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We develop a dynamic partial equilibrium model of the housing market, in which the
dynamics of the house price is determined by the interaction between chartists and
fundamentalists. The model endogenously generates episodes of boom and bust in the
house price and can replicate the recent US house price dynamics, and points to
endogenous and exogenous behavioral factors as the main determinants of such dynamics.
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1. INTRODUCTION

Since the late 1990s, a dramatic increase in housing prices has been observed
in most of the countries around the world. It seems impossible to explain this
phenomenon merely from a rational point of view because fundamentals such
as real rents or construction costs do not match up with this large price boom.
Shiller (2005, 2008) suggested that the same forces of human psychology driving
financial markets could also have the potential to affect other markets, especially
the housing market. Recurrent boom-bust house price cycles generate the need for
an endogenous explanation for such phenomena, possibly incorporating bounded
rationality into housing market modeling.

In this paper, we try to take on this challenge. We aim to build a stylized model
of the housing market with no rational expectations able to produce endogenous
prolonged movements in the house prices. The house is an asset that can be
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collateralized and whose price can be driven both by fundamentals and by animal
spirits. Note that ample empirical evidence exists to show that agents generally act
in a bounded rational way [e.g., Kahneman and Tversky (1973), Hommes (2011)].

To do so, we build on the model of Adam et al. (2011) but we modify it in
two ways. First, we introduce a different timing between demand and supply to
account for the fact that it takes time to build new houses. So, while households
take their decision daily, the supply is based on a quarterly frequency. Second,
we change the way agents form expectations. Instead of using Bayesian learning,
we employ an Agent-Based1 framework of chartism and fundamentalism, where
agents use different adaptive learning rules to forecast the future house price.
Household are maximizing agents, and they can be either chartists, believing in
a continuation of the recently house price trend, or fundamentalists, who expect
a reversal toward the fundamental value. We follow Kontonikas and Montagnoli
(2006), Westerhoff (2012), De Grauwe and Kaltwasser (2012), Lengnick and
Wohltmann (2013, 2016), and Naimzada and Pireddu (2013) by assuming that
household cannot identify the true fundamental price. Fundamentalists therefore
are forced to proxy the fundamental value by the information they receive about
the underlying conditions of the housing supply. Their perceived house price
fundamental value, therefore, can be interpreted as “fundamental” in the sense that
it depends on “fundamentals” and it moves at low frequency, following housing
supply which is constant over a quarter. Moreover, they continuously evaluate these
two different strategies according to past performance; this leads to endogenous
shifts in the relative shares of the two groups (chartists vs. fundamentalists). These
shifts have large effects on the house price dynamics. When chartists dominate the
market, house price can sharply deviate from the underlying fundamental value
but, if the animal spirits change, the market will be dominated by fundamentalists
and the price will revert toward the fundamental value.2

In this paper, we show that by embedding into the model an Agent-Based
mechanism of evolutionary selection of expectation rules based on reinforcement
learning, it is possible to generate an endogenous creation of boom-and-bust dy-
namics. By relaxing the rational expectation hypothesis, the evolutionary selection
of the two different forecasting rules causes waves in the relative shares of the
two groups of agents who amplify and protract initial shocks. We use the partial
equilibrium model of Adam et al. (2011), because it allows us to find a closed-
form solution for the housing demand function and thus to identify and analyze
the relevant feedback and amplification mechanisms in the model.

Moreover, the model is able to replicate the recent boom-and-bust cycle in the
US house prices. We are able to discuss three determinants that the literature
suggests as potential sources of the recent boom-and-bust cycle in the US house
prices. First, the “Greenspan put” explanation that claims that the house price
boom would have been caused by persistent low levels in the interest rate. Second,
an explanation based on an overall loosening of credit standards that allowed more
borrowing from the households, followed by a sudden freeze of credit at the onset
of the crisis [e.g., Benito and Mumtaz (2009), Mian and Sufi (2009), Favilukis
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et al. (2010), Eickmeier and Hofmann (2013) ]. Following Justiniano et al. (2013),
we can call it a “credit liberalization” cycle narrative. The third, instead, refers to
an explanation not based on fundamentals, but on exogenous forces modeled as
a change in households’ preference and housing demand. Justiniano et al. (2013)
call it a “valuation” story; we could also name it a “behavioral” story because it is
based on a change of behavior of agents unrelated to fundamentals.

