgage loans and their average interest rate are

given by:

1— e = Qare + Q1R (27)

A R} + kg + (1 — kg) [Q + Qi RY
Qurs+ Oy R~ By (ﬁl 1,t+1> 9t ka+ (1= ka) [Qar L1 R ’ (28)

ALt it
A 1 1-— Q,
Qs = Ey [(ﬁl ;\,tJrl) + ( Hﬁd) It+1 7 (29)
It t+1

where €47+ and €2, ; are the Lagrange multipliers on the laws of motion for the mortgage debt stock

and the average interest on debt given in @ and , respectively. Note again that with full principal

3We provide a full derivation of the steady state in Appendix
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repayment each period (i.e., kg = 1), the above expressions would collapse to the more familiar:

A 1+ R
| =B Kﬁ[ ;’t“) . t]. (30)
It t+1

2.1.3 Renter households

Renter households are hand-to-mouth, and consume all their wage income on consumption goods

and rental housing as:

CRt + Thithrt = WRNR, (31)

where wpr is their real wage. Their optimality conditions imply the following static expressions:

Ny = ARiWR (32)
C
Thit = & hl:t ; (33)
it

where Ap; = 1/cr+ denotes the Lagrange multiplier on the period budget constraint.

2.2 Production

The production side of the model is standard. A unit continuum of intermediate goods producers
supplies slightly differentiated products and faces Rotemberg-type price adjustment costs. Perfectly
competitive final goods producers aggregate these into a final good used for consumption, investment
in capital and housing, and government spending. We also introduce adjustment costs for “investment
goods producers" so that the relative price of investment goods may deviate from that of consumption

goods.

2.2.1 Final goods producers

Final goods producers are perfectly competitive and aggregate the differentiated intermediate goods

y¢ (§) for j € [0,1] into a final good y; using a standard Dixit-Stiglitz aggregator:

"ly,t
L maml Nyt
yr = </ ye () " d]) , (34)
0

where 7, ; is the elasticity of substitution between the differentiated goods that follows a stationary

AR(1) process. The resulting demand curve facing each intermediate goods firm is thus given by:

v (j) = (P'}D(tj ))W " (35)

The final goods can then be used for consumption, investment in capital and housing, government

expenditure, and resources spent on price adjustment costs by intermediate goods producers. Price



adjustment costs are described in more detail in the next subsection. Note that aggregate consump-
tion and residential investment are the sum of the three types of households described previously

as:

¢t =cpt+cCry + CRy, (36)

iht = IhPt + ihlt T thRt- (37)

2.2.2 Intermediate goods producers

There is a unit measure of monopolistically competitive intermediate goods producers indexed by j.

Their technology is described by the following production function:

0 () = zekees () [pe ) nry ()" me (0%] 1. (38)

where f denotes the fixed cost, « is the share of capital in the overall production, and 8p, 07, and
fr denote the shares of patient, impatient, and renter households in the labor input, respectively,
with 0p + 07 + 0r = 1. The aggregate productivity shock, z;, follows an AR(1) process.

Firm j’s profits at period ¢ are given by:

EG) _ PG)

P, ?tyt (J) = rrikpi—1(§) —wpimpy (7) )
. 2
' N Kp P (j)
) - _h (C5)
wrgnrg (§) — wringr: (7) 2 <7TPt—1 () > "

where price stickiness is introduced through quadratic adjustment costs, as in Rotemberg (1982),
with x, as the level parameter.

A firm’s objective is to choose the input quantities, output, and price each period to maximize
the present value of profits (using the patient households’ stochastic discount factor) subject to the

demand from goods aggregators. The firm’s optimality conditions with respect to its inputs are:

Qtayt +/f = Tkt (40)
k—1

0 (1—a)op T (41)
npt
+

Q0 (1—a)o I _ Wi, (42)
nrt

01— )02, — (43)
NRt

where ; is the Lagrange multiplier on the demand function of final goods producers given in
and captures marginal cost of firms. The optimality with respect to pricing implies the following

New Keynesian Phillips curve:
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2.2.3 Capital and Housing producers

Investment goods producers are perfectly competitive, and they purchase iy, and i ; units of new
investment goods from final goods firms at a relative price of 1, and turn these into effective units
of installed capital and housing that can be purchased by end-users at relative prices of g;; and
qn,t, respectively. The change in relative prices is due to adjustment costs in investment similar to
Christiano et al. (2005) and Smets and Wouters| (2007)), which can potentially differ between capital

and housing. The investment-goods producers’ objective is thus to maximize:

ik,T—l

= T—t )\P,T Rik 7;k,’r 2 .
N I e A
T=t ’

. 2
Kih [ in, . . .
1-— % (T - 1> ] qh,rth,r — (Zk,T + Zh,T)} 5
th,r—1
(45)

where k;; and k;, are the investment adjustment cost parameters, and future profits are discounted
using the patient households’ stochastic discount factor. The first-order conditions for capital and

residential investment yield the Tobin’s marginal g expressions, which are summarized as follows:

. . . . 2
. Ukt Tt APi+1\ [ Tht+1 Tt ) Qh,t+1
o () () () (25

Uet—1 Uet—1 /\P,t Ukt Ut gkt
. 2
1 1 1/ 4
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Kik Tkt AN

. . . . 2
. Ut Ut APi+1 Uht+1 thyit1 ) 4ht+1
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ht—1 ht—1 Api Uht Uht Qh,t

1 1 1/ i 2
A0-2)-4Es )
Kih qh.t 2 \ipt—1

2.3 Monetary and fiscal policies

The consolidated government budget constraint is given by:

P4
P,

Qs,t

gt + 2

(bst—1+bri—1) = tax; +

QLt K
b “ |\ bp s — =—bp 4
St + B \brt = bt ) (48)
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where the bond quantities above refer to privately-held bonds in circulation, and therefore exclude
potential purchases by the central bank. The lump-sum taxes collected from patient households
(relative to steady state output y) are assumed to respond positively to aggregate output and to the

government’s debt level so that the government cannot run a Ponzi scheme:

taxy  _ (e \" (4st—1bsi—1+ qri—1bri—1\"
— =7 = , (49)
y y qsbs +qrbr,

where 7 is a level parameter, and 7, and 7, determine the elasticity of taxes to income and government

debt, respectively. Government expenditure, g¢, follows an exogenous AR(1) process given by:

log g = (1 — pg)log g+ pglog gi—1 + €4t (50)

The central bank targets the short-term interest rate and the slope of the yield curve. To achieve
the latter, the central bank must adjust the maturity structure of government bonds, because the
transaction cost term, I'y—which determines the spread—depends on households’ holdings of long-
relative to short-term government bonds. The target for the short-term nominal interest rate is

determined using a standard Taylor rule:

14+ Ry = (14 Ryp)” [(1 +R) <111{> (?)a] w Eht, (51)

where p determines the extent of interest rate smoothing, R is the steady-state value of the short
rate, and a, and a, are the response coefficients for inflation and the output gap, respectively. g
denotes the monetary policy shock, which follows an AR(1) process.

Finally, we define variable v,; = Qr+br+/Qs,bs; as the supply of long-term bonds relative to

short-term bonds, which follows a log-stationary AR(1) process:

Vot = Py Vort—1 T Eqp it (52)

where €., ; is an i.i.d. process. Similar to |Chen et al| (2012), we treat large-scale asset purchase
programs as shocks to the relative supply of long-term bonds, since by construction changes in v,

- whether expected or not - alter the composition of outstanding government liabilities.

The model’s equilibrium is defined as prices and allocations such that households maximize the

11



discounted present value of their utility, all firms maximize the discounted present value of profits

subject to their constraints, and all markets clear. The resource constraint of the economy reads:

2

. . K s

Ct+tpt t et + 9t = Yt — ?p ﬁ 1) y—14 (qLﬂgbL,t + dt) . (53)
Ty = P

3 Dissecting the monetary transmission mechanism

In this section, we examine the transmission channels of monetary policy. The short-term rate affects
the consumption of patient households directly as they are the only holders of short-term debt, while
its expected future path affects the long-term rate, Ry, and thereby the average mortgage rate,
R, they charge on impatient households’ stock of debt. Combining the first-order conditions for

short-term bonds, bs¢, long-term bonds, by, ¢, and log-linearizing, we obtain:

~

1 Kq s r

D L P t+s
R ——75 —_— Ry +

Lt 1+quSO<1+HqL> [ ths 1+T

(54)

where variables with a hat denote log deviations from the steady state. Equation shows that
the long-term rate depends on the current and expected future paths of the short-term policy rate,

I:Zt, and the relative supply of long-term bonds, I';. The latter is summarized by:

Ty = Tofps + éra (55)

where 4, = @L’t — q/;bs’t A drop, for instance, in the relative supply of long-term bonds and a
rebalancing towards short-term bonds lowers the long-term rate. As we show in the next section, the
central bank can adjust this ratio to influence the yield curve and shield the economy from shocks.
The resulting changes in the long-term rate alter the present value of patient households’ wealth and
thus their consumption, since they are the only holders of government bonds.

Impatient households instead borrow from patient households, so monetary policy indirectly
affects their mortgage rates. Combining the patient households’ first-order conditions for short- and
long-term bonds, new mortgage issuance (I;), and the average mortgage rate, and then log-linearizing,

yields:

| R KL A
RL,t - mARL,Hl (56)

r .
Ry +

o
Rt_1+r 1+T

“When log-linearizing, we have considered Qpr,:br ¢+ and Qs,:bs,+ as one variable, respectively. This is in order to
neutralize this variable from price effects, when designing the optimal monetary policy. In this case, a drop in the
relative supply of long-term bonds would coincide with a fall in 43, and thereby a drop in the long-term rate.

