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Abstract

This paper examines the welfare cost of rare housing disasters characterized by large
drops in house prices. | construct an overlapping generations general equilibrium model
with recursive preferences and housing disaster shocks. The likelihood and magnitude of
housing disasters are inferred from historic housing market experiences in the OECD.
The model shows that despite the rarity of housing disasters, Canadian households would
willingly give up 5 percent of their non-housing consumption each year to eliminate the
housing disaster risk. The evaluation of this risk, however, varies considerably across age
groups, with a welfare cost as high as 10 percent of annual non-housing consumption for
the old, but near zero for the young. This asymmetry stems from the fact that, compared
to the old, younger households suffer less from house price declines in disaster periods,
due to smaller holdings of housing assets, and benefit from lower house prices in normal
periods, due to the negative price effect of disaster risk.

JEL classification: E21, E44, G11, R21
Bank classification: Housing; Asset pricing; Economic models

Résumé

L’étude chiffre la perte de bien-étre causée par les fortes chutes de prix des logements
(phénomene rare des catastrophes sur le marché du logement). L’étude s’appuie sur un
modele d’équilibre général a générations imbriquées avec preférences récursives et chocs
créés par I’effondrement des prix des logements. La probabilité et I’ampleur de telles
catastrophes sont calculées au moyen des prix observés sur le marché du logement dans
les pays de I’OCDE. Les résultats montrent que les ménages canadiens sont préts a
sacrifier chaque année 5% de leurs dépenses de consommation hors logement afin
d’éviter la matérialisation d’un risque d’effondrement des prix. Ce risque est évalue tres
differemment selon le groupe d’age, les ménages plus agés estimant la perte résultante de
bien-étre a 10 % de leurs dépenses de consommation annuelles hors logement, alors que
les jeunes ménages la jugent quasi nulle. Cette asymétrie s’explique par le fait que les
jeunes ménages souffrent moins que leurs aines des consequences des chutes de prix des
logements survenues pendant une catastrophe, car leur patrimoine immobilier est moins
important, et qu’ils bénéficient du recul des prix des logements en temps normal, en
raison de I’effet dépréciateur induit par le risque de catastrophe.

Classification JEL : E21, E44, G11, R21
Classification de la Banque : Logement; Evaluation des actifs; Modeles économiques



Non-Technical Summary

Since the early 2000s, house prices have increased significantly in Canada. This ongoing
housing boom has become an important consideration for the conduct of monetary policy
and financial regulation, since currently high levels of house prices are potentially
increasing the risk of a large housing market correction, which could have an adverse
effect on the economy. This paper investigates the likelihood and magnitude of housing
market disasters, and the value of limiting this disaster risk for the Canadian economy.
The study will be useful for both economic researchers and policy-makers to better
understand the macroeconomic implications of this important market risk.

This paper estimates the unconditional probability and the size of housing market
disasters using the cross-country housing market experiences of twenty OECD countries.
I find that in a given OECD country, housing market disasters — defined as cumulative
peak-to-trough declines in real house prices of 20 percent or more — occur with a
probability of 3 percent every year, corresponding to about one disaster occurring every
34 years. A housing disaster on average lasts about 6.4 years, and house price declines
range from 25 to 68 percent, with an average decline of 34 percent.

This paper quantifies the welfare impact of the housing disaster risk in an overlapping
generations general equilibrium housing model. The analysis yields the following two
main findings. First, despite their statistical rarity, the aggregate welfare cost of housing
disasters is large, since Canadian households would willingly give up around 5 percent of
their non-housing consumption each year to eliminate the housing disaster risk. The
sizable welfare cost is due to the large wealth loss during the long-lasting recessions
triggered by housing disasters. Second, the welfare evaluation of this risk varies
considerably across age groups, with a welfare cost as high as 10 percent of annual non-
housing consumption for the old, but near zero for the young. This asymmetry stems
from the fact that, compared to the old, younger households suffer less from house price
declines in disaster periods, due to smaller holdings of housing assets, and benefit from
being able to buy homes at the resulting lower house prices in normal periods.



1 Introduction

Since the early 2000s, house prices have increased significantly in Canada, as shown in Figure
1.} This ongoing housing boom has become an important consideration for the conduct of mon-
etary policy and financial regulation,? since currently high levels of house prices are potentially
increasing the risk of a large housing market correction, which could have a devastating impact
on the macroeconomy, as recently seen in the United States. This paper investigates the like-
lihood and magnitude of housing market disasters, defined as large drops in house prices, and
the value of limiting this disaster risk for the Canadian economy. I find that although housing
market disasters are rare events from a statistical perspective, their macroeconomic effects are

so large that they have significant welfare implications.
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Figure 1: House price dynamics since 2000

Estimating the likelihood and magnitude of housing market disasters is difficult because
those disasters are infrequent and house price series are short for many countries. To address
the data scarcity problem, this paper adopts a method similar in spirit to Barro (2006) and
uses cross-country housing market experiences in the OECD.? In particular, I use house price
data for twenty OECD countries reported in the property price statistics by the Bank for
International Settlements with appropriate inflation adjustments. The paper defines a housing
market disaster as cumulative peak-to-trough declines in real house prices of 20 percent or more.

I find that in a given OECD country, housing market disasters occur with a probability of 3

'House prices for Canada and the United States are sourced from the Teranet-National Bank 11-City Com-
posite House Price Index and the S&P/Case-Shiller 20-City Composite Home Price Index, respectively.

2Canadian household debt, of which mortgage debt constitutes about 80 percent, has increased by more than
60 percent relative to disposable income during the period from 2000 to 2012.

3Barro (2006) estimates the statistical properties of income disasters in the OECD as those experienced in
the Great Depression and two world wars. The author finds that an income disaster, defined as cumulative
peak-to-trough declines in real per capita GDP of 15 percent or more, occurs with a probability of 2 percent
per year with contractions in per capita GDP ranging between 15 and 64 percent.



percent every year, corresponding to about one disaster every 34 years.* A housing disaster on
average lasts about 6.4 years, and house price declines range between 24 and 68 percent, with
an average of about 34 percent.

To quantify both the aggregate and distributional welfare impact of this housing disaster
risk, I construct an overlapping generations (OLG) general equilibrium model with recursive
preferences and housing disaster shocks. The model economy is populated by overlapping
generations of households, a representative firm and a government. There are two asset markets
in the economy, namely, a financial market and a housing market. Households have Epstein-Zin
preferences over consumption goods and housing services. The firm rents capital and employs
labor to produce a numeraire good used for both consumption and investment. Households
trade a one-period bond in the financial market and a durable housing asset in the housing
market. Houses in the paper have the role of providing housing services, and serving as an
asset and collateral. The economy is subject to aggregate housing disaster shocks modeled
as housing depreciation shocks, similar to Iacoviello and Pavan (2013). These shocks can be
interpreted as shocks to the quality of houses, which help generate large drops in house prices. 1
calibrate the parameters characterizing the properties of housing depreciation shocks to match
the average historical house price decline during OECD house price crash episodes, and the rest
of the benchmark model to match the recent Canadian data over the period 2000-2012. The
welfare cost associated with the housing disaster risk is measured as the percentage change in the
consumption of non-housing goods households would willingly give up in an otherwise-identical
no-disaster economy in order to be as well off as living in the benchmark economy.

