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Abstract

Commercial real estate (CRE) is a major institutional asset class to which the banking sector

has considerable exposure. Because CRE prices tend to be smoothed it is hard to infer their

relationship with fundamentals. This is compounded by the presence of complicated underlying

dynamics. For instance, inflation acts to increase discount rates but may also be associated

with higher rental revenues. Thus it is difficult to sign the impact of inflation on CRE prices,

especially given that the dynamics of macro fundamentals periodically undergo regime changes.

Similar considerations apply to real economic growth and, by extension, interest rates. We

estimate a model consistent with rational expectations where monetary policy regimes impact

asset/macro fundamentals and are anticipated in prices. We find that real estate fundamentals

and prices vary with macro fundamentals and are highly sensitive to potential regime changes in

monetary policy. Correspondingly, information in real estate prices improves the identification

of monetary policy model parameters. Our model allows us to assess the impact of policy

regime changes, quantify sources of systematic risk in real estate, and price mortgages (which

are sensitive to the joint dynamics of interest rates and real estate prices).
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1 Introduction

Commercial real estate (CRE) can be loosely defined as real estate held for the purpose of deriving

income (through rental profits) and capital gains. This includes real estate rented to the residential

(apartment), office, industrial, and retail sectors, among others. Although publicly traded port-

folios of commercial real estate comprise less than 5% of the overall stock market, the asset class

represents roughly 15% of the private equity universe.1 The latter figure is commensurate with

recommendations for “optimal” portfolio allocation and is arguably consistent with its substan-

tial share of the overall economy.2 Despite its size, the relationship of CRE with macroeconomic

fundamentals does not appear to be well-understood. In particular, while the impact of monetary

policy on residential real estate prices has been well-studied (see, for instance, Iacoviello, 2005), to

our knowledge the same is not true of commercial real estate. In this paper, we attempt to better

pin-down how commercial real estate prices and fundamentals are influenced by monetary policy,

inflation, and nominal interest rates. We do this in a structural framework that is consistent with a

rational expectations equilibrium (REE) in which investors set prices by attempting to anticipate

the impact on cash flow fundamentals of monetary policy, inflation, nominal rates and the output

gap. There are multiple reasons why this is important for policy makers, lenders, investors, and

consumers.

Why is this research question important?

To understand why a better grasp of the relationship between macro-fundamentals and CRE prices

is of keen interest to policy makers (and, in particular, monetary policy makers), it is useful to recall

1The first figure comes from https://www.reit.com/investing/investor-resources/

gics-classification-real-estate who cite S&P Dow Jones Indices and MSCI FactSet as the source for
the data, and the second figure comes from The rise and rise of private markets: McKinsey Private Markets Review’.

2The Board of Governors of the Federal Reserve System reports that there is more than $50 Trillion dollars worth
of real estate in the United States. Of this, just over 50% correspond to owner-occupied residential assets. Because
CRE is primarily held by private actors, it is hard to estimate how much of it there is. A rule of thumb used by some
practitioners is that the stock of assets in developed countries that is comparable to CRE held by large institutional
investors amounts to roughly half of GDP (see PGIM Real Estate’s A Bird’s Eye View of Real Estate Markets: 2017
Update). It is further estimated that only one third of that amount is actually held by large institutional investors. In
the US, this would amount to a stock of $9 Trillion of which $3 Trillion would already be held by large institutional
investors.
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that a major devaluation in CRE prices played a key role in the Savings and Loan crisis of the late

1980s and early 1990s. The Federal Government’s response to the massive systemic bank failures

stemming in large measure from non-performing CRE loans was the creation of the Resolution

Trust Corporation, whose goal was the orderly liquidation of collateral from non-performing loans.

Concern about the risk of similar contagion, and the need for better understanding of CRE price

dynamics, recently prompted the President of the Federal Reserve Bank of Boston to say (remarking

specifically about CRE) that “...for almost any asset category, positive trends can sometimes evolve

into prices that increase more than fundamentals justify. It is very hard to distinguish how much

of the price gain is the result of the favorable fundamentals, and how much reflects an abundance

of optimism by investors.”3 Because the approach we take to examining relationships between fun-

damentals and prices is consistent with a REE, we are better able to distinguish prolonged periods

when prices are not consistent with fundamentals as well as conduct counterfactual experiments.

Indeed, our model estimates imply a historically large departure of commercial real estate prices

from fundamentals starting in early 2006 and peaking around mid-2007.

Correspondingly, lending institutions whose financing is heavily influenced by monetary policy

hold a great deal of debt collateralized by CRE (either explicitly or implicitly). The relationship

of this collateral value to funding costs is clearly of vital interest to such institutions, especially

when it comes to assessing portfolio risk. Our modeling framework can be used to quantify the risk

associated with well-diversified CRE portfolio over arbitrary horizons. For more context, consider

that roughly $4 Trillion of lending is directly secured to CRE.4 This only accounts for loans directly

secured to CRE and likely understates the lending market’s exposure to CRE — senior unsecured

lending has an implicit claim on firm-level real estate assets that would appraise as CRE (this

includes real estate investment trusts), and in many cases real estate forms the bulk of a business

entity’s tangible assets.5. It is also worth mentioning that CRE mortgages are disproportionately

3The quote is taken from a May 9, 2017 speech by Eric S. Rosengren, “Trends in Commercial Real Estate”,
addressing conference attendees at NYU.

4This figure comes from Table L.217 of the Financial Accounts Guide published by the Board of Governors of the
Federal Reserve System. It includes “non-residential commercial” and multi-family (rental apartment) real estate
assets.

5See Tuzel (2010); Cvijanović (2014).
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held by regional banks — CRE loans represent the 35% (8%) of all loans for banks with assets

under $10B (greater than $1T) — suggesting that shocks to this asset class could propagate quickly

in the real economy.6

It is likely self-evident that investors care about the above-discussed issues facing policy makers

and lenders . Beyond that, some practitioners view real estate investments as hybrid fixed-income

securities. A particularly vivid yet somewhat anecdotal example for this is the so-called “taper

tantrum” episode in the late Spring of 2013, when the US Federal Reserve Chairman Ben Bernanke

announced the Fed’s intention to unwind quantitative easing. The announcement is alleged to

have affected real estate investment trusts (REITs) more negatively than other stocks, and REITs

lost more ground relative to non-REIT stocks as the economy continued to improve that Summer

and the Fed re-iterated its intentions.7 Some practitioners also argue that real estate investments

provide a good hedge against inflation. The argument typically given is that as overall prices are

increased, rents too will be escalated. Academics, on the other hand, have struggled to find a simple

relationship between real estate prices and interest rates or inflation (E.g., see Hartzell, Hekman,

and Miles, 1987; Liu, Hartzell, and Hoesli, 1997; Peyton, 2009). Efforts to link these variables have

been confined to linear regressions without economic constraints on how fundamentals interrelate.

Our paper contributes to this literature by re-visiting these questions within a REE-consistent

framework.

In equilibrium, residential housing values are linked to the rental market, and thus commercial

real estate. This is because renting and owning are (imperfect) substitutes for satisfying demand

for housing services. The implication is that valuations in the two markets cannot be decoupled.

Thus an understanding of CRE price dynamics does carry over to helping understand housing

price dynamics, and consequently consumer household wealth. An important challenge in this

literature, however, is the lack of key data. While an impressively large time-series panel of house

prices is readily available, such data cannot be easily complemented with underlying cash flows.8

6This figure comes from an industry publication, the Yardi Matrix Bulletin (July 2018), titled “Regional/Local
Banks Eat More of the Commercial Mortgage Pie: When is Enough?”.