Our analysis suggests that by far the most important factor in the recent boom-
bust dynamics of the house price in the United States is a change in households’
preference and housing demand. On the contrary, narratives based on “fundamen-
tals” as the interest rate behavior or the credit market liberalization appears to be
unimportant in our framework.

The paper is constructed as follows. Section 2 presents the first building block of
our model based on Adam et al. (2011). Section 3 explains the Agent-Based block
of our model and the chartists’ and fundamentalists’ behavioral rules. Section 4
shows the results of simulations. Section 5 investigates the ability of the model to
replicate the recent house price dynamics taking into consideration the real interest
rate dynamics, the credit tightness, and a preference shock for housing demand.
Section 6 concludes.

2. THE MODEL

2.1. The Household Problem

The economy is populated by a unit mass of households with identical preferences
but potentially different and not rational beliefs, indicated by Ẽt (·), that we will
specify later in Section 3.1 when we will introduce the distinction between chartists
and fundamentalists. Households take daily decisions (t stands for days) and
their preferences are described by the following intertemporal quasilinear utility
function:

Ẽ0

∞∑
t=0

δt (ct + jt log ht ), (1)

where ct > 0 is the daily consumption of goods, ht is the daily consumption of
housing services, δ ∈ (0, 1) is the discount factor, and jt is a preference shock for
housing demand.

The household period-by-period budget constraint is given by

ct + [ht − (1 − d̃)ht−1]Qt + Rtbt−1 + kt = yt + bt + kt−1pt , (2)

where Qt is the house price at time t , d̃ ∈ [0, 1) is the daily depreciation rate of
a house, bt is the household new loans, Rt is the gross real interest rate on loans,
and yt is income, which is exogenous.3 The capital stock, kt , is owned by the
households who rent it to house builders for production. Capital fully depreciates
in one period and its remuneration is pt .
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As in Kiyotaki and Moore (1997), households are allowed to borrow from banks
subject to a borrowing constraint:

bt ≤ θ
Qt

Rt

ht . (3)

The parameter θ represents the share of assets that can be collateralized. It is fixed
and cannot exceed the house value after the depreciation: hence θ ∈ (0, 1 − d̃].
Kiyotaki and Moore (1997) interpret a value of θ lower than one as reflecting
the cost the lenders suffer in case of default. A growing house price relaxes the
collateral constraint, implying that the households will have greater access to
credit.

Households maximize their utility function (1) subject to the sequence of budget
and borrowing constraints (2 and 3). From the first-order conditions, it is possible
to derive the households’ demand for housing services:

hd
t = jt

[(
1 + δθ − θ

Rt

)
Qt − (

1 − d̃
)
δẼtQt+1

]−1

. (4)

The capital rented by the consumers to house builders should satisfy the following:

(1 − δpt+1)kt = 0, (5)

so that either pt = δ−1 or kt = 0. Given the nonnegativity constraint on capital,
the quasilinear utility function implies that at that price capital and consumption
are not uniquely determined and agents are indifferent between increasing slightly
the capital sold to firms at time t in exchange for δ−1 more units of consumption
at t + 1. The capital supply offered by consumers is thus perfectly elastic, so that
kt is determined by firm’s demand at the market price of pt = 1

δ
.