The main findings from the model are twofold. First, despite their rarity, the aggregate
welfare cost of housing disasters is large, since Canadian households would be willing to give up
around 5 percent of their non-housing consumption each year to eliminate the housing disaster
risk. Compared to the no-disaster economy, the presence of this disaster risk has two opposite
welfare effects on households. On the one hand, due to a wealth effect, a realized housing
disaster leads to a long-lasting economic recession. The loss in housing wealth once a disaster
occurs reduces the aggregate household savings and thus the capital supply. As a consequence,
the interest rate goes up and the firm cuts back its investment, leading to declines in wages,
output and consumption. On the other hand, due to a substitution effect, a non-trivial disaster
probability results in risk-averse households’ resource reallocation from the housing sector to the
production sector in normal periods. This lowers both house prices and the interest rate, with

declining borrowing costs leading to higher investment, output and consumption. However, due

4Different from Bauer (2014), who estimates the conditional likelihood of house price corrections of 10 percent
or more, this paper focuses on the unconditional probability of housing market disasters as defined. With regard
to the Canadian housing market, both papers find a low likelihood of experiencing large house price corrections,
and the Bank of Canada has continued to forecast a constructive evolution of house prices (see the Bank of
Canada’s Financial System Review, December 2014).



to diminishing marginal utility of consumption, the welfare gain from this resource reallocation
in normal periods is dominated by the welfare loss from large recessions triggered by housing
disasters, explaining why the society is willing to devote a sizable amount of resources to
eliminating this disaster risk.

The second major finding is that the welfare evaluation of the housing disaster risk differs
considerably in magnitude across age groups, with a welfare cost as high as 10 percent of
annual non-housing consumption for the old, but near zero for the young. This asymmetry is
mainly due to the hump-shaped profile of life-cycle housing consumption, with older households
typically holding more housing assets than the young. In disaster periods, declines in house
prices favor the young, who purchase houses at depressed prices, but hurt the old, who rely
on house sales to finance non-housing consumption. In normal periods, younger households
also benefit more than the old from purchasing houses at lower cost, thanks to the resource
reallocation from the housing sector to the production sector as discussed above. Therefore,
younger households are less averse to the presence of the housing disaster risk than the old.

This paper is mostly related to two strands of the literature. The first strand studies the
implications of rare disaster risks for asset prices, business cycles and welfare. Examples include
Rietz (1988), Barro (2006, 2009), Barro and Ursta (2008), Gourio (2008, 2012), Gabaix (2012),
Wachter (2013), Pindyck and Wang (2013), and Glover et al. (2014). My paper contributes to
this literature by focusing on rare disasters related to housing markets with a careful exami-
nation of their welfare implications. The rare disaster hypothesis was first proposed by Rietz
(1988), who argues that including a low-probability disaster state has a significant impact on
asset pricing, and can resolve the well-known equity premium puzzle. However, partly due to
the skepticism of the likelihood and sizes of disaster events, this hypothesis did not receive a lot
of attention in the profession until Barro (2006), who shows that income disasters have been
frequent and large enough to justify Rietz’s hypothesis and its accountability of the high equity
premium. Subsequent papers such as Gabaix (2012), Gourio (2012), and Wachter (2013) find
that incorporating time-varying probability and severity of disasters into the disaster hypothe-
sis can help resolve a number of important puzzles in both macroeconomics and finance. Barro
(2009) extends the cost-of-business-cycle literature starting from Lucas (1987) to rare disasters
as documented in Barro (2006), and finds that their welfare cost is near a 20 percent drop in
GDP every year. Instead of using the historical data on drops in GDP, Pindyck and Wang
(2013) infer the statistical properties of the income disaster risk from economic and financial
variables, and find that society is willing to pay a consumption tax of over 50 percent to elimi-
nate this jump risk. Glover et al. (2014) examine the distributional consequences of the Great
Recession, and find that a big negative technological shock hurts the old more than the young
as a result of larger declines in equity prices relative to wages.

This paper is also related to the literature studying the implications of housing for the



macroeconomy. Examples include Chambers, Garriga and Schlagenhauf (2009), Yang (2009),
Fernandez-Villaverde and Krueger (2011), Sommer, Sullivan and Verbrugge (2013), Favilukis,
Ludvigson and Van Nieuwerburgh (2013), and Iacoviello and Pavan (2013). These authors use
OLG general equilibrium models to study various aspects of housing market dynamics. For
example, Chambers, Garriga and Schlagenhauf (2009) build a model that takes into account
mortgage structures and household-supplied rental properties, and show that the considerable
mortgage innovation between 1994 and 2005 is the major driver of the observed boom in home
ownership during the period. Sommer, Sullivan and Verbrugge (2013) investigate the effects of
rising incomes, lower interest rates, and relaxing down payment requirements on house prices,
and find that these factors can account for over half of the run-up in the house price-rent ratio
in the last U.S. housing boom. My paper contributes to this literature by investigating the
macroeconomic and welfare implications of the housing disaster risk. From this perspective, the
current paper is closer to Favilukis, Ludvigson and Van Nieuwerburgh (2013) and Iacoviello and
Pavan (2013), both of which study the impact of aggregate uncertainty on housing markets. The
former paper finds that fluctuations in the U.S. price-rent ratio since the late 1990s are driven
by changing risk premia in response to aggregate shocks and financial market liberalization,
whereas the latter studies the life-cycle and business-cycle properties of housing and debt.
In contrast to these two papers focusing on business-cycle-type technological shocks, my paper
examines the effects of relatively rare disaster-type market-specific shocks on the macroeconomy.

The remainder of this paper is organized as follows. Section 2 describes the model and
defines the equilibrium. Section 3 estimates the likelihood and magnitude of housing market
disasters from the OECD and calibrates the benchmark model to the Canadian data. Section
4 investigates the welfare impact of the housing disaster risk as well as its macroeconomic
implications. Section 5 concludes. Computational details on solving the model are contained

in the appendix.

2 The Model

This section constructs a stochastic OLG general equilibrium economy, populated by overlap-
ping generations of households, a representative firm and a government. Households supply
their time and capital to the firm for its production of a numeraire non-housing good used for
both consumption and investment. They also trade a bond in a financial market and a durable

housing asset in a housing market. The economy is subject to rare housing disaster shocks.



2.1 Demographics

The economy is populated by overlapping generations of households who are ex-ante hetero-
geneous. Let j € J = {1,....j* ..., j} denote the age of a household, where the first period is
when the household starts earning labor income, j* denotes a mandatory retirement age, and j
stands for the maximum number of periods a household can live. In each period, a household
faces an exogenous mortality risk. The survival probability to age j + 1, conditional on being
alive at age j, is denoted by v, € [0,1], with ¢y = 1 and +; = 0. This probability is assumed
to be identical across households of the same age. There does not exist an annuity market for
the mortality risk, so households cannot insure themselves against the risk. The model assumes
that the total amount of wealth left by households who die in a given period is collected by the
government and used for public consumption.