7To our knowledge, there is no definitive proof of a causal link between the Fed announcements and REIT returns
over this period. One attempt at this is Lee (2016).

8Researchers may use “imputed rent” to substitute for actual cash flow but, even beyond the obvious measurement
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An advantage of working with CRE is the potential availability of both cash flow and prices. By

using cash flow data to help pin down price movements, one may be better able to tie down the

relationship between prices and fundamentals. To the extent that such relationships qualitatively

carry over from residential CRE to owner-occupied homes, our work is also relevant to the literature

on consumer and household finance.

Paper synopsis

We estimate a model that combines two important economic features: (i) The feedback between

monetary policy for short-term interest rates, inflation, expected inflation, and the output gap; and

(ii) “No-arbitrage” dynamic asset-pricing in which current prices correspond to discounted future

cash flow. In the model, the discount rate varies with the nominal rate, while cash flow growth rates

vary with inflation and the output gap (we also allow for some time-variation in risk-premia). Prices

combine the two in a highly non-linear and forward-looking fashion. In particular, the three main

macro variables are influenced by monetary policy, which in turn is anticipated in prices. Finally,

time-varying cash flow volatility influences prices through Jensen’s inequality. The estimated model

itself is a variant of Bikbov and Chernov (2013), who reason that combining a REE-consistent

monetary policy model with observed bond prices can lead to improved identification of both

model parameters and monetary policy regimes.9 By adding other asset prices to the estimation,

together with corresponding state-dependent cash flows, we are able to simultaneously estimate

monetary policy regimes, cash flow (and price) sensitivity to macro variables across regimes, and

pricing errors. The linking of prices to fundamentals (macro variables and cash flow) permits an

analysis where one can point to periods where the former depart from the latter.

We are led to the suspicion that monetary policy regimes might be important to understanding

CRE prices by the following fact. A regression of the ten-year treasury yield on inflation exhibits

a regime break between data from the 1990’s and the following period (the regression coefficient

roughly halves in going from the earlier to the later period). Moreover, average CRE earnings yields,

error, this does not net out renovations and additions.
9Clarida, Gali, and Gertler (2000) and Bianchi (2013) also find strong evidence of regimes in monetary policy.
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known as capitalization rates or “cap rates”, co-moved very little with treasury bond yields and

inflation in the earlier period, but the co-movement became large and highly significant afterwards

(positive for bond yields and negative for inflation).10 In a Gordon-Williams growth model, cap

rates are equal to the difference between discount and income growth rates. If real estate income

growth co-moves strongly with inflation then whenever discount rates are also highly sensitive to

inflation (a “Hawk” regime) the discount and growth effects wash out and cap rates would be less

sensitive to moves in inflation or yields. When discount rates are relatively insensitive to inflation (a

“Dove” regime), the same reasoning would predict for cap rates a positive sensitivity to interest rates

and a negative sensitivity to inflation. While the former intuition may be appealing in explaining

why cap rates were insensitive to interest rates and inflation before 2000 and highly sensitive

afterwards, it is somewhat ad-hoc in selecting only a single regime break-point. Another cause

for concern is that the intuition builds on the Gordon-Williams growth model while is inherently

static, while monetary policy is dynamic. If CRE prices react to monetary policy, then it must be

that investors also anticipate monetary policy and that this feeds back into CRE prices (i.e., cap

rates). The only way to test and measure this is to estimate a model of dynamic monetary policy

and asset prices. This is what we attempt to do in this paper.

The monetary policy model we use can be viewed as a regime-switching VAR with constraints

on the coefficients that arise from REE considerations.11 We allow monetary policy to switch

between high and low sensitivity of interest rates to inflation, corresponding to an “active” (or

“hawk”) versus “passive” (or “dove”) regimes. Following Bikbov and Chernov (2013), we also

allow for the possibility that monetary policy implementation may at times be flexible (or “loose”)

versus “rigid” (or “tight”), and model this as high versus low interest rate volatility regimes. The

inflation sensitivity and rate volatility regimes are assumed to be independent of each other.

10A break point can be found in 2000q4 via a supremum Wald test. Bianchi (2013) estimates a more sophisti-
cated model that suggests a monetary policy regime change in 1999Q3. The two dates yield similar results for the
relationship between treasury bond yields, inflation, and cap rates.

11In a REE, the output gap, inflation, and nominal rates depend on the expectations of market participants and
the monetary authority for future output gap, inflation, and nominal rates. In other words, the VAR structure is
augmented with forward-looking components which must be integrated out. An arbitrary VAR will not necessarily
correspond to a REE, hence the need for constraints.
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We model real estate income fundamentals as depending contemporaneously on inflation, the

output gap, and lagged income. Given such a dependence, the monetary policy model pins down

discount rate dynamics and therefore the present value of cash flows (i.e., prices). We use income

and price data from three large real state asset portfolios consisting of apartment, office, and

industrial assets. In addition, as in Bikbov and Chernov (2013), we use price data on 2-, 5-, and

10-year treasury strips. Our maximum likelihood estimation finds the set of model parameters that

best links prices to fundamentals while fitting the joint dynamics of macro fundamentals.

Our model is able to fit bond prices with an error roughly comparable to that found in Bikbov

and Chernov (2013).12 Real estate asset pricing errors vary from 5% to 7% for office properties.

Generally, we find significant positive (resp. negative) sensitivity to the output gap (resp. inflation)

across all real estate asset cash flow. An OLS analysis of real estate cash flow dependence on macro

fundamentals yields similar results for the output gap, but insignificant loadings on inflation. This

highlights the disadvantage of analyzing cash flow growth fundamentals without also including

price information. It is important to add that real estate income is generally positively associated

with inflation using univariate measures of association but, because inflation and the output gap

are positively correlated, in a multivariate analysis the loading on inflation declines and is even

negative.

The model estimates can be used to study the impact of monetary policy regimes and their

changes on asset prices. Consistent with the intuition given earlier, an active (passive) monetary

policy tends to be associated with higher (lower) cap rates. In the estimated model, real estate

prices are lowest when monetary policy actively targets inflation and an overheated economy, but

the policy is only loosely or “flexibly” applied (leading to above-average interest rate volatility). The

mirror image situation — a passive regime targeting a low rate and low rate volatility — exhibits

the highest real estate prices. Model estimates are consistent with the view that the last decade has

12Treasury bond pricing errors under the model that includes information from real estate portfolios are around
0.40%. Without the real estate portfolios ((i.e., the Bikbov and Chernov, 2013, model)) the pricing error is around
0.26%. As seen in similar studies (e.g., Chiang, Hughen, and Sagi, 2015), the fit to prices tends to erode with the
addition of more assets in the estimation. This is because, despite the addition of more model parameters, the same
basic fundamentals are required to explain a greater range of dynamics.
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been, on average, characterized by such a passive-rigid regime. Thus a key model insight is that

well-defined regime shocks can dramatically impact prices. For instance, in expectation, moving

from an active-flexible to a passive-rigid regime leads to a 100-150 basis decline in cap rates (and

a corresponding large increase in prices). Moving the other way leads to higher cap rates although

the effect is (on average) a bit more muted. Finally, we study the impact of monetary policy

regimes on mortgage spreads. Here too we find that the most pronounced impact comes from a

well-defined active/passive policy change, associated with as much as a 100 basis point change in

spreads. In summary, changes in monetary policy, both those anticipated and those that actually

occur, appear to have a profound impact on CRE and CRE derivatives (e.g., mortgages).