Finally, consumption can be obtained residually using the flow budget con-
straint:

ct = yt + bt − [
ht − (1 − d̃)ht−1

]
Qt − bt−1Rt − kt − kt−1δ

−1. (6)

2.2. Housing Supply

As said above, we assume that house builders operate quarterly (q). The house
builders borrow capital from the households in a competitive market and employ
it as input in a simple decreasing return to scale production function:

Sh
q = (αδ)−1kα

q , (7)

where kq is the sum over a quarter of the daily capital received from household
and α ∈ (0, 1). The market for input is always in equilibrium and the price for
capital is pt = δ−1 ∀t, q.

The firm chooses kq to maximize its profits, i.e., maxkq≥0 Ẽq(S
h
q Qq+1 −δ−1kq),

where Qq+1 is the quarterly house price in the next quarter.4 The first-order
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condition is as follows:

kq = (
ẼqQq+1

) 1
1−α . (8)

In maximizing profits, house builders need to form expectations about the next
quarter house price. We assume house builders have static expectations, so that
Ẽq[Qq+1] = Qq . The profit-maximizing input demand therefore becomes

kq = (
Qq

) 1
1−α , (9)

and substituting it into the production function, we obtain the quarterly supply of
new houses:

Sh
q = (αδ)−1Q

α
1−α
q . (10)

The housing stock evolves according to

hq = (1 − d)hq−1 + Sh
q . (11)

Note that this is an end-of-period definition of the housing stock. The stock
of houses at the end of quarter q, thus available for consumption in the next
quarter q + 1, depends on the existing stock in the previous quarter, hq−1, net of
depreciation, plus the production of new houses in the quarter.5 It follows that the
stock of houses available for consumption in quarter q is equal to the stock at the
beginning of quarter q, that is, hq−1.

After log-linearization, demand and supply read as

ĥd
t = ĵt + Qhd

j

[(
1 − d̃

)
δẼt Q̂t+1 −

(
1 + δθ − θ

R

)
Q̂t − θ

R
R̂t

]
, (12)

Ŝh
q = α

1 − α
Q̂q. (13)

The demand function in (12) depends positively from the preference for houses
and from the expected future price, while negatively from the current price6 and
from the interest rate. The housing supply is a positive function of the quarterly
price.

Finally, log-linearizing (11) yields

ĥq = (1 − d)hqĥq−1 + ShŜh
q . (14)

3. AN AGENT-BASED APPROACH TO HOUSE PRICE

In this section, we present the Agent-Based part of our model, where we adapt
the Agent-Based framework in Lengnick and Wohltmann (2013) and Westerhoff
(2008) to the housing market.
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3.1. Expectations

As Adam et al. (2011), we assume that households have correct beliefs (i.e., rational
expectations) about all variables affecting their demand for housing services,
except for the house price. Regarding the latter, they hold nonrational beliefs.

More precisely, they can be either chartists Ẽc
t (·) or fundamentalists Ẽ

f
t (·).

Chartists expect the price trend will continue, so their forecasting rule is given by

Ẽc
t [Q̂t+1] = Q̂t + lc

(
Q̂t − Q̂t−1

)
, (15)

where Q̂t is the percentage deviation of house price from its steady-state value at
t and the parameter lc > 0 represents the degree of “persistence” or trend-chasing
in the house price expected by the chartists.

On the other hand, economic theory would suggest that the value of a house, as
that of any asset, should be equal to the present discounted value of the expected
returns from holding that asset. In our model, for fundamentalists this could be
captured by equation (16):

Qt =
(

jt

h
d,f
t

+ γtθQt

)
+ (1 − d̃)δẼ

f
t Qt+1, (16)

which has the usual asset pricing interpretation: The value of the asset is given
by the dividend today plus the expected capital gain/loss tomorrow. The benefit
today of holding the house is equal to the marginal utility provided by the housing
services plus the utility deriving from the relaxation of the borrowing constraint,
that is, ( jt

ht
+ γtθQt), while the capital gain tomorrow net of depreciation and

discounting is (1−d̃)δẼ
f
t Qt+1. One could then think of iterating forward equation

(16) and find a value of the asset that depends on future expected “fundamentals”,
as one would do in a rational expectation framework. However, in our Agent-Based
context it would not make sense to iterate this equation forward, simply because
Ẽ

f
t Qt+1 does not obey rational expectations. Hence, we cannot use equation (16) to

calculate Ẽ
f
t Qt+1 and then to substitute it iteratively forward in the same equation.

