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Abstract

A persistent rise in rents has kept inflation above target in many advanced economies.
Optimal policy in the standard New Keynesian (NK) model requires policy to stabilize
housing inflation. We argue that the basic architecture of the NK model—that excess
demand is always satisfied by producers—is inappropriate for the housing market, and
we develop a matching framework that allows for demand rationing. Our analysis shows
that the optimal response to a housing demand shock is to stabilize inflation in the
non-housing sector while disregarding housing inflation. These findings hold exactly in
a version of the model with costless search and quantitatively in a version with housing
search costs calibrated to match US data on housing tenure, vacancy rates, and the
size of the real estate sector.
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1 Introduction

Following the Covid pandemic, advanced economies experienced a rapid rise in inflation,
which prompted central banks to tighten monetary policy significantly. However, almost
two years after peaking, inflation has yet to reach the official targets set by central banks.
Notably, in the US, as Figure 1 shows, the elevated level of inflation is now driven primarily

by housing inflation.!
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Figure 1: US PCE inflation

Source: Bureau of Economic Analysis. The data are through August 2024.

Given its large and persistent contribution to recent inflation, a key question is, how
should monetary policy respond to housing inflation? Within the New Keynesian literature, it
is well known that relative price changes create trade-offs for monetary policy (see Woodford,
2003). A central conclusion in this literature is that policy should focus on stabilizing prices
in sectors in which prices are stickier and in which supply is inelastic (see Aoki, 2001; Benigno,
2004; Eusepi, Hobijn and Tambalotti, 2011). Given that rents exhibit similar stickiness to
that of other goods and the supply of housing is notably inelastic, this suggests that monetary
policy should assign considerable weight to housing inflation. Consequently, in response to a
housing demand shock, the monetary authority should tighten policy to maintain inflation
around the established target.

We argue that the canonical New Keynesian (NK) model is not an appropriate framework
for analyzing shelter inflation. In NK theory, a standard assumption is that output is

demand-determined: if consumers demand more of a good, a firm that does not raise its price

'While we focus on the US, shelter inflation has also recently made a large contribution to core inflation
in other advanced economies, including the UK and Canada. See Appendix C.1 for details.



must hire additional factors of production to meet that demand. Our starting observation is
that the flow of new housing produced is a small fraction of the housing services consumed
in the economy. Given the time it takes to construct homes, we see it as implausible that
housing supply responds quickly to accommodate housing demand at the prevailing price.
In the short run, if the demand for housing services exceeds the available supply, there is
no way for the economy to produce more. We posit that a more appealing assumption is
one of demand rationing. We develop a theory based on this premise, showing that it has
radically different implications for monetary policy: the optimal policy involves assigning

approximately zero weight to housing inflation.

We begin our analysis in a static two-sector model with fixed prices and search frictions,
building on Barro and Grossman (1971) and Michaillat and Saez (2015). We assume the
two sectors are subject to nominal rigidities but differ in the rationing mechanism. In the
(non-housing) goods sector, output is entirely demand determined, as in the canonical New
Keynesian model. That is, when prices fail to clear the market, firms must adjust their
production to meet the demand at the rigid prices. In the housing sector, demand can
be rationed. Specifically, we consider a market with search frictions in which matching

probabilities adjust when notional demand exceeds supply.

In this framework, we evaluate the implications of an increase in the preference for housing.
The surge in remote work and the associated desire for more space during the pandemic (see,
e.g., Mondragon and Wieland, 2022) are the motivation for considering a housing-specific
demand shock. With fixed prices, households will increase their search effort to acquire
more housing, but in doing so, they reduce the probability that other households will find
housing. Due to these congestion externalities, the increase in search effort can become
excessive. The central bank then faces a trade-off between allowing the housing market to
overheat or tightening monetary policy and creating a negative output gap in the goods sector.
Ultimately, the optimal policy will balance the housing congestion effects and the cost of the
recession in the goods sector. In a limiting case with costless search and supply-determined
output, we show that the optimal policy is to close the output gap in the goods sector and

ignore the housing sector.

We then explore the optimal monetary policy in a dynamic quantitative model that
extends the canonical NK model to include housing that is traded in markets subject to
search and nominal frictions. Following a positive housing demand shock, market rents rise
slowly due to nominal rigidities. As a result, households capture an excessive share of the
surplus from a match and search “too much” relative to a planner’s solution. The question

is then how far the monetary policymaker would be willing to depress the goods market to



compensate for overheating in the housing market. Our quantitative answer is that it is not
optimal to depress the goods market at all. Specifically, we compute the optimal monetary
policy and compare it with two strategies: stabilizing goods inflation and stabilizing overall
CPI inflation. We find that the optimal policy is nearly identical to goods inflation targeting,

which implies that rents and CPI inflation rise in response to a housing demand shock.

Literature. Our paper belongs to the New Keynesian literature examining the importance
of asymmetric sectors for optimal monetary policy. Aoki (2001) considers a two-sector model
where prices are sticky in one sector and flexible in the other, and shows that the optimal
policy is to target inflation in the sector with sticky prices. Woodford (2003) (Chapter
6) shows more generally that when there are multiple sectors with price rigidities, divine
coincidence fails, and inflation in the stickier sectors should carry more weight under the
optimal policy. Fusepi et al. (2011) provide a quantitative analysis of the weights that
minimize the welfare costs of nominal distortions and find that these weights are larger for
sectors with more rigid prices as well as more inelastic supply.? In contrast to the studies in
this literature, we consider a model with demand rationing in one sector and show that the

optimal inflation target should place less weight on this sector.

As mentioned above, we build on Michaillat and Saez (2015), who analyze unemployment
fluctuations through a matching approach while preserving the architecture of the general
disequilibrium model of Barro and Grossman (1971).% In contrast to their work, our study
incorporates multiple sectors that differ in their rationing protocols and adopts a normative
perspective. This approach allows us to explore how sectoral differences in rationing influence

inflation and employment dynamics, as well as the implications for monetary policy.

Outline. Section 2 presents and analyzes the static model. Section 3 presents the dynamic

model. Section 4 presents the calibration, and Section 5 presents the quantitative results.

2Following these contributions, there has been an active recent literature examining the role of sectoral
shifts in understanding recent inflation dynamics and the implications for optimal monetary policy. For
production networks, see, for example, Rubbo, 2023; La’O and Tahbaz-Salehi, 2022; Baqaee, Farhi and
Sangani, 2024 and Afrouzi and Bhattarai, 2023. For the role of downward wage rigidity and costly reallocation,
see, for example, Guerrieri, Lorenzoni, Straub and Werning, 2021, 2022. For a focus on inflation dynamics
post-COVID, see, for example, Woodford, 2022; Gagliardone and Gertler, 2023; di Giovanni, Kalemli-Ozcan,
Silva and Yildirim, 2022 and di Giovanni, Kalemli-Ozcan, Silva and Yildirim, 2023. For non-homotheticities
and inequality, see, for example, Olivi, Sterk and Xhani, 2023. For open economy considerations, see, for
example, Fornaro and Romei, 2023 and Bianchi and Coulibaly, 2024.

30ther examples integrating search and matching in New Keynesian models include Gertler and Trigari
(2009) and Christiano, Eichenbaum and Trabandt (2016). In the disequilibrium literature, a recent contribution
is Huo and Rios-Rull (2020), which explores the quantitative properties of introducing a short-side rule in the
labor market, along the lines of Dreze (1975).



Section 6 concludes.

2 The static model

This section presents a static version of the model to highlight the key mechanism and
trade-off for monetary policy. The economy has two sectors, goods and housing, both with
rigid prices. Goods are produced with labor and are sold in a competitive market.* Housing
is in fixed supply and is rented in a frictional market where households must exert search

effort to locate available rental properties.

