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Introduction

@ The collapse of real estate prices is a key factor contributing to the
2008 financial crisis.

e Macroeconomic models (e.g., lacoviello (2005), lacoviello and Neri
(2010), and Liu, Wang, and Zha (2013)) have emphasized housing
demand shocks that drive the comovement between real estate prices
and business cycles, especially between real estate prices and
investment fluctuations.

@ The micro evidence provided by Chaney, Sraer, and Thesmar (2012)
also finds that, over the 1993-2007 period, an increase in commercial
real estate value enabled a representative U.S. corporate firm to raise
investment significantly.

@ Their micro evidence suggests that shocks to commercial real estate
prices may have important effects on aggregate investment.
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Introduction

@ But one serious problem with housing demand shocks emphasized by
the existing macroeconomic models is their failture in generating the
large variations of the price-rent ratio, as these shocks drive the price
and rent fluctuations in a similar magnitude.

o Consequently, it also fails to generate the long-term prediction of
returns on real estate by the price-rent variations.

@ We need a different shock and a different mechanism in
macroeconomic models to link these key asset-pricing properties with
business cycles.
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Facts about commercial real estate prices

@ We first document several key facts about commercial real estate
prices that cannot be accounted for by the existing macroeconomic
models.

» Commercial real estate prices are often approximated by home prices in
the studies on investment (e.g., Chaney, Sraer, and Thesmar (2012)).

» We construct the time series of commercial real estate prices directly,
which is highly correlated with the home price series.

© The most important fact is the observed large variation of the ratio of
price to rent (the valuation ratio).

@ The real estate price is significantly more volatile than the rent and
the real economy.

© Price-rent variations have a power in predicting long-term returns of
real estate (Cochrane, 2011; Ghysels et al., 2013).

@ The price-rent ratio comoves with the business cycle.

Presentation of T. Zha Price-Rent Variations and Business Cycles September 14-15, 2017 4 /58



Financial and real volatilities (%)

Description Volatility Data
Investment std (A log I¢) 1.679
Output std (Alog Y:) 0.697
Consumption std (Alog C;) 0.444
Rental price std (Alog Ret) 1.245
Real estate price std (A log p:) 4171
Price-rent std (A log(pt/Ret)) 3.909
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Prediction of real estate returns by the rent-to-price ratio
at different horizons

Predictive regression: ry_ix = ag + a1 log (Ree/pt) + ek

Horizon Data (a1) Data (R?)
Quarter (year)
5 (2) 0.20 (0.07,0.33) 0.08
12 (3) 0.37 (0.20, 0.54) 0.15
16 (4) 0.58 (0.39, 0.78) 0.26
20 (5) 0.77 (0.58,0.96) 0.40
24 (6) 0.82 (0.65, 1.00) 0.50

Note: We report the OLS estimates of o and R?. The numbers in parentheses in the
column headed by “Data (co1)" represent the 90% confidence interval of the estimated
coefficient. The real estate return from t to t + k is defined as ri_, ¢k = log (Pes«/pt)-
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“PR" stands for the price-rent ratio and “RE" stands for real estate. The PR ratio is in log value and scaled
to make it visually comparable with the returns. The real estate return is over the five-year horizon. The
price-rent ratio is in log at time t.
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What do we do in this paper?

@ We develop and estimate a general-equilibrium model that embodies
three essential ingredients:
» discount-rate shocks as emphasized by Albuquerque et al. (2016),
» collateral constraints on firms (Kiyotaki and Moore, 1997; Bernanke,
Gertler, and Gilchrist, 1999),
» and the endogenous TFP mechanism (Moll, 2014).

@ The model links the real estate market with the real economy and
accounts for the following key facts.

» The real estate price fluctuates more than the rental price and the
business cycle.

» Price-rent variations have a power in predicting long-term returns of
real estate.

» The price-rent ratio comoves with the business cycle.
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Discount-rate shocks

@ Both macro and finance literatures have modeled discount-rate or
time-preference shocks (e.g., Eggertsson and Woodford (2003),
Cochrane (2011), Albuquerque et al. (2016), and Hall (2017)).

@ Discount-rate shocks are used in the finance literature to generate key
asset-pricing properties such as volatility and long-term predictability.