So, we need to find another route that it is coherent with the irrational beliefs of
our Agent-Based framework, where agents do not know the correct (and complex)
determinants of house price dynamics. In addition, even expert economists in the
real world rarely agree on the actual mechanism linking fundamentals to house
prices.

Hence, we assume that households cannot identify the true fundamental price.
Similarly to Lengnick and Wohltmann (2013, 2016), that link the perceived steady
state of the financial market to the aggregate economic activity, we link the funda-
mentalists’ perceived fundamental price to the sectoral output, that is, to the supply
of housing services. The idea is that fundamentalists understand that house supply
depends on the expected price [see equation (13) in the preceding section]. Hence,
an increase in housing supply will then be interpreted by fundamentalists as a
signal of the house builders reaction to an expected increase in the fundamental
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house price.7 Therefore, we assume that the perceived fundamental price at the
beginning of each quarter is proportional to the amount of construction works that
they observe. The latest available observation to fundamentalists at the beginning
of each quarter is the new housing built during the previous quarter, Sh

q−1. Hence,

Q
f d
t = const × Sh

q−1, q = floor

(
t − 1

64

)
. (17)

The function floor(·) simply rounds its argument to the nearest integers less than
or equal to the argument itself, and it is simply used to divide the daily time
scale into quarters, mapping the days t into the respective quarters q. Note that
Q

f d
t is “fundamental” in the sense that both it depends on “fundamentals” and it

moves at low frequency in the model, because it is constant over the quarter, being
Q̂

f d
t = Q̂

f d
q . In log-deviations, (17) simply becomes

Q̂
f d
t = Ŝh

q . (18)

Therefore, fundamentalists believe that a fraction of the actual mispricing will
be corrected in the future, so their forecasting rule is given by

Ẽ
f
t [Q̂t+1] = Q̂t + lf

(
Q̂

f d
t − Q̂t

)
, (19)

where the parameter lf > 0 represents the fraction of the mispricing that
fundamentalists expect to be corrected in the next period, and Q̂

f d
t is the perceived

fundamental value.
To sum up, while chartists believe in a continuation of the recently observed

house price trend, fundamentalists expect a reversal toward the perceived funda-
mental value.

Inserting (15) and (19) into (12) yields the chartists’ demand function:

ĥd,c
t = ĵt + Qhd

j

{(
1 − d̃

)
δ
[
Q̂t + lc(Q̂t − Q̂t−1)

] −
(

1 + δθ− θ

R

)
Q̂t− θ

R
R̂t

}
,

(20)

and the fundamentalists’ one:

ĥ
d,f
t = ĵt + Qhd

j

{(
1 − d̃

)
δ
[
Q̂t + lf (Q̂

f d
t − Q̂t )

]
−

(
1 + δθ− θ

R

)
Q̂t− θ

R
R̂t

}
.

(21)

The relative shares of chartists and fundamentalists are endogenously
determined. Households learn about the past, and they change their beliefs ac-
cording to the past performances of the two forecasting rules. Therefore, each
group evaluates the attractiveness, Ai

t , of each forecasting rule on the basis of the
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following equation:

Ai
t = [exp(Q̂t ) − exp(Q̂t−1)]ĥ

d,i
t−2 + ηAi

t−1 i = c, f. (22)

The attractiveness is thus partly related to the recent performance of the rule, mea-
sured by the term [exp(Q̂t )−exp(Q̂t−1)]ĥ

d,i
t−2, and partly by its past attractiveness,

where η ∈ [0, 1] is the memory parameter.
The fraction of agents that adopt a particular strategy (Wi

t ) then is updated every
day thanks to the Gibbs Probability, as in the framework of adaptive belief system
proposed by Brock and Hommes (1997, 1998):

Wi
t = exp

(
eAi

t−1

)∑
i exp(eAt−1)

i = c, f. (23)

The more attractive is a strategy, the higher is the fraction of agents using it. The
parameter e is called the rationality parameter: other things equal, the higher is e,
the larger will be the number of agents that switches toward the strategy with the
highest attractiveness.