2.1 Main elements

Households. The economy is populated by a unit mass of identical households with

preferences represented by the utility function
(1 —w)log(c) + wlog(h) + (1 — w)[plog(m) — (£ + ps)].

Households derive utility from consumption goods ¢, housing A, and real money holdings m,
while facing a disutility from labor ¢ and time spent searching for housing s. The preference
parameter w captures the relative preference for housing compared to consumption; p captures
the disutility of time spent on searching relative to labor, and ¢ represents the value of real

money holdings in terms of consumption goods.

Households receive labor income, firm profits, and lump-sum transfers from the government,
which they use to buy consumption, housing, and accumulate money. Their budget constraint
is given by

Rh+ Pc+ Pm <Wl+d+T, (1)

where R and P denote the prices of housing (rents) and consumption, respectively, and W

denotes wages. All prices are denominated in units of money.

To rent housing, households must engage in costly search effort. Specifically, every
household is divided into a continuum of identical members who spend time searching for
housing units and match with landlords according to a matching function H(s, h"), where
s denotes hours searched and A" denotes housing vacancies. The matching function is

continuosly differentiable, strictly increasing in both arguments, and has constant returns to

%Goods” should be understood as all goods and services ex-housing. In the quantitative model in Section
3, we take this approach to calibrate the model.



scale. Let © = s/h" denote market tightness (i.e., the ratio of aggregate hours households
spend searching to vacant houses). Using that H is constant returns, we can define f(©) as
the probability that a member of the households finds one unit of housing per hour searched.
Given the properties of H, it follows that f is decreasing in ©. We further assume that
limg0 f(©) = 1,limg_,o f(O©) = 0. Meanwhile, we denote by g(©) the probability that a
landlord rents out a unit of housing, satisfying ¢(©) = f(©)0.

Taking prices and © as given, the household’s problem is choosing consumption of goods

and housing, money holdings, labor, and search effort to maximize its utility. That is,

max {(1—w)log(e) + wlog(h) + (1~ w) [plog(m) — (¢ + ps)]} )
subject to
Rh+ Pc+ Pm=WI_(+d+T,
h=sf(©).

The second constraint specifies that the amount of housing a household can rent depends
on its search effort and market tightness. By the law of large numbers, a household that

searches for s hours rents sf(©) units of housing.

The optimality conditions lead to

%:1;“)(%)“1—@%. (3)

At the margin, the household is indifferent between consuming one more unit of housing and
one more unit of goods. If a household gives up one unit of housing, the cost is 7, while the

benefit includes an increase in consumption of goods by %, which provides a marginal utility

of I_Tw, as well as a reduction in search effort by ﬁ, yielding a marginal utility of (lfzg;p )
In addition, optimality also implies
|14
F =G (4)
m = pc. (5)

These conditions equate the marginal rate of substitution between consumption and leisure
to the real wage and the marginal utility of consumption to the marginal utility of real money

balances.



Firms. There are two types of firms: those that produce goods (referred to as “firms”),
and real estate firms that rent out their available stock of housing units (referred to as

“landlords”). Each type has a measure of one.

Goods prices are fixed at P = P. Following the standard assumption in the New Keynesian
literature, we assume that output of goods is demand determined. That is, once prices are
set, firms must produce to satisfy the consumers’ demand at that price. Given a production

function y = zl, the labor demanded by firms in a symmetric equilibrium is given by
c
[ — 6
‘ (©

Rent prices are also fixed at R = R. For simplicity, we assume that landlords face no costs
from posting vacancies and rent out their entire stock of housing, which we denote by h.

Market tightness is therefore given by © = s/h.

Total profits from firms and landlords are then given by

d= Pzl — W+ Rg(©)h. (7)

Government. The government injects the money supply M via transfers. That is, the

government budget constraint is M =T

Competitive Equilibrium.
We now define a competitive equilibrium, given the fixed prices.

Definition 1. Given fixed prices {]5, E} and a monetary policy {M }, a competitive equilibrium
in this economy is given by {c, h,¢,s,m,W,0,d, T} such that (i) households’ policies solve
(2); (ii) firms’ employment satisfies (6) and profits are given by (7); (iii) landlords supply h
units of housing; (iv) matching probabilities satisfy f(©)s = g(©)h with © = s/h and v) the
government budget constraint holds, M =T

We note that given monetary policy and fixed prices, there exists a unique equilibrium
for any p > 0. To see this, notice that (5) determines uniquely the level of consumption for
any (M, P). In addition, given c, equations (3) and h = g(©)h determine uniquely the level

of © and thus pin down the search effort and the quantity of housing consumed.

To illustrate the determination of equilibrium, we rearrange equation (3) and use h = g(©)h
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tion (MRS), depicted by the downward-sloping curve in Figure 2. The right-hand side denotes
an effective rent, expressed in terms of consumption goods. The effective rent depends on }%
because this ratio determines the probability of finding a house and the amount of search
effort required. Given that c is defined by equation (5), we then derive an upward-sloping
curve for the effective rent as a function of h, as illustrated in the figure. As h increases, it
becomes increasingly costly for households to find available housing units. Moreover, as h
approaches h, the probability of finding a unit f(©) approaches zero, which sharply increases
the effective rent. The equilibrium occurs at the intersection of the two curves. Notice that
as the preference for housing w increases, the MRS shifts up, and the equilibrium features a

higher amount of housing occupied and higher effective rents.

2.2 Optimal Policy

We first present the constrained-efficient allocation in this economy, which will serve as a
benchmark for optimal monetary policy. Throughout, we will abstract from the utility of

money balances in the welfare evaluation.



Constrained-efficient allocation. We consider a planner that directly chooses allocations
subject to technological constraints and search frictions. The planner problem can be

expressed as follows:

max {(1 — w)log(c) + wlog <sf (%)) —(1-w) [(g —|—ps>]}.

c,s

The first-order conditions yield

c=z, (8)
(f(©)+ (©)8) = (1 —w)p. (9)

w

sf(©)

Condition (8) states that the optimal consumption of goods equals z, which results from
the log utility of consumption and linear disutility from labor. This implies that the labor
wedge (or output gap) is zero in the constrained-efficient allocation. Condition (9) states
that the planner increases search effort until the marginal utility from the additional housing
equals the marginal cost of searching more. Notice that the additional housing that can
be consumed is determined by the probability of finding a match minus the infra-marginal

effects of additional search on the matching probability.

It is worth highlighting that while the constrained-efficient employment coincides with the
flexible price equilibrium, the amount of search generally does not. Owing to the standard
congestion effects induced by search frictions, there is generally a gap between the private
and social marginal costs of searching. Consider an equilibrium with flexible rent prices that
are set via Nash-bargaining. Denoting by ¥ the bargaining power for the household, the real

rental rate r* satisfies®
. v(h)

()

That is, the household obtains a fraction ¥ of the total surplus. Replacing r* for the relative

(1-¥)

price in (3), we obtain (9) if the bargaining power is ¥ = W = v(©). Following
Hosios (1990), setting the bargaining power equal to the elasticity of the matching function

with respect to search effort, renders the competitive equilibrium constrained efficient.

Optimal monetary policy. We now examine optimal monetary policy. The central bank’s

problem is choosing the level of money supply, M, that maximizes welfare in the competitive

>The Nash-Bargaing solution satisfies r* = argmax,, (Zl,((}g - x) Vpl-v,



equilibrium with fixed prices. The optimal policy problem is

max {(1 — w)log(c) + wlog (sf <%>> —(1-w) (g + ps) } , (10)

c,s,M
subject to
w _1-w/(R B p
S - e (p) TRy

(%

The first constraint reflects that households choose optimally how they split their income
between consumption and housing, as given by (3). Notice that we can ignore the sec-
ond implementability constraint. That is, the monetary authority can choose the optimal

consumption, ¢, and then set the level of money supply that implements it.