@ The finance literature focuses on the endowment economy.

@ When the production economy is introduced in the macroeconomic
literature, the asset-pricing implications of discount-rate shocks are
often unexplored and the discount-rate shock tends to generte the
opposite movements between consumption and investment (as agents
desire to save more and consume less in response to a positive
discount-rate shock).

@ For macroeconomic models, we show that the collateral constraint
and endogenous TFP are essential for mitigating the opposite
movements between consumption and investment and at the same
time accounting for the volatility and long-term predictability in the
real estate market.
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The production-economy model

@ The representative household maximizes its utility and accumulates
physical capital.

@ There are a variety of intermediate goods and each good is produced
by a continuum of identical producers.

@ There are a continuum of heterogeneous final-goods firms indexed by
idiosyncratic productivity shocks.

@ Final-goods firms trade real estate properties and rent out commercial
real estate to intermediate-goods producers.

@ Final-goods firms borrow against their real estate value to finance
working capital.
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Household

@ Maximizes the expected lifetime utility

NETY
1+v

)

Eo YO8 [Iog(ct —vCe1) —

t=0

e We follow Albuquerque et al. (2016) and introduce the discount-rate
shock ©;, which has become a key shock capable of explaining the
real estate price volatility and the business cycle.

@ The variables 0; = ©;/0;_1 and v are exogenous shocks to the
discount rates and labor supply:

log 0 = (1 — pg)log 0 + pglog O:—1 + opeq ¢,
log e = (1 — py)log ) + py log Yr—1 + oyey,:.

where ¢ and €y ; are i.i.d. standard normal random variables.
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Household

@ The household chooses consumption C;, investment /i, the capital utilization rate
ut, and bonds Bit1, subject to the intertemporal budget constraint

< welNy + Ut Rie Kt + Dt + B,

@ The variable Z; represents an aggregate investment-specific technology shock that
has both permanent and transitory components (Greenwood, Hercowitz, and
Krusell, 1997) and (Krusell, Ohanian, Rios-Rull, and Violante, 2000):

_ 7P P _ 7P
Zy = Z{ Ve, ZY = Z; 18z,

log gzx = (1 — p;) log gz + pz log(gz,t—1) + 0z¢z,
log vzt = P, log vz,t—1 + 0u,E0, .t

@ Investment is subject to quadratic adjustment costs (Christiano, Eichenbaum, and

Evans, 2005):
Q[ Ik 2
1- 2 (It—l 7gl) ] k.
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Intermediate-goods producers

@ There is a continuum of intermediate-goods producers.
» Each intermediate good j € [0, 1] is produced by a continuum of
identical competitive producers of measure unity.
» The representative producer owns a constant-returns-to-scale
technology to produce good j
* by hiring labor N (j), renting real estate property H;, and renting
capital K: (j) from households.
» Thus, the producer’s decision problem becomes
Nt(j),m?j))(,KtU) Pxe(7)Xe (j) — weNe(j) — ReeHe () — Rie Ke (),
* where X, (j) = A [Ktl"i’ ) H,?U)] “ N7 (j) and Px (j) represents

the competitive price of good j.
@ The aggregate technology shock A; consists of both permanent and transitory
components (Krusell et al., 2000; Aguiar and Gopinath, 2007)

At = A?l/at, Af = Af_lgaty
where the exogenous technology processes are

log gat = (1 — pa) log g2 + palog(ga,t—1) + 0acat,
|0g Vat = Pv, |0g Va,t—1 + Ov,Evy-
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Final-goods firms
There is a continuum of heterogeneous competitive firms.

@ Each firm i € [0, 1] combines a variety of intermediate goods x/ (j) to
produce final consumption goods with the aggregate production technology

1
Yi = ayexp (/ |ogX£(J')dj> ,
0

where ai represents an idiosyncratic productivity shock drawn independently
and identically from a fixed distribution with pdf f (a}) and cdf F (a}) on
the (0, co) support.
» Firm i purchases intermediate good j at the price Px; (j).
» The total spending on working capital is fol Pyt (j)xi(j)dj-
» The firm finances its working capital with the standard credit
constraint:

1
| Pu)<i)d < Aput
0

» One could introduce an exogenous shock to the credit constraint, but
it is shown by Liu, Wang, and Zha (2013) and Kaplan, Mitman, and
Violante (2016) that this shock cannot generate the variation and
persistence of real estate price that match the data.
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Final-goods firms
Firm i buys and sells real estate property as well as rents hi out to
intermediate-goods producers.