The population grows at rate n and the associated age distribution (,ul, e /J,j) is assumed
to be fixed over time such that Z§:1 p; =1 with

=1,..,7—-1 1
1+n7 ..7 Y 7j ) ( )

Hjp1 =

where f; > 0 denotes the share of the age-j group in the total population.

2.2 Preferences

Households have Epstein-Zin preferences over consumption good (¢) and housing service (h) as

1
0| 1=0

_ _ 1— i
Uje = (1 - 5%) (C?,th},;l/)l = Bib;Ejy (Uj1+17,t+1) o , J €S, t e Ly, (2)

where [ is the discount factor, v is the Cobb-Douglas aggregator between the numeraire con-
sumption good and the housing service, # is the inverse of the intertemporal elasticity of substi-
tution (IES), and ~ is the coefficient of relative risk aversion.” Constant relative risk-aversion
(CRRA) utility is a special case when § = .° The expectation operator E;, is conditional on
the information available at time ¢ for a household at age j, and expectations are formed with
respect to the stochastic processes governing mortality and other shocks to be described later.

It is assumed that there exists a linear technology that transforms one unit of housing stock

>The Cobb-Douglas aggregation between non-housing good and housing service is widely used in the housing
literature. Fernandez-Villaverde and Krueger (2011) argue that Cobb-Douglas aggregation functions, which
imply a unit elasticity between housing and non-housing goods, are an empirically reasonable choice.

6 As pointed out in previous studies, such as Bansal and Yaron (2004), Barro (2009), and Gourio (2012),
Epstein-Zin preferences, which separate risk aversion and IES, allow standard asset pricing models to overcome
the notable defect associated with CRRA preferences that an increase in aggregate uncertainty raises stock
prices.



at the beginning of each period into one unit of housing service in that period. I also assume
that households do not leave voluntary bequests upon their death, with the associated period

utility normalized to zero for simplicity.

2.3 Endowment

Each period, households are endowed with one unit of time which is fully supplied to the firm
for production, since they do not value leisure in the model. Households differ in their labor
productivity over the life cycle, as reflected in a typical hump-shaped earning profile. Denote
{nj}§:1 as the age profile of productivity. Households at age j receive labor earning w;n;, where
w; is the market-determined wage at time ¢. I set n; = 0 for j > j*, i.e., retirees are assumed
to lose their productivity and no longer receive labor earnings. There is a pay-as-you-go social
security program in the model, where workers pay payroll taxes from their labor earnings at
rate 7 and retirees receive the same amount of social security payment b, irrespective of their
age. The retirement benefit equals a fraction p of average labor earnings to be discussed later.
The program is self-financing and managed by the government in the economy.

In sum, the net earning of an age-j household at time t is equal to
eji = (1 —7)wm; + b s, (3)

where 14 is an indicator function that takes value one when event A occurs and zero otherwise.

2.4 Production

The numeraire good is produced by a competitive firm with a constant-returns-to-scale pro-

duction technology:
ye = kil (4)

where k; and [; are total capital and labor input at time ¢, and « is the capital income share. The
firm rents capital at interest rate r; and employs labor at wage w,. Capital stock depreciates

at rate d;. Profit maximization implies that factors are paid their marginal product:

rt:a<%)a1—5k, w = (1—a) (’;—:)a (5)

2.5 Market Arrangements

The economy consists of two asset markets, namely, a financial market and a housing market.
In the financial market, households and firms trade a one-period bond which pays an interest

rate 7. Through the market, some households lend money to other households and the firm.



Households also face a borrowing limit determined by the value of their houses. More precisely,
denote a;1 and h; 1 as a household’s holdings of financial and housing assets for time ¢ + 1,
respectively, and p; as prevailing house prices at time ¢ denominated in units of the numeraire

consumption good. The household is subject to the following borrowing constraint:
are1 = — (1= A) phusa, A €[0,1]. (6)

Inequality (6) says that each period the household can borrow up to a fraction (1 — \) of the
value of its house in that period, where parameter A can be interpreted as the down payment
ratio. A positive a means that the household is a saver or a bond buyer and vice versa.

In the housing market, aggregate housing supply is fixed at h.” Houses are costly to main-
tain, since the consumption of housing services depreciates the housing stock. The periodic
maintenance cost for a house of size h is d,p.h, where d, represents the proportional mainte-
nance expense.

The housing market is exposed to possible disastrous market crashes in the form of large
drops in house prices. I assume that disaster shocks are identically and independently distrib-

uted, and arrive according to the following process:

(7)

. d, with probability 7,
It 0  with probability 1 — 7,

Each period, a disaster occurs with probability 7, and is modeled as a proportional housing
depreciation shock d’h. The distribution £}, of the random variable Jh is supported on [glh, Eh] -
R, and is calibrated to match the empirical distribution of house price declines in historical

housing market disasters. Denote the range of the random variable dj, ; as®

Dy, = {0} x [d,., dy] - (8)

Three remarks about the specification (7) are in order. First, this paper does not model
the causes of housing market disasters, but instead assumes that they follow some exogenous
yet empirically estimated distribution, because the focus of the current paper is on quantifying
the welfare impact of the housing disaster risk. Second, the housing depreciation shock is a

parsimonious way to model a housing market disaster characterized by large drops in house

"This assumption is made for a simplification purpose and is also frequently used in the literature such as
Sommer, Sullivan and Verbrugge (2013) and Chu (2014). It is important to note that the total housing stock is
only fixed relative to the population, whose size is assumed to be of measure one throughout the analysis.

8For simplicity, housing disasters are assumed to last for only one period. Barro (2006) finds that although
economic crises typically last for a number of years in the data, allowing disasters to persist for more than one
period does not greatly change the major prediction of the model. Meanwhile, the specification of five years as
one model period in the calibration alleviates the possible bias caused by this assumption.



prices.” A similar depreciation shock is used in Tacoviello and Pavan (2013) to study mortgage
default over the business cycle.!’ Although the specification of housing depreciation shocks is
more realistic for wars or natural disasters, it can also be interpreted as shocks to the quality
of existing houses by affecting the effective units of housing assets brought from the previous
period. In the model, housing depreciation shocks essentially play the role of negative housing
wealth shocks, with this feature broadly consistent with housing market disasters in practice.
Third, specification (7) does not consider continuous depreciation shocks in normal periods and
thus ignores small fluctuations in house prices. This assumption is primarily made for model
solvability, because taking into account those additional aggregate shocks would significantly
increase the computational burden for solving the current heterogeneous-agent model. However,
it is reasonable to believe that the basic insights about the welfare implications of housing

disasters obtained in this paper will remain largely unaffected in more general settings.