3.2. House Price Dynamics

The deviation of the house price from its steady state, Q̂t , evolves according to

Q̂t+1 = Q̂t + a
(
Wc

t ĥd,c
t + W

f
t ĥ

d,f
t − ĥq−1

) + ε
Q
t . (24)

Equation (24) states that the change in the house price (Q̂t+1 − Q̂t ) reacts to the
excess of demand over supply in the housing market. This is given by the difference
between the sum of the demand deviations of chartists ĥ

d,c
t and fundamentalists

ĥ
d,f
t from the relative steady state, weighted by their relative shares [Wc

t and W
f
t

given by (23)], and the available supply of housing services, ĥt−1.8 a measures the
responsiveness of the house price to excess demand in the housing market. The
noise term ε

Q
t is an i.i.d. normally distributed shock with standard deviation σ 2

Q.

It captures the idea that the two strategies are not the only possible strategies that
exist into the market.

The quantity actually exchanged in the market obeys to the short side of the
market, so it is given by the minimum between the sum of the chartists and
fundamentalists demand in the correspondent quarter and the relative existing
stock:

G = min

⎡⎣ 64q∑
t=64(q−1)+1

(
W

f
t ĥ

d,f
t + Wc

t ĥd,c
t

)
; ĥt−1

⎤⎦ . (25)

The actions of households and house builders are not synchronized, because
demand and supply run on a different time scale. We assume that a quarter is
composed by 64 days. Hence, within one increment on house supply’s time index
q, households perform 64 times their maximization problem generating their daily
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TABLE 1. Calibration of the model

Calibration

α = 0.4 a = 0.0007
δ = 0.96 lc = 0.04
θ = 0.55 lf = 0.04
d = 0.000119 η = 0.975
e = 300 σ 2

Q = 0.011

demand for houses. Therefore, the model is implemented as follows: (i) we run
the daily demand for a quarter, given the shocks that hit the model; (ii) then the
quarterly price is equal to the mean of the daily price over that quarter; (iii) we
insert it into the supply equation to find the reaction of house builders and the new
fundamental price; (iv) we iterate.

A quarter is defined to contain days 64(q − 1) + 1, . . . , 64q, for q = 1, 2, . . .:

Q̂q = 1

64

64q∑
t=64(q−1)+1

Q̂t . (26)

4. THE MODEL SIMULATION

In this part of the paper, we analyze the performance of the model. We use numer-
ical simulations to investigate the ability of the model to generate fluctuations in
the house price driven by endogenous waves of chartism and fundamentalism.

4.1. Calibration

The parameters calibration is reported in Table 1. As in Adam et al. (2011), the
annual discount factor δ is fixed at 0.96 and the annual depreciation rate at 3%,
implying d = 0.0076 and d̃ = 1.19 × 10−4. α = 0.4 implies decreasing returns
in production and captures the fact that housing is a capital-intensive sector.
Parameter θ in the borrowing constraint is calibrated as in Iacoviello (2005). η, e,

lc, and lf are set as in Lengnick and Wohltmann (2013).
The value of the parameter a in equation (24) is set to a lower value than in

Lengnick and Wohltmann (2013). We argue that price elasticity to excess demand
is much less in the housing market with respect to the financial market, because
the house price is much more inertial and less volatile than asset prices in the
financial market. Moreover, recall that the parameter a in equation (24) measures
the elasticity of the daily house price to the daily excess demand in the housing
market, so it is reasonable to assume that the daily change of the house price
responds very little to daily excess demand. Finally, it is worth noting that a low
value is consistent with the finding in Bolt et al. (2014) that points toward an almost
random-walk behavior of the deviation of the house price from equilibrium.
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FIGURE 1. Representative run of the daily house price together with the perceived funda-
mental house price (upper panel), animal spirits (lower panel) representing the percentage
of agents using the chartist (black area) or the fundamentalist (white area) expectation
rule.