12



where we have imposed that mortgages are repaid in full within one period (kg = 1) for tractability
and clearer intuition. Equation shows how the central bank affects the mortgage rate, Ré,
through conventional and unconventional monetary policy. Under conventional policy, the short-
term policy rate R, raises the mortgage rate, but steady-state transaction costs (I" > 0) make
this transmission incomplete. Conventional policy also affects the mortgage rate indirectly through
its impact on the long-term rate RL,t- Unconventional policy works via changes in the relative
supply of long-term bonds 43, which influence ]%L,t through equation . Again, steady-state
transaction costs weaken this channel. Intuitively, when the central bank raises the short-term rate
and, consequently, the long-term rate, patient households suffer a fall in the present discounted value
of their wealth. Because they finance borrowers’ mortgages, they pass part of the tighter monetary
stance on impatient households, lifting thereby the mortgage rate, f?é

Finally, monetary policy affects renters’ housing demand and thus the equilibrium rent, fh,tﬂ
Combining the first-order conditions of patient households for rental housing, hr¢, and short-term

bonds, bg;, with renters’ first-order condition for housing and log-linearizing yields:

Bp(1 —dn)

. [_ (Rt - 7rt+1) + Qh,t—f—l} (57)

. 1 R
hrt = ——qns + Crt +
Th

This equation determines the equilibrium quantity of rental housing. A higher policy rate lowers
real wages reducing renters’ consumption, ¢g;, and housing demand, as implied by and .
At the same time, the higher policy rate raises long-term and mortgage rates, causing impatient
households to cut housing investment. These effects induce patient households to shift from housing
to short- and long-term bonds, reducing the supply of rental housing. In equilibrium, this decline in

supply accommodates the fall in renters’ housing demand.

4 Optimal Monetary Policy

In this section, we analyze the optimal monetary policy from a utility-based welfare perspective. To
keep the analysis tractable, we derive analytical results without capital accumulation, though our
numerical exercises later allow for itﬁ We focus on the optimal central bank response to inflationary
shocks and therefore abstract from the zero lower bound.

We define social welfare V' as a weighted average of the welfare of the three household types,

choosing weights so that a constant consumption stream yields equal welfare across types:

V=0-8p)Vp+(1-B1)Vi+(1-Br) Vg (58)

5Patient households have no market power over rents; rents are set by rental housing market demand and supply.
5The conclusions in this section are unchanged when capital accumulation is included. The analytical results are
available upon request.
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Here V,, for a € {P, I, R}, denotes the welfare of patient, impatient, and renter households, respec-
tively. The central bank maximizes V subject to the equilibrium conditions of the economy. Each V,
is derived from a second-order approximation to the corresponding utility function. The derivation

of the aggregate welfare is summarized in the proposition that follows.

Proposition 1. The discounted sum of the household utilities is given by:

= > 1 1 1
t ¢ . ~ .2 . ~ a2 A ~ A2
> BU = B wepipy — SWerChy +WerCly = SWerCly + WepChi — SWerCRy
t=0 t=0
~ 1 - %9 A ]- ~ ) 2 ]- ~ 22
+ Wi, pthPt — iwihPZhP,t + Wiy thlt — iwihPZh],t + WipgthRt — §wihRZhR,t
1 1 Ty (Dy —1)
9 2 - 2 (L2 ~2
— —wy Ui — —waT; — wny, | ToYpy + ——>
9 Yt oW Vb b, %7 Yy

- wyCPQtéP,t - qu@tél,t - Wch:gtéR,t + wCPC[éP,té[,t + wCPCRéP,téR,t + chcIéR,téI,t}
. 3
+ti.p.+ O (]|€°]])
Proof. In Appendix [A2] m

Notice that in the welfare criterion derived above, linear terms also appear. As shown in [Be-
nigno and Woodford| (2005), a properly defined welfare criterion features linear terms in addition to
quadratic ones when the steady state is distorted. In such a case, the central bank must take into
account the impact of stabilization policy on the average level of output or, in the context of the cur-
rent setup, its components. In fact, in our framework the steady state is distorted not only because
of monopolistic competition in the intermediate goods sector but also because of credit constraints
faced by impatient households. Crucially, as shown in Proposition 1, given the heterogeneity in our
setup, it is the welfare-relevant components of aggregate output—rather than output per se—that
appear in the linear part of the welfare criterion. This reflects that the policymaker is concerned
not only with minimizing fluctuations in output and its components, but also with, at least partly,
correcting the heterogeneity in consumption and housing investment levels in the economy that arises
from various shocks. As we show in Appendix [C], given the distorted steady state, steady-state con-
sumption levels across different household types are not equalized.ﬂ Similarly, steady-state housing
investment is heterogeneous as well, given that impatient households are always credit constrained.
This implies that the policymaker will not aim to completely eliminate heterogeneity in consumption
and /or housing investment. Rather, the policymaker seeks to limit any further widening of some or
all of these forms of heterogeneity that emerge outside the steady state due to various shocks or the

accompanying general equilibrium effects.

"The steady-state consumption of impatient households depends on their steady-state stock of housing. Moreover,
since they are always credit constrained, their steady-state consumption also depends on the LTV ratio, ¢. By contrast,
the steady-state consumption of renters depends entirely on their steady-state labor income.

14



To gain better insight, consider an adverse supply shock. In this case, the monetary authority
raises the short-term rate, which, via , leads to an increase in the long-term rate. This lowers the
present discounted value of patient households’ wealth and induces them to shift part of the burden
on impatient households, thereby raising the average mortgage rate, Rf . This curbs the consumption
of impatient households. Their housing investment also falls due to both the higher mortgage rates
and the decline in real house prices, g, ¢, caused by the supply shock, which tightens their borrowing
constraint through . At the same time, the contractionary nature of the shock reduces renters’
demand for housing, pushing rents, rj;, downward. Patient households hence partly offset the
negative impact of higher short- and long-term rates and lower rents on their own consumption by
increasing the average mortgage rate they charge on impatient households. Beyond volatility, the
direction of these effects now also matters for the policymaker—an outcome that would not arise
under an efficient steady state. Therefore, heterogeneity shapes the optimal trade-offs faced by the

policymaker. This is formalized in the proposition below.

Proposition 2. In the absence of heterogeneity, with only patient households in the economy and no
mortgage debt, the central bank faces the traditional inflation—output trade-off after a supply shock.
With heterogeneity, however, following a supply shock the central bank can stabilize inflation by

trading off aggregate output and/or individual consumption.
Proof. In Appendix [AZ3] m

As we show in the Appendix, with optimal monetary policy under commitment when only patient

households reside in the economy (i.e. #p = 1), the optimal trade-off receives the following form:

N N — 1) w9
wy (Gt — Je—1) = —(nyﬂ)ﬂt (59)
p

where the terms w, and w, are nonlinear functions of the model structural parameters. Under

heterogeneity instead, the optimal targeting criterion becomes:

. N R . . — 1) wrd
Wy (yt - ytfl) +WycP ACP,I‘, + Wycy ACI,t + Wycp ACR,t = _(nyli)ﬂ-ﬂ-t (60)
P

~
additional trade-off terms due to heterogeneity

where the coefficient in the consumption of each group is positive and Aéyt = €at — Cat—1, for
a € {P, I, R}. Under heterogeneity, the central bank is faced with additional trade-offs captured by
the covariance between output and the consumption of each household type in the welfare criterion
discussed in Proposition 1 above. The covariance terms vanish when considering the model without
heterogeneity (i.e. Op = 1). In this case thus wye, = wye; = wyep = 0 in the welfare loss and the

optimal criterion above collapses to that in the absence of heterogeneity, (59). From expression ,
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in the face of higher inflation, the central bank, ceteris paribus, has to lower aggregate output as well
as the consumption of some or all population groups. Contrary to the textbook result where there is
only one representative household in the economy, here the central bank is not constrained to trade
all components of output off when faced with higher inflation. Even though the outcome is the same
(i.e. lower output), not every household type bears the burden of stabilization to the same extent
necessarily. This implies that inflation stabilization may come at the cost of rising consumption

inequality.

4.1 Heterogeneity and the slope of the yield curve

In this section, we examine how heterogeneity interacts with the central bank’s implied optimal
decisions on short- and long-term rates. From Proposition 1, we have shown that the relative
long-term bond supply, 45, enters the welfare criterion and is therefore one of the central bank’s
stabilization objectivesﬁ Targeting this objective changes the supply of long-term bonds relative to
short-term bonds, immediately affecting their price and thus long-term rates. Following demand or
supply shocks, the central bank not only chooses optimally the trade-off between inflation and output
(which affects the short-term rate through the Euler equation of patient households for short-term
bonds), but also affects the long-term rate further via its optimal decision on the relative supply of
long-term bonds.

The key question in the current setup is to what extent the optimal decision on the relative
supply of long-term bonds depends qualitatively on heterogeneity, conditional on demand or supply
shocks. From Proposition 2, it is clear that, qualitatively, the implied optimal decision about the
short-term rate does not depend on heterogeneity. In the absence of heterogeneity, the central
bank must lower inflation by inducing a recession following, for instance, an adverse supply shock.
With heterogeneity, the central bank must still lower inflation, but now by trading off some or all
components of aggregate output, thereby reducing it. In both cases, this is achieved by raising the
short-term rate; heterogeneity only changes the magnitude of the required increase.

For the long-term rate, however, heterogeneity can have important qualitative implications for
the optimal relative supply of long-term bonds. We first ask whether it is only inflation that affects
the optimal decision for the relative supply of long-term bonds, or whether output (and some of its
components) also matters. We show that under heterogeneity the optimal relative supply of long-
term bonds depends not only on inflation but also on output and the consumption of each household
type. When heterogeneity is turned off, the optimal relative supply depends solely on inflation. We

formalize this result in Proposition 3 below.