2.6 The Households’ Problem

All households are assumed to start their life with zero amount of financial assets and housing
assets. At the beginning of each period ¢, a household observes the following five state variables:
financial asset a;;, housing asset h,;, age j, realized disaster shock dj,, and the distribution
function ®; of households across (a;¢, hj¢,j) € A x H x J, where A C R and H C R;. Here,
(®y,dp+) characterizes the state of the economy at time ¢. Since the disaster shock dj; is the
only economic-wide shock in the model, the holdings of both financial and housing assets must
be the same within each age group over time, provided that all households start their life with
the same levels of financial assets and housing assets. As a result, the distribution ®; can be

expressed as a discrete measure:

J
o, = Z Mjé(aj,tyhj,tyj)' (9)
j=1

After observing the state (aji, hjq, j, ®i, dpy), the household chooses its non-housing con-

sumption c;, and new holdings of financial assets a;;+1 and housing assets h; ;1 to maximize

9 Alternatively, one could use housing preference shocks to generate house price movements such as Iacoviello
(2005), Tacoviello and Neri (2010), and Liu, Wang and Zha (2013).

1"Housing depreciation shocks are similar in spirit to capital depreciation shocks proposed as important drivers
of business cycles by papers such as Barro (2006, 2009), Gertler and Karadi (2011), and Gourio (2012).



its lifetime utility formulated in the following Bellman equation:

v —_p\1-0 -9
. (1= By) (c5,hiz") o
v (aj’t7 hj7t7 j’ ¢t7 dh‘vt) - I]]-’_Ll/axl / / . 17’}’ % I
Gl e +5vY,;Ej4 [U (aj,ta Py g+ 1, @rya, dh,t+1) }
(10)
subject to the following constraints
Cj}t + a;yt + pthj7t+1 S ej,t + (1 + T) Gj7t + (1 — 5h — dh,t) pthj7t, (11)

@iy = = (L= N phyy, >0, 1, >0,

On the right-hand side of the budget equation (11), the first term e;; is defined in (3) and it de-
notes the household’s total earnings. The next two terms represent, respectively, the household’s
gross savings from the last period and the housing wealth after both physical and disaster-
induced depreciation. Let ¢(-), a/(-) and A’ (-) be the optimal policy functions of the non-
housing consumption, financial position and housing position, respectively, and for simplicity

— y I . ! 1 .
denote c;; = ¢ (ajt, hji, J, Po, dny), afy = a’ (aje, by, J, Poy diyg) and By = B (aj, hye, 7, o, dipy)-

2.7 Equilibrium

I next define the recursive competitive equilibrium of this economy.

Definition 1 Given a replacement rate p and an initial distribution ®¢, a recursive com-
petitive equilibrium consists of prices {ry,wy, pi}; aggregate variables {ki,l;}; a value func-
tion v (aj¢, hjt, j, ®t, dny), optimal policy functions c(ajyi, hjs, j, Pe,dny), @ (aje, b, J, Pt dpt)
and N (aji, hjt, j, o, dpy); public policies {1, b, 9:}; and a transition function @ for ® with
Q11 = Q (P4, dpy) such that

1. Given prices ry, wy and pg, the value function v and policy functions ¢, a' and h' solve the

household’s utility mazximization problem (10).

2. Given prices ry and wy, aggregates ky; and l; solve the firm’s profit mazximization problem
by satisfying (5).

3. The social security program is self-financing:

g -1

J
by Z My =T Z W) ;- (12)
i=i" j=1



4. Government expenditures equal accidental bequests:
J
g = o (L=;0) (L4 7)aje+ (1= 0n — dng) pihia) - (13)

5. Markets clear:

(a) Financial market clears: )
J
Z ;05 = k. (14)
=1
(b) Housing market clears:
J
> il = h. (15)
=1
(¢) Labor market clears:
J
> pm; =l (16)
=1

(d) Goods market clears:
ctu+ g+ =y, (17)

where ¢; = Z;Zl [iCjes Bt = Kep1 — (1 = 0g) ke and xy = (65, + dh7t)ptﬁ.

6. The transition function Q) is consistent with individual behavior, i.e.,

D11 = Q (D4, dpy) = (18)

”AMM

jlt ]ltj 1)

where sy, = a' (aj_14,hj14,] — 1, @4, dny) if j > 2 and 0 if j =1, and h);_, , is defined

simalarly.

The above definition is standard. For the social security program, the retirement benefit b,

is assumed to equal a fraction p of average labor earnings, i.e.,

ZJ LW
Jr—1 !
j=1 Hj

by = (19)
which is proportional to the wage rate w;. Equations (19) and (12) then imply the following
time-invariant payroll tax rate:

J
Laj=j* 3 J*MJ

*71 .
Zj 1 luj

10

(20)



As expected, the payroll tax rate increases with the replacement ratio and the population size
of retirees relative to workers.

The right-hand side of the government budget equation (13) represents the total wealth left
by households who were alive yesterday but die today: the sum associated with a;, represents
the total financial wealth of those households, and that associated with p.h;, represents their
total housing wealth after depreciation.

For market clearing conditions, equation (14) says that the net supply of financial assets must
equal the aggregate capital stock employed by the firm. Meanwhile, since households supply

all their time endowment to the firm, equation (16) implies that the aggregate labor supply is

constant over time and equals [ = ?;11 n;s given n; = 0 for j > j*. In the goods-market
clearing equation (17), the four terms on the left-hand side represent, respectively, the aggregate
non-housing consumption (¢;), investment in capital stock (i;), government expenditure (g;),

and housing depreciation expenses ().

3 Calibration

This section describes the calibration of the model, where I estimate the parameters charac-
terizing the likelihood and magnitude of housing market disasters using the historical OECD
house price data, and the rest to match Canadian data over the period 2000-2012.

3.1 Demographics and Preferences

One period in the model is equivalent to five years. Households enter the model at age 20
(model age 1) and can live up to age 95 (j = 16). Retirement is mandatory at age 65 (j* = 10).
_, are estimated using the 2007-2009 female life

table from Statistics Canada. The average annual population growth rate is 0.011 in Canada

The conditional survival probabilities {1/1j }j

since 2000, corresponding to a five-year growth rate of 0.056. The age distribution { 1 }511 is
then computed using equation (1).

For parameters characterizing preferences, the coefficient of relative risk aversion + is set
at 2, a value that lies in the middle of the range commonly used in the literature. The IES is
set at 2, which implies that § = 0.5. It is worth noting that although there is a large debate
about the value of IES in the literature as empirical estimates find both high and low numbers,
an IES smaller than one would have the counterfactual implication that higher uncertainty
increases the prices of risky assets, as pointed out for instance in Barro (2009) and Gourio
(2012). In the quantitative exercise, the aggregator function of non-housing goods and housing
services takes the form ¢’ (h + 8)1_1/. Here, € is an arbitrarily small positive number, making

the utility function finite when h = 0, which can be interpreted to mean that one can survive
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without a house but not without food. The aggregation parameter v is set at 0.9 in the baseline
calibration, in line with the estimated share of non-housing consumption in total expenditure
in the literature. I calibrate the time discount factor § such that the implied steady-state
equilibrium interest rate matches the mortgage interest rate in the data. The choice of this
target is motivated by the fact that the discount factor directly affects households’ willingness
to borrow and lend, and thus the interest rate. The average annualized real five-year mortgage
rate is about 3.2 percent in Canada during the period from 2000 to 2012, which implies that
8 =0.9.