We calibrate the variance of the shock to the evolution of the house price in
equation (24), σ 2

Q, so that the variance of the simulated quarterly price is the
same as the variance of real quarterly price, collected by Federal Housing Finance
Agency (http://www.fhfa.gov/).

4.2. Waves of Chartism and Fundamentalism

Following Lengnick and Wohltmann (2013), we simulate a representative run for
a period of 40 quarters to show how the model works. We have two different
sources of shocks in the model: the noise term on the house price equation (24),
ε

Q
t , and a shock to the preference for housing services in the utility function, jt .

In this part of the paper, we analyze only the response of the system to repeated
draw realizations of the noise term ε

Q
t , while keeping ĵt fixed at zero. The aim is

to investigate how our Agent-Based framework interacts with the more standard
partial dynamic model of households’ choice.

Figure 1 shows the dynamics of the relevant variables: The top panel displays
the daily house price along with the perceived fundamental value while the middle
panel displays waves of chartism (black) and fundamentalism (white), labeled
animal spirits.

Figure 2 encompasses the dynamic of the quarterly house prices (top left) while
the top right panel shows the evolution of housing stock. Finally, the bottom left
panel of Figure 2 shows the quantity actually exchanged on the housing market
and the bottom right panel shows the housing stock, ĥq (dashed line), and total
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FIGURE 2. Representative run of the quarterly house price together with evolution of the
housing stock (upper panel). In the lower panel, we report the exchanged quantity together
with the demand and supply dynamic.

demand, Wc
t ĥ

d,c
t +W

f
t ĥ

d,f
t (solid line). The model is able to generate endogenous

waves of chartism and fundamentalism that in turn cause fluctuations in both the
house price and quantity exchanged. While fundamentalists dominate for most
of the time, in some particular periods the vast majority of agents follows the
chartists’ rule. When chartists prevail, the house price departs from its perceived
fundamental value. As an example, quarters q = 6–9 and q = 11and 12 exhibit a
boom in the house price driven by chartists, while quarters q = 33 and 34 exhibit
a bust. In phases dominated by fundamentalists, on the contrary, the house price
tends to go back to its fundamental value, which is evident for q = 13–18 or
q = 26–30.

Assume the house price starts trending upward, then the chartists’ rule may
outperform the fundamentalists’ one strengthening and protracting the upward
movement in the house price, and thus creating a boom. However, this sows the
seeds for the subsequent bust. First, the supply of new houses increases with the
price, and so does the available stock of housing. Therefore the excess demand
tends to decrease, because the supply has a standard direct negative effect on the
house price through equation (24). Second, the effect on demand of an increase in
the house price depends on whether the negative substitution effect on demand (due
to the increase in the current price) is offset by the positive wealth effect on demand
(due to the increase in the expected future price). For chartists, the increase in the
expected future price is due to the extrapolative expectations [equation (15)], while
for fundamentalists this is due to the increase in the fundamental price caused the
increase in the supply of new housing [equation (17)]. Note the two-fold role of
an increase in supply: On the one hand, it forces a price decrease by increasing the
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FIGURE 3. Representative run of the expected house prices by chartists and fundamentalists.