The optimality conditions yield

w c— 2\ —#(f(©)+f(©)8) + (1 —w)p (f}(f’g)@
(L= 2 (50 + 1(©)8) = () —
h Housing?:gngestion ’ m c <F >

This condition represents a targeting rule that relates the output gap and housing congestion.
The left-hand side reflects the deviation of search effort from the constrained-efficient level, as
specified in equation (9). The right-hand side is the product of two terms, a measure of the
output gap in the goods sector and a term that represents how a change in consumption and
housing affects the central bank implementability constraint. Namely, an increase in search
lowers the marginal utility of housing and raises the marginal cost of housing (by lowering the
probability of a match), therefore requiring an increase in consumption to maintain household
optimality. Given that this second term is negative, equation (11) therefore shows that when
there is congestion in the housing sector (i.e., when housing exceeds the constrained-efficient
level), we must have at the optimum a negative output gap.® That is, to cool down the

housing market, the central bank is willing to allow a recession.”

Figure 3 illustrates the trade-offs for monetary policy. The figure plots the policy indif-

6To see that the second term is negative, we note that f(0)+ f/(©)© > 0. For this, we use M(s, h?) = f(0)s

and 0 < M,(s, h?) = f(©)+ f/(0)0, where the first inequality follows from the assumption that M increasing

in s. Additionally, note that the denominator is positive and that p (f }((%))6) is negative.

"Conversely, when there is too little housing search, the planner induces a positive output gap.
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Figure 3: Illustration of trade-offs for monetary policy

ference curves and the feasible set for the central bank.® The implementability constraint
reflecting households’” optimality implies that search effort is an increasing function of con-
sumption. This constraint is represented by the upward red locus, which effectively captures
the sacrifice ratio. Namely, the steeper the slope, the lower the amount of consumption the
central bank needs to give up to reduce search by one unit. The policymaker can choose to
move along this locus by setting the money supply. When the R/P ratio is equal to the level
implied by the Hosios condition (red solid line), the constraint passes through the efficient
allocation. When the R/P ratio is lower, households will search more at any given level of
consumption, and the efficient allocation is no longer attainable (i.e., the upward locus shifts
up). There is then a trade-off between inefficiently high search effort and inefficiently low
consumption. The optimal policy balances these two inefficiencies. At the optimum, depicted
by the tangency point between the indifference curve and the dashed red locus, the economy

exhibits a negative output gap and more housing than in the constrained-efficient allocation.

In a situation where preference for housing goes up, nominal rigidities will imply that the
relative price of shelter is initially too low. As a result, the housing market will overheat, and
households will devote significantly more search effort to acquiring housing units. Monetary

policy will therefore allow for a contraction of output in the goods sector to mitigate

8The numerical illustration uses the matching function M(s, h¥) = [s~¢ + (h¥)”]~'/¢, as in Michaillat
and Saez (2015), and v = 0.5,w = 0.6, p = 0.01.

10



overheating in the housing sector. The optimal size of the goods recession depends on how

costly the misalignment of demand in the housing sector is.

2.3 The role of the rationing mechanism

In the previous section, we examined an economy with search frictions and fixed prices. In
this setting, in response to an increase in the preference for housing, equilibrium is restored
through an increase in search effort, which is excessive from a social point of view, and a
lower probability of matching, which results in demand rationing. The fact that search is
costly implies that monetary policy faces a tradeoff between stabilizing the output gap in the

goods sector and allowing the housing market to overheat.

In this section, we examine a version of the model without search frictions and extend
it to include production of housing so as to highlight the role of the rationing mechanism
for optimal monetary policy. In the absence of search costs, (3) gives rise to a notional
demand—in the disequilibrium terminology—which will generally differ from the supply of
housing . We will contrast the implications for optimal monetary policy of two alternative
rationing assumptions, one that is demand-determined (as in standard NK theory) and one
that is supply-determined. Our model with search frictions represents an intermediate case

between the two.

We assume that housing is produced using consumption goods according to h = hx?
where x represents goods devoted to housing production with ¢ € (0,1]. The resource
constraint and production function now imply [ = (¢ + x)/z. The landlords’ problem is given

by max, { Rha® — Pz }. Optimization gives rise to an upward supply schedule for housing;

)
— 71i ¢R e
h = hi-? ( - ) . (12)

That is, landlords’ production of housing increases with the rent and decreases with the price

of consumption.

Demand determined. Let us first inspect the standard case in New Keynesian models
where output is entirely demand-determined. In this scenario, firms passively purchase inputs

to deliver the desired amount of housing. From the households’ optimality conditions in

11



problem (8) under p = 0, we obtain that the relative demand for the two goods is given by

() ®

If we allow firms to hire inputs to meet the demand, which implies that z = (h/h)Y/?, the

optimal policy problem in this economy can be expressed as

c,h z

c 7\ 1/
max (1 —w)log(c) +wlog(h) — (1 —w) (M) ) (14)

subject to (13). The policy problem (14) is a simple version of optimal monetary policy in
the multi-sector New Keynesian model. In our environment with completely rigid prices, the
constraint the central bank faces is that the marginal rate of substitution between consumption
and housing must be equal to the relative price. That is, the central bank can alter the levels
of consumption in both sectors as long as their relative values are consistent with the fixed
relative price. The optimal monetary policy requires that the monetary authority balances

the trade-off between too little consumption of goods and excessive consumption of housing.

Supply-determined. Assume now that when there is a mismatch between supply and
demand for housing, the equilibrium quantity is the one consistent with the firm’s optimality
condition. We focus on the case where rents are below the market clearing value, which

implies that demand is rationed. In this case, the optimal monetary policy problem is

1
max (1 —w)log(c) + wlog (h) + (1 — w) (M) , (15)
subject to (12). Notice that the constraint (12) with R/P = R/P renders the quantity of
housing produced and consumed independent of policy. It is then apparent from (15) that
the optimal policy would yield ¢ = z, as in the constrained-efficient allocation. That is, since
housing is supply determined (and is independent of monetary policy), the optimal policy is
to keep the output gap in the goods sector at zero. However, this does not mean that the

efficient allocation is obtained, because housing output will be inefficiently low.

Figure 4 illustrates graphically the differences between the two rationing protocols. The
supply and demand schedule are given respectively by (12) and (13). The starting point in
the figure is a situation with market clearing. An increase in w shifts the demand for housing

to the right, generating an excess demand for housing at the price R. The flex-price allocation,

12



depicted by the green dot, implies a higher price and quantity of housing compared to the
original allocation. Meanwhile, the demand-determined equilibrium, represented by the red
dot, exhibits excessive housing output, while the supply-determined equilibrium, illustrated

by the blue dot, features insufficient production—both relative to the flex-price allocation.

In case of a negative shock to w, we obtain too little output in a demand-determined
equilibrium and too much output in a supply-determined equilibrium, again relative to the
flex-price allocation. However, the implications for optimal policy derived above apply to
this case as well. That is, in response to a lower demand for housing, monetary policy would
remain unchanged under a supply-determined equilibrium whereas monetary policy would be
eased under a demand-determined equilibrium, balancing the costs between housing shortages

and overheating in the goods sector.

Our environment with search frictions effectively represents an intermediate case between
supply-determined and demand-determined equilibria, mimicking a “short-side” rule. Namely,
when the output of the demand-determined equilibrium exceeds that of the supply-determined
equilibrium, the economy with search frictions exhibits an output level that is closer to the
latter. Furthermore, as p — 0, output approaches the supply-determined equilibrium.
Conversely, in a situation where the demand-determined equilibrium output falls below that
of the supply-determined equilibrium, the economy with search frictions displays an output
level that is closer to the former, and as p — 0, output approaches the demand-determined
equilibrium.” Panel (b) of Figure 4 illustrates. The two dashed line illustrates the quantity of
housing in our equilibrium with search as we vary R for two different values of p. We can see
how as we reduce the size of the search friction, lowering p, the equilibrium becomes closer to

the one that would be implied by a “short-side” rule. See Appendix A for the formal results.