3.2 Endowment and Production

The no-disaster average labor productivity profile {nj e d } is used to capture the typical
hump-shaped earning profile over the life cycle. The age dependency of labor productivity is

modeled by the following regression equation:

logn; = B * age; + [y * age? +e5, 7 <7, (21)

where €; is the associated residual term. The values of 3, and 3, are taken from Meh, Rios-Rull
and Terajima (2010), who estimate age-class specific labor endowments using the panel wage
data of the 1999-2004 Survey of Labour Income Dynamics from Statistics Canada. The survey
contains information on Canadian households regarding their labor supply and income over
time. The age-dependent productivity 7; is approximated by the wage rate, which is defined by
the total wage and salary income divided by the total hours worked. The estimated parameter
values are [3; = 0.076 and 3, = —0.00085.

The replacement rate p is set at 0.4, which implies a payroll tax rate 7 of 0.13 by (20). I
set the capital income share o« = 0.33, and the capital depreciation rate ¢, = 0.1, in line with

the average depreciation rate of the fixed non-residential capital stock in Canada since 2000.

3.3 Housing Market and Disaster Risks

For parameters that capture the housing market, I set the average down payment ratio A\ = 0.15
in the benchmark model. This corresponds to a loan-to-value ratio of 0.85, in accordance with
the average of the ratio in Canada in the past decade. The proportional home maintenance cost
d5, is set at 0.05 in the baseline. The aggregate housing stock h is estimated as follows. First,
I obtain the value of the total fixed residential capital stock hsgg7 and household disposable
income o007 observed in 2007 from Statistics Canada. This gives an estimated ratio hagor /Y2007
equal to 1.84. Second, using this ratio, I calculate the housing stock A in the model as h =

522}% X y = 1.41, where § represents the household disposable income in the steady-state
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equilibrium, and the factor 5 in the denominator makes the stock-income ratio consistent with

the five-year model period.

Table 1: Housing market disasters in the OECD

Sample period Disaster period % Decline in real house prices

Country Peak Trough

Austria 1987-2012 1992 2001 24.8
Belgium 1973-2012 1979 1985 37.5
Canada 1981-2012 1981 1985 24.4
Denmark 1992-2012 2007 2012 28.0
Finland 1988-2012 1989 1993 43.9
France 19922012 1992 1998 30.9
Germany 1990-2012 1995 2009 26.2
Greece 1994-2012 2007 2012 34.3
Japan 1955-2012 1973 1977 32.0

1990 2005 67.5
Norway 1955-2012 1987 1992 43.1
Spain 19952012 2007 2012 30.8
Sweden 19862012 1990 1993 26.7
Switzerland 1970-2012 1973 1977 26.1

1989 2000 39.0
United Kingdom 19692012 1973 1977 31.9

1989 1995 26.2
United States 1976-2012 2006 2011 38.2

I next describe the estimation of the likelihood and magnitude of housing market disasters
based on historical housing market experiences in twenty OECD countries.!! I first obtain the
up-to-date nominal house price indices of the twenty countries from the property price statis-
tics by the Bank for International Settlements, which in turn gathers the data from national
sources.'? These price indices are then deflated using consumer price indices from the OECD.
In this paper, a housing market disaster is defined as cumulative peak-to-trough declines in
real house prices of 20 percent or more. As shown in Table 1, I identify 18 housing disas-

ters in the 616 observation years for the twenty countries in the sample, where fifteen of the

1 Countries include Australia, Austria, Belgium, Canada, Denmark, Finland, France, Germany, Greece, Italy,
Japan, the Netherlands, New Zealand, Norway, Portugal, Spain, Sweden, Switzerland, the United Kingdom and
the United States.

2Due to the limited availability of house price data in most countries, the sample periods of international
house prices are typically shorter than their GDP counterparts, as in Barro (2006), and also vary across countries,
with the starting periods ranging from as early as 1955 to the 1990s.
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twenty countries have experienced at least one housing disaster, with Japan, Switzerland and
the United Kingdom having undergone two.'® This implies an unconditional probability of
housing market disasters equal to 3 percent each year, corresponding to roughly one disaster
per country every 34 years. A housing disaster is found to last about 6.4 years on average, and
the magnitude of house price declines ranges between 24 and 68 percent, with an average of
about 34 percent. As for the size distribution F} of the housing depreciation shock d;, upon

14 More precisely, I calibrate d), to

the occurrence of a disaster, I assume that it is generic.
be 4.8 such that the model-generated declines in house prices after a housing disaster hits the

steady-state equilibrium equal the sample average of 34 percent.

3.4 Computation

I solve for the competitive equilibrium using the method developed by Krusell and Smith
(1997, 1998), which has been widely used in the study of heterogeneous agent models with
aggregate uncertainty. It is assumed that households are boundedly rational in the sense that
they use only partial information to predict the law of motion for the state variables. More
precisely, households use only a subset of the moments of the distribution ®; instead of the
whole distribution to deduce prices. I postulate that the aggregate capital stock k; is a sufficient
statistic to represent the distribution ®,;, and the laws of motions of k; and house prices p; take

the following functional forms:

Inki 1 = a1 (dng) + oo (dpy) Inky, (22)
Inp, = ag(dnt) + ag(dpyg) Inky, (23)

where coefficients {q; (dh,t)}?zl are forecasting parameters associated with the aggregate disas-
ter shock dj, ;. Since dj,; takes only two values in the benchmark calibration, there are in total
eight coefficients to be estimated. With the above specifications, the recursive competitive equi-
librium defined in the last section can be approximated by an otherwise-identical equilibrium,

except that households solve the following optimization problem with partial information:

v 1—v 1-6 -0
, (1= Buy) (c5,hiz")
v <aj’t’ hj’t7']’ kt’ dh’t) - . m/aX/ I ! . 1— % ’
Cjtoh 105 4 +BT/}J-E»¢ [U (aj,t’ hj,t’ g+ 1, ke, dh,t+1) }

(24)

13The five countries having no housing disasters in their sample periods are Australia (1987-2012), Italy
(1990-2011), the Netherlands (1995-2012), New Zealand (1980-2012) and Portugal (1988-2012).

Barro and Jin (2011) and Pindyck and Wang (2013) explicitly model the size distributions of income disasters
in a representative-agent framework. However, taking into account the size distribution of declines in house
prices would greatly increase the computational cost for solving the current heterogeneous-agent model with
aggregate uncertainty. Therefore, for model tractability, I assume a generic distribution in the calibration.
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subject to (22), (23) and other standard constraints imposed for problem (10). The resulting
model-generated moments based on the approximate policy functions are simulated over a long
period of time, and compared to those perceived by households. If they are close enough,
then one obtains a good approximation of the equilibrium. Otherwise, one could try different
functional forms for the forecasting functions (22) and (23), or include additional moments of

the distribution ®,. The details of the computation scheme are described in the appendix.
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Figure 2: Simulated life-cycle profiles

Figure 2 shows the model-simulated life-cycle profiles of earnings adjusted for social se-
curity, non-housing consumption, housing consumption and financial assets in normal peri-
ods. The patterns of the profiles resemble those documented in previous studies on the life-
cycle consumption-saving behavior such as Yang (2009) and Fernandez-Villaverde and Krueger
(2011). The upper-left panel shows that labor earnings exhibit a hump shape over the life,
peaking at around age 45 and remaining equal to social security benefits after retirement. The
upper-right and lower-left panels of the figure plot, respectively, the age distributions of the
consumption of non-housing goods and housing services, both of which display a hump-shaped
pattern.!® For example, households buy houses in their 20s to reap the benefits of housing ser-
vice and collateral insurance. These two benefits of housing prevent households from downsizing
their houses quickly until very late in life, when there comes a need to liquidate their housing
wealth to finance non-housing consumption. This hump-shape pattern of housing consumption
suggests that a steep decline in house prices would likely hurt the old more than the young.