2 Literature Review

Regime changes in monetary policy

Identifying monetary policy regimes is not an easy task. Sims (2001) argues that by checking

for parameter instability in single-equation models or reduced-form regressions, economists are less

likely to gain valuable economic insights because they are attempting to draw inference from a

misspecified model. Said differently, a well-specified model should include the anticipatory influ-

ences. On the other hand, when estimating structural MS-DSGE models that employs the rational

expectations (RE) assumption, the estimated parameters tend to be poorly identified.

There exists a large literature that attempts to answer the question, “did a change in the

way monetary policy was conducted during the 1980s contribute to the reduction in volatility of

inflation, & economic growth during that same period”. Clarida, Gali, and Gertler (2000) (hence

CGG) test for instability of a forward-looking monetary policy rule in the spirit of Taylor (1993).

The authors find that prior to 1979:Q3, the US monetary authority’s response to changing inflation

expectations to be less than unity. During the the Volcker-Greenspan era, the authors find that the

central bank raised interest rate more than one-for-one with inflation expectations. Their findings

suggest that during Arthur Burns’ reign of chairman of the Fed was characterized by destabilizing
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monetary policy that coincides with a period of a high volatility of economic fundamentals. In

contrast to the Burns era, the Volcker-Greenspan era was stabilizing and coincides with a period

of low volatility of economic fundamentals.

This paper is related to studies in the vein of CGG, that opt to use structural multivariate

DGSE models to capture monetary policy regime changes, as opposed to the single-equation used

by CGG. Early examples include Lubik and Schorfheide (2004) and Sims and Zha (2006).13

Asset pricing and monetary policy

Rudebusch and Wu (2008) as well as Bekaert, Cho, and Moreno (2010) connect an affine

no-arbitrage model of the term structure of interest rates to a hybrid small-scale New-Keynesian

model similar to the one used in this paper but without allowing for multiple independent regimes.

Similarly, Bikbov and Chernov (2013) attempt to employ the term structure of interest rates to get

sharper estimates on a Markov-Switching New-Keynesian model allowing for the monetary policy

rule parameters, the volatility of the output gap & inflation, and the volatility of short-term nominal

interest rates to all switch independently of each other. The authors find the econometrician’s ex-

post probability of being in a given monetary policy regime is much sharper in the model that

includes select terms of the yield curve. Theirs is used as a starting point for our model, as it

addresses Sims (2001)’s concern that models of monetary policy that ignore heteroskedasticity

while allowing for parameter instability are prone to be spurious.

Real estate and macro fundamentals

Plazzi, Torous, and Valkanov (2010) test predictions about CRE cap rate implied by the

Dynamic Gordon model of Campbell and Shiller (1988), which posits that the cap rate is a function

of the future expected path of returns, or future expected path of rental growth rates (i.e., cap rates

should predict future returns or future rent growth). In a cross-sectional analysis Plazzi, Torous,

13In support of employing stochastic monetary policy regime changes, Sims and Zha (2006) write that “policy
changes, if they have occurred, have not been monotonic, and they have been difficult to detect. Both the rational
public in our models and econometricians must treat the changes in policy probabilistically, with a model of how and
when the shifts occur and with recognition of the uncertainty about their nature & timing.”
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and Valkanov (2010) find that certain classes of cap rates do predict either rental growths or future

returns, but the predictability is dependent on how returns co-vary with rental growth rates. In a

related study, Plazzi, Torous, and Valkanov (2008) find that the cross-sectional dispersion of CRE

cap rates is related to macro fundamentals.

Using data from a US CRE fund, Hartzell, Hekman, and Miles (1987) find that imputed

quarterly portfolio returns are positively related to both expected inflation and inflation shocks over

the (highly inflationary) period 1974-1983. Perversely, securitized real estate (i.e., REITs) appear

to have the opposite relationship with inflation and there is some evidence that this difference is

linked to feedback with monetary policy (Liu, Hartzell, and Hoesli, 1997).

3 Data & Basic Statistics

3.1 Data

We employ data from the US from years 1992:Q1 to 2014:Q2. The output gap is constructed from

a quadratic detrending of log real GDP per capita from FRED. We use the annual log-change of

personal consumption expenditure (PCE) obtained from FRED to instrument for inflation because

it is widely believed that the FED targets this measures in setting its monetary policy.14 The

continuously compounded annualized Fama-Bliss return on a 3-month ZCB is used for the short-

term rate of interest (the “short rate”).

Real estate (unlevered) property value and net operating income (NOI) growth data is from the

National Counsel of Real Estate Investment Fiduciaries (NCREIF) and corresponds to constituent

properties of the NCREIF Property Index. Each quarter, the NCREIF property data is aggregated

for three distinct real estate asset categories: Apartments, Industrial, and Office.15 Cap rates are

calculated for each quarter-category by dividing the aggregated property values reported for the

14See https://www.federalreserve.gov/newsevents/pressreleases/monetary20120125c.htm.
15Data for retail CRE properties are also available from the NCREIF. Because of highly variable standard errors

in estimates of the average NOI growth across the NCREIF retail properties portfolio, we elect not to use it in our
estimation.
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end of that quarter by the trailing four quarters of NOI (including the current quarter’s NOI).

Although cap rates are supposed to be forward-looking (i.e., employing expectations for next year’s

NOI), this number is not available and the discrepancy can be viewed as part of the estimated

measurement error. Income growth is calculated from quarterly NOI.16 Although NCREIF data is

available as early as 1978q1, the number of properties is significantly smaller in the earlier period.

Figure 1 demonstrates that the data is quite noisy prior to the early 1990s. In our analysis we

employ data starting in 1992q1.

Figure 2 provides visual evidence for the substantial co-movement of cap rates across asset

categories. It is also clear that the cross-sectional dispersion of cap rates is time-varying suggesting

that the different asset categories have different sensitivities to macro-economic factors. Table 1

documents summary statistics for the panel variables before and after the monetary policy regime

break identified in Bianchi (2013). The νi’s denote income growth rates while the ci’s denote

cap rates (i.e., earnings yields). The subscripts A, I, and O respectively denote “apartments”,

“industrial”, and “office”. The short rate, ten-year strip rate, inflation, and output gap are denoted

as r, r10, π, and g. Asterisks correspond to cases in which the post-1999q3 mean or standard

deviation of a variable is significantly different from the corresponding statistic pre-1999q3. While

there is no clear evidence that cash flow variables underwent a significant change, real estate cap

rates have declined across the board in the post-1999q3 period. As mentioned in the introduction,

this decline in cap rates has been accompanied by a decline in interest rates, while inflation has

remained more or less steady (though perhaps more volatile).

Table 2 documents the correlations of the panel variables before and after 1999q3. The second

panel identifies correlation coefficients that are significantly different from those in the first. Several

patterns emerge. The relationship between real estate prices (as represented by cap rates) and

macro fundamentals seems to have undergone a significant change. This is especially pronounced

for the ten-year rate. Earning growths also experienced a change in their relationship with macro

fundamentals, but this seems to be primarily mediated through the output gap. Finally, as expected

16Seasonality in the income growth series is not, overall, statistically significant.
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with a persistent shift from an active to a passive monetary policy regime, the relationship between

long-term rates and inflation declined significantly.

The summary statistics provide suggestive evidence that the dynamics of both cash flow and

prices underwent a regime change along with macro fundamentals. Moreover, given that prices

correspond to discounted cash flow, the documented changes in the summary statistics were likely

mediated through both the cash flow growth and discount rate channels. However, the summary

statistics on their own do not provide a sense of whether/when prices reflect fundamentals and

through what channel. To address such questions one must employ some sort of model that ties

fundamentals to prices. To fit the data well, a model would also have to capture the changing

relationships between the price and fundamental variables. In the next section we describe such a

model.