Connections with the literature. It is worth highlighting at this point how our findings
contrast with existing studies on optimal monetary policy with multiple sectors, where the

standard assumption is that output in all sectors is demand determined.

In their analysis of optimal monetary policy with heterogeneous sectors, Eusepi et al.
(2011) find that the central bank should put more weight on the output gap (or the inflation)
of those sectors with stickier prices and with a less elastic supply (a lower labor share). From
their analysis, one would infer that the central bank should put a high weight on housing
to the extent that the sector has a low labor share. Intuitively, when a sector is demand

determined and it has a low elasticity of supply, an increase in demand forces the sector to

9This latter result resonates with the findings of Michaillat and Saez (2015). However, they do not analyze
the limiting case when demand-determined output exceeds supply-determined output.
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(a) Supply vs. Demand Determined Eqm. (b) Search Equilibrium
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Figure 4: Short-Side Rule and Search Equilibrium

Note: Panel (a) illustrates the comparison between demand-determined and supply-determined rationing
protocols. The figure assumes an initial point where the market clears. The curve D’ represents the demand
for housing after a rise in w. Panel (b) shows how the search equilibrium mimics a short-side rule by
illustrating the equilibrium quantity of housing as we vary R.

allocate significant resources to deliver the goods that are demanded.'® Our analysis shows
that when a sector is supply-determined, its labor share does not affect the optimal monetary
policy.

Another well-known principle in multi-sector models is that the central bank should put
more weight on the sectors with relatively more sticky prices (Aoki, 2001; Woodford, 2003).
Notice here that we have assumed that both sectors are equally rigid, and so the classic

distinction does not play a role in our analysis.'*

2.4 Takeaways

We have presented a simple model to analyze how monetary policy should respond to a
change in the demand for housing. In contrast to the canonical NK model, our model allows
for demand rationing. In the absence of search costs, the optimal monetary policy is to close
the output gap in the goods sector and ignore housing. However, to the extent that search is
costly and gives rise to congestion externalities, monetary policy faces a trade-off between

stabilizing the housing and non-housing sectors. In the rest of the paper, we develop and

10Tn terms of Figure 4, this can be seen by noting that the steeper is the supply schedule, the larger is the
deadweight loss from the demand-determined allocation.
1 Our dynamic model will allow for different price rigidities.
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calibrate a quantitative model to assess the optimal monetary policy in response to housing

inflation.

3 Dynamic model

We now present an infinite-horizon version of our model, which we will use for quantitative

evaluation of the trade-offs in managing an increase in housing inflation.

3.1 Environment

A representative household has preferences given by

Zﬂt {(1 —wy)loger + wilog (R + hytr) — (1 —wy) (b + s¢)}

t=0

where ¢, is consumption of goods, ¢; is labor effort and s, is search effort at date ¢.!? The total
consumption of housing services is h® 4+ hy,1, which is equal to the housing units occupied
between t and t + 1. The parameter h° reflects a baseline stock of units that are always
occupied—for instance, by high-tenure households. The time-varying parameter w; affects
the taste for housing relative to goods and leisure. We consider a perfect foresight transition

path induced by changes in {w;}{°, that are announced at date 0.

The economy can produce the consumption good out of intermediate inputs according to

P/
1 na n—1
Cy = (/ yjtn dj) .
0

Intermediate goods are produced out of labor according to y;; = 2{;;, with a resource

a production function

constraint for labor given by ¢, = [ £;.dj.

The total supply of housing for rent is fixed and normalized to h = 1. To capture housing
turnover, we assume that a housing unit is exogenously vacated with probability 6. If
the household wants to occupy more housing, it must search for vacant units. Given our

normalization of h, vacancies are given by h? = 1 — h; + dh;. The number of occupied housing

12Here, we assume search effort is equally costly as labor effort. This is a normalization of the units of
search effort that is without loss of generality as we can rescale the efficiency of the matching function
accordingly. In addition, we take the cashless limit where the demand for real balances goes to zero.
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units, h; € [0, 1], evolves according to the equation:
hipr = (1= 0)he + f(Oy)st, (16)

where market tightness is given by ©; = s;/h{ and f(©;) is the probability of finding a
housing unit. Similarly, ¢(©;) = f(©,)0©, represents the probability of a landlord finding a

tenant.

Nominal rigidities. A unit continuum of landlords owns the housing units, and each
supplies his or her unit inelastically. When a landlord meets a searching household member
at date ¢, the rent is set to R; in nominal terms. This rent remains fixed until either (i) the
match is broken (which occurs with probability d), or (ii) a renegotiation shock occurs (which

occurs with probability ).

We let R, denote the average nominal rent of all outstanding leases at date t. As occurs in
practice, we assume that rents are subject to rigidities. Specifically, we assume that new rents
and renegotiated leases are set as a convex combination of the current average outstanding
rent, I, and the Nash bargaining solution, R;. Using lower case to normalize rents by P;, we

have that the real rent of a new lease at date t is given by

re =X+ (1= x)r7, (17)

where the parameter x controls the rigidity in rents. The fact that rents are sticky within
the match does not affect the equilibrium outcome, but the imperfect adjustment of new
rents does. Therefore, y controls the degree to which market rents fail to adjust efficiently

following shocks.!?

Intermediate goods are produced by monopolistic competitors who face Calvo-style
nominal rigidities in adjusting their prices. Let 8 be the probability that a price is retained

each period. Let Pj; be the nominal price of good j. The price index for the composite

1 =
([ )
0

We assume a constant production subsidy corrects the steady state monopoly distortion.

consumption good is

13In general, in search models, there is a concern that fixed payments could lead to inefficient separations.
For example, if the rent is fixed at too low a level, the landlord may want to break the lease in order to
obtain the market rent. We assume that this is not possible as the lease forces both parties to commit to
both to the rent and the term of the lease. While such an assumption would be unappealing in labor markets
(it could indicate forced labor, for instance), it provides a good description of housing markets.
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Labor is traded in a Walrasian market at nominal wage W;. A nominal bond trades with

nominal interest rate ;.

3.2 Decision problems
Household’s problem

We present the household problem in recursive form. The household’s state variables include
the housing units rented in the previous period, denoted by A, a committed nominal rent bill
(before separations and renegotiations), denoted by X, and nominal bonds, denoted by B.
The rent paid today consists of three components: (i) the rent already committed (i.e., the
rent on units that do not get separated or renegotiated), given by (1 — §)(1 — &) X; (ii) the
rent that is renegotiated, which amounts to (1 — §)éhR;; and (iii) the rent on new matches,
which results in a rent bill of R, f(©,)s.

Each period, the household chooses how many hours to work and search, collects its labor
income and dividends, pays the rents due and chooses consumption of goods and housing. We
let H; denote the value function of the household, where the subscript ¢ indexes the evolution

of the aggregate states. We can express the problem of the household as follows:

Hy(h,X,B) = max {(1 —wy)loge+ wilog (h? + h') — (1 —wy) (£ + 8) + fHyq (W, X', B') },
sLB"

subject to the following constraints (with Lagrange multipliers in brackets )

!/

Pie+ ;7 + X' = B+ Wil + P, AP,
W= (1-0)h+ f(O)s [1ae]
X' =(1-0)(1—-&X + R [E(1 —0)h+ f(©,)s] —[v ),

where d; are dividends from intermediate producers and landlords and ¢; denotes the nominal

interest rate.

The first-order conditions of this problem with respect to {c,h’, X', s,¢, B’} yield the
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following system of equations:

1-— Wt .

cr - )\t7 (18)
ﬁthtﬂ + B(1 = 6) [pes1 — Erep1vVi] = i, (19)
N+B (1= =] = (20)

41
f(©0) [t — reve] = (1 — wy), (21)
Apwy = @D(l - Wt), (22>
A = L) gy (23)

t T t+1,

where w, = W, /P, ry = R,/ P,, and 11,1 = P,/ P,.