@ The firm's incomes come from profits and rents.

@ lts flow-of-funds constraint is given by

1
di+pe(hiyp1—hy) = y{—/ Px:(j)x¢(j)dj+Recthy, t > 0,with hj given.
0
@ Firm / maximizes the discounted present value of dividends

o]
B\ i
max EOZTdt,
t=0 'O

where d{ denotes dividends and 3tA;/Ag is the household's stochastic
discount rate.
@ The marginal utility of consumption is

@t e1.“—}-].

N = ——-— — BvEf————.
f C —vC BrE: Ciy1 —7GC
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Equilibrium

@ The markets clear for real estate, government bonds, and
intermediate goods:

/01 hidi = / H.(j)dj = 1,B; =0,
/0 )i = X: ) = A K GV HEG)] N2 ().

@ Since the equilibrium is symmetric for intermediate-goods producers,
we have

PXt(j) = Px:, Ht(j) = H;, Nt(j) = N, Kt(j) = Uth,
X () = Xe = Ac (k)= HE | NE—e

for all j. The household’s dividend income and aggregate output are

1 1
th/ didi and Yt:/ yidi.
0 0
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Equilibrium

A competitive equilibrium consists of price sequences
{Wn Ret, Rit, pt, R, PXt}?io
and allocation sequences
{Ch le, ug, Ng, Yy, Bt+1, Kt+1, Xt, Dt}?io
such that (a) given the prices, the allocations solve the optimizing

problems for households, intermediate-goods producers, and final-goods
firms and (b) all markets clear.
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Solving firm i's problem

@ We first derive the unit cost of production by define the total cost of
producing y; as

o) =min [ Pl
Xt

subject to a, exp ([ log x{(j)dj) > yi.
@ Cost-minimization implies that

*
i9t

O(v{, at) = y{ =,
a
t

where the average cost aj is given by

1
ﬁzaﬁ/mymmﬂ.
0

1
xi = exp ( /0 Iogx{(j)dj) .
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Proposition 1
The optimal output:

= Adpel i o> o
‘ 0 otherwise

where the average cost aj and aggregate output Y; are determined jointly

by the two simultaneous equations:

o0
A
ar

af(a)da = Y,

"
at

and

Ye = A (0K )*179) ooyl

1 o0
T2F@) /a; af(a)da] ,

where the term [%(a?) fa? af(a)da] is endogenous TFP.
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Proposition 2
@ The asset pricing equation for commercial real estate is
AV © a—ajf
pt = 55% Ret+1 + prv1 + >\Pt+1/ %ﬂf(a)da . (3)
t ary 9ty
where the average credit yield in the next period is

/ 27 2 £(5)da,
a

*
b 9t

» For the productive firms (ai,; > aj,,), the above term reflects the
average profit generated by one-dollar credit.

@ The rental price of real estate is determined by

Oé(Z)Yt
ﬁ(a?) f:; %f(a)da

Ret = (4)
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Labor market

@ To derive the labor-market curve, we use the labor supply equation

A
@—th = théj

and the labor demand equation

[2 2 f(a)da

* *
ar at

(1_a)Yt:1——F(at*)

we N¢

to eliminate wy.

@ We then obtain the labor-market equation

1-F(a) (1-a)Yeg

Nl—H/ _
t - fOO a f
=f(a)da t
*
af a; ( ) ¢
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The real sector
Ye / Labor market
/

Production

Ny

\Asse( pricing

ac

An illustration of the propagation mechanism: the production and labor-market equations: (2) and (5); the asset-pricing and
collateral-constraint equations: (3) and (1).
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Fitting the model to the data

@ We take the Bayesian approach and fit the log-linearized model to the
five key U.S. time series over the period from 1995:Q2 to 2017:Q2:
» the quality-adjusted relative price of investment,
> real per capita consumption,
» real per capita investment (in consumption units),
> per capita hours worked,
> the price-rent ratio in commercial real estate.