Finally, the lower-right panel of the figure shows a hump-shaped life-cycle profile of financial

15Tt is worth noting that the life-cycle profiles of housing and non-housing behave similarly, a result due to
the Cobb-Douglas aggregation between housing and non-housing consumption in (2) as well as the absence of
housing adjustment cost in the current model.
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wealth. Households typically hold few financial assets when they are young, because of the
down payment requirement for their housing purchase. After the purchase, they start saving in
financial assets to prepare for retirement, with their financial wealth peaking at age 65. Once

retired, households sell their financial assets to fund non-housing consumption.

4 The Welfare Impact of Housing Disasters

This section employs the calibrated model to quantify the welfare impact of the housing disaster
risk on the Canadian economy. I first propose two welfare cost measures of housing disasters
based on both specific age groups and the society as a whole. I then analyze the patterns
of welfare implications derived from the benchmark model by examining the macroeconomic
effects of this disaster risk in both disaster and normal periods. I conclude this section with a

sensitivity analysis of the welfare cost estimation.

4.1 Measuring the Welfare Cost

To measure the welfare cost of the housing disaster risk, I compare the welfare of the benchmark
economy to that of an otherwise-identical no-disaster economy (7, = 0) based on a utilitarian
welfare criterion. First, I measure the welfare impact of this disaster risk from the perspective
of a specific age group. Define the ex-ante expected utility of a household at age j € J in the
benchmark economy as

‘/3 =F [U (aj,ta hj,t7.j7 (I)t7 dh,t)] ’ (25)

where the value function v is defined in (10), and the expectation is taken over all possible
combinations of the financial asset a;, the housing asset h;, the distribution ®, of households
and the housing disaster shock dj; in equilibrium. Here, V; can be interpreted as the long-run
welfare of an age-j household. Note that the welfare criterion (25) is utilitarian, since it weighs

lifetime utilities with their respective probabilities.! Next denote

V; =1 (a;, hy, j) (26)
as the lifetime utility of an age-j household in the no-disaster economy, associated with the opti-
mal choices of non-housing goods, housing services and holding of financial assets { (ék, hy, dk) k> j}
over remaining periods of life in the steady-state equilibrium, where v is the corresponding value
function in the no-disaster economy. The welfare cost of the housing disaster risk from an age-j

household’s perspective is then measured by a uniform percentage decrease &; in the consump-

Y6Harenberg and Ludwig (2014) use a similar welfare measure based on a newborn to evaluate different social
security systems in an OLG model with recursive preferences and aggregate uncertainty.
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tion of non-housing goods that the household is willing to give up over remaining periods of
life in the no-disaster economy in order to be as well off as living in the benchmark economy.

By the homotheticity of Epstein-Zin preferences (2), one has that
(27)

where £; > (<)0 implies that eliminating the housing disaster risk is welfare increasing (de-
creasing) from the point of view of an age-j household.
The second measure of the welfare impact of housing disasters is considered from an aggre-

gate perspective. I define the utilitarian social welfare in the benchmark economy as

J
V=FE Z :U’]U (aj,t7 hj,ta ja ¢t7 dh,t) = Z M]‘/;7 (28)
7=1

=1

where 1, is the share of age-j households in the total population and Vj is defined in (25). Here,
V represents the average welfare of all the living households. Accordingly, the social welfare in

the no-disaster economy can be written as

J J
Z 0 (aj, hy,j) Zuf/ (29)

with V; given by (26). The aggregate welfare cost of the housing disaster risk is measured by an
age-independent uniform percentage decrease £ in the consumption of non-housing goods by all
households in the no-disaster economy, such that the society is as well off as in the benchmark

economy. Similarly, the homotheticity of Epstein-Zin preferences implies that
E=1——=. (30)

Removing the housing disaster risk leads to a welfare gain for the society if £ is positive, and a
welfare loss if £ is negative.

The first row of Table 2 reports the welfare costs of the housing disaster risk based on the
benchmark model. It shows that despite their rarity, the aggregate welfare cost of housing
disasters is large, with & = 0.0524, i.e., Canadian households are on average willing to give
up 5.24 percent of their non-housing consumption each year in order to eliminate this disaster
risk. Meanwhile, the welfare evaluation of this risk differs considerably in magnitude across age
groups, with a welfare cost as high as 10 percent of annual non-housing consumption for the old,
but near zero for the young. More noticeable is that households in their 20s find the presence of

this risk welfare beneficial, which is equivalent to a uniform 1.19 percent increase in their non-
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housing consumption over the life cycle. This notable asymmetry in the evaluation of housing
disasters across age groups suggests that households at different ages hold different attitudes
toward the presence of this risk. To understand these patterns of the welfare implications of
housing disasters, it is useful to fully investigate how the presence of this disaster risk impacts

household life-cycle portfolio allocations, asset prices and quantities.

Table 2: Welfare analysis of rare housing disasters
Welfare cost (%)

Age Overall 20-29 30-39 40-49 50-59 60-69 70-79 80-89 90-99
Benchmark 5.24 -1.19 1.01 3.89 624 802 987 11.2 10.1
mp = 0.02 4.54 -1.33 0571 327 540 713 891 102 8.68
mp, = 0.01 3.10 -1.69 -0.407 194 3.7 544 701 784 5.21
v=4 4.98 -1.51 0.667 3.56 595 788 990 11.1 8.78
0 =0.8 4.26 -1.45 0418 2,67 481 6.74 855 9.75 9.70
v=2038 8.56 -3.62 0370 530 9.67 138 176 194 15.2
h=18 2.22 -1.18  1.14 3.8 6.09 808 979 109 10.7

Notes: In the benchmark, 7, = 0.03, v =2, 0 = 0.5, v = 0.9, h = 1.41.

4.2 Analyzing the Welfare Implications

This subsection uses the benchmark model to examine the effects of the existence of the housing
disaster risk on the macroeconomy in both disaster and normal episodes.

First, I study how macroeconomic aggregates and life-cycle profiles of asset holdings and
consumption respond to a realized housing disaster. To do so, I assume in the simulation that
the sequence of aggregate disaster states involves a long period of normal times, a disaster hitting
the housing market in period 1 and a return to normal times in subsequent periods. Figure 3
displays the dynamics of macroeconomic aggregates after the disaster shock, which shows that
a housing disaster leads to a long-lasting economic recession. During the disaster, house prices
decline immediately, with the loss in housing wealth reducing the aggregate household savings
and thus the capital supply.!” The resulting higher interest rate discourages investment and
labor hiring, which consequently leads to declines in wages, output and consumption.'® After
the disaster, the economy starts recovering, but it takes about fifty years to fully return to its
pre-disaster state.

