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Abstract
Data demonstrate a correlation between demographic variables and financial cycles: an
increase in the working-age population is associated with an expansion of the financial cycle,
that is, credit growth and increased housing prices. To account for this stylized fact, this
paper uses an OLG model with data on housing prices, life-cycle of income, and
consumption. A transitory baby boom, which increases the working-age population, leads to
higher housing prices and household borrowing.
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Introduction

In this paper I explore the role of demographic trends as potential drivers of the financial
cycle. Leaving aside the declining trend in the fertility rate as a potential explanation (e.g.
Eggertson and Mehrotra (2014), Carvalho et al. (2016)) for the fall in interest rates and asset
prices, as suggested by the secular stagnation hypothesis, I focus on cyclical developments in
fertility rates and show that a crucial element that triggers changes in the financial cycle is
the relative size of the cohorts, determined by above or below trend population growth.
Firstly, I explore the demographic process in the last century in the US and I show that
the detrended fertility rate features boom and bust episodes that, looking at the absolute
number of births, have generated larger or smaller cohorts than those that would have been
generated by an average population growth process. Then, I show that there is a positive
correlation between the age composition of the population (the inverse dependency ratio1 )
and financial variables (such as the credit/GDP gap and house prices), with the former
leading the latter. Finally, I build a three-period overlapping generations (OLG) model with
demographic developments, exogenous fertility shocks and life-cycle patterns of consumption
and income that, even if calibrated at micro-level, is able to match the correlation observed
at aggregate level. In this model, ageing and mortality are deterministic factors: agents live
for three periods and then death is a certainty. The size of the newborn cohort is determined
by an exogenous shock; this is the only source of uncertainty in the model.
Newborn agents enter the model with no wealth; in the first period they earn an income,
consume non-durable goods, and borrow to purchase housing. In the following period, when
they are middle-aged, they earn a higher income, adjust their housing stock, pay back their
debt, save for retirement and consume non-durable goods. In the last period, they become
old, earn no income, get/inherit the housing of their parents (who have died) and use their
accumulated wealth to finance consumption and housing. The steady state life cycle profiles
of debt, consumption and housing are calibrated according to microdata evidence. Housing
is in fixed supply.
The main conclusions are the following: a transitory positive demographic shock (i.e.
a bigger cohort entering the economy) increases the share of workers in the economy, thus
increasing consumption and per capita output. Since housing is assumed to be a complementary good and it is in fixed supply, increase in output leads to a higher demand that must
be cleared through a price increase. As a result, the cohorts that were alive in the previous
period and that have already bought houses become relatively richer. An agent from the
1

The inverse dependency ratio is the ratio between the number of people of working age and those out of
the labour force, either because they are too young (below 15) or too old (above 64). It can be read as the
number of workers that sustain an individual that is not in the labour force. The indicator takes into account
the demographic structure but not the labour market status, and therefore is not affected by business cycle
fluctuations.
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newborn cohort, on the other hand, is relatively poorer and therefore borrows relatively less
than an individual born in a steady state. The overall amount of credit increases when the
demographic shock hits the economy because of the higher number of borrowers. Any agent
from the baby boom cohort is poorer than an agent born in a normal size cohort and therefore
owns a smaller amount of total wealth; on the contrary, the cohort of baby-boomers is richer
on aggregate than a steady state size cohort and therefore owns a bigger share of wealth.
Since the shock is assumed to be temporary, when the baby-boomers become middleaged, the new young cohort returns to its steady state size; the economy reaches a peak in
terms of output, as the middle-aged agents are more productive than young workers. House
prices also reach their maximum. Given that there is a partial no-arbitrage condition between
housing and bonds2 , the negative perspective on house prices depresses the interest rate on
bonds thus benefiting the newborn cohort with extremely accommodative credit conditions,
due to the relatively larger size of the cohort that supplies credit with respect to the one that
demands it.
With reference to the current debate that opposes the secular stagnation hypothesis3
and to the financial cycle view4 , the paper offers two insights: on the one hand financial
downturns may be triggered by changes in demographic developments (as in the secular
stagnation hypothesis), on the other, the current phase of low interest rates can be part of
a medium-frequency cycle (like the financial cycle) that will reverse (the model predicts the
current phase of low interest rates as the temporary consequence of baby boomers ageing and
its reversal in the near future as in the empirical work of Favero et al. (2016)). According
to the model proposed here, the recent trends in interest rates and credit are neither the
symptoms of a long-lasting “secular stagnation” nor the result of changes to regulation and
monetary policy but the natural consequence of the demographic structure generated by a
boom-bust demographic process.
The paper is structured as follows. Section 2 presents some stylized facts on financial
and demographic cycles and life-cycle patterns of consumption and households’ credit and
housing. Section 3 presents the model and defines the equilibrium. Section 4 discusses the
calibration and the solution of the model and section 5 presents the results. Section 6 offers
some concluding remarks.
2