@ The repeated sale price of commercial real estate is available from
1996Q2 on.

» We allow four lags in our estimation.
» The sample including four lags begins 1995Q2.
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Notation

@ We denote a log-linearized variable by X; = log X; — log X, where X is
the steady state value of the stationary variable X;. For example,

Y, = log Y;: — log Y, pr = log pr — log B, b, = log 0; — log @, and
a; = log af — log a*.
[ 2f(a)da L
@ The parameter p = W — 1 measures the markup, which is

estimated to be around 5%.

@ Log-linearizing the endogenous TFP [1 ,__1(3 ) f? af(a)da} gives
X ()\ﬁt — \A/t) where

a*+ [ af(a)da
[1— F(a")][1- (a*)+a*—|—f* af(a)da]

X:

@ The collateral elasticity x measures how strongly TFP responds to
the collateral constraint.
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Structural parameters

Posterior estimates

Parameter Representation Mode Low  High
v Inv Frisch elasticity 0.343 0.088 1.100
X Collateral elasticity 0.045 0.044 0.045
6" 18 Capacity utilization 0.850 0.676 1.243
¥ Habit formation 0.558 0.480 0.634
Q Capital adjustment 0.245 0.164 0.386
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Prior

Settings
Parameter Distribution Low High a g
v Gamma 0.017 1.0 1.0 3.0
X Gamma 0.002 0.1 1.0 30.0
6" Gamma 0.1 0.5 46 172
¥ Beta 0.025 0.775 1.0 2.0
Q Gamma 0.1 6.0 1.0 05

“Low” and "“High" represent the intervals for 0.90 equal-tail probability.

The hyperparameters & and /3 correspond to each prior distribution. The
shock standard deviation prior is of inverse-gamma with the 0.9 interval

set between 0.0001 and 2.0. This range is wide enough to cover various

standard deviation values.
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Shock processes

Posterior estimates

Parameter  Representation Mode Low High

Pz Permanent investment tech 0.0941 0.0274 0.2765
P, Stationary investment tech 0.0000 0.0114 0.4779
Pa Permanent neutral tech 0.5664 0.4294 0.7403
Pua Stationary neutral tech 0.8211 0.7560 0.8835
0o Discount rates 0.9994 0.9986 0.9997
P Labor supply 0.9941 0.9838 0.9967
o Permanent investment tech 0.0053 0.0044 0.0059
Ou, Stationary investment tech 0.0001 0.00007 0.0019
0, Permanent neutral tech 0.0027 0.0019 0.0038
Ov, Stationary neutral tech 0.0087 0.0078 0.0108
oL} Discount rates 0.0002 0.00018 0.0003
Oy Labor supply 0.0080 0.0065 0.0124

The prior for all shock AR(1) persistence parameters follows the beta distribution with

the hyperparmaters set at & = 1.0 and 8 = 5.0. This prior favors strong stationarity.
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Discount-rate shocks: prediction of real estate returns by
the rent-to-price ratio at different horizons

Predictive regression: ry_, ;i x = g + a1 log (Ret/pt) + €tk

Horizon Data (1) Model (cv1) Data (R?) Model (R?)
Quarter (year) Median Median Low  High
8 (2) 0.20 (0.07,0.33)  0.37 0.08 0.20 0.04  0.39
12 (3) 0.37 (0.20,0.54)  0.55 0.15 0.30 0.07  0.52
16 (4) 0.58 (0.39,0.78)  0.70 0.26 0.38 0.09 0.62
20 (5) 0.77 (0.58,0.96)  0.82 0.40 0.42 0.11  0.69
24 (6) 0.82 (0.65,1.00)  0.89 0.50 0.51 0.13  0.74

Note: We report the OLS estimates of «; and R?. The numbers in parentheses in the column headed by
“Data (a)" represent the 90% confidence interval of the estimated coefficient. The real estate return from t
to t + k is defined as ry_, ¢4k = log (perk/pt). “Low” and “High” denote the bounds of the 68% probability
interval of the simulated data from the model.
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Technology shocks: prediction of real estate returns by the
rent-to-price ratio at different horizons