8We abstract from central bank balance sheet considerations. An alternative would be to assume a central bank
balance sheet where the central bank issues reserves (as in [Sims and Wu, 2019) to finance its asset purchases, with a
representative financial intermediary born in each period and exiting in the subsequent period (as opposed to |Gertler
and Karadil 2011, 2013). Another alternative would be to assume that the central bank issues short-term bonds to
finance its asset purchases (as in [Kabaca et all 2023) and faces an efficiency cost associated with asset purchases (as
in |Karadi and Nakov}, 2021). In both cases, the central bank would transfer its profits/losses to the government in the
form of remittances. The conclusions of this section would be unchanged under these assumptions.
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Proposition 3. In the absence of heterogeneity, the optimal relative supply of long-term bonds
depends only on inflation. Under heterogeneity, the optimal relative supply of long-term bonds depends

on inflation as well as on output and household-type consumption levels.

Proof. In Appendix [A7d] m

Solving for the optimal relative supply of long-term bonds, 43, we obtain:
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where using the definitions of weights in Appendixit is easy to show that wyc; +wWycp —Wyep > OH
Note also that 0g + 07 — 0p > 0. Given that 0 < I'y < 1, expression shows that when deciding
upon the optimal relative supply of long-term bonds, the central bank takes into account not only
inflation and output, but also the consumption of each group. That is, heterogeneity matters for the
optimal setting of long-term bond supply and thereby for the long-term rate. In the Appendix, we
show that in the absence of heterogeneity with only patient households residing in the economy and
no mortgage debt (i.e. §p = 1 and §; = Or = 0), the optimal decision about the relative long-term
bond supply collapses to:

(ny —Dwn

2
I{pRlQTP Tt (6 )

Wry, (1 =T2) At = w1 +

In the absence of heterogeneity thus, the central bank sets the optimal relative supply of long-term
bonds according to developments in inflation only. Notice also that the sign of the weight on inflation
in the optimal relative long-term bond supply now changes. In , there is a negative relation
between the inflation rate and the optimal relative long-term bond supply, given that 0g+6;—60p > 0
and n, > 1H In the absence of heterogeneity in instead, the sign on inflation is reversed implying
a positive relation with the optimal relative long-term bond supply. This implies that heterogeneity
alters the way the central bank sets the optimal relative supply of long-term bonds following supply
shocks. The optimal criterion under heterogeneity, , prescribes that, ceteris paribus, the central
bank has to lower the relative supply of long-term bonds after a supply shock that lifts inflation.
In fact, since in this case inflation rises while output and the consumption of each group fall, the
negative weight on inflation in implies that the movements in inflation and output, though

in opposite directions, have exactly the same (negative) effect on the optimal relative long-term

QSimilarly, using the derivations in Appendix it is also easy to show that @cp + wepe; — Weper > 0, Wepe; +
Weper — Wep > 0 and that @ep + Wepe; — Wepey > 0, so that the coefficient on each group’s consumption is positive.

OParameter 1), is the steady state value of the elasticity of substitution between the differentiated goods which we
set at 6, in line with |Gali (2008]).
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bond supply. Thus, the central bank induces a decline in the long-term rate, thereby flattening the
yield curve. In contrast, in the absence of heterogeneity, the central bank must increase the relative
supply of long-term bonds (positive weight on inflation in (62])), thereby triggering an increase in the

long-term rate.

Corollary. Following an adverse supply shock without heterogeneity, the central bank raises both
the short-term rate and the relative supply of long-term bonds (increasing the long-term rate). With
heterogeneity, instead, the central bank raises the short-term rate but lowers the relative supply of

long-term bonds.

The intuition is as follows. Following an adverse supply shock, the central bank must raise the
short-term rateE This increases both the long-term and mortgage rates, further burdening impatient
households that borrow to invest in housing. To dampen these effects, the central bank reduces the
relative supply of long-term bonds, offsetting the upward impact of the policy rate on long-term
and mortgage rates (see also (56))). This mitigates the fall in housing investment and speeds up the
recovery, as shown in our quantitative exercise below. This mechanism is absent under homogeneity,
where the central bank’s main objective is simply to reduce inflation.

The next question that we ask is what heterogeneity implies for the optimal response following
a positive demand shock. When it comes to the short-term policy rate, it is easy to show that the
cental bank needs to lift itE When it comes to the relative supply of long-term bonds the conclusion
is rather ambiguous. Contrary to the supply shock where inflation rises and output drops, observing
again the optimal criterion it is not obvious how the central bank has to move the optimal
relative supply of long-term bonds following a demand shock, as output (and the consumption of
each type) and inflation move in the same direction. We show that, in this case, the share of impatient
households in the production function, 6y, is crucial for the optimal decision of the central bank. We
summarize the condition determining how the central bank should set the optimal relative supply of

long-term bonds after a demand shock with heterogeneity in the following proposition.

Proposition 4.  Following a positive demand shock under heterogeneity, the central bank must

lower the relative supply of long-term bonds if and only if:

1

2(1-8r1)

0r > | ———+—~
1+§—T

2
(Or(1—<)+0p(1+5)), where <= <77y/€_1> .
P

Otherwise, the central bank must increase the relative supply of long-term bonds.

Proof. In Appendix [AJ5] m

11n fact, plugging the inflation—output trade-off implied by under homogeneity and by under heterogeneity
into the Euler equation for short-term bonds of patient households and solving for the short-term rate, Rt, shows that
higher inflation leads to a higher short-term rate.

12 Again, this is shown by plugging the targeting criterion in the Euler equation of the patient household and
then solve for the policy rate, R,.
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Table 1. Calibrated parameters

Symbol Value
Inflation target (gross, qtr.) T 1.005
Time discount factor Bp, Br=Br 0.9925, 0.9875
Inverse of the Frisch elasticity 9
Level for housing in utility &
LTV ratio on new regular mortgages o} 0.8
Amortization rate on HH loans Kd 0.0175
Share of capital in production a 0.25
Share of Patient agents and Renters in production function Op, Or 0.30, 0.22
Share of Impatient agents in production function 01 0.48
Depreciation rates On, Ok 0.015, 0.03
Gross markup in price 0, 1.1
Fixed costs in production f 0.11
Utilization cost level Koy 0.03
Tax level = 0.22
Taylor rule, smoothing P 0.75
Taylor rule, inflation sensitivity O 1.5
Taylor rule, output sensitivity Qy 0.125

5 Calibration

Table 1 lists calibrated parameter values, and Table 2 reports the main ratios at the steady state of
our model. The trend inflation factor, , is set to 1.005, corresponding to 2% annual inflation. The
time-discount factor of savers, Sp, is set to 0.9925 to match an annualized 3% real risk-free interest
rate, while that of borrower and renters, 8; = Sg, is set to 0.9875, implying a 200 bps spread on the
risk-free rate if borrowers were allowed to engage in non-mortgage borrowing. The level parameter
for housing in the utility function, &, is set to 1 to ensure that the value of housing relative to annual
GDP is 1.53, in line with the observed average over the last 30 years in the US Flow of Funds (FoF)
data.

In the data, residential and non-residential investments are about 4.5% and 13% of output,
respectively, while housing-to-GDP and capital-to-GDP ratios are 1.07 and 1.85 on an annualized
basisE] Based on these, we calibrate the quarterly depreciation rates for housing and capital stocks,
0, and Ok, to 1.5% and 3%, respectively. The share of capital in domestic production, «, is calibrated
to 0.25 using the capital-output ratio and the model-implied rental rate of capital. The demand
elasticity for differentiated intermediate goods at the steady state, 7,, is set to 6, implying a net
markup in prices of 20%. The fixed cost of production, f, is set equal to 0.11 times the steady-state
level of output to ensure that pure economic profits are zero at the steady state, thus eliminating the

incentive for entry and exit in the long-run of the stochastic economy. We calibrate the coefficients,

13The capital stock reflects the tangible asset holdings of non-financial corporations, non-corporate businesses, and
households minus the real estate and consumer durable holdings of households, using FOF data.
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Table 2. Model steady-state target ratios

Symbol Model

Total consumption / GDP cly 0.625

share of patient households cp/c 0.2325

share of impatient households cr/e 0.5351
share of renter households cr/c 0.23

Residential investment / GDP iny 0.2173

Non-residential investment / GDP iKYy 0.1997
Government expenditure / GDP g/y 0.20
Tax revenue /| GDP tax/y 0.22
Capital stock / GDP (qtr) k/y 6.7
Housing stock / GDP (qtr) h/y 3.62
share of patient households hp/h 0.48
share of impatient households hr/h 0.52
Mortgage debt / total housing value d/h 0.37
average LTV on all outstanding loans d/h; 0.75
LTV on new regular loans 10} 0.75

Iy and I'g, in the transaction cost function I'; such that the steady state spread between the long-term
rate and the short-term rate equals to 0.75 approximately. We consider this spread reasonable when
looking at the spread between the 10-year treasury yield and the policy rate-sensitive 2-year yield
in the U.S. historically. The implied values for I'y and I's thus are 1.0025 and 0.0025, respectively,
with a steady state ratio of long-term to short-term government debt, 3, equal to 2.

The LTV ratio on new mortgages, ¢, is set to 0.75. Based on FOF data, the ratio of mortgage
debt owed by all households relative to their real estate holdings, d/h, is around 0.28. Given that
the LTV ratio is 0.75 for the average borrower, we can infer that borrower households own about
56% of the total housing stock. We therefore calibrate the wage share of patient households, 0p, to
0.30, to hit this target. Steady-state government expenditure is calibrated to ensure that its share
in output, g/y, is 20%. The level parameter for taxes, =, is set to 0.22. We are interested in demand

and supply shocks and set their persistence to 0.5.