The marginal value of (real) income at date t is \;, which is equal to the marginal utility
of consumption; see (18). The marginal value of adding to the occupied housing units is p,
which includes the expected discounted service flow from the marginal housing unit and the
exposure to future renegotiation shocks; see (19). The marginal cost of increasing the rent
bill is vy, which is linked to A; through (20). Expected inflation reduces the cost of the rent
bill because leases are fixed in nominal terms. Finally, equations (21)-(23) give the first-order

conditions for search effort, labor supply and bond holdings, respectively.

Landlord’s problem

A landlord may have either an occupied unit or a vacant unit. We denote the value of a
landlord with an occupied unit paying real rent r as L?(r) and the value of a landlord with a

vacant unit as

LY (r) = N1
+B{(1=0)(1 =&)Ly, (r/I4q) (continue).
+09(Os41) L7 1 (re41) (separate and re-match),
+0[1—g(0u1)] LY, (separate and vacant),
+ (1= 0)EL7 1 (T441) (renegotiate).

The continuation value for the landlord reflects four possible outcomes: (i) continue renting to

the same household at the current rent r adjusted for inflation, with probability (1 —4)(1—¢);

18



(ii) separate and rematch at next-period’s prevailing rent r;,1, with probability 6¢(©:41); (iii)
separate and remain vacant, with probability d(1 — g(©:11)); or (iv) continue renting to the

same household at a renegotiated rent 7,1, with probability (1 — §)¢.

The value of a landlord with a vacant unit is given by

L} = B [Liyy + 9(Ou1) (LY (o) — Lisy)] -
The derivative of L9(r) is

ALy ()
dr

1 dLg,(7)
Ht+1 d?z

=At+ﬁ[(1—5)(1—5)

'F_T‘/Ht+1:|

r=r

Solving forward, we see that the derivative is independent of r, so the function L is linear in

r. Using (20), we obtain that d%r(r) = v, which implies the marginal value of rent to the
landlord is equal to the marginal cost of rent for the household. Given linearity, we can write

LY(r) = L¢(r¢) + ve(r — rt), and the difference in value functions yields

L{(ry) — LY = Ny + B(1 = 9) [ [1 = g(Ou1)] [Lg1 (reg1) — L] (24)

+ (1 = &)vpa (e /T — Tt+1)]~

Intermediate producer’s problem

The problem of the intermediate goods producer is to set the reset price P} to maximize
profits subject to the production function and the demand curve y;; = (Pj;/P;) " ¢;. This
is the standard price-setting problem from the New Keynesian literature and results in an
optimal reset price given by

By _ X (0T e

o= B0 2 Sl 25
SR A SN A )

where I, = II; 11 X II;19 X - - X II;. The price index for goods then leads to

= (G- ) (26)
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3.3 Equilibrium

The Nash bargaining rent solves

v 1-w
max [,ut - fvt} [Lf(f) — Lf] :

I

and the solution r} satisfies
Mt — T:Ut = VS, (27>

where S; = py — rjv, + LY(r7) — L} is the total surplus from the match. Using (19), (20),
(24), and (27), we have

Wy

S - <t
N

+ (1 =06) {Sts1 = 9(O11) [(1 = O)Sp1 +vep (repn —750)] - (28)

In equilibrium, we also have that labor supply must equal the demand for labor across all

intermediate input producers:

. Cy -Pjt -
= [etdi=—" | [Z2L) 4 2

N\
Defining price dispersion as A; = [ (%) dj > 1, we have that

Ap=(1-0)(p;) "+ 01} Ay (30)
Finally, the total real rent bill evolves according to

a1 = (1—6)(1 — 5)3—1 + 7 €(1 = 8)h + f(Or)si]. (31)

An equilibrium of the model consists of sequences for {p;, I1;, hy, 74, 7, wy, ¢4, St, e, Sty Oy Ay it
v, Tty Ay, 1} that satisfy (16)-(30), the definition of ©; = s;/[1 — hy + dhy], and a monetary
policy rule.

3.4 Constrained planner’s problem

In order to establish a benchmark for optimal policy, we study a constrained planner’s problem

in which the planner is subject to the search friction. The problem is dynamic because the
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number of occupied houses is a state. The problem is

Vi(h) = max {(1 — w;)logc + w;log (R + h') — (1 — wy) (b + s¢) + B [Vier (B)]},

cl,s, b
subject to
Wo=(1—8h+f (;> s,
1—-(1-=96)h
c=zl,

The solution to this problem yields

(1 —w) = f(6;)7(O)S5],

b =2,
S = o L B(1 - 8)Sf [1 - 9(01,) (1~ )],
he + by
* C*
,gt = —Zt’

where we denote by S* the Lagrange multiplier on the first constraint and recall that ~(O)

denotes the elasticity of the matching function with respect to search effort.

In the decentralized economy, equations (17),(21),(22),(27),(28), and (29) lead to

Y(1 —wi) = f(O)US; + xf(O)vi(re —T1),

77Z}Ct = Wy,
w
Si= -+ B(L=0){Sei1 — 9(Ous1) [(1 = V)Sis1 + XV1 (Frr — 750)] |
he + hyq
gt - AtCt.
y4

These two systems of equations coincide (i.e., the competitive equilibrium will be constrained
efficient) provided that the following four conditions hold: (i) ¥ = ~; (ii) x = 0; (iii) A¢ = 1;

and (iv) wy = z.

Condition (i) is the familiar Hosios condition for search models to deliver an efficient
equilibrium. The underlying logic is that the searching household does not account for the
congestion externality and does not capture the entire surplus of the match. When the
bargaining power of the household equals the elasticity of the matching function with respect
to search, the amount of search is efficient. However, in our model, this condition alone is not

sufficient to ensure the efficiency of the competitive equilibrium. If rents are sticky (x > 0),
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the expected surplus from the match will not align with the Hosios condition, hence condition
(ii).

Additionally, condition (iii) specifies that there is no dispersion of relative prices across
intermediate inputs, and condition (iv) stipulates that the wage is equal to the marginal
product of labor. It is important to note that conditions (iii) and (iv) can be achieved by
a policy of targeting zero inflation in the goods sector, as in the standard one-sector New
Keynesian model. However, to the extent that y > 0, optimal policy may call for a deviation

from this policy. We will next calibrate the model and analyze the optimal monetary policy.

4 Calibration

We calibrate the model to a monthly time period and treat 2019 as a steady state. For the
functional form, we use a Cobb-Douglas matching function, which implies a constant elasticity
7. We then have f(©) = MO~ ! and ¢(0) = MO?, with M representing the efficiency of the
matching function We will set v = U so that the equilibrium is constrained efficient in the

absence of nominal rigidities. Table 1 summarizes the parameter values.

Table 1: Calibration of model parameters

Parameter Target Value
) Level of activity (normalization) 1
g Steady state interest rate 1.02-1/12
v Size of real estate sector 0.7934
~ Hosios = ¥ 0.7934
w Housing expenditure share 0.15
M Steady state vacancy rate 6.8% 1.61

h°/(1+ h°) ACS housing turnover (see text) 0.7077
J ACS housing turnover (see text) 0.03536
£ Annual lease 1/12
X Estimated pass-through of new rents to CPI  0.6642
0 Klenow-Malin (2010) 0.9199
n Basu-Fernald (1997) 6
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The preference for housing, w, is set to match the housing expenditure share.'* We set the
frequency of the renegotiation shock £ to correspond to an annual lease. Using the Census
Housing Vacancy Survey for 2019, we calculate the ratio of occupied rental units relative to
the sum of occupied units and vacant units for rent, finding h = 0.932. This target informs

the efficiency of the matching function.