4 Model

We employ an extension/variant of the Markov-switching rational expectations model proposed in

Bikbov and Chernov (2013). The model connects a small-scale New-Keynesian framework to asset

prices.

4.1 Macroeconomic Dynamics

Our specification of the macroeconomic dynamics allow for a simultaneous system of equations

that are both forward- and backward-looking. The former provide consistency with a rational

expectations paradigm (see discussion in Bikbov and Chernov, 2013). The variables of interest

are the output gap (gt), the inflation rate (πt), and short-term interest rate (rt). To match the

granularity of the time-series panel we choose the continuously compounded annualized yield on
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the 3-month risk-free bond to proxy for rt.

(IS) gt = mg + (1− µg)gt−1 + µgEtgt+1 − φ(rt − Etπt+1) + σgε
g
t

(PC) πt = (1− µπ)πt−1 + µπEtπt+1 + δgt + σπε
π
t (1)

(MP) rt = mr(s
m
t ) + ρ(smt )rt−1 + α̂(smt )Etπt+1 + β̂(smt )gt + σr(s

d
t )ε

r
t

Where εit ∼iid N(0, 1) ∀i ∈ {g, π, r}, ∀t ∈ {1, . . . , T}.

The investment/savings (IS) relationship tells us current economic growth is a function of

prior economic growth, agents’ expectations for future economic growth (conditional on today’s

information set), and the expected effective real rate next period. This captures the widely held

notion from macroeconomic theory, that a high cost of capital decreases economic growth through

lower investment. The Phillip’s curve (PC) reflects the persistence of price growth (through lagged

inflation), the influence of an economy below its potential (negative output gap) is to reduce

inflation through higher unemployment, and the notion that current prices anticipate higher future

prices. Note that this equation implies that the unconditional expected value of gt is zero. The

monetary policy rule (MP), similar to that used in Clarida, Gali, and Gertler (2000), assumes that

the monetary authority responds to inflation expectations and economic growth.

We assume the presence of two types of regime state variables, smt and sdt , where sit ∈ {0, 1}

for i ∈ {d,m}. Thus, at each point in time the macro-economy can be in one of four regimes

corresponding to the pair, St = (smt , s
d
t ). The regime driving changes to the monetary policy

response, smt , allows for the simultaneous change of the short-rate drift, mr(s
m
t ), the interest-rate

smoothing parameter, ρ(smt ), the response to inflation expectations, α̂(smt ), and the response to the

output gap, β̂(smt ). The regimes associated with sdt only impact σ(sdt ) and correspond to changes in

the discretionary component to monetary policy by capturing different possible levels of tolerance

by the monetary authority for deviations from its rule.17 We assume that each of smt and sdt follows

17To capture the period before the so-called “Great Moderation”, Bikbov and Chernov (2013) also include a third
regime state variable that impacts the volatility of the output gap and inflation. None of our data precedes the Great
Moderation. Moreover, a White Test on the volatility of the output gap and inflation during our sample cannot reject
the null hypothesis of homoskedasticity at the 10% significance level. We therefore dispense with this third regime.
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an independent (but not identical) 2-state Markov chain.

All macro-economic dynamics in the model are driven by the state vector xt = (gt, πt, rt), and

the Markov regime St. Assuming a transversality condition, Cho (2016) establishes that the system

of equations in (1) can be expressed in VAR form as

xt = m(St) + Φ(St)xt−1 + Σ(St)εt+1, (2)

where for each realization of St the VAR parameters (m(St), Φ(St), and Σ(St)) satisfy non-linear

restrictions.18 The non-linear restrictions arise through the forward-looking components when one

plugs (2) in (1).

To price assets that depend on xt, one must also specify the dynamics of a risk-adjusted (i.e.,

“risk-neutral”) version of (2). Following Bikbov and Chernov (2013) and the literature on affine

term-structure models (e.g., Duffee, 2002), we assume that risk premia can be a time-varying linear

function of xt and the risk adjusted dynamics of (2) are given by

xQt = mQ(St) + ΦQ(St)xt−1 + Σ(St)ε
Q
t , (3)

where

mQ(St) =m(St)− Σ(St)Σ
′(St)Π0

ΦQ(St) =Φ(St)− Σ(St)Σ
′(St)Πx,

The vector Π0 and matrix Πx are constant, while εQt is standard Normal under the risk-neutral

measure, Q.

18See also discussions in Bikbov and Chernov (2013) and Cho (2016).
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4.2 Asset Pricing

Consider a payoff of Dτ in quarter τ . Denote the present value of Dτ at period t < τ as

PVt[Dτ ] = Et[Mτ ,tDτ ] ≡ EQ
t [e−

∑τ−1
s=t rsDτ ],

where Et[·] denotes the expectation operator conditional on information at t, Mτ ,t is the state-

price deflator at t for payoffs at τ ≥ t, and EQ
t [·] is the expectation operator under the equivalent

martingale measure (i.e., risk-neutral expectations).

Consider now a sequence of payoffs, {Dτ}Nτ=t+1 such that

Et[
Dt+1

Dt
] = EQ

t [
Dt+1

Dt
] = eνt .

Here, νt can be interpreted as the growth rate of cash flow. This assumption in the equation above

implies that investors do not require compensation to level shocks of cash flows. Thus risk premia

can only be associated with shocks to the expected growth rates of cash flows.19 It follows that an

asset paying {Dτ}Nτ=t+1 will have present value of

PVt[{Dτ}Nτ=t+1] = Dt

N∑
τ=t+1

EQ
t

[
e
∑τ−1
s=t (νs−rs)

]
.

Hence, the price-earnings ratio of this asset becomes

Qt ≡
PVt[{Dτ}Nτ=t+1]

Dt
=

N∑
τ=t+1

EQ
t

[
e
∑τ−1
s=t (νs−rs)

]
. (4)

In the formalism above, the price of a zero-coupon bond (ZCB) paying $1 at period τ > t is

Bt,τ = EQ
t

[
e−

∑τ−1
s=t rs

]
, (5)

19This is consistent with the findings of the so-called “long-run risk” literature (starting with Bansal and Yaron,
2004) where dominant sources of risk premia are shocks to expectations of growth rates rather than level shocks. We
make this assumptions to reduce the number of priced shocks in the model.
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and the corresponding annual yield (assuming quarterly periods) is

yt,τ = − 4

τ − t
log(Bt,τ ). (6)

Let ln ξQs = νQs − rQs denote the distribution of νs − rs under the risk-neutral measure, Q. In

an appendix to their paper, Bikbov and Chernov (2013) suggest a way of calculating expectations

of the form appearing in (4) whenever ln ξs is Normally distributed conditional on the path of

Markov-switching variables. Their method is accurate up to about 40 periods (i.e., ten years).

Because rs satisfies this conditional Normality requirement, one can apply their method to pricing

bonds (which they do). One can also apply the same methodology to other assets as long as νQs also

preserves this conditional Normality assumption. To stay within this computational constraint, we

assume the following structure for real estate asset income. For a given sequence of asset payoffs,

identified by the subscript j, we assume that

νj,t = aj + γj,ππt + γj,ggt + ρjνj,t−1 + uj,t,

The shock uj,t is independent of the macro-fundamental shocks (the εt+1’s), is Normally distributed,

serially uncorrelated, and has conditional variance σ2j,u.