6 Results

In this section, we analyze the effects of demand and supply shocks. The supply shock is captured by
a markup shock, namely a shock to the elasticity of substitution across varieties 7, ;. The demand
shock is captured by the preference shock, v;, that enters the utility function of all household types
symmetrically. We consider three cases: (i) monetary policy sets the short-term rate according to the
interest rate rule in (51), while the relative supply of long-term bonds follows a stationary process

(52)); (ii) the central bank sets only the short-term rate optimally, while the relative supply of long-
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term bonds continues to follow the stationary process in ; and (iii) the central bank sets both
the short-term rate and the relative supply of long-term bonds optimally.

The results of the previous section provide analytical insights about the trade-offs the central
faces under the type of heterogeneity considered in the paper, as well as on the implications of
the latter on the optimal decision about the relative long-term bond supply. However, they do not
provide a complete picture of what the net effect will be on the long-term rate, and thereby on the
mortgage rate. This section fulfills that purpose. We introduce shocks to the economy, and examine
their effects on the interest rates and the aggregate economy, interpreting their dynamics using our

analytical results.

Supply shock. We start with a stagflationary supply shock, modeled as a one-standard-deviation
increase in the time-varying elasticity of substitution across varieties, n,:, in the optimal pricing
equation for intermediate goods producers. The impulse responses for the three cases we study
appear in Figure

In the benchmark case (black solid lines), the central bank follows the Taylor rule in (51]), while the
relative supply of long-term bonds follows the exogenous process in (52). The shock raises inflation
and triggers monetary tightening, which deepens the recession caused by the supply disruption. As
in [Tacoviello (2005), the supply shock immediately lowers real house prices. The higher policy rate
raises mortgage rates on new loans, and together with lower real house prices—making impatient
households more credit-constrained—reduces their housing investment.

Patient households benefit from lower real house prices and expand their own housing stock. At
the same time, the adverse supply shock reduces real wages (see top panel in Figure in Appendix
, which is particularly costly for renters who rely solely on labor income. They therefore reduce
their housing demand, leading patient households to cut investment in rental housing. These devel-
opments lower consumption for impatient households and renters. Patient households’ consumption
also falls, driven by lower expected income from lending to impatient households, reduced wages,
and a decline in the present discounted value of their wealth due to higher interest rates.

When the central bank optimally sets only the policy rate (blue dashed-dotted lines), it hikes more
aggressively than in the benchmark case. The policy rate then slightly undershoots its steady state,
because the central bank considers not only the jump in inflation but also that impatient households’
and renters’ consumption and housing demand depend on the long-term rateE It therefore finds
it optimal to keep the policy rate lower than otherwise for several periods. Since, via , the
long-term rate depends on the sequence of the short-term rate, it undershoots after its initial rise
and remains persistently below the steady state. Through , this lowers mortgage rates in the
medium run, allowing impatient households’ housing investment to recover quickly and overshoot its
benchmark path about a year after the shock.

Overall, this policy is effective in mitigating the impact of the supply shock on inflation, at

the expense of a deeper recession in the first three quarters relative to the benchmark. This occurs

14Recall from section that the long-term rate affects the mortgage rate paid by impatient households via and
renters’ housing demand via .
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FIGURE 1. Impulse responses following a supply shock.
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Notes: Impulse response functions following a supply shock. The solid black lines show the responses from the
benchmark model, in which the central bank follows a Taylor rule and the relative supply of long-term bonds follows
an AR(1). The blue dashed-dotted lines show the responses when the central bank optimally sets only the short-term
(policy) rate, while the red dashed lines show the responses when the central bank optimally sets both the short-term

(policy) rate and the relative supply of long-term bonds.

because the deeper recession lowers wages and further curbs household consumption, while the higher
initial interest rates reduce capital and housing investment more than in the benchmark. Once
investment and consumption begin to recover, output returns to steady state relatively quickly.
The main reason for this rapid recovery is that the policy rate—and thus long-term and mortgage
rates—is allowed to undershoot in the medium run despite the initial aggressive hike.

When the central bank optimally sets both the policy rate and the relative supply of long-term
assets (red dashed lines), it raises the policy rate slightly more on impact compared to when it

optimally sets only the policy rate, but then lets it fall faster and undershoot more. The optimal
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relative supply of long-term bonds shrinks, as Proposition 3 and Corollary 1 suggest, causing a drop
in both the long-term rate and the mortgage rate. The fall in the optimal relative supply of long-
term bonds dominates the increase in the policy rate and thus leads to a decline in the long-term
and mortgage rates even on impact. The decline in the mortgage rate supports a faster recovery,
with an earlier overshoot in housing investment by impatient households, who benefit not only from
lower borrowing costs but also from the rapid rise in real house prices that makes them less credit-
constrained. The resulting increase in total investment mitigates downward pressures on output,
generating a faster recovery than in the other two cases.

Note that the consumption of impatient households now falls more than in the other two cases.
This is because they derive higher utility from housing due to lower mortgage rates, and therefore
cut their goods consumption more. Specifically, lower mortgage rates together with the expected
overshooting in real housing prices force them to reduce their current consumption more than in
the other two cases, in order to increase housing investment, since they know they will be less
credit-constrained in the future.

Regarding renters, their consumption now declines more relative to the benchmark, since the
larger contraction in output initially depresses real wages more (see top panel in Figure in
Appendix . Compared to the case where only the policy rate is set optimally, their consumption
recovers slightly faster due to the more rapid rebound in real wages driven by the steeper recovery
in economic activity.

Overall, when the central bank optimally sets both the policy rate and the relative supply of
long-term bonds, it succeeds in stabilizing inflation while also triggering a rapid recovery in economic
activity with a persistent overshooting. However, this policy widens consumption inequality across
households. Unlike impatient households and renters, the consumption of patient households falls
by less than when only the policy rate is set optimally and later overshoots the steady state more
persistently. This is driven by the increase in the present discounted value of their wealth due to
the persistent undershooting of the policy rate and the decline in the long-term rate. In addition,
the medium-run overshooting in housing investment by impatient households, combined with higher
real housing prices that relax their credit constraints, generates extra income for patient households.

Together, these effects more than offset the negative impact of the supply shock on their consumption.

Demand shock. We now consider a one-standard-deviation positive demand (preference) shock,
with the impulse responses shown in Figure Focusing first on the benchmark case (black solid
lines), where the central bank sets the short-term rate according to the Taylor rule in and the
relative supply of long-term bonds follows the exogenous process in , the shock generates the
standard effects. Consumption of all household types increases, boosting aggregate demand and
raising inflation. In response, the central bank raises the short-term interest rate, which, via
and , leads to higher long-term and mortgage rates. The resulting increase in real interest rates
dampens capital investment.

The expansion of economic activity pushes up wages, which increases renters’ demand for con-

sumption goods and housing. This, in turn, encourages patient households to invest more in rental
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housing. Impatient households also raise their housing demand because of the lower real house
prices. Although lower real house prices tighten their borrowing constraint, their housing first-order
condition, equation , shows that housing demand depends on both current and expected future
real house prices, gp, . Since future real house prices are expected to rise back toward their steady
state, impatient households choose to invest in housing today, even though they will be less credit-
constrained in the future when prices are higherE This effect, together with higher wages, more
than offsets the increase in borrowing costs, raising their housing investment.

Patient households initially reduce investment in their own housing. They instead find it more
profitable to invest in rental housing, given the stronger demand from renters, and to extend loans
to impatient households. With fixed-rate mortgages, they benefit from higher borrowing costs by
expanding loan supply. Only once impatient households’ housing investment and rental housing
investment fall below their steady-state levels do patient households start increasing investment in
their own housingE

Contrary to |lacoviello| (2005]), housing supply in our model is endogenous. The expansionary
demand shock raises housing demand by impatient households and renters, but sharply reduces de-
mand by patient households, so that total housing demand falls slightly (see Figure in Appendix
. This lowers real housing prices. The concurrent drop in housing investment, and thus housing
supply, puts upward pressure on prices and partly offsets the demand effect. Overall, the demand
effect dominates and real housing prices decline. With fixed housing supply, this price decline would
be larger.

Let us now turn to the case where the central bank optimally sets only the short-term interest
rate (blue dashed-dotted responses in Figure 7 while the relative long-term bond supply follows
an exogenous AR(1). In this case, the central bank raises the policy rate significantly more than
under the Taylor rule benchmark. Via , this causes a larger immediate increase in the long-term
rate, followed by a persistent medium-run undershooting; the mortgage rate follows a similar pattern.
These sharper hikes in the policy, long-term, and mortgage rates more than offset the shock’s positive
effects on output, generating a mild recession. The consumption of impatient households is now much
more subdued than in the benchmark, due to higher borrowing costs and a decline in their wages on
impact caused by the recessionm Higher interest rates also increase their cumulative debt repayment
costs, further depressing their consumption.

The decline in real housing prices is now larger in the first quarters following the positive demand
shock. Impatient households’ housing investment now falls, mainly because higher mortgage rates
on impact tighten their credit constraints. At the same time, the recession lowers real wages (see top

panel in Figure in Appendix [A]), reducing renters’ housing demand (see Figure in Appendix

5 Because the credit constraint is always binding, impatient households always borrow up to their limit. Being less
credit-constrained in the future therefore means a higher debt repayment burden, which depresses future consumption.
Hence, they find it optimal to invest more in housing today at lower real prices than in the future at higher prices.

These patterns also reveal a substitutability for patient households between investment in own housing and the
provision of loans to the impatient or investing in rental housing.

1"The real wage of impatient households falls on impact but soon starts rising and mildly overshoots for several
quarters thereafter (see top panel in Figure in Appendix . The results are available upon request.
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FIGURE 2. Impulse responses following a positive demand shock.
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and thus rental housing investment by patient households.