We calibrate § and h° using data from the 2019 American Community Survey, in which
respondents are asked how long they have lived in their current home. In interpreting the
data, we assume they were was generated by a population of two types of households with
differing mobility patterns. One type is “low mobility,” moving each period with probability
5% while the other type is “high mobility,” moving each period with §&h > §°V. We fit the
survey data responses, using maximum likelihood estimates for 6'°%, §"&" and the share of
each type of household in the population. The estimation results are 6% = 0.5% (monthly),
Shish = 3 5% (monthly), and 71% of households are classified as low mobility. Accordingly, we

set 0 = 3.5% and h° so that 71% of housing consumed is through the inelastic component.!®

The most challenging aspect of the calibration is determining the degree of rigidity in new
rents—specifically the parameter y. We observe various measures of rents. The CPI shelter
price index reflects the current cost of rent for households and can be interpreted as ;. The
Zillow Observed Rent Index measures rents for units listed on Zillow. Since landlords posting
units on Zillow are likely sophisticated, we interpret this index as a measure of R;. The BLS
New Tenant Rent Index measures rent growth among renters who have recently moved into
units, which we interpret as a measure of R;. We then estimate the pass-through from R; to
R;, following (17) and (31). Given the values for § and ¢ calibrated above, this pass-through
coefficient allows us to infer y. We find that y = 0.65, which implies that R, moves slowly
relative to what we would expect given 12-month leases. We interpret the extra inertia as

emerging from nominal rigidity. Further details are provided in Appendix B.

Turning to the cost of housing search, we adopt the interpretation that households hire real
estate agents to search on their behalf. Following this interpretation, we use data on brokers’
commissions to gauge the resources consumed by housing search.'® NIPA Table 5.4.5U

reports expenditure on brokers’” commissions and ownership transfer costs as a component of

4 Consider the budgeting problem max (1 — w)log ¢ + wlog(h® + h) s.t. Pc+ Rh =y, where y is spending
excluding owners’ equivalent rent (OER). The solution to this problem is R(h° + h) = w X (y + Rh°) so w is
the budget share of rent and OER out of total spending.

15Tn Appendix C.2, we consider an alternative calibration with h° = 0.

16Certainly, households incur other search costs, such as forgone leisure, but we consider these to be
minimal. Using the 2019 American Time Use Survey, we find that the average time spent on real estate
search and transactions in a typical day is 10 seconds. In comparison, the average time spent working is 200
minutes.
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residential investment. In 2019, these costs amounted to 1.2% of total personal consumption
expenditures. We treat this as a calibration target for ws/(c + r(h + h°)), where w is the
wage in goods and 7(h + h°) is shelter component of personal consumption expenditure. This
moment informs the tenant bargaining power: high bargaining power implies that tenants
receive a large share of the surplus and therefore are willing to search extensively for housing.
We note that this calibration strategy is highly conservative because we include in the cost
of search all resources devoted to real estate, including commissions from owner-occupied

housing, which are unaffected by the nominal rigidity in rents.

Finally, we set the degree of nominal rigidity for goods producers based on Klenow and
Malin (2010), who find a median price duration of 8.3 months when they exclude sales and
product substitutions. This frequency of price change corresponds to 6 = 0.92 ~ 11/12
(monthly). A median price duration of 8.3 months is on the upper end of the range reported
by Klenow and Malin (2010). We use this as our preferred calibration because our model
does not include any real rigidities or intermediate input linkages that amplify the effects of
nominal rigidities. Appendix C.3 shows that our results are not driven by different degrees of

price rigidity in the two sectors.

5 Monetary policy responses to housing inflation

Our main experiment is an increase in rents following an unexpected and permanent increase
in the preference weight on housing w. We consider three alternative monetary policy

responses:

(i) CPI-targeting. Under this policy, the monetary authority sets CPI inflation to zero.
Gross CPI inflation is defined as IT; (R, /R;_1)*. The weight on housing, w, reflects
total “expenditures” on housing, including owners’ equivalent rent (OER). Notice that
because the CPI is a cost-of-living price index, it depends on the average rent across all
tenants, R,.

(ii) Goods inflation targeting. Under this policy, the monetary authority sets goods market

inflation to zero (i.e., II; = 1).

(iii) Optimal monetary policy. Under this policy, the monetary authority maximizes the

welfare of the representative household subject to the equilibrium dynamics of the
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economy. 17

We solve for a perfect-foresight, non-linear transtion following the shock under these three

different monetary policy strategies.

Housing demand shock We simulate a permanent increase in w; from its baseline value
of 0.15 to 0.18 at date 0. Figure 5 shows the results. In response to the shock, the relative
price of (new) rents jumps up because the household now receives more utility from housing,
which results in a larger surplus. Whether or not this relative price movement affects the
CPI depends on the monetary policy strategy. Under the goods inflation targeting policy,
goods inflation is kept at zero; thus, the rise in the relative price of housing implies that the
CPI must increase. As the figure shows, this policy maintains consumption at the steady
state value. In contrast, under the CPI targeting policy, the increase in the relative price of
housing requires a decrease in goods prices to compensate for the rise in rents. As the figure
indicates, this policy results in a recession in the goods sector, with consumption of goods

falling by about 10% on impact.

Crucially, we find that the optimal policy is very close to goods inflation targeting. Indeed,
the figure shows that the simulations under goods inflation targeting and optimal policy are
almost indistinguishable. Our results are robust to alternative calibration and specifications.
For example, Appendix C.3 shows that there are few changes in the results in a calibration
in which the two sectors have the same degree of price flexibility. In addition, one difference
between the two sectors is the presence of price dispersion in the goods sector. One may then
wonder if this difference in the sectors leads to optimal policy stabilizing goods inflation. In
Appendix C.4, we show that the optimal policy remains close to goods inflation targeting

even without the price dispersion consideration.

ITWe compute the optimal policy by stacking the transition path of the equilibrium variables in the vector
X. The dimension of X is nT where we have n variables per time period and a transition of length T" = 300
months after which we assume the economy has reached the new steady state. The household’s preferences
can be represented as U(X). We then stack the (n — 1)T equilibrium equations in f(X) = 0. We then
maximize U(X) subject to f(X) = 0. We find the non-linear solution to this problem using Newton’s method.
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Figure 5: Alternative responses to a permanent increase in wy.

Note: All values are expressed in percentage deviations from the initial steady state.
Occupied housing is given by h; + h°.
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To shed light on the optimal policy, we define

[j9o0ds — Z ﬁt(l —w) [log(ct) — ¥y,
t=0

o0

Uhousing = Z [w log(ho + ht) — (1 — W)wst] )

t=0

so total welfare at period 0 is given by U = [J8°°ds  {jhousing -~ At optimal policy, we have

Zzl_g = 0 for all ¢, where i; is the interest rate expected at date t along the transition path.
This optimality condition implies —deztOds = dU};:lsmg. Intuitively, at the margin, the welfare

loss from distorting the goods market must be balanced by the welfare gain from reducing

distortions in the housing market.

The top panel of Figure 6 plots U9°°% and U""$™9 as we vary iy, keeping the other
interest rates fixed at the levels implied by the optimal policy. The key feature of this figure
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Figure 6: Top panel: change in welfare and its components as we vary 2 around the optimal
policy path. Bottom panels: changes in activity at date 0 as we vary 1.
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is that U"ousin9 has very little curvature relative to U9°°%, The difference in curvature shows
there is much more scope for costly output gaps in the goods market than there is in the
housing market. The lower panel of the Figure 6 shows policy has little impact on the housing
consumed and therefore little impact on welfare. This finding is reminscent of the case in
Section 2.3 in which housing services are fully supply determined and there is little scope for
policy to affect the quantity of housing consumed, which results in the central bank focusing
on closing the output gap in the goods sector. Although search congestion costs create a

trade-off for monetary policy, the optimal policy essentially disregards these costs.