We further assume that the risk-neutral dynamics of νj,t are given by

νQj,t = aj + γj,ππ
Q
t + γj,gg

Q
t + ρjν

Q
j,t−1 − `j + uQj,t,

where `j,g is a risk-premium and uQj,t is Normally distributed with variance σ2j,u. These assumptions

guarantee that both ln ξs and ln ξQs are Normally distributed conditional on the path of Markov-

switching variables.

While the assets in which we’re interested (real estate and stocks) have an infinite payoff

horizon, we are only able to reliably compute EQ
t

[
e
∑τ−1
s=t (νj,s−rs)

]
up to about 40 quarters. To

overcome this additional difficulty, we borrow from the approach investors commonly take when
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calculating present values of long-lived assets. Specifically, note that one can write,

Qj,t =

K∑
τ=t+1

EQ
t

[
e
∑τ−1
s=t (νs−rs)

]
+ EQ

t

[
e
∑K−1
s=t (νs−rs)Qj,K

]
.

One can view Qj,K as a continuation value for Qj,t, K−periods in the future. We approximate Qj,t

by setting K = 39 (ten years out) and Qj,K ≡ Q∗j (a constant) in the second term. The constant,

Q∗j is calculated by solving

Q∗j =
K∑

τ=t+1

EQ
[
e
∑τ−1
s=t (νs−rs)

]
+ EQ

[
e
∑K−1
s=t (νs−rs)

]
Q∗j ,

where EQ[] corresponds to an unconditional expectation.

4.3 Additional model details and estimation procedure

The data set includes proxies for the state variables, xt = (gt, πt, rt), a vector yt of longer-maturity

treasury strips (2-year, 5-year, & 10-year), the observed (rather than expected) asset growth rates

νgj,t, and asset cap rates cj,t (with j = A, I and O). We assume that the short-term interest rate

is observed without measurement error, while the longer-term strip yields, earning growths, and

cap rates are observed with standard normal i.i.d. measurement error. We estimate the model

via maximum likelihood. For the macroeconomic state variables and regimes, and the treasury

securities, the approach loosely adheres to Bikbov and Chernov (2013).20 The estimation procedure

is constrained to parameterizations such that the forward solution exists, and the process conditional

on any regime is stable in the mean-square sense under both the physical, and risk-neutral measure.

Following Bikbov and Chernov (2013) we restrict δ, φ ≥ 0.

We assume that the correlations between the three real estate income growth rates can be

modeled via a loading on a single systematic factor:

uj,t = wj,t + σj,ZZt, j ∈ {A, I,O},
20See also, Dai, Singleton, and Yang (2007) and Ang, Bekaert, and Wei (2008).
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where Zt is a standard iid Normal variable that is independent of all other shocks in the model, wj,t

is an idiosyncratic component with variance σ2j,W , and real-estate risk premium is `j = λZσj,W .

Because expected growth rates and earnings yields (the νj,t’s and Qj,t’s, respectively) can only

be approximately observed, adding Normally distributed iid measurement error to this expression

results in

νgj,t −
(
aj + γj,ππt + γj,ggt + ρjνj,t−1

)
= σ2j,νε

ν
j,t + uj,t

− ln cj,t − lnQj,t = σ2j,Qε
Q
j,t,

where the ε’s correspond to iid standard Normal measurement errors and j ranges over A, I and

O. These expressions can be incorporated into the log-likelihood function in the usual way. Note

that to estimate the model we do not have to observe or filter uj,t as only its variance enters into

the likelihood function as described. Moreover, the variances of the uj,t’s (or subcomponents, in

the case of the real estate assets) can be identified because they appear in the covariance matrix

as well as the price levels through a Jensen’s inequality term.

Table 3 summarizes the model parameters. Due to the likelihood being highly non-linear,

we perform a search for the global maximum, constraining the VAR coefficient matrices (under

the physical and risk-neutral measures, respectively) to have eigenvalues smaller than one. We

generate a quasi-random Sobol grid of 1,000,000 nodes over a reasonable parameter space. We

then evaluate the likelihood of each point. An optimization procedure is then run using the nodes

with the highest 1000 likelihood values. The highest resulting likelihood is then the final parameter

estimate. Confidence intervals are then computed by simulating 1000 panels of the data using

the model parameter and re-estimating the parameters for each of the panels. This results in a

distribution of parameter that can be used to calculate a confidence interval.
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5 Model Estimation Results

We estimate two versions of the model. The first version, similar to the exercise undertaken by

Bikbov and Chernov (2013) only includes zero coupon bonds among the asset prices incorporated

into the estimation procedure (the TSM model). We then incorporate the three real estate portfolio

income and price series to the estimation (the CAP model).

Figure 3 depicts the latent regime variables in the TSM and CAP models. The most striking

element of the comparison between the two estimates is that the CAP model regimes are much

more persistent. The added stability can be attributed to the fact that the regimes now have to

explain both bond and real estate prices. One way to explain this is that in estimating the TSM

model the likelihood function introduces “spurious” regimes to better fit to bond prices. In the

CAP model, howver, these spurious regimes would signal dramatic shifts in real estate prices that

are not observed in practice. Thus, one may conclude that, beyond being influenced by monetary

policy regimes, real estate prices can be instrumental in identifying them.

Figures 4 and 5 provide a visual sense of the CAP model fit. Specifically, the macro state

variables (gt, πt and r) are tracked well by their one-step ahead forecasts. The fit to bond prices is

adequate (measurement errors of 40), but not as good as under the TSM model (not depicted in

the figure). This is consistent with other studies (e.g., Chiang, Hughen, and Sagi, 2015) in which

the fit to prices erodes with the addition of more assets in the estimation. This happens because,

despite the addition of more model parameters, the same basic fundamentals are required to explain

a greater range of dynamics.

The real estate income growth series on the right side of 5 (i.e., the νg’s) are closely tracked by

their forecasts conditional on πt, gt and lagged νgt (i.e., the ν’s). The fit to real estate cap rates (left)

is generally good, ignoring 2006q1-2008q4. The plots depict several periods during which the data

persistently departs from the model. This can be because some persistent factor is missing from the

model. For instance, it might be that during the recent prolonged episode of quantitative easing

(2015-2017), interest rate dynamics were unlike anything seen before and beyond the ability of
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our model to capture.21 Alternatively, prolonged departures between the model and prices might

arise whenever prices exhibit a more tenuous connection with fundamentals. Indeed, the most

pronounced example of this is furnished by the period between 2005-2010 when prices across all

asset categories were above their model values. While it is difficult to attribute a direct cause for a

difference between actual prices and prices generated by fundamentals through a model, examining

such differences can contribute to a discussion (e.g., among policy makers) that contemplates the

various influences at play.

Tables 4-7 report on the estimated model parameters for the TSM and CAP models. Estimates

of macro fundamental parameters are roughly in agreement across the two models. Generally, based

on the bootstrapped confidence intervals, we find significant positive (resp. negative) sensitivity

to the output gap (resp. inflation) across all real estate asset cash flow. An OLS analysis of real

estate cash flow dependence on macro fundamentals yields similar results for the output gap, but

insignificant loadings on inflation. This highlights the disadvantage of analyzing cash flow growth

fundamentals without also including price information. It is important to add that real estate

income is generally positively associated with inflation using univariate measures of association but,

because inflation and the output gap are positively correlated, in a multivariate analysis the loading

on inflation declines and is even negative.