Relative to the benchmark, patient households’ consumption rises less because sharper increases
in short- and long-term rates reduce the positive effect of the preference shock via a lower present
discounted value of wealth. The increase in housing rents is also smaller (see bottom panel in Figure
in Appendix, as the negative rental housing supply effect on rents is mitigated by weaker rental

housing demand. Consequently, patient households’ rental income rises less, further dampening their
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consumption response.

Overall, the central bank successfully curbs inflation relative to the benchmark but triggers a
mild recession that fully offsets the shock’s positive output effects, as crowding out of investment
dominates. Lower output reduces real wages, dampening impatient households’ consumption and
explaining the modest drop in renters’ consumption. Stabilization therefore amplifies household
asymmetries and raises consumption inequality—defined here as divergence in the direction of con-
sumption responses. In particular, consumption rises for patient households but falls for impatient
households and renters, who bear most of the adjustment.

When the central bank optimally sets both the policy rate and the relative supply of long-term
bonds (red dashed lines in Figure , it controls inflation as effectively as when it optimally sets
only the policy rate (blue dash-dotted lines), but the recession is now milder and less persistent. As
before, both short- and long-term rates rise, but now the central bank offsets the upward pressure
on the long rate by reducing the supply of long-term bonds. This partly reverses the sharp increase
in the long rate caused by the higher short rate and, via , produces a smaller immediate rise in
the mortgage rate. In subsequent quarters, the mortgage rate falls below its steady state. These
dynamics allow housing investment by impatient households to rise slightly rather than fall. Their
higher housing demand (see Figure in Appendix dampens the decline in overall housing
demand, leading to a smaller initial drop and earlier overshooting of real house prices. By adjusting
the supply of long-term bonds, the central bank also relaxes impatient households’ credit constraints.
Total investment therefore falls by less and overshoots its steady-state level five quarters after the

shock, mitigating the decline in output.

6.1 Optimal monetary policy with and without heterogeneity

In this section, we compare our results to those from the version of the model with only patient
households, namely a model without household heterogeneity and mortgage debt@ We assume that
the household sector consists solely of patient households who hold short- and long-term government
bonds, invest in their own housing, and supply labor to intermediate goods firms. Since this is the
only household type, the model excludes loan provision and investment in rental housing. The rest
of the model is as in Section 2. We focus on the supply shock to save space.

We first consider optimal monetary policy conducted solely through the policy rate. The results
are shown in Figure 3 Under homogeneity (red dashed lines), the central bank stabilizes inflation
more effectively at the cost of a slightly more persistent output contraction. Policy is more aggressive
in this case, as seen in the larger rate hike.

Under heterogeneity, the central bank instead tolerates more persistent deflation to limit the
recession from the supply shock. This matches Proposition 2: with heterogeneous agents, the cen-
tral bank faces a more complex inflation—output stabilization trade-off because it must account for

how policy changes each type’s consumption and housing investment. Under homogeneity, patient

8In Appendix [B| we also discuss the version of the model without renters and its implications for optimal policy.

26



FiGURE 3. Homogeneity vs Heterogeneity: Optimal Policy under One Instrument
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figure [I] while the red dashed lines show the responses in the absence of heterogeneity with patient households only.

households’ diversified asset holdings (government bonds, physical capital, and housing) make them
less exposed to the supply shock and to tighter policy. Higher interest rates reduce the present value
of their wealth but are partly offset by lower real house prices, softening the hit to consumption and

giving the central bank more room to stabilize inflation.
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Under heterogeneity, the central bank recognizes that many households are indebted with no
assets beyond housing (impatient) or rely solely on labor income (renters). As discussed above,
impatient households’ consumption is sensitive to borrowing costs, and renters’ consumption is highly
responsive to economic contractions and falling real wages. In aiming to curb inflation, the central
bank must consider these channels, which leads it to raise the policy rate less than under homogeneity.

We now turn to the case where the central bank optimally sets both the policy rate and the relative
supply of long-term bonds, and compare it to the benchmark in Figure[d] The key difference concerns
the optimal relative supply of long-term bonds. Under homogeneity, as implied by Proposition 3 and
the Corollary above, the optimal relative supply of long-term bonds (equation ) increases with
inflation. Following a stagflationary supply shock, the central bank therefore raises the relative
supply of long-term bonds, pushing up the long-term rate. In contrast, under heterogeneity, instead,
the coefficient on inflation in the optimal rule for the relative supply of long-term bonds (equation
(61])) is negative. The central bank must then reduce the relative supply of long-term bonds, causing
the long-term rate to fall, as discussed in the previous section.

Additionally, we showed in Proposition 3 that under homogeneity the central bank does not
place a weight on output fluctuations when choosing the relative supply of long-term bonds. Under
heterogeneity, however (see ), it optimally sets the relative long-term bond supply by considering
not only inflation but also output and household-specific consumption fluctuations. In particular, it
accounts for the strong impact of long-term rate movements on impatient households and renters via
the channels discussed in section 3 (see and ) Consequently, following a supply shock, it
optimally reduces the relative supply of long-term bonds to mitigate the adverse effects of the shock
and the higher short-term rate on these groups.

The second key observation concerns real house prices. Under homogeneity, they fall more,
making housing cheaper for patient households and softening their consumption decline. Under
heterogeneity, the persistent fall in mortgage rates boosts housing demand, so real house prices
decline less. This implies higher housing costs for patient households than otherwise but relaxes
borrowing constraints for impatient households. Higher total investment in this case supports a
faster recovery in economic activity. The policy rate rises in both cases but declines faster and
undershoots more under heterogeneity. Hence, heterogeneity is crucial for optimal monetary policy
design, particularly for decisions on the relative supply of long-term bonds and their impact on

long-term rates, mortgage debt, and the broader macroeconomy.

7 Conclusion

This paper investigates the optimal mix of conventional and unconventional monetary policy in
an economy with household heterogeneity and mortgage debt. Using a DSGE model with savers,
borrowers, and renters, we show that the presence of heterogeneity fundamentally reshapes how
monetary policy works and how it should be designed. After adverse supply shocks, the optimal

response is a deliberately split strategy: raise the short-term rate to keep inflation in check, while
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patient households only.

simultaneously pushing down the long-term rate to ease the financial strain on indebted households
and renters. This dual policy accelerates the rebound in investment and output, stabilizes inflation

better, but comes at the cost of increased consumption inequality.
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Our analysis underscores the need to consider the distributional effects of monetary policy, par-
ticularly in highly indebted economies. The results indicate that unconventional tools such as yield
curve control and quantitative easing should be targeted to household balance sheet vulnerabilities.
We also show that the optimal supply of long-term bonds depends on the type of shock and the
degree of heterogeneity in the economy.

Future research could extend this framework by adding financial intermediaries, endogenous
default risk, or central bank balance sheet constraints, and by examining fiscal-monetary policy

interactions in heterogeneous-agent settings.
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Online Appendix

A Additional Figures

F1cURE A.1. Housing Demand and Housing Investment following a positive preference shock
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Notes: Impulse response functions following a positive demand shock, modeled as a positive preference shock. The
solid black lines display the responses from the benchmark model where the central bank follows a Taylor rule and
the relative supply of long-term bonds follows an AR(1). The blue dashed-dotted are the responses where the central
bank sets only the short-term (policy) rate optimally and the red-dashed lines are the responses where the central

bank sets optimal both the short-term (policy) rate and the relative supply of long-term bonds.



FIGURE A.2. Real Wages and Housing Rent following a positive preference shock
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F1GURE A.3. Housing Demand and Housing Investment following a supply shock
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bank sets optimal both the short-term (policy) rate and the relative supply of long-term bonds.
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FIGURE A.4. Real Wages and Housing Rent following a supply shock
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A.1 Derivation of the resource constraint

Solving for the stock of mortgage debt in aggregate budget constraint of impatient households and

substituting in the patient households’ aggregate budget constraint, we obtain:

cpt +crg + e (inpe + inre + ihre) + Qtine + asbse + qrbre + il

bsi 14+ kK di— II
=wpnP,t +wpnl,t+rphpi + g k-1 + Sizl aLt bri—1— (1 — Kq) ==t 4 =t tagy
Tt Tt Tt P
(A1)

while solving for the rental costs in the renters’ aggregate budget constraint and substituting in the

expression above, we receive:

cpi+ cri + crt + Qe (inpt + inre + inRt) + Qetine + qsebse + qribr

bs+— 1+k II
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Note that real aggregate profits read as follows:
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Substituting (A.3]) in (A.2), and abstracting from capital adjustment costs (i.e. &, = 0), we

obtain:

cpt+cry + Crt +inpt +inrt + inRt + ke + s,t05 + qribry

2
bst_ 1+k K s
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The real government budget constraint is summarized by:

bsi—1 | 1+kqr
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Substituting out for newly issued and accumulated debt in (A.4)) using the government budget

constraint, we obtain the resource constraint of the economy:

Tt

2
717% — 1) Yt — Pt (QL,tbL,t + dt) (AG)
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where we assume that I'; has the following functional form:

qrL:brt =
I'i=14 ( L > -1 (A.?)
C]S,tbs,t

A.2 Proof of Proposition 1: Derivation of the welfare criterion

The derivation of the welfare criterion consists of taking the second order approximation to the utility
of patient, impatient and renter households, respectively. For simplicity, we abstract from physical

capital assuming labor as the only input in the production function.