stock of available houses, on the other hand it affects fundamentalists’ expectations
by increasing their perceived fundamental value, and thus their demand. Hence,
on the one hand, the forces counteracting the lengthening of the boom phase are
standard: the substitution effect on demand and the contribution of the supply of
new houses to excess demand. On the other hand, the Agent-Based mechanisms of
expectations formation both of chartists, who are trend follower on a daily basis,
and fundamentalists, through the perceived fundamental price, contributes to the
prolonging of the boom phase. Figure 3 clearly shows that the expected house
price of chartist is more volatile than the one of fundamentalist. When the house
price deviates from the perceived fundamental value, the chartist expectation rule
produces a price forecast that largely deviates from the fundamental—e.g., during
quarters 6–9. The variance of the expected house price implied by the chartist
expectation rule is two times the one implied by the fundamentalist expectation
rule. Note, however, that the fundamentalists’ expectations tend to stabilize the
price at high frequencies, because they tend to anchor the price to the perceived
fundamental one which is fixed over the quarter. Indeed, Figure 1 shows that
when fundamentalists dominate, the price tends to move toward the fundamental
value.

Finally, the supply of new houses is closely influenced by the path of the
quarterly house price (see the two top panels). The stock of existing houses,
however, evolves very slowly because of the low depreciation rate. The exchanged
quantity is the minimum between demand and the stock of existing housing stock.
When there is excess supply, demand determines the quantity sold, and accordingly
the time series is more volatile. On the contrary, when supply drives the exchange
quantity, the time series is represented by a broken line because this variable
changes (very little) only at the end of each quarter.
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For sake of brevity, we refer to the Working Paper version of this manuscript
for a sensitivity analysis regarding the parameters of the model.

5. MATCHING HOUSE PRICE DATA

In this section, we ask if the model is able to replicate the recent boom-and-bust
house price dynamics in the US data. The aim is to identify the main driving
forces of the dynamics of the house price according to our model.9 We want to see
if our model can match the behavior of the quarterly house price for the period
going from Q1:2004 to Q1:2009. The data, Seasonally Adjusted Purchase-only
Index, are taken from the Federal Housing Finance Agency. We assume that in the
initial period, i.e., Q1:2004, the system is in steady state. We then compute the
percentage deviation of the quarterly house price from its steady-state value.

Our framework can accommodate these three possible explanations through,
respectively: (i) the exogenous interest rate; (ii) a time-varying value of θ in
equation (3), as a proxy for credit tightness; and (iii) the exogenous preference
shock, jt , in the utility function.10,11

Regarding the interest rate, we use the percentage deviation in 30-Years Conven-
tional Mortgage Rate from its value in the initial period Q1:2004. As displayed
in Figure 4 (upper left panel), this percentage deviation decreases steadily and
substantially from 2004 to 2006, then it moves up and then down again, till it
sharply increases from the Q2:2008. However, the change in this variable is rather
small. We then fit this series into the demand functions of the two agents to see
the resulting path of the house price. Results are shown in Figure 4 (upper right
panel): The reaction of the model (dashed line) is very small compared with
real data (solid line). To test for the “liberalization” story, we construct a path
for the parameter θ in the borrowing constraint in the following way. First, we
calibrate this parameter to be equal to Iacoviello (2005): θ = 0.55. Second, we
consider the net percentage of banks reporting tightening credit standards in the
United States according to The January 2012 Senior Loan Officer Opinion Survey
on Bank Lending Practices.12 This measure (see Figure 4, middle left panel)
remains stable from 2004 to the third quarter of 2006, when access to credit starts
tightening quite substantially till the second quarter of 2008. Finally, we define θt

as: θt = 0.55 − 0.55 × tight credit, because the credit availability is an increasing
function of θ . The results of feeding this time-varying value of θ in our model are
shown in Figure 4 (middle right panel). Again, it is clear that our model does not
suggest this mechanism as the driving force of house price dynamics. Finally, we
consider the shock on house preferences ĵt . To build a time series for ĵt , we look
at the quarterly table showing the Buying Condition for Houses in the Michigan
Consumers Surveys. This measure is built from answers to the following question:
Generally speaking, do you think now is a good time or a bad time to buy a house?
We focus on the percentage of positive answers, and we normalized it to generate
a series in a way to have figures in the subset (−1, 1). Figure 4 (bottom left panel)
visualizes the resulting path for ĵt . Values of the series higher than zero mean a
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FIGURE 4. Percentage deviation of 30-Years Conventional Mortgage Rate, upper left panel.
Model reaction to interest rate change, upper right panel. Net percentage of banks reporting
tightening credit standard, left middle panel. Model reaction to credit tightening change,
right middle panel. Preference shock, bottom left panel together with the Model reaction
to preference shock, bottom right panel.