Risk premium specific to real estate cash flow (i.e., net of the premium assessed via exposure

to inflation and the output gap) corresponds to σi,ZλZ . Across the three assets, the quarterly

systematic volatility, σi,Z , is close to 50 basis points (smallest for apartments). λZ = 1.39, this

amounts to a quarterly risk premium of about 40 basis points, or roughly 1.6% per annum. It is

possible that some portion of this risk premium is associated with the liquidity risk associated with

investing in physical real estate.

Finally, we conduct several tests to assess the extent to which it is important to jointly estimate

the macro and (real estate) asset pricing components of the model. First, we ask whether the data

can distinguish between CAP model estimates of the macro fundamental parameters and their

21There is no “zero lower bound” in our model, where the short-term interest rate, conditional onthe regime path,
has a Gaussian distribution.
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TSM counterparts. To that end, we compare the maximum likelihood of the TSM model with the

TSM-model likelihood calculated when the TSM parameters equal the CAP model estimates. The

resulting likelihood ratio test (Chi-Squared, with 34 degrees of freedom) rejects the null hypothesis

that the models estimates are the same with p < 10−10. In other words, including real estate

prices in a joint estimation profoundly changes the inference of the macroeconomic parameters.

Next, we constrain the macro fundamental parameters in the CAP model to their values under

the TSM model. We then estimate only the real estate asset fundamental parameters (listed in

Table 3) and compare the likelihood of the constrained and unconstrained CAP model estimates.

This likelihood ratio test (Chi-Squared, with 34 degrees of freedom) also rejects the null hypothesis

that the models estimates are the same with p < 10−10. In other words, real estate prices contain

information about macro fundamentals. This is consistent with the observation made earlier about

the smoothed empirically observed monetary policy regime in Figure 3. Indeed, while one cannot

reject the hypothesis that the dynamic discretionary (i.e., rigid/flxible — the two red-dashed lines

in the figure) regime variables inferred by the two models are equivalent, it is possible to reject

(p < 0.005) that this is so for the monetary policy regime (i.e., active/passive — the two blue solid

lines in the figure).

6 Real Estate Sensitivity to Monetary Policy

6.1 Price dynamics and regime “impulse response”

The model estimates can be used to study the impact of monetary policy regimes and their changes

on asset prices. Figures 6-?? depict the model behavior of expected cap rates based on the estimated

model parameters. Each period represents one quarter. In Quarter 0, the cap rate is initialized

to the expected value of macro-fundamentals conditional one of four regime combinations (Ac-

tive/Flexible, Active/Rigid, Passive/Flexible and Passive/Rigid). For each such combination, the

blue circles correspond to a baseline evolution. The red pluses and yellow stars correspond to

experiments in which at quarter 1 there is a single regime change. For instance, if in Quarter 0
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the regimes correspond to an Active/Flexible combination of states (top right panel in the figure),

then the plot with red pluses denotes the evolution of cap rates if in Quarter 1 there is a change to

a Passive/Flexible combination of states. This type of experiment is akin to an impulse response

function for cap rates.22

To obtain the plots, we first calculate the expected value of the macro state variables in each of

the eight combinations of regimes: {Passive, Active}× { Flexible, Rigid}. This is used to initialize

economy at Quarter 0. From this initial point, we simulate 40 quarters of data from the model

data generating process (under the physical measure) and plot the average cap rate. The impulse

response functions are generated by forcing the regime to change in Quarter 1.

The lowest cap rates across all asset types is associated with a Passive/Rigid regime where

monetary policy does not target inflation nor aim to curtail growth by increasing interest rates,

and the policy implementation is disciplined (exhibiting low rate volatility). According to Figure

3, this regime combination has been in place since roughly 2012. The regime combinations, Pas-

sive/Flexible and Active/Rigid, are largely “stable” in that cap rate forecasts are similar to current

cap rates. The regime combination, Active/Flexible, corresponds to a loose inflation-fighting regime

in which Fed rate decisions are less predictable and overall rates are above average. Sudden regime

changes can lead to cap rate changes of 100-150 basis points, corresponding to valuation changes of

15%-20%. Such sharp regime changes would be a rare occurrence as in practice (and in the model)

regime changes are probabilistic.23 Still, such jumps denote the impact on prices that a clear and

persistent policy chance is credibly communicated to markets. What this exercise demonstrates is

that monetary policy can have a large impact on real CRE prices.

22While there are possible regime changes, changing more than one of the sit’s at a time is a very low probability
event given the persistence of the independent regimes.

23The regimes in Figure 3 are smoothed, meaning that they represent what the policy would most likely have been
at any date in the sample given what we know about the entire sample. The prices calculated to fit the model and in
the estimation correspond to the filtered probability which represents investors’ best guess as to the current regime
(which is unobservable to both investors and the econometrician).
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6.2 Monetary policy and mortgage spreads

As mentioned in the Introduction, CRE mortgages represent a large proportion of regional and local

banks’ loan portfolios. Given that the underlying collateral has substantial exposure to monetary

policy shocks, it seems natural to ask the loan portfoios themselves might behave. We examine

separately loans secured by real estate portfolios corresponding to each of the three CRE asset types

studied earlier, and assume that each such portfolio has the same characteristics as our aggregate

time series. For instance, the apartment portfolio collateral has time series price governed by the

model dynamics in Section 5.

For the sake of simplicity, we consider a ten year “zero-coupon” mortgage, similar to a zero-

coupon bond secured by a portfolio of properties. This is akin to a principal-only mortgage pool

security. We also assume prohibitive prepayment penalties, so that the loan would not be prepaid.

For such a mortgage contract, the only material payoff date is at contract maturity. We can

therefore value such a contract by simulating the property prices and short rate of interest ten

years out under the risk-neutral measure and averaging the corresponding discounted payoffs.

To that end, consider a 10-yr forward claim on a property (the claimant has the right to the

property and its cash flow ten years from now). The value of this claim is

Ft = EQ
t

[
Vt+40e

−
∑t+39
τ=t rτ/4

]
,

where Vτ is the value of a property at date τ and Vt is normalized to one (Vt = 1).

Suppose the claimant borrows L×Ft at date t against this forward ownership claim, promising

to pay back at date t + 40 (in ten years). Here, L, is the loan-to-value ratio (LTV) and rt is

the annualized short-rate. The loan is non-prepayable. Because the claim pays no income until

date t + 40, it is sensible for the loan payment to occur only at loan maturity. To solve for the

annualized (continuously compounded) “mortgage” rate corresponding to this loan, one must solve
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the following equation for rm:

1 = EQ
t

[
min

{
e10rm ,

Vt+40

L× Ft
}
e−

∑t+39
τ=t rτ/4

]
.

To do this, we first simulate and store paths for Vt+40 and rτ under the risk-neutral measure.

Next, we calculate Ft as the average discounted simulated terminal value. Then for a range of

LTVs, we solve the equation above for rm and compare it with the yield on the 10-year strip yield

(which is just EQ
t

[
e−

∑t+39
τ=t rτ/4

]
).

As before, for each regime combination, we initialize the economy at contract inception to

the mean state variables conditional on the regime combination. The resulting mortgage spreads

(compared to risk-free 10-year zero coupon treasury bonds) are plotted in Figure 9. With mortgage

pricing, there is a tension between the size of the risk premium (high in the “A/F” compound

regime and low in the “P/R” compound regime) versus forecasted asset value (increasing in the

“A/F” compound regime and decreasing in the “P/R” compound regime). In the case of the “A/F”

(increasing-prices but high risk-premium) compound regime, the anticipation of increasing prices

and therefore lower default risk is the more dominant effect, and the mortgage spread is lowest

among all compound regimes at LTV’s lower than 85%. In the case of the “P/R” (or low-price and

high risk-premium) compound regime, the lower risk premia is balanced against the anticipation

of increasing prices and this leads to moderate mortgage spreads at all LTVs.