Patient households

The second order approximation to the utility function of patient households reads as follows:

~ 1 Ucpe ¢ . 1 U, hp\ -
Wpy =Up + Ucpap <CP,t + 501+ PPCP)@D,t) + Unphp (hP,t + 5 <1 + W) h%’,t)

2 Uep 2 Unp
1 Un n A~
— Unpnp | fipg + = (1 + —neneltlyz2 (A.8)
2 Un, ,

where U.,,Upn,, Uy, is the marginal utility of consumption, the marginal utility of housing and
the marginal disutility of labor, respectively. Computing the marginal utility of consumption and

housing, the marginal disutility of and the FOC w.r.t. labor at the steady state, we obtain:

WP,t =Up+ UCP

cp Uhp 7 U?’LP A 1 A2
— hphp; — —(1+79 A9
- CCP,t + Uer phpg Uer np\npe g (1+9)py (A.9)

Impatient households

The second order approximation to the utility function of impatient households reads as follows:

1, Ueerero T Uy 1 b\ -
Wie=Ur+Usar (e + =1+ —22D2 ) 4 Uy by (hyy+ = (14 22) j2,
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where U,,, Uy, , Uy, is the marginal utility of consumption, the marginal utility of housing and the

marginal disutility of labor, respectively.Computing the marginal utility of consumption and housing,



the marginal disutility of labor and the FOC w.r.t. labor at the steady state, we obtain:

R Un;,
Wiy =Ur+Ue, |créry + —+hrhry —
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0., U—cjm <n17t + 5 (1+9) n§t> ] (A.11)

Renter households

The second order approximation to the utility function of renter households reads as follows:
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where U.,, Uy, Uy, is the marginal utility of consumption, the marginal utility of housing and

the marginal disutility of labor, respectively. Computing the marginal utility of consumption and
housing, the marginal disutility of and the FOC w.r.t. labor at the steady state, we obtain:

Uhy,

A U, . 1 R
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The objective function of the policy maker is a weighted average of the three welfare measures:

Wi = (1-8p)Wps+ (1 —81)Wri+ (1 —Br)Wry

(A.14)
Un, . . .
Note that the terms *n;, for j = P, I, R, in the welfare of each group is equivalent to:
<
Up.
oy = wing = 0y (A.15)
¢j

Using each group’s corresponding second order approximation of the utility, we can write the the
objective function as:

W= (1—8p)éps+ (1 —B1)érs + (1= Br) éry + (1 — Bp) Ephps + (1 — Br) Erhrs + (1 — Br) Erhry
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_ o pr <np,t+ 5 n%),t>— " ij n],t+ 5 n%t — HRy nR,t—l— 2

CR 2 nR’t
(A.16)
Combining the FOC of the firm’s maximization problem w.r.t. to labor inputs, that define input

demands, with the FOCs of each group w.r.t. labor supply and taking a first order approximation



of the resulting expression (and setting production costs f to zero), we obtain:

. 1 ~ L

njt = m [Qt + Yt — Cj7ti| (A].?)
for j = P, I, R. Plugging the above expression in (A.16) and gathering terms:

Wt = (1 _BP) <1+@f£.ﬁ19)> éP,1£‘|‘(1 _51) <1+CI(ZI_Z|J_Q9)> é[,t"‘(l _rBR) <1+C]%(91]!ﬁ19)) éR,t

+ (1 - Bp)Ephpy + (1 — Br) érhry + (1 — Br) Erhry
1-— 0 1-— 0 1-— 0 A 1. 1 N

_ (( Cﬁpp) P+( C/j’l) 1+( CﬁRR) R> 1119 (Qt+293+@t+2ﬁf+9tﬁt>

(A =B8p)bpy\ o  ((A=B0)0y\ o ((1—=PBr)Ory\ o
2cp(1+9) ) P\ 2¢i(14+0) ) 1 2ep(1+0) )

~ o\ [(L=Bp)opy. (1-81)0ry., (1—-PBr)Ory .
(o) [C gy en ey e St o

(A.18)
Let us now work with the marginal cost term, Q.. Log-linearization leads to:

Qt = Opwps + 01y + Opps — 2 (A.19)

Using the log-linearized FOCs of households w.r.t. to labor, we may rewrite the expression above

as follows:

Qt = 799PﬁP,t + 190[?@[775 -+ v“HRﬁR,t + HpéRt + 9[6[775 + HRéR,t — % (A.QO)

and using the output equation we can simplify to:

Q= 00 + Opcpy + 011y + Orény (A.21)

where t.i.p. denotes terms independent of policy (e.g. productivity shocks in our case) Plugging

(A.21)) in (A.18]) and gathering terms, we obtain:



0 . 0 . 0 .
Wi = <WP—Cy r )CRH-(wI—C A >Cl,t+(wR—CyR>CR,t

1+ 9 1+9 1+ 49
+ (1 - Bp)Ephpy + (1 — B1) Erhrs + (1 — Br) ERhpy
BT S T
o WPCPy — QWICLt — 5WRCRy
~ 1— 0 R 1— 0 ~ 1— 0 R
+ 90, [(WP)PZ/ _ Cy9P> épy + <(51)1y _ C991> Cre+ <(ﬁR)Ry _ gy9R> CR,t}
cp Cr CR
Cyoplr\ . .
+ (9P(WI 1+ Br)+0r(wp — 1+ Bp) (1+19)> CpiCrt
CybpOrY . .
+ <9p(wR 1 +,3R) +QR(WP 1 +ﬂp) (1 +Q9)> CPICR,t
CyOrorY . .
+ (91(WR 1+ BRr) + Or(wr — 1+ fr) (1+0) CRCrt
~ 1 1 ~2 . 3
= (g (94 1y ) ) + i+ 0 (1) (A22)
where:
g (14— for j=PILR
?D]— J Cj(1+19) or J)=1nor,1,
1-— 0 1-— 0 1— 0
C:( 5P)P+( ﬁ1)1+( Br)Or
cp cr CR
0iCy  (1-p)0y 2(1-p;)07y
~ | i) Y5y j) Y5 -
T 0 T g (1 +0) o (1+0) for j=n1R

Taking a second order approximation of the resource constraint (A.6) under zero indexation:

R cp (. 1. cr (. 1, cr (. 1.
b=y (CP,t + 20%%) + Y (Cl,t + 20%,t> + n ( Rt t 2¢%~2,t>
ip (- 1. iy (= 14 iR [~ 1,
+ E <’LP,t + 22%7t> + E <’L],t + 22%,:) + ? ( Rt + 52%7,5
K (quL + d) N 1.~ 1.
+ Epﬁf +—( + §F? - 5?/? +0(|1€°11) (A.23)

Substituting the expression above in ([A.22) and gathering terms, we get:



0 . 0 . 0 .
Wi = <WP - ClerPﬂ — CCP> Cpt + <WI - 1y+119 > Crt + <WR - ClerRﬁ - CCR> CR,t
+ (1 Bp)Ephpy + (1 — B1) Erhrs + (1 — Br) Erhpy

~ 1 . ~ 1 . _ 1 .
— (wP + 2C0P> C%D,t — <w1 + 2(@) c%t - (wR + 2§cR> c%,t

. 1. . 2 1. . o 1.
—Cip <ZPt + 2Zpt> — Qir (Zz,t + 2@%) — (iR <ZR,t + 21%775)

T 05 [(H}W - <y0p> e+ (Hj)m - cyef) or+ (H?m - cyeR) éR,t}
+ <9p(w1 —1+61) +01(wp -1+ Bp) - gf?g;) epilry

+ (On(on— 14 5) + 0nlre 1+ 50) — L) epui

+ (Or(on = 1 5+ 0mlr = 14 50) — L ety

92 .
3 (Cler 19)2?,:2 - Cy;pm? — ¢ (qrbr + d) (Ft + F,?) +ti.p.+ O (||€*]]) (A.24)

Since we have abstracted from capital, %h,t comprises total investment, 7;. The second order
approximation of the laws of motion of owner occupied, rental housing and the law of motion of

housing of impatient households reads as follows:

5 1 1ij, 1—06, N 1,
hji = (1—6p) hgt 1+ B lhg t_i( - 5h) h]t 1= h2] %jt 2 (inj +1—0dn) (Zhj,thj,t—1>+§h?,t

j
(A.25)
for j = P, I, R. Tterating (A.25) backwards, we obtain the following expression:

.t .. t
n 1 7 114 PN
hjp = (1—8,)""! <hp 1= 5h ) *h] Z (1= 0n)" " injs— r” D (=) 7, +0 (11€°]])

72
2 h P =
(A.26)
where O (]|¢3||) captures terms of order higher than two. Note that the first term in parenthesis on
the RHS is independent of the policy that one chooses to apply in periods ¢t > 0. Thus, if one takes

the discounted value of these terms over all periods t > 0, one obtains:

o R 1 . .
St = (=) i P~ (=) P 0 0% a1
t=0

P =0
We can now substitute (A.27)) in the discounted sum of household’s utility. Following Woodford
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(2001), the discounted sum of utility of the representative household can be approximated by:

Y BU = W +tip.+0(||€%)]) (A.28)

t=0 t=0

or
00 9 A y91 R 9 R
t t _ _
tE:Oﬁ U, = E B { ( 1 9 >(:p,t + (w1 T+ )c;yt + (wR Cl 9 CCR> CR,t

*(1—(11—(5,1)5”( ~ Bp)ep EE (m e %%p,t> (1 pr e ('hu ;Z’Zz“>

ihg [+ ihR
(1—51?,)51% - <Z}LR,t hn tht>

. ]- . ]- . o ]-’:2
— Cinp ZhPt + ZZhPt — Cinr ZhI t T 2%1 ¢ ) — Cinr | thrye + ?hR,t

- % (@p + Cep) Epy — % (@1 +Cer) et — % (@R +(cr) &y
s | (UI00 cypp Yoot (B2 gy Y anon (UEEIY gy ) e
cp Ccr CR

+ (HP(WI —1487) +01(wp —1+8p) — %%zg) CpiCre
+ (9P<WR — 14 Br)+0r(wp — 1+ Bp) — %??ZI;) CPtCR,t

(91(wR —1+fBr) +0r(w; — 1+ 1) — CyGRG ) CR,Cr ¢

92 .