Table 3 reports the responses of consumption and saving to the housing disaster shock

across age groups, by computing the percentage change in the holdings of financial assets and

17The house price decline generated by the benchmark model is smaller than the observed average price decline
in the OECD sample, because housing disasters are unexpected for households in the baseline calibration.

!8Note that the change in interest rate occurs one period later than the collapse in house prices because the
capital stock in each period is predetermined in the model; so is the equilibrium interest rate, according to (5).
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Figure 3: Responses of macroeconomic aggregates to a housing disaster

the consumption of non-housing goods and housing services for different age groups right after
the disaster. As seen in the first row of the table, holdings of financial assets decrease for nearly
all age groups due to the large negative housing wealth shock, with the most pronounced
decline observed for households in their 30s and 90s. The only exception are households in
their 20s, who instead slightly increase their financial assets, because of decreased expenditures
on housing purchases thanks to depressed house prices. The second row of the table shows
that young and middle-aged households either upsize or keep their current houses, whereas old
households downsize their houses, suggesting that the age distribution of housing consumption
would spread out after the disaster. The asymmetric responses in housing consumption across
age groups are due to the hump-shaped profile of life-cycle housing consumption. As seen in
Figure 2, old households typically hold more housing assets than their young and middle-aged
counterparts, and they are also the main house sellers in the housing market as they become
aged. A housing disaster forces them to decrease their holdings of housing assets in order
to mitigate the negative wealth effect on their non-housing consumption. In contrast, young
and middle-aged households hold relatively fewer housing assets and are thus less affected by
drops in house prices. As a matter of fact, a large decline in house prices even induces young
households in their 20s to upsize their houses in the disaster episode. The final row of Table 3
shows that non-housing consumption declines across all age groups, with the decline being most
pronounced for older households because they are most exposed to the housing disaster. To
sum up, due to the wealth effect, a realized housing disaster leads to a large recession. However,
younger households fare better than older households, because declines in house prices favor
the young, who purchase houses at lower cost, but hurt the old, who rely on house sales to

finance non-housing consumption.
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Table 3: Life-cycle impact of a realized disaster (%)
Age 20-29 30-39 40-49 50-59 60-69 70-79 80-89 90-99
oo 9.09 -53.6 -244 -148 -9.79 -11.3 -17.0 -32.1

a

% 6.25 0.00 0.00 302 290 239 -5.09 -11.8

fe -17.7 -17.3  -13.3 -13.3 -13.6 -155 -20.1 -28.6

c

Next, I study how the likelihood of having a disaster affects the macroeconomy in normal
periods. In Table 4, I calculate the percentage differences in macroeconomic aggregates relative
to their counterparts in the no-disaster economy.!” The table shows that the presence of the
disaster risk has a sizable impact on macroeconomic aggregates in normal periods, with lower
house prices and interest rate but higher wages, output, consumption and investment. This
result is due to households’ portfolio reallocation from housing to financial assets. When risk-
averse households know there is a non-trivial likelihood of experiencing a housing disaster in
the future, their demand for housing assets falls, which drives down house prices. Due to the
substitution effect, households become more willing to save in financial assets, which lowers
the interest rate. Declining borrowing costs encourage investment and labor hiring, leading to

higher wages, output and consumption.

Table 4: Changes in aggregates (%)

Lp 4ar Lw Ly Lc L
r w Yy c )

P
-75.2 -14.6 4.92 492 757 15.7

Table 5 reports the effects of the disaster risk on the life-cycle consumption and saving
in normal periods. As seen in the first row, the likelihood of having a disaster in the future
induces more holdings of financial assets across all age groups due to the substitution effect
between financial and housing assets. The increase is especially pronounced for households in
their 20s and 90s. The very young households own more financial wealth by benefiting from
decreased house prices as well as increased wages, as seen in Table 4. In contrast, the very
old households, who rely heavily on liquidating their housing wealth to finance non-housing
consumption, become more willing to rebalance their wealth toward financial assets given the
downside risk in house prices. The second row of Table 5 shows that, anticipating a likely
downturn in the housing market, older households would sell more of their housing assets,
which drives down house prices. This, in turn, makes houses more affordable to home buyers,
especially those at the early stage of the life cycle. The last row of the table shows that
the presence of the disaster risk increases non-housing consumption of all age groups except

those in their 80s. The increase is most significant for young households in their 20s and 30s,

9The equilibrium aggregates in normal periods are solved by simulating the economy using the forecasting
functions (22) and (23) associated with normal times until both macroeconomic aggregates and cross-household
distributions become stable.
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thanks to lower house prices and higher wages. To sum up, due to the substitution effect, the
presence of the housing disaster risk induces a resource reallocation from the housing sector
to the production sector in normal periods. The resulting lower house prices, however, benefit
younger households more than the old.

In light of the above analysis of the macroeconomic impact of the housing disaster risk, one
can readily explain the welfare implications found in the last subsection. From the society’s
perspective, although the presence of this disaster risk would result in a welfare beneficial
resource reallocation from the housing sector to the production sector in normal periods, the
associated welfare gain is dominated by the welfare loss in the large recession triggered by a
housing disaster due to diminishing marginal utility of consumption. Overall, the society would
willingly devote a significant amount of resources to eliminating the housing disaster risk.
Meanwhile, the above analysis shows that, compared to the old, younger households suffer less
in disaster periods, due to their smaller holdings of housing assets, and they also benefit more
in normal periods from purchasing houses at lower cost, due to the incorporation of disaster
risk in households’ portfolio allocation decisions. This justifies the marked asymmetry in the

welfare cost evaluation of the housing disaster risk across age groups.

Table 5: Life-cycle impact of a rise in disaster probability (%)
Age 20-29 30-39 40-49 50-59 60-69 70-79 &80-89 90-99
La 267 775 168 797 515 698 218 120

a

% 143 714 690 334 590 -6.14 -159 -264

Le 173 162 104 628 4.8 0851 -1.67 5.32

c

4.3 Sensitivity Analysis

This subsection conducts a sensitivity analysis of the welfare cost estimation of the housing
disaster risk, with results reported in Table 2. In this analysis, except for those parameters
explicitly under investigation, the rest are all maintained at their benchmark parameterization.
Apparently, the analysis shows that calculating welfare costs using those alternative parame-
ters does not significantly change either the magnitude or life-cycle patterns observed in the
benchmark calculation. The individual effects of those parameters are presented as follows.
The first parameter of interest is the housing disaster probability 7. Examining the impact
of the parameter is especially useful because the baseline value of 3 percent as estimated from
the OECD sample might be subject to some caveats. For example, the probability estimate
could be biased due to a small sample problem, since house price series are not sufficiently
long in many of the sample OECD countries. Also, the estimate is based on the assumption

of parameter stability across countries, and it might thus under- or overstate country-specific
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risks depending on a country’s regulatory and institutional features.?Y For this consideration, I
re-estimate the welfare costs for two different probabilities, with results reported in the second
and third rows of Table 2. Not surprisingly, a decrease in the disaster probability lowers the
welfare benefits of eliminating the disaster risk from the perspective of either an individual age
group or the society as a whole. For example, when the likelihood of having a housing disaster
declines from 3 to 2 percent every year, the aggregate welfare cost of the housing disaster risk
decreases from 5.24 to 4.54 percent of annual non-housing consumption.