The main takeaway is that the optimal policy is nearly identical to goods inflation
targeting. Even though, there are nominal rigidities in the housing market that lead to
excessive search relative to the planner’s solution, this cost is small relative to the recession

in the goods market that is needed to counter it.

Catchup shelter inflation. As Figure 7 shows, relative shelter prices declined in 2020 and
2021, as rents did not keep pace with the general increase in prices. However, following the
initial decline, nominal shelter prices have risen sharply as leases expire and are reset to a
higher price level, which brings the relative price close to its pre-pandemic trend. Motivated
by these observations, we now simulate a period of “catchup shelter inflation,” which we

model as an unexpected sudden 5% increase in goods prices at date 0.

1.10

1.05

1.00 +

0.95 -

Index, Jan. 2020 = 1

0.90

2016 2018 2020 2022 2024

Figure 7: Relative price of shelter

Note: The relative price is calculated as the ratio of the PCE housing price index and the PCE
core excluding housing price index. The data are through August 2024.

18We choose a 5% increase in the price level because the relative price of shelter in early 2022 was roughly
5% below its pre-pandemic trend, as can be seen in Figure 7. In our simulation, we start the economy from an
initial condition in which real rent commitments, x;, are 5% below their steady-state level and then simulate
the transition back to steady state.
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Figure 8: Alternative responses to catch-up shelter inflation.

Note: All values are expressed in percentage deviations from the initial steady state.
Occupied housing units is given by h + h°.
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Figure 8 shows the results of this simulation. The increase in the price level reduces
existing rents in real terms on impact. Subsequently, average outstanding rents grow faster
than goods prices as leases renew and adjust to the higher price level. Under goods inflation
targeting, there is upward pressure on the CPI as leases gradually turn over to the new price
level while under CPI inflation targeting, goods prices fall to offset the rising rents. As was
the case before, we find the optimal policy is nearly identical to the goods inflation targeting

policy.

6 Conclusions

The standard architecture in New Keynesian models is based on the premise that output
is demand determined: if consumers demand more of a good, a firm that does not raise its
price must hire enough production factors to produce it. We argue that this architecture is a
poor description of the market for housing services, where the supply cannot respond in the

short run and the market is more likely to adjust through demand rationing.

We develop a two-sector macroeconomic model with search and nominal frictions in the
housing sector. In this environment, an increase in demand for housing does not lead to
an increase in the quantity of housing available but rather an increase in consumer search
and lower vacancy rates. In contrast, an increase in the demand for other goods leads to
an increase in output, as in the standard New Keynesian model. We use our framework to
shed light on the optimal monetary policy when inflation is driven by a surge in rent prices.
We find that optimal policy should largely ignore shelter prices and target price stability in
the non-housing sector. This conclusion is obtained exactly in a version of the model with
costless search and quantitatively in a version with housing search costs calibrated to match

US data on housing tenure, vacancy rates, and the size of the real estate sector.

Our findings suggest a reappraisal of the measure of inflation targeted by central banks.
The standard analysis in the New Keynesian literature finds that monetary policy should place
more weight on the inflation in sectors with stickier prices and less elastic supply, because these
sectors have more potential for costly output gaps. The perspective presented here suggests
that it is crucial to consider whether the level of activity in a sector is demand-determined or

if the market adjusts through demand rationing.
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Appendix

A Additional Results on Section 2

In this appendix, we establish existence and uniqueness of fix-price equilibrium and elaborate
on the link between our fix price equilibrium with search and the supply- and demand-

determined equilibrium from Section 2.3.

Proposition A1l (Existence and uniqueness). For any fized prices {P,R} and monetary

policy M, there exists a unique fixed price competitive equilibrium that satisfies Definition 1.

Proof. We observe first that the problem of the household is strictly concave and thus, the
first-order conditions describe the global solution. For any ©, we have that using (3) and (5),
the housing demanded is given by

w _ (1—w)Rp p

E:—M +(1—0J)m (Al)

Marking clearing requires that h = g (©). Thus, the equilibrium © is given by

w (1 —w)Rp p
g(@)/_zz i +(1—w)m (A.2)

Since ¢ (©) € (0,1) and increasing in ©, the left-hand side of (A.2) is strictly positive,
monotonically decreasing, and unbounded as © — 0. The right-hand side of (A.2) is strictly
positive, monotonically increasing, and unbounded as ©® — oco. Therefore, given that both
sides are continuous, there exists a unique O that satisfies (A.2). Moreover, given the resulting

value for ©, we obtain unique levels of consumption, housing and wages, given by (3) and
(14). ]

Let us now formally define supply and demand-determined equilibrium in the absence of

search frictions.

Definition 2 (Demand-determined equilibrium). Given fixed prices {P,R} and a monetary
policy {M, T}, a demand-determined equilibrium in this economy is given by {c, h, ¢, m,x, W}
such that: (i) Households policies {c, h, ¢, m} solve (2); (ii) Firms’ employment satisfies (6);
(iii) Landlords choose inputs such that x = (h/h)Y?, (iv) and the government’s budget

constraint is satisfied.
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Definition 3 (Supply-determined equilibrium). Given fixed prices {P, R} and a monetary
policy {M, T}, supply-determined equilibrium in this economy is given by {c, h, ¢, s, m,x, W}
such that: (i) Household consumption satisfies ¢ = é (M/P) and [ satisfies (1) with equality;
(ii) Firm employment satisfies (6); (iii) Housing production satisfies (12) .

The difference in the two lies in the fact that in the demand-determined equilibrium,
firms do not satisfy their optimal input decision and in the supply-determined equilibrium,

households do not satisfy their optimal demand for housing.

In Section 2, we defined the fixprice equilibrium in our baseline model without production.
With production, the fixprice competitive equilibrium is identical except that condition (iii)

is replaced by landlords’ housing supply as given by:

hy = hT? (M) = (A.3)

el

and condition (iv) becomes © = s/h,,. Note that when ¢ = 0, we recover the case of inelastic

housing supply.

We now show that our fixprice competitive equilibrium with search mimics an equilibrium

with a “short-side” rule:

Proposition A2 (Short-side rule). Consider a given monetary policy M. Define hq and hs as
the housing allocation in the demand and supply determined equilibrium and let h, denote the

housing allocation with search frictions. Then h, < min(hg, hs) and lim, o h, = min(hqg, hs).

Proof. Using (3) and (5), the demand-determined housing allocation is given by the following

equilibrium condition:

From (12), the supply-determined housing allocation is given by:
OB\ T
__1 -
hs =h'"% | = A5
(%) (A5)

The housing allocation with search frictions {h,, ©, h,} satisfies (A.3), © = s/h" and

w
(%)H&—i—(l—w)ﬁ

hy =



Since p/f(©) > 0, we also have h, < hy. In addition, using (A.5) and (A.3), we arrive to

1

hp = g(©)77 hs.
Since the matching function satisfies 0 < ¢ (©) < 1, then h, < h, < hy. It thus follows that
h, < min(hg, hs).

It remains to show that as p — 0, h, — min (hg, hs). When hq > hy, it is sufficient to
show that ©® — oo as p — 0. Combining the equilibrium conditions that determine the

housing allocation with search frictions and using the definition of hg, we have that:

w 1—wR

- (1 —w) .
TR ARG (A.6)
wow gy P .

ig(@)ﬁhs hq S (©) (A7)

The left-hand side of the equation is strictly positive when hy > hs, given that g(©) < 1
and ¢ < 1. Therefore, for the right-hand side of the equation to remain strictly positive,
f(©) — 0as p— 0. This implies that © — oo and ¢ (©) — 1 as required.