3 (Cler ) 9 — C?J? Er? —C(qrbr + d) (Ft + FQ) } +tip. + 0O (||€3|D (A.29)

Simplifying and gathering terms leads to:

o0 o0
L, — t A 1. A 1. 9 o 1. o
BUy = B WepCpt — §WCP Cpy + We,Crt — 5%1 Crt T WerCRt — §WCRCR,t

R A R 1 R A 1 A
: ~ ) 2 ~ ) S ~ )
T Wiy pthPit — gwihplhp,t T Wiy WhIt — §wih1 Uht + WipgthRt — §wihR7’hR,t
1 1 o (Ty — 1)
~2 2 ~ 2 2 ~2
— —wy i — —waT; — Wy | ToYpr + — >
5 yYt oW Tt o Vo, 27 Yot

— Wycp QtéP,t — Wycy gtél,t - wchgtéR,t + Weper éP,tél,t + wcPcRéP,téR,t + Weper éFi,téI,t}
. 3
+ tip. + O (|1€°]]) (A.30)

where:
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ytgp y91 yeR
wcP=wP—Cl+ﬂ—CCP, WCIZWI_C1+19_CCD chZWR—ClJrﬂ—CcR,
Gep =wp+Cep— (1= Pp), @ey =wr+Cer — (1= Br1), @ep =w@r +Ccr — (1 — Br),

_ 1 ihp . o 1 B IhI iy
Wipp = (1_(1_5}1)&3> (1-8p)ép e Cinp, Wiy, = (1 (- 5h)51> (I-Bn& Iy Cing

Wiy = (1(11%) (1- IBR)ﬁR% —(inr

1—46,)8
— 1 ) ihp | — 1 ) i
Wipp = (1(1511)513) (1- BP)ng + Cinp, Wiy, = (1(15h)51> (1- 51)51@ + Cinr
5 L hr |
Wipp = (1(15h)5R> (1—Br) SRE + Cinr
Cyv? ¢ (grbr +d)

Wy = , wre = CYkp, We, =
V) W =T,

Wycp :19<Cy0P_(1_€i)epy)a yer :19<(99I_(1_fj)91y), Wch:ﬁ(CyHR_(l_f]}:)eRy>
Wepe; = Op(wr — 14 B1) + 0r(w 1) = YIPOLn = b( — 14 fr) +0r(w —1+6)—Cy9’30R
cpcr P I I I P P (1_’_19)7 CcpCR P R R R P P (1—’_19)
Weper = 01(@wr — 1+ Br) + 0r(wr — 14 Br) — fi/?fzg (A.31)

Note that in expression (A.30) we have used the second-order approximation of the transaction cost

function, I';. The latter reads as follows:

Ly (T2 —1)

Vot (A~32)

272 ;

. 1 r
Iy + 51“? = iﬁb,t +
b

where, 43 ¢, is the linearized version of 3 +. At this stage, it is convenient to linearize the equilibrium conditions
that serve as constraints to the maximization problem of the central bank under commitment. Note that
below, we consider the version of the model without capital. Taking a first-order Taylor approximation of the

optimal pricing equation, we obtain the Phillips curve:

Ny —1

Kp

T = BpEimr + (Qt + ép,t) (A.33)

where Oy 4:

. 1
@p,t = _Uy — 1"7y,t (A.34)

Log-linearizing the equilibrium conditions from the optimization problem of patient households, we obtain:

(1) hpﬂg (7,) :

th,t + XP,t - _ gh ItLPﬂf + (1 — 5h) BPEt (Xp7t+1 —+ thAh,t_;'_l) (A35)
qnAp
where 5\p7t:

Apt = —Cpt (A.36)
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(2) hpyt (3) :

R T Q Th . N ”
dn,t + <1 — h) Apt = irh,t + (1 —06n)BrE; ()\P,t+1 + EtQh,t+1) (A.37)
dh )
(3) kp_’t (Z) .
R . e\ < Th . .
Qr,t + Apt = B [(1 — 0k + q;:) APyl + qerH_l + (1 —6) Qh,,t+1:| (A.38)
(4) npy (4) :
’L%Algt = )\Rt +Wpy (A39)
(5) bS,t (Z) .
Apt = Edpii1 — Eymep1 — 4se (A.40)
(6) bL,t (Z) : Kq
- Q Q L .
T i+ =F — —F — F A 41
t 4L tAPt+1 — APt tTe41 + 1+ rqL tqL,t+1 ( )
(7) 1: (4)
Iy = QupQapye + R'Qp (QTP,t + ng) (A.42)
(8) d
_ (QdPQdPt + Q. pR¥Qypy + QrPRde) = EApir1 — Apy — Ermegs
Qup + Qrde ’ ’ t ) ,
1— kg 1 d p>d 2 A A1 O
+Qp | RIRY — BTy + Qup EO + Q. pREQ,
+ RO+ g — (1= ra) T+ (1 — ra) (Qup + o RY) Kl i P) t tlet+1 aPLdlgpt+1 P t3lr P41
(A.43)
(9) R{ :
A . . (1 —kq) Qp A
Q,.p: = E )\ —Aps — FE EQ, A.44
Pt tAPt+1 Pyt 1741 + T+ (1= rg) p t$2rp i1 ( )

Log-linearizing the FOCs of the impatient households’ maximization, we obtain:

(10) hry () :

1 iﬂ; fit + Gnt =
: ¢ i A .45)
(1 *7¢/¢)}th>\lhl (/\Lt - th) + BI (1 — 5h) (Et)\]7t+1 — )\I,t + thh7t+1 — 71 — d)/u,Etl:LtJrl
where 5\1775:
Are=—éry (A.46)
(11) nyq (0) :
Vg = Arg +Wrye (A.47)
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(12) 1, (i)

—piie = QarQare + R'Qry (Qﬂ,t + ]%ff) (A.48)
(13) dt :
1 A N R
o (QarQar + QiR + O RIRT) =
Qu + Q. R ( drilart + 841 1t + 8 t
Etj\] t+1 — 5\1 t — Et71't+1 + 1- fid [( L + er) Rde + QdIEthI t+1 + QrIRdEthI t+1
’ ’ R+ kq+ (1 — kq) (Qar + QR [\1— kg ’ ’
(A.49)
(14) R¢ :
~ N Q (1 - de) QT'I A
Qrrt = E ) — A1t — By + ————————— FQ, A.50
It tALLt+1 It ¢kl Ty (1= o) ot t8drr e41 ( )
(15) Borrowing constraint
ly = danint ((ih,t + %hl,t> (A.51)
Log-linearizing the FOCs of renter households’ maximization, we obtain:
(16) h(}i%,t :
Tht = —ARrt — hR+ (A.52)
where XRﬂf:
ARt = —Crt (A.53)
(17) ng, (@) :
YRy = ARt + WRy (A.54)
Log-linearizing the resource constraint (excluding capital), we get:
N cp . Cr . CR . 1 ~ 7 ~ 1 ~
U = iCP,t + *ICI,t + ch,t + ﬁZhP,t + ﬂzhl,t + ﬂth,t (A.55)
Yy Y Y Yy Y Yy

where in the expression above the terms associated with Rotemberg price adjustment cost have dropped out,
since we assume a zero steady-state inflation, IT = 1. As mentioned in the main body of the text, for the sake

of simplicity and exposition, in the optimal monetary policy analysis we abstract from capital accumulation.

A.3 Proof of Proposition 2

Let us work with the case of no heterogeneity first, namely 8p = 1 and 8; = g = 0. Assuming these values
in the coefficients of the welfare criterion summarized in (A.31)), it is easy to show that the welfare criterion
collapses to:
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o0 (o]
t, — ¢ . Lo o 5 Lo o
ﬁ t— ﬁ WepCPt — iwCPCP,t + Wiy pthPt — §wihPZhP,t
t=0 t=0

1

. 1 A Iy (Te—1) .
- 7wyy? - 7ww7rt2 - UJ'yb (FQ’yb,t + M

5 5 > 7§,t) } +tip. + 0 (]|€]]) (A.56)

where now the weights collapse to:

_Q=Bp)y - .
WCP_M7WCP_1 Bp

| B ,
Wing = (1> (1= Br)n s ! cfpz'm, @iy = <1> (1 Bp)Ep 2L

1—(1-96n)Pr 1—(1-46x)Bp h$
Wy — ﬂyﬁa Wr = 1- 5P y/gp
cp cp

Setting 0p = 1 and 6; = g = 0, it is also easy to show that the weights on the covariance terms in are
zero. This implies that the central bank is not faced with additional trade-offs once heterogeneity is turned
off. Notice also the linear terms in the welfare criterion . In this case, they arise because of the absence
of a subsidy that would render the steady state efficient after removing the distortion due to monopolistic
competition.