positive preference shock, and vice versa. The shock is thus positive from 2004
to the first half of 2005, when it becomes negative and there remains till the end
of our sample, even if reverts toward zero from the middle of the 2007. Figure 4
(bottom right panel) shows the response of the model to this path of the exogenous
preference shock. In this case, our model economy is able to replicate the real
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price dynamics. In particular, the house price increase builds up very similarly
to the data during the first two years and a maximum percentage deviation of
house price is reached in the first half of 2006. After that the simulated time series
exhibits a constant decline, while the data decrease slightly and then rise up again
to a second maximum before starts decreasing. The simulated time series is not
able to reproduce the mild twin-peaks in the data, and therefore the decrease in
the simulated data happens three quarters before the one in the data. The rate of
decrease after the peak, though, is quite similar.

Our analysis therefore suggests that by far the most important factor in the
recent boom-bust dynamics of the house price in the United States is a change in
households’ preference and housing demand. As such, our analysis emphasizes
the importance of the behavioral approach and of the selection mechanism among
different expectation rules as determinant factors of the boom and bust cycle in
the housing market.

It is interesting to note that our result is consistent with the findings of Justiniano
et al. (2013)13 that employ a very different modeling strategy: more structural and
less behavioral. They find that the dynamics of house price in the United States
could be explained by a “valuation” effect that is an exogenous shock to preference
for housing. On the contrary, like us, they find little role for the “liberalization
cycle”.

6. CONCLUSION

We developed a model to study the housing market starting from an Agent-Based
perspective. We showed that it is possible to generate an endogenous creation of
boom-and-bust dynamics in the house price by relaxing the rational expectation
hypothesis, and embedding into the model an Agent-Based mechanism of evolu-
tionary selection of expectation rules based on backward-looking behavior. The
framework is based on the chartist–fundamentalist mechanism, and, despite its
simplicity, it is able to match the behavior of US house prices quite well.

The results point to the exogenous preference shock as the main driving force
behind the house price dynamics. On the contrary, the model suggests that other
competing hypothesis, as a prolonged period of low interest rates or the liberal-
ization in credit standards, have only minor effects on house price dynamics.

NOTES

1. To have a survey on the Agent-Based Computational models, visit the Tesfatsion website,
www.econ.iastate.edu/tesfatsi/ace.htm

2. We refer to the Working Paper version of this manuscript for an extended literature review about
housing market models and bounded rationality.

3. We can assume income follows an exogenous stochastic process. In any case, the only role
played by income is to pin down consumption [see equation (6)], which is not relevant for the analysis
in the paper which focuses on house price dynamics.

4. The quarterly house price is defined as an average of the daily prices over the quarter.
5. Note that d is the quarterly depreciation rate, so that 1 − d = (1 − d̃)64.
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6. Given our calibration 1 + δθ − θ
R

> 0.

7. One can also argue that fundamentalists assume that house producers have superior information
on the housing market, so they link Qf d to the observed Sh.

8. Recall that the housing stock is constant over the quarter, because it changes only at quarterly
frequencies. So ht = hq , where q = floor ( t−1

64 ).

9. Other contributions, based on nonrational expectation, are able to match the data quite well: see,
for example, Adam et al. (2011).

10. A preference shock for housing services as ours is also present in Iacoviello and Neri (2010),
Liu et al. (2011), and Justiniano et al. (2013).

11. In this section, shocks to the evolution of the house price, ε
Q
t , are muted in performing this

impulse response type of exercise.
12. http://www.federalreserve.gov/boarddocs/snloansurvey/201201/default.htm
13. See also Iacoviello and Neri (2010) and Kiyotaki et al. (2010).
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