Predictive regression: ry_, ;i x = g + a1 log (Ret/pt) + €tk

Horizon Data (1) Model (cv1) Data (R?) Model (R?)
Quarter (year) Median Median Low  High
8 (2) 0.20 (0.07,0.33)  -0.26 0.08 0.02 0.00  0.09
12 (3) 0.37 (0.20,0.54) -0.34 0.15 0.03 0.00 0.10
16 (4) 0.58 (0.39,0.78)  -0.41 0.26 0.03 0.00 0.12
20 (5) 0.77 (0.58,0.96)  -0.46 0.40 0.03 0.00 0.13
24 (6) 0.82 (0.65,1.00)  -0.48 0.50 0.04 0.01 0.14

Note: We report the OLS estimates of «; and R?. The numbers in parentheses in the column headed by
“Data (a)" represent the 90% confidence interval of the estimated coefficient. The real estate return from t
to t + k is defined as ry_, ¢4k = log (perk/pt). “Low” and “High” denote the bounds of the 68% probability
interval of the simulated data from the model.
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Volatilities explained by discount-rate shocks (%)

Description Volatility Data Model
Explained (%)  Median — Low High

Investment std (Alog ;) 1.679 48.1 0.808 0.734  0.884
Output std (A log Y}) 0.697 25.1 0175 0159 0.191
Consumption std (A log C;) 0.444 11.9 0.053 0.045  0.061
Rental price std (A log Ret) 1.245 6.7 0.084 0.077  0.091
Real estate price  std (A log pt) 4.171 93.7 3.910 3.611  4.193
Price-rent ratio std (Alog(p:/Ret))  3.909 100 3.923 3.625  4.211

Note: “Low” and “High” denote the bounds of the 68% probability interval of the simulated data from the
model.

In contrast, the median standard deviation for log 6, is 0.00066 and the 0.68 probability interval is
[0.00046, 0.001].
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Proposition 3

@ For the log-linearized model, we decompose the variance of real estate prices along
the lines of Campbell and Shiller (1988) into three components.

@ lterating forward, we break down the real estate price into three components as
Pt = P1t + Por + Pae,
pie = E: <9t+1 + A — t) + BEtpre+1,
B(Re/Y)

pre = BB Rerp1 4 BEepoeia,
B/Y
R Y + N
= M) g [y XY (5 90) | 4 g
B/Y noop
where n = X;(LHH We can show n = fi;(éi))

» The first component p;;: the contribution from the stochastic discount
factor (discount-rate factor).

» The second component py;: the contribution from rents.

» The third component ps;: the contribution from collateral values.
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Variance decompositions from the discount-rate shock

@ The variance of real estate prices can be decomposed into

var(pe) = var(pie) + var(p2t) + var(ps:)
+ 2cov(pit, pat) + 2cov(pit, p3t) + 2cov(pat, p3t)-
@ From the simulated data with discount-rate shocks, we have
var(pt) = 3.910, var(p1) = 2.455, var(p2¢) = 0.104, and
var(pst) = 1.360.

» Thus, the covariance terms are unimportant.

@ When the covariance terms are insignificant, we can calculate
variance decompositions as

var(pet)/var(pt), fort =1,2,3.

» The variance contribution from collateral values is more than one third:

var(ps:)  1.360

= = 0.348.
var(p:)  3.910
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Asset-price volatilities explained by discount-rate shocks
(%) with no financial frictions

@ Counterfactual economy with no financial frictions

Description Volatility Data Model

Explained (%)  Median  Low High
Real estate price  std (Alog pt) 4171 62.5 2.607 2,409 2.796
Price-rent std (A log(pe/Ret))  3.909 63.2 2.472 2.285  2.656

Note: “DR’" stands for discount rate; “Low” and “High” denote the bounds of the 68% probability
interval of the simulated data from the model.