Consider the alternative case with hs > hy, and consider equation (A.7) above. For given
p > 0, the search cost term (1 —w) p/f(O) is strictly positive. Since 0 < g(©) < 1 and

hq < hg, there exists a unique ©4 such that:
g (@d)ﬁ hs = hq

Rearranging (A.7), the limit for © as p — 0 requires that either f () — 0 or:

By contradiction, assume f (©) — 0. Then © — oco. However, then it must be the case that
if © > Oy, then g (@)ﬁ hs > hg, a contradiction. Thus, the only possibility is © — ©, and,
therefore, h, — hq as required. O
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B State-space model of rent pass through

The heart of the system to be estimated is

X =(1=080)1=OXs+ (xB+ (1= X)R;) [£(1 — 6)hy + f(Or)s]
Rt == Xt+1/ht+17
hoor = (1= 0)hy + F(O))s.

To simplify the estimation, we will fix h, at steady state, which implies f(©;)s; = dh. We

may then rewrite the system as

1-90-¢ = (1—x) (6 +&(1—9))

Ry = - R;.
L—x(@+&0-06)"" " T—x(@+L1—-0) "
Define z; = R} /R, and)\:%. We then have
R, Ry
— = _ 1—M). B.1
Vo RN IR (B.1)

Now consider a steady state in which all rents grow at IT = exp{w}. We then have

1 1=
Z=——

A AT

Define hat variables such that for some scale s, Rf = szl exp{ R}, R, = sII’ exp{ﬁg}, and

2z = zexp{Z:}. We can then write (B.1) as
exp{ﬁit By = Xeexp{R; — R} |+ 7+ %) +1—\
Now take logs and linearize with respect to the hat variables:

=Ry =X (B = Riy+200). (B.2)

Empirical model We treat z;, and R, as unobserved states. The state transition for R,

is (B.2). For z;, we specify an AR(1) for the growth rate of Nash rents (denoted m; =
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log Ry —log R; | — ). The state transition equations are then

My = PmMi—1 + ¢, (B.3)

Ry =Ry + Xe(my + 2101) (B.4)

where ¢ is distributed N(0,02).

The BLS CPI Housing Survey records the rent on housing units at six-month intervals and
constructs the monthly inflation rate. We define monthly shelter inflation as the sixth-root of

the six-month change in R;:

shelter
Ht

I
=
\
NE
D
N————
=
(2]

ohelter _ (Rt —E—fs) i (B.5)

We use the Zillow Observed Rent Index (ZORI) as a measure of log R} —log R} | = my+mZillow.
We allow the ZORI to have a different mean growth rate 7#%°%_ Finally, we use the 4-quarter
change in the BLS New Tenant Rent Index as a measure of new rent growth. We define new
rents as Ny = xR + (1 — x)R;. Then 7)¥T% = log N; — log N;_15. In all, we have

Alog (CPI-shelter Index) qrohelter
y: = | Alog (Zillow Observed Rent Index) = | my + mZillow | 4wy, (B.6)
A1z log (BLS New Tenant Rent Index) TNTR

where w is a 3 x 1 i.i.d. Gaussian random variable.

In summary, (B.3)-(B.4) are the main state transition equations, and (B.6) encompasses
the observation equations. Constructing 7" requires six lags of &, and construction rNTR
requires 12 lags of log Ny, so we create an expanded system to keep track of those lags. The
model has 10 parameters: p and 4 standard deviations, 2 means, 9, y, and £&. We calibrate §
and ¢ and estimate y. We calibrate 72%°% to the mean growth rate of the ZORI before 2020.

The remaining seven parameters are estimated by maximum likelihood.

We use monthly data on the CPI-shelter price index from 1/2005 to 4/2024 and the Zillow
Observed Rent Index from 1/2015 to 4/2024. We use quarterly data on the 4-quarter change
in the New Tenant Rent Index from 2005Q21 to 2024Q1.
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C Additional data and results

C.1 Shelter inflation in G7 countries

Table C.1 shows core inflation and housing inflation across advanced economies. Shelter
inflation has also made outsized contributions in other advanced economies. Excluding
shelter inflation, core inflation in Canada would be close to zero; UK inflation would also be
significantly lower excluding shelter, despite excluding owners’ equivalent rent. By contrast,
the contributions are much more modest in both the eurozone and Japan, due to a combination

of lower weights and lower shelter inflation.

Table C.1: Core inflation and shelter inflation for the G7

Core inflation Shelter Shelter weight COZU’S());I:OH Inflation ex
inflati i 0 hel

(yoy) inflation (yoy) in core (%) inflation (pp) shelter (yoy)
US (PCE) 2.8 5.6 17% 1.0 22
US (CPI) 3.4 54 45% 2.4 1.9
UK 3.8 7.0 10% 0.7 3.5
Canada 2.7 6.4 37% 2.5 0.3
Japan 2.4 0.2 21% 0.0 3.0
Eurozone 2.9 33 11% 0.4 2.8

C.2 Alternative calibration without A°

In our baseline calibration, some households consume housing inelastically as parameterized
by h°. These households never separate from their home and never search. Here, we consider
an alternative case in which all households must search for housing so h° = 0. With this
change, we recalibrate § based on the same evidence as in our baseline but now assuming
that there is just one common value of § across all households. This leads to 6 = 0.007. We
also recalibrate ¥ lower to 0.55 so that model continues match the amount of effort spent
on search in steady state. As Figure C.1 shows, our results are largely unchanged in this

alternative calibration.
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Figure C.1: A permanent increase in w; with h® = 0.
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C.3 Calibration with common price rigidity across sectors

In this alternative calibration, we would like the flexibility in new rents to be the same as the
flexibility in goods prices. To accomplish this, we make several changes to our baseline model
to facilitate a more direct comparison with the Calvo frequency of price adjustment in the
goods sector. First, here we assume that when a rent is renegotiated, it is set to the Nash
bargained rent. Second, we set y = 1 so all new leases are set to the average outstanding
rent. Finally, we set the frequency of renegotiation to match the frequency of price changes in
goods. Specifically, renegotiation occurs with probability (1 — §)¢ while goods price changes
occur with probability 1 — 0 so we set £ = (1 —6)/(1 — §). With these changes, outstanding
rents update towards the Nash rent at the same speed that goods prices update towards
the optimal reset price. Moreover, all new leases are set to the prevailing rent just as in the
Calvo model purchases occur at the prevailing price. By this logic, the rigidity in rents is
now comparable to the rigidity in goods prices. Figure C.2 shows that our results continue
to hold in this “equal stickiness” calibration. This shows that our findings are due to the

difference in rationing mechanisms not differences in price rigidity.

We can now demonstrate that if goods prices are sufficiently more flexible than rents, then
our results can be overturned. Keeping y = 1 and £ fixed at the level from the paragraph
above, we now reduce # to a median price duration of 1.8 months, which is the price rigidity
reported by Klenow and Malin (2010) for durable goods—the most flexible major category
of spending. For reference, our baseline calibration assumes a median price duration of 8.3

months, so here we are making goods prices much more flexible than rents. Figure C.3 shows
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that optimal policy is now about midway between CPI targeting and goods inflation targeting.
In this case, optimal policy does not focus only on goods inflation, but it is still not optimal

to put as much weight on rents as the CPI does.

Figure C.2: A permanent increase in w; with equal price rigidity in both sectors.
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Figure C.3: A permanent increase in w; with more flexible good prices (1.8 months duration).
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C.4 The role of price dispersion

Stabilizing goods prices eliminates price dispersion between intermediate goods varieties. Is

this an important consideration in our optimal policy calculation? To answer this question,
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we perform a simple alternative calculation in which we fix A; = 1 and solve for the optimal
policy response to the permanent increase in w; as in Figure 5. As Figure C.4 shows, the
optimal policy remains close to goods inflation targeting. From this experiment, we conclude
that the optimality of goods inflation targeting is not driven primarily by concerns over price

dispersion within the goods sector.

Figure C.4: A permanent increase in w; in the absence of goods price dispersion (A, = 1).
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