Updating and adjusting the equilibrium conditions - to account for p =1 and 0y =0z =0
and taking the first order conditions of the central bank’s maximization problem with respect to m; and g

under commitment, we receive:

—wrT — Ayt + Arg—1 =0 (A.57)

— 19
g B (A.58)

P

where A\;; is the Lagrange multiplier on the Phillips curve in the central bank’s maximization problem.
Substituting out for Ar; and Ar ;1 in (A.57)) using (A.58), we arrive at the standard targeting rule under

commitment:

. N — 1) wyd
Wy (Ut — Gt—1) = —7(% Jeon T
Kp

which is the standard trade-off under optimal monetary policy with commitment. Returning now to the

case of heterogeneity and maximizing (A.30) subject to (A.33) - (A.54) with respect to 7 and y;, under

commitment, we receive:

— W Tt — )\Tr,t + )\71',25—1 =0 (A59)

N R R . —1)9
— Wyt — WyepCpit — Wye 61t — WyerCR L + Wep + Wep + Wep + M)Wt =0 (A.60)

Substituting out for g; using the log-linearized resource constraint (A.55) and gathering terms, we can
write the FOC (A.60]) as:
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Wy Cp R Wy Cr R WyCR A
Y Y Y
- ( y + wyCP) Cpt — < Y "‘Wyw) CIt — < y +wyCR) CR,t

Wylhp 4 WylhT WylhR (ny — )Y
y y y y
- IhPt — Thit — ” thRt + Wep + Wep + Wep + ———A

) s Tt = 0 (A61)

Kp

Solving for Ar; in (A.61) and substituting in (A.59)), we receive the optimal targeting criterion of the
central bank under heterogeneity:

Wy Cp R R Wy CT R R WyCR A o
( yy +Wycp) (ept—epi—1) + < Z +Wyc1) (er,e — ere—1) + ( yy +°chR> (ert — CRt-1)

Wylihp [~ Wylhl WylhR

<ihP,t - ihP,t—l) +

— 1w,
_ (1y )w T
Kp

(ihl,t - ih[,t—1> + (ihR,t — ihR,t—l)

and using the resource constraint the above simplifies to:

N . . . . —1DwrY
Wy (Gt = Gt—1) + Wyep ACPt + Wye, Alrt + Wy, ACRt = _%m (A.62)
P

A.4 Proof of Proposition 3

We derive the optimal relative supply for long-term bonds, 43, by maximizing the welfare criterion (A.30)
under commitment. To keep tractability and focus on the intuition of the result, we restrict ourselves to the
case of full depreciation of housing (6, = 1) and full mortgage debt repayment within one period (kg = 1).

Doing so, we end up to the following optimal targeting criterion for the relative supply for long-term bonds:

Wy, (L=T2) s =

Wep — Wep + Wep (:}CP + Wepe; — Wepep 4 Weper T Weger — ‘:"CI ” (IJCR + Weger — Weper A
w. — C C C
’Yb’yb RZQ»,«P RlQr,»P Pt + RZQTP 1.t + RlQ7-P Rt
— 1w, (0 0y — 0 Wyep + Wyep — Wyep
iy —Dwa( ZR +0r—0p) S T lyCR ver g (A.63)
HpR Qrp R Qrp

where 3 is the relative long-term to short-term steady state bond ratio. In the targeting criterion above, it
is clear that when choosing the optimal relative supply of long-term bonds, the central bank considers not
only inflation, ¢, but also output, ¢, and each group’s consumption. When we turn off heterogeneity instead
(i.e. 8p =1 and 0; = O = 0), the covariance terms drop out, meaning that we,c, = Wepep = Wepe, = 0 and
Wye; = Wyep = Wyep = 0, which we obtain after using the definition of these parameters in section above
and the homogeneity assumption that §p = 1 and 6; = g = 0. In this case, the optimal targeting criterion
collapses thus to the following:

(ny —Dwr

A.64
K}pRlQTP Tt ( 6 )

wy, (1 =T2) Jo.e = wyp o +

Clearly, from the expression above and given that 7, > 1, under homogeneity the optimal relative supply

of long-term bonds depends solely on the inflation rate.
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A.5 Proof of Proposition 4

Plugging in the optimal targeting criterion for the relative long-term bond supply, , the log-linearized
Phillips curve, (A.33), and gathering terms, we get that the composite coefficient on output, §:, in the

resulting targeting criterion for the optimal relative supply of long-term bonds isﬁ

Cy
RlQrP

2(1 = pBr)b;r

—(c+1)(0r —0p) +0r(1 —<) + (A.65)

where ¢ = (%)2 Note that since n, > 1 and x, > ny, as , is the Rotemberg price adjustment cost
parameter (and hence high enough), it follows that ¢ € (0,1). If the above composite coefficient is negative
then the rise in output due to the positive demand shock will require a decline in the optimal relative supply
of long-term bonds. If the composite coefficient is positive then, the optimal relative supply of long-term
bonds must rise following a positive demand shock. We can now derive the share of impatient households

that makes the composite coefficient on output negative. Considering thus the case where:

2(1—pBr)0
_(§+1)(01—9P)+9R(1—§)+(C§I)I <0
1
and solving for 0, we receive:
6 ><1 )(0 (1—¢)+6p(144)
I 2(1_61) R —q P S
I+e—"5c

which guarantees that the optimal relative supply of long-term bonds declines after a positive demand shock.
Otherwise, if:

1
0 <| ————= | Or(1 —¢)+6p(1+%))
<1+§_ 2(1CI?I)>

the optimal relative supply of long-term bonds must rise following a positive demand shock.

B The model without renters

In this section, we look at the importance of renters for the dynamics of the economy. For this reason, we set
the share of renters in the production function to zero, fg = 0. At the same time, we keep the ratio of
impatient to patient households the same as in the benchmark calibration. That is, we set 6p = 0.3846 and
0r = 0.6154. We consider all three cases as in the main text, namely, the case (Benchmark) where the central
bank sets the policy rate following Taylor rule and relative long-term bond supply, 44, is exogenous as in
, the case where the central bank sets optimally the policy rate while the relative long-term bond supply
is exogenous (i.e. one instrument policy), and the case where the central bank sets optimally both the policy
rate and the relative supply of long-term bonds. To save space, we restrict our focus to the supply shock
and compare the results to those from the baseline calibration with three types of households, as presented
in Figure[I] The results are displayed in Figures [AJ5] [A26] and [A27]

9Note that for simplicity we have set the inverse of the Firsch elasticity of labor supply, ¥, to 1, as we also do in
our baseline calibration presented at table 1 in the main text.
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FiGURE A.5. Model without Renters vs Baseline model with three-types: Monetary Policy
conducted via a Taylor Rule with exogenous relative Long-Term Bond supply

Output Inflation Consumption
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Notes: Impulse response functions following a supply shock. The solid black lines display the responses from the
baseline model (black solid lines from Figure [1) with three agents, where the central bank follows a Taylor rule and
the relative supply of long-term bonds, 43¢, follows an AR(1). The red-dashed lines are the corresponding impulse

responses from the version of the model without renters.

Looking at the responses in the benchmark case (Figure a few observations stand out. Excluding
renters (red-dashed lines) leads to a slightly milder recession while inflation jumps more on impact. The
milder recession is, obviously, partly due to the weaker decline in total consumption since the renters are now
excluded. Other than that, impatient households (borrowers) are now more credit-constrained because real
housing prices decline more when renters are excluded. In addition to being more credit-constrained, they
also face higher borrowing costs that dampen the demand for housing and housing investment more compared
to the baseline model. When renters are present, the downward pressures on private consumption following
the supply shock are stronger which results in a milder jump in inflation and thereby in a milder policy
rate hike. Subsequently, given equation , this implies that in the model with three-types, the long-term
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rate and hence the mortgage rate rate increase less. Looking at the consumption of patient and impatient
households, the latter type cuts more its consumption slightly less on impact compared to the baseline model,
while patient households’ consumption fluctuates at constantly lower levels in the absence of renters and this
is due to the lower interest income from housing investment.

Turning now to Figure displaying the comparison under optimal policy with one instrument (i.e. only
the policy rate set optimally), the key message is that in the absence of renters the central bank needs to raise
the policy rate optimally more compared to the baseline model. This is because the absence of renters tends to
make a given supply shock more inflationary and as such the central bank counteracts it by raising the policy
rate more on impact. As a result, in the absence of renters, the long-term and mortgage rates rise higher than
in the presence of renters. This explains why housing investment and real housing prices decline more than
in the baseline model. Impatient households become thus more credit-constrained when renters are absent
adding to the downward pressures in housing and thus total investment. The induced larger contraction of
economic activity on impact reduces real wages more than in the baseline model, entailing a deeper dive in
the consumption of impatient households in the first quarters after the shock. The inclusion of renters has
thus visible implications for optimal monetary policy. Their presence implies a less contractionary monetary
policy stance, so that the drop in housing investment is milder, while at the same time making impatient
households less credit-constrained due to the milder drop in real housing prices.

Finally, looking at the case of optimal policy with two instruments (i.e. policy rate and relative long-term
bond supply), optimal monetary policy in the baseline model with three types implies a stronger flattening of
the yield curve in the quarters following the shock. In fact, compared to the case where renters are absent, the
central bank has to lift the policy rate substantially less (about 50bps less) and lower the long-term and the
mortgage rate more by optimally decreasing the relative supply of long-term bonds more. Clearly, optimal
policy in the presence of renters results in a widening of consumption inequality since the consumption of
patient households drops substantially less on impact in the baseline model while the consumption of impatient
stays persistently below its level in the absence of renters in the medium-run. The induced stronger flattening
of the yield curve in the baseline model causes a boom in housing investment even on impact and to a
quick rise in real housing prices. These imply higher wealth for patient households which explains why their
consumption falls less. These effects are considerably weaker when renters are absent. The differences in the
total consumption responses between the two models are marginal as the benefits from the improved response
of patients’ consumption are offset by the worsening of the response of impatients’ consumption. When it
comes to output, the amplified rise in housing and total investment in the baseline model due to the lower
interest rates, compared to when renters are absent, seem to explain the milder contraction on impact and

the subsequent amplified overshooting in the medium-term.
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FIGURE A.6. Model without Renters vs Baseline model with three-types: Optimal Policy with
One Instrument
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Notes: Impulse response functions following a supply shock. The solid black lines display the responses from the
baseline model (black solid lines from Figure [1)) with three agents, where optimal monetary policy is conducted by
setting only the policy rate, while the relative supply of long-term bonds, 43, follows an AR(1). The red-dashed

lines are the corresponding impulse responses from the version of the model without renters.
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FiGurE A.7. Model without Renters vs Baseline model with three-types: Optimal Policy under
Two Instruments
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C The steady state
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