@ The absence of the contribution from collateral values is the main

reason for the only 62.5% explanation of the volatility in the real
estate price.
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Volatilities explained by technology shocks (%)

Description Volatility Data Model

Explained (%) ~ Median — Low High
Investment std (Alog I;) 1.679 36.2 0.607 0.537 0.678
Output std (Alog Y;) 0.697 48.2 0.336 0.280  0.385
Consumption std (A log Ct) 0.444 73.9 0.328 0.292  0.365
Rental price std (A log Ret) 1.245 27.1 0.337 0.290 0.386
Real estate price  std (A log pt) 4.171 12.7 0.531 0.490 0.571
Price-rent std (A log(p:/Ret))  3.909 11.2 0436 0402  0.469

Note: “Low” and “High” denote the bounds of the 68% probability interval of the simulated data from the
model.
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Impulse responses to a one-standard-deviation shock to discount rates. The star line represents the estimated
response. The dashed lines represent the 0.90 probability error bands. The solid line represents the
counterfactual response for an economy without financial frictions.
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Amplification and predictability: discount-rate versus
technology shocks

@ To understand how different shocks amplify the fluctuations of
financial and real variables and generate the long-term predictability

of real estate prices, consider a simplified version of our model.
» Households maximize Ey Y .~ 5'©; (log C;) subject to C; = w; + D;.
Thus, A; = %
» The intermediate-goods producer’s problem:

Nr(?;?l-)li(j) Pxe(j)Xe () — weNe(j) — Ree He (),

subject to X; (j) = AHE (/)N ()).
» Final-goods firms' problem remains the same.

@ With this simplified model, one can obtain a closed form solution to
the log-linearized model.

@ We focus on two shocks: the technology shock A; and the
discount-rate shock 6;.
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Proposition 4

The log-linearized solutions for &5, Y:, pt, and R are

1 N
5*:5 +u 1] '91:,
t
n p 1—peK
/ A N A
Y:=A —3a;,
t t+1—i—,ut

pe = A + [n +1] 3},
'Qct :AAt+§:’

where

1+p

p=1-(1-F)1-A)=x(1-5)(1-2) (1 - W) aa—pxd +1)?

n o p?
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Relative volatility

We have the following results from Proposition 4.

@ In response to a discount-rate shock,

std(Be) _
> Ry LT

, std(pr—Ra) _
std(Y:)
@ Thus, the real estate price is always more volatile than the rental
price.

@ As long as i > 1, the price-rent ratio is more volatile than output.

@ By contrast, in response to a technology shock,
std(pe) _
std(f(’ct) -
, std(pi—Ra) _ 0
std(Y:) :
@ Thus, the real estate price and the rental price fluctuate in the same
magnitude.
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Proposition 5

Denote the log value of the valuation ratio by V; = li’ct — P and the
h-period return of real estate by fi1p = pron — Pt
@ In response to a discount-rate shock, we have
> Effern| V] = (1 - pé’) ﬁ\’}t
> and Rf,v = % (1 — pg).
@ In response to a technology shock, E [fyyh | V] = 0. Thus, there is no
predictability for the asset-price time series generated by technology

shocks.
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@ The simplified model excludes investment and cannot explain the
business cycle.

@ But, the intuition delivered by the closed form solution helps explain
the empirical results we have obtained in this paper.
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Conclusion

@ We build and estimate a general equilibrium model with a production

economy to account for the observed volatility and predictability of
real estate prices.

@ The general equilibrium framework offers a concrete step toward the
goal of synthesizing the analysis of asset pricing with research in the
real business cycle as well as policy analysis.

@ For example, one can extend our model to incorporating

» home prices in the household sector,
> the stock market,
» and monetary policy.
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Sample correlations between real estate returns and
fundamentals

@ Between year-over-year real estate return and year-over-year
investment growth:
» 0.52 with the .90 probability interval (0.36, 0.64).
@ Between year-over-year real estate return and year-over-year
consumption growth:
» 0.50 with the .90 probability interval (0.34, 0.63).
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Historical correlations implied from the estimated model

We use the posterior mode to estimate the sequences of discount-rate
shocks and permanent technology shocks over the sample.

@ We obtain the historical paths of real estate price, investment, and
consumption implied by the sequence of discount-rate shocks and
calculate the correlations.

» The correlation between year-over-year real estate return and
year-over-year investment growth is 0.94.

» The correlation between year-over-year real estate return and
year-over-year consumption growth is —0.77. This negative correlation,
however, is not economically important because the impact on
consumption of a discount-rate shock is very small relative to the
impact of a technology shock.