The fourth row of Table 2 shows that increasing the coefficient of relative risk aversion -~y
surprisingly makes the housing disaster risk less welfare costly. This is due to the fact that
when households are more risk averse, they tend to allocate more of their wealth from housing
to financial assets, leading to lower house prices and larger output and consumption in normal
periods. This consequently makes housing disasters less costly for a given disaster probability.
The fifth row of the table finds that an increase in 6, or equivalently a decrease in IES 1/6,
reduces the welfare benefits of eliminating the housing disaster risk. This is because a decrease
in TES implies that households are more averse to intertemporal fluctuations in consumption and
thus tend to hold more financial assets but fewer housing assets. Similar to an increase in the
disaster probability, this resource allocation alleviates the negative welfare impact of housing
disasters. The sixth row of the table shows that decreasing the Cobb-Douglas aggregator v
of consumption goods relative to housing services raises the welfare benefits of removing the
housing disaster risk. When households value housing services more than before, they tend to
hold more housing assets and are thus more exposed to housing disaster shocks, explaining why
this disaster risk becomes more welfare costly. The last row of the table shows that an increase
in housing stock A has limited effects on the welfare costs of the housing disaster risk, because,
all else equal, increased house supply lowers house prices but leaves households’ housing wealth
mostly unaffected.

In conclusion, as far as the Canadian economy is concerned, despite the rarity of hous-
ing disasters, households would be willing to give up around 5 percent of their non-housing
consumption each year to eliminate this disaster risk. However, the welfare evaluation varies

considerably across households, with the old benefiting more from the elimination of the risk.

20For example, Canada has relatively more conservative mortgage market arrangements than the United
States in several dimensions. First, the share of subprime market has remained much lower in Canada than in
the United States before the crisis. Also, private-label securitization, which typically has weaker underwriting
standards than agency securitizations, is almost non-existent in Canada, but experienced large growth in the
United States in the run-up to the housing market collapse. Furthermore, government guarantee on mortgage-
backed securities is explicit in Canada but implicit in the United States, with mortgage default insurance for
the lender being supplied by the private sector in the United States but by the public sector in Canada.

22



5 Conclusion

This paper examines the welfare cost of rare housing disasters in an overlapping generations
general equilibrium model. T calibrate the likelihood and magnitude of housing disasters from
historic housing market experiences in the OECD, and find that housing market disasters
occur with a probability of 3 percent every year. The model shows that despite their rarity,
the aggregate welfare cost of housing disasters is large, since Canadian households would give
up around 5 percent of their non-housing consumption each year to eliminate this disaster
risk. However, the welfare evaluation of this risk differs considerably in magnitude across age
groups, with a welfare cost as high as 10 percent of annual non-housing consumption for the
old, but near zero for the young. This notable asymmetry stems from the fact that, compared
to the old, younger households suffer less from house price declines in disaster periods, due to
smaller holdings of housing assets, and they benefit more from purchasing houses at lower cost
in normal periods, due to the negative effect of disaster risk on house prices.

A valuable extension of this paper would be to explicitly model the causes of housing market
disasters, which would improve our understanding of how to reduce the probability or impact
of those events. Also interesting would be an examination of the effects of time-varying housing
disaster risk on the dynamics of house prices and other macroeconomic aggregates, since changes
in disaster risk alone could have meaningful macroeconomic consequences.?! Furthermore, it
would be useful to consider the possible interdependence between different types of economic
disasters, such as housing disasters versus income disasters, as considered in Barro (2006), and

compare their macroeconomic and welfare implications.
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Appendix

I solve for the recursive competitive equilibrium using the method developed by Krusell and
Smith (1997, 1998). First, I specify the grids for the state space A x H x J x K X Dy, which

consists of three continuous subspaces for financial asset A, housing asset H and capital K, and

two discrete subspaces for age J and disaster shock D;. The first three spaces are discretized

into equally spaced finite grids, with their lower and upper bounds chosen to be wide enough

so that they do not constitute a constraint on the optimization problem. The five-dimensional

arrays are then used to store the value and policy functions.
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The algorithm consists of the following steps:

1. Solve for the steady-state equilibrium of the model. Denote ®, and kq as the equilibrium

distribution and capital stock, respectively.

2. Guess initial coefficients {ago) (dh)} for the approximate laws of motion of capital stock

and house prices as specified in (22) and (23).

3. Using the guess taken in step 2, solve the household’s optimization problem by backward
induction, starting from age j with v (-,-,j +1,-,-) = 0. I use linear interpolation to

evaluate the value function for values of £ not on the grid.

4. Apply the optimal policy functions obtained in step 3 to simulate the dynamics of capital

stock and house prices:

(a) Draw a sequence of disaster shocks {dh,t}thl by a random number generator.

(b) Since forecasting rules (22) and (23) might not exactly clear the housing market at
all dates and states during simulation, I solve an additional optimization problem at

each point in time in the simulation:

1

1— Bw.) (evhi-)? =7
@(aj,t,hj,t,j,kt,dh,t;ﬁ):H}ﬁX’ { (1= By;) (¢"hiz") } |

1-6

OV B [U (@' b 5+ 1, kg, dh,t+1)l_7} =y
(31)

subject to the same constraints in (24) except with an arbitrary house price p,

but with the continuation value still being the one defined in (24). This results in

policy functions d’ (.;p) and A’ (.; p). Look for p; until Z§:1 1,1 (pr) = h, ie., when
the housing market is exactly cleared. I conduct the price search using the secant
method. The resulting policy functions o’ (.;p;) and A’ (.; p;) are then used to derive

the next-period distribution ®; and capital stock k; ;.

(c) Keep implementing the above procedure with the provided random draws and get
a series {dp+, Py, k, pt}thl based on the initial distribution ®, and capital stock kg
obtained in step 1. Drop the first ¢ty < T" periods in order to eliminate the influence

of the initial distribution and capital stock.

5. Run OLS using the simulated series {k;, pt};‘r:to 1 and obtain the new set of forecasting
coefficients {&51) (dh)}. I separate the simulation points (k, k;1) and (k;, p¢) into two
subsamples associated with different realizations of disaster shocks and run OLS sepa-
rately. If new coefficients are close enough to the previous ones, then the iteration over
coefficients is finished. Otherwise, update the coefficients and go back to step 3. I use a
linear update formula with a§°) (dp) = (1 — ) Oél(o) (dpn) + %agl) (dp,) for some s € (0,1).
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6. Upon convergence of the coefficients, check the goodness of fit using the R? of the re-
gressions. If the fit is not satisfactory, try different functional forms for the forecasting

functions of capital stock and house prices or add more moments of the distribution.
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