At high LTVs, the difference in spreads across extreme policy scenarios is between 75 and 100

basis points. Interestingly, apartment properties exhibit spreads that are comparable but slightly

higher than industrial properties. This somewhat contradicts existing evidence for standard CRE

mortgages (see, for example, Downing, Stanton, and Wallace, 2008), and may be the result of the

stylized aspect of the mortgage contract modeled here (i.e., it is a zero-coupon mortgage and the

collateral is the future value of the property). In addition, it is also important to keep in mind the

dominant role played by the Government Sponsored Enterprises (GSEs) in underwriting apartment

property mortgages. This may artificially lower their mortgage spreads relative to “fundamentals”
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(i.e., what they would be without an effective government “subsidy”). Thus, another role for the

model could be in modeling the impact of privatizing the GSEs on commercial real estate mortgages.

7 Conclusions

To be added later
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Fig. 1: NCREIF Apartment (a) cap rates and (b) NOI growth rates.

Fig. 2: NCREIF cap rates for the real estate investment categories studied.
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Fig. 3: Smoothed regime probabilities for the estimated TSM and full model.
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Fig. 4: Depiction of the model fit to the data. We exclude real state cap rate data from 2006q1-2008q4 in the estimation. The
top panel plots the macro state variables (output gap, gt; inflation, πt; short rate, rt) alongside the one-step-ahead model forecasts
(variables with “carets”). The bottom panel plots the various treasury strip prices (2-, 5-, and 10-year strip yields) against the
fitted model values.
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Fig. 5: Depiction of the model fit to the data. We exclude real state cap rate data from 2006q1-2008q4 in the estimation. The
panels on the left plot the model fit to the log of annualized price-to-NOI or “PD” ratio for each of the three RE investment
categories. The panels on the right plot NOI growth against expected NOI growth conditional on inflation, the output gap, and
lagged NOI growth.
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Fig. 6: Estimated model dynamics of apartment cap rates (earnings-to-price ratios). Each period represents one quarter. Quarter
0 is initialized to the expected value of macro-fundamentals conditional on the regime (the regime is labeled above each plot). The
blue circles correspond to the baseline estimate. The red pluses and yellow stars correspond to experiments in which at quarter 1
there is a single regime change (Active ↔ Passive, or Rigid ↔ Flexible).
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Fig. 7: Estimated model dynamics of industrial cap rates (earnings-to-price ratios). Each period represents one quarter. Quarter
0 is initialized to the expected value of macro-fundamentals conditional on the regime (the regime is labeled above each plot). The
blue circles correspond to the baseline estimate. The red pluses and yellow stars correspond to experiments in which at quarter 1
there is a single regime change (Active ↔ Passive, or Rigid ↔ Flexible).
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Fig. 8: Estimated model dynamics of office cap rates (earnings-to-price ratios). Each period represents one quarter. Quarter 0 is
initialized to the expected value of macro-fundamentals conditional on the regime (the regime is labeled above each plot). The
blue circles correspond to the baseline estimate. The red pluses and yellow stars correspond to experiments in which at quarter 1
there is a single regime change (Active ↔ Passive, or Rigid ↔ Flexible).



36

Fig. 9: Model-imputed default spreads on 10-year zero-coupon mortgages. The x-axis denotes loan-to-value (LTV) and the y-axis
measures spreads in percentage points over 10-year treasury strips. Each line corresponds to one of four combinations of the two
regimes state variables in the model. To calculate the mortgage values, the prevailing macro-fundamentals are assumed to be at
their expected value conditional on the regime.
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Table 1: Summary statistics for the panel variables before and after the 1999q3 monetary policy
regime break identified in Bianchi (2013). Asterisks correspond to cases in which the post-1999q3
mean or standard deviation of a variable is significantly different from the corresponding statistic
pre-1999q3. The µi’s denote income growth rates while the ci’s denote cap rates (i.e., earnings
yields). The subscripts A, I, and O respectively denote“apartments”, “industrial”, and “office”.
The short rate, ten-year strip rate, inflation, and output gap are denoted as r, r10, π, and g.

pre-1999q3 post-1999q3

Mean SD min max Mean SD min max

µA 0.023 0.029 -0.049 0.081 0.011* 0.023 -0.046 0.061
µI 0.009 0.033 -0.055 0.06 0.005 0.024 -0.05 0.081
µO -0.003 0.07 -0.158 0.174 0.001 0.035** -0.097 0.072
cA 0.084 0.003 0.075 0.088 0.057*** 0.012*** 0.044 0.081
cI 0.09 0.004 0.081 0.096 0.068*** 0.013*** 0.049 0.088
cO 0.085 0.005 0.072 0.094 0.063*** 0.014*** 0.043 0.087
r 0.045 0.009 0.027 0.058 0.02*** 0.02*** 0 0.062
r10 0.063 0.009 0.044 0.077 0.04*** 0.012 0.017 0.064
π 0.019 0.004 0.011 0.024 0.02 0.007** 0.002 0.033
g -0.001 0.005 -0.013 0.008 0.001 0.013*** -0.03 0.023

* p < 0.05, ** p < 0.01, *** p < 0.001



Table 2: Correlations of the panel variables before and after the 1999q3 monetary policy regime break identified in Bianchi (2013).
The second panel identifies correlation coefficients that are significantly different from those in the first. The µi’s denote income
growth rates while the ci’s denote cap rates (i.e., earnings yields). The subscripts A, I, and O respectively denote“apartments”,
“industrial”, and “office”. The short rate, ten-year strip rate, and inflation are denoted as r, r10 and π.

pre-1999q3

µI µO cA cI cO r r10 π g

µA 0.144 -0.195 0.401 0.508 0.595 0.231 0.103 0.197 -0.052
µI 0.02 0.133 0.35 0.235 0.481 -0.134 -0.319 -0.24
µO -0.334 -0.322 -0.324 -0.184 0.059 0.073 0.281
cA 0.886 0.899 0.444 -0.034 -0.017 -0.657
cI 0.912 0.604 -0.006 -0.044 -0.696
cO 0.496 0.067 0.118 -0.608
r 0.02 -0.442 -0.396
r10 0.669 0.089
π -0.098

post-1999q3

µI µO cA cI cO r r10 π g

µA 0.499 0.458** -0.211** -0.286*** -0.306*** 0.214 0.009 0.229 0.428*
µI 0.375 -0.052 -0.217** -0.222* 0.388 0.219 0.363** 0.462**
µO -0.064 -0.194 -0.216 0.214 0.145 0.155 0.263
cA 0.931 0.907 0.404 0.617** -0.127 -0.164**
cI 0.986*** 0.285 0.603** -0.137 -0.358*
cO 0.259 0.57* -0.057 -0.362
r 0.801*** 0.576*** 0.643***
r10 0.299* 0.294
π 0.606***

* p < 0.05, ** p < 0.01, *** p < 0.001
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Table 3: Model parameters. The macro fundamentals are modeled as in Bikbov and Chernov
(2013). There are two monetary policy regime variables: smt corresponding to a passive versus
active policy, and sdt corresponding to whether the monetary authorities are “Flexible” or “Rigid”
about adhering to their smoothed policy targets. We consider three real estate asset categories:
Apartments (A), Industrial (I), and Office (O). Asset cash flow expected growth rates are modeled
as νj,t = aj + γj,ππt + γj,ggt + ρjνj,t−1 + uj,t.