» Because discount-rate shocks exert considerable influence on
investment, the sample correlation between real estate return and
investment growth is mainly driven by these shocks.
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Correlations implied by the sequence of technology shocks

@ We obtain the historical paths of real estate price, investment, and
consumption implied by the sequence of permanent technology shocks

and

>

calculate the correlations.

The correlation between year-over-year real estate return and
year-over-year investment growth is —0.59.

This negative correlation, however, is not economically important
because the impact on real estate price of a technology shock is very
small relative to the impact of a discount-rate shock.

The correlation between year-over-year real estate return and
year-over-year consumption growth is insignificant (—0.06).

But the correlation between year-over-year investment and
consumption growth rates is strong (as high as 0.82), affirming the
comovement between investment and consumption.

This positive correlation is economically significant because the impacts
of a technology shock on both investment and consumption are large
as shown in both impulse responses and volatility measures.
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Real estate return and consumption

How do we explain the sample correlation between real estate return and
consumption growth?
@ Discount-rate shocks are a primary driver of the comovement between
real estate price and investment.

@ Technology shocks drive most of the fluctuation of consumption and
are thus a main driver of the comovement of investment and
consumption.

@ These two shocks combined would lead to the observed correlation
between real estate return and consumption growth.

» Conditional on the estimated sequences of discount-rate and permanent
technology shocks, we use the model to generate the historical paths of
real estate price, investment, and consumption, which imply

* the 0.53 correlation between year-over-year real estate return and
year-over-year investment growth

* and the 0.41 correlation between year-over-year real estate return and
year-over-year consumption growth.
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What does our simple model accomplish?

@ The simple model gives a closed-form solution.

@ The solution helps us to understand how and why the volatility and
predictability are driven by discount-rate shocks, not by technology
shocks.

@ While the simple model provides the closed-form solution and the
associated intuition, it fails in two fundamental dimensions:

> the comovement between real estate price and investment,
» and the comovement between consumption and investment.

@ Because investment is absent in the simple model, it fails to predict

the correlation between real estate price and consumption as well.
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Risk-aversion shocks

@ In the home-price model of Liu, Wang, and Zha (2013), shocks to
risk aversion enter an equation in which

» the rent is equal to the marginal rate of substitution (MRS) between
consumption and housing services,
» and risk aversion enters the MRS equation.
o If risk aversion is time varying, rent would be equally volatile.
» But rent is much smoother than house price.
> In addition, time-varying risk aversion affects macro quantities different
from discount-rate shocks.

@ In the production economy, rent of commercial real estate is
determined by the marginal product of real estate in the
intermediate-goods production. Thus, the reasons for rejecting
risk-aversion shocks are very different.
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Risk-aversion shocks in the commercial real estate market

@ Time-varying risk aversion may generate some movements in the
price-rent ratio.
» But it depends on how we model risk aversion.
» Consider the utility log(c — x), for example. If x increases the risk
aversion, the price-rent ratio would also move.
» The risk coefficient in the EZ preference, however, will not matter in

our log-linearized model.
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EpsteinZin (EZ) preferences

@ The risk aversion parameter matters only in the linearized model used
by the Campbell method, which takes account of the Jensen
inequality term.

» Bansal and Yaron use the Campbell linearization.
» But the usual (log)linearization in the macro literature does not work.
» The Tallarini JME paper has a good summary of these points.

@ In general, the risk aversion parameter in the EZ preferences do not
solve the asset-pricing puzzle in DSGE models.

@ Rudebusch and Swanson shows the disconnection between asset
prices and the real economy in their DSGE model.

» The rise-aversion coefficient is as high as 50.
» Even with this high value, the disconnection still exists.

@ Cochrane (2011) and the Tallarini JME paper survey this literature.

e Gali (2015) explicitly introduces a discount-rate shock.

» Qur paper is the first that studies this shock's implications on
price-rent dynamics.
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Persistent idiosyncratic productivity shocks

@ When these shocks are persistent, aggregation is very difficult,
making estimation an infeasible task.
» Even if we can solve the aggregation problem, these shocks do not
generate the price-rent volatility.
» As Cochrane (2011) argues, we need discount rates to vary.

Presentation of T. Zha Price-Rent Variations and Business Cycles