Parameter symbol # parameters Notes

macro fundamentals 34

mg 1 drift of g
µi 2 smoothing (i = g, π)
φ 1 output gap response to real cost of capital
σi 2 shock volatility (i = g, π)
δ 1 inflation reaction to output gap
Prob(sm|sm) 2 probability of staying in current regime (sm=Passive or Active)
Prob(sd|sd) 2 probability of staying in current regime (sd=Flexible or Rigid)
mr(s

m) 2 regime-dependent rate drift
ρ(sm) 2 regime-dependent rate smoothing
α̂(sm) 2 regime-dependent rate response to inflation

β̂(sm) 2 regime-dependent rate response to output gap
σr(s

d) 2 regime-dependent rate deviation from smoothed target
σy 1 pricing (measurement) error in bond yields
Π0,i 3 static risk premia (i ∈ {g, π, r}
Πx,ii′ 9 drift risk-adjustment (ii′ ∈ {g, π, r})

asset fundamentals 25

aj 3 asset income drift (j = A, I,O)
γj,π 3 asset income inflation sensitivity (j = A, I,O)

γj,g 3 asset income output gap sensitivity (j = A, I,O)

ρg 3 asset income autocorrelation (j = A, I,O)

σj,W 3 real estate income idiosyncratic volatility (j = A, I,O)
σj,Z 3 real estate common income shock exposure (j = A, I,O)
σj,Q 3 pricing (measurement) error in asset (j = A, I,O)
σj,ν 3 measurement error in expected asset income growth (j = A, I,O)
λZ 1 real estate risk Sharpe ratio (net of macro fundamentals)



Table 4: Parameter estimates: Macro dynamics. Bootstrapped 95 percent Confidence interval in are parentheses. The TSM model
estimates only include zero coupon bond price. The CAP model estimates incorporate information from real estate income and
prices. An active (passive) MP regime is denoted by “A” (“P”). A flexible (rigid) MP regime is denoted by “F” (“R”).

Macro Fundamentals
mg × 103 µg µπ φ× 102 δ × 102

CAP 0.74 0.53 0.53 0.07 0.39
(-0.04,1.86) (0.52,0.55) (0.51,0.54) (0.05,0.14) (0.32,2.15)

TSM 0.39 0.53 0.49 0.02 0.45
(-87.34,36.27) (0.53,0.61) (0.47,0.50) (0.02,1.63) (0.22,1.29)

Monetary Policy

mr(A) mr(P ) ρ(A) ρ(P ) α̂(A) α̂(P ) β̂(A) β̂(P )

CAP 0.09 -0.26 0.89 0.92 0.30 0.20 0.64 0.10
(-0.06,0.18) (-0.38,-0.18) (0.86,0.90) (0.90,0.93) (0.28,0.44) (0.18,0.27) (0.60,0.80) (0.09,0.14)

TSM -0.45 -0.58 0.98 0.98 0.29 0.26 0.06 -0.00
(-1.74,0.30) (-1.70,0.31) (0.97,0.98) (0.97,0.98) (0.28,0.47) (0.20,0.37) (0.05,0.10) (-0.02,0.02)

Volatilities
σg σπ σr(F ) σr(R) σy

CAP 0.565 0.250 0.985 0.298 0.397
(0.513,0.659) (0.234,0.321) (0.926,1.161) (0.267,0.390) (0.353,0.505)

TSM 0.56 0.25 1.16 0.35 0.26
(0.30,0.97) (0.19,0.34) (0.55,2.31) (0.19,1.13) (0.20,1.75)



41

Table 5: Parameter estimates: Macro risk premia. Bootstrapped 95 percent Confidence interval
in are parentheses. The TSM model estimates only include zero coupon bond price. The CAP
model estimates incorporate information from real estate income and prices. An active (passive)
MP regime is denoted by “A” (“P”). A flexible (rigid) MP regime is denoted by “F” (“R”).

Π0 g π r

CAP 0.44 1.04 -1.66
(0.28,0.66) (0.95,1.22) (-1.77,-1.43)

TSM 0.59 -3.2 -2.01
(0.35,0.99) (-3.57,-2.74) (-3.21,-1.32)

Πx g π r

g

CAP -0.15 -0.37 0.2
(-0.36,0.01) (-0.61,-0.27) (0.15,0.33)

TSM 2.26 -1.29 -2.18
(1.67,2.94) (-1.82,-0.22) (-2.75,-1.15)

π

CAP 0.72 0.73 -0.6
(0.64,0.99) (0.56,1.03) (-0.94,-0.46)

TSM 0.91 2.94 0.73
(0.45,2.01) (2.27,3.68) (-0.06,1.38)

r

CAP 0.58 0.64 -0.18
(0.38,0.72) (0.47,0.76) (-0.26,-0.13)

TSM -0.01 0.48 0.04
(-0.79,0.98) (-1.33,0.83) (-0.60,0.56)
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Table 6: Parameter estimates: Macro regime persistence (quarterly probability of remaining in
current regime). Bootstrapped 95 percent Confidence interval in are parentheses. The TSM model
estimates only include zero coupon bond price. The CAP model estimates incorporate information
from real estate income and prices. An active (passive) MP regime is denoted by “A” (“P”). A
flexible (rigid) MP regime is denoted by “F” (“R”).

CAP TSM

Active monetary policy regime variable smt
smt = A 96.98 97.39

(94.68,97.37) (95.51,99.86)
smt = P 97.52 92.70

(96.43,97.96) (83.59,99.86)

Flexible monetary policy regime variable sdt
sdt = F 98.26 93.41

(97.33,98.45) (87.57,98.84)
sdt = R 97.29 90.40

(95.33,97.69) (48.85,99.83)
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Table 7: Parameter estimates: Asset-market dynamics. The first three panels report estimated
income dynamics parameters. The last panel reports the Sharpe ratio of real estate risk net of macro
fundamentals. Bootstrapped 95 percent Confidence interval in are parentheses. The TSM model
estimates only include zero coupon bond price. The CAP model estimates incorporate information
from real estate income and prices. An active (passive) MP regime is denoted by “A” (“P”). A
flexible (rigid) MP regime is denoted by “F” (“R”).

Apartment

γA,g γA,π ρA γA,c × 103

1.31 -0.54 0.56 5.43
(1.26,1.55) (-0.83,-0.41) (0.47,0.70) (3.68,7.63)

σA,W × 102 σA,Z × 102 σA,Q × 102 σA,ν × 102

0.41 0.35 6.58 0.40
(0.35,0.53) (0.30,0.46) (5.46,8.01) (0.35,0.55)

Industrial

γI,g γI,π ρI γI,c × 103

1.20 -0.10 0.61 1.76
(1.07,1.46) (-0.42,0.03) (0.50,0.74) (0.48,4.11)

σI,W × 102 σI,Z × 102 σI,Q × 102 σI,ν × 102

0.49 0.27 5.18 0.50
(0.43,0.61) (0.22,0.40) (4.31,6.50) (0.44,0.62)

Office

γO,g γO,π ρO γO,c × 103

1.24 -0.33 0.69 3.38
(1.15,1.53) (-0.65,-0.14) (0.61,0.81) (2.08,5.81)

σO,W × 102 σO,Z × 102 σO,Q × 10w σO,ν × 102

0.53 0.24 7.14 0.55
(0.47,0.66) (0.21,0.39) (6.15,9.06) (0.49,0.69)

λZ
1.39

(1.06,1.46)
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