If the economy was populated by investors who can buy and resell houses without using them and
eventually going short, a standard no-arbitrage would apply. Since housing is part of the utility function, the
no-arbitrage condition includes the utility that provides the use of housing.
3
First developed by Hansen (1939) and nowadays championed by Summers (2014, 2016), advanced
economies have entered a phase of low growth, high debt and low interest rates due to structural changes
(mostly related to ageing populations and lower technological innovation growth) that are likely to persist in
the future.
4
The financial cycle view stresses the effect of debt overhang on sluggish growth with a particular focus
on the role of loose monetary policy and financial regulation in driving the financial cycle (Lo and Rogoff,
2015, and Juselius et al., 2016).
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Selected stylized facts

Housing prices, private debt and demographics are correlated in many developed countries.
Nishimura (2011) highlights the positive correlation5 existing between the inverse dependency
ratio and house prices in many developed economies and argues that the most recent reversal
in the dependency ratio has led to the beginning of financial crises in many of them. Piazzesi
and Schneider (2016) highlight that fluctuations in mortgages explain a huge fraction of
private debt fluctuations. Figure 1 plots the real house prices, the inverse dependency ratio
and households’ debt-to-GDP ratio in the USA; an analogous pattern for the UK is plotted
in figure 2. The three series are highly correlated in both countries. Indeed, the crosscorrelograms (US, figure 3; UK, figure 4) show that correlations are high (statistically different
from zero) at different lags.
As to the definition of financial cycle, several alternatives may be found in the literature.
Drehmann, Borio and Tsatsaronis (2012) analyse many financial indicators with different
techniques and find that a good proxy of the financial cycle6 is given by the mean of the
medium frequencies of house prices, real credit and the credit-to-GDP ratio. They propose
a measure of the financial cycle which is the mean of the standardized band pass filter of
these series with a lower limit of 32 quarters (8 years) and an upper limit of 120 quarters
(30 years). An updated series for the United States, computed following their methodology,
can be found in figure 5. The correlogram in figure 5 suggests that changes in the inverse
dependency ratio anticipate changes in the financial cycle by 10 years. It is important to
notice that these stylized facts only look at the correlation and do not focus on the direction
of causality.
Why do changes in the population structure affect prices? There is age-specific heterogeneity in income and consumption at different stages of life. Figure 8 plots some stylized facts
on consumption, income and wealth at different stages of life from the Survey on Household
Income and Wealth (SHIW) in Italy, while Figure 9 plots the same data for US households
(income and wealth are taken from the Survey of Consumer Finances while data on consumption are taken from the Consumption and Expenditures Survey). Young households are those
with a higher marginal propensity to consume and with a higher amount of debt, income is
at its maximum when agents become middle-aged and decreases thereafter, consumption of
goods and housing follows a pattern similar to income, and older agents are the main owners
of financial assets. The model will be calibrated in order to match these stylized facts.
Finally it is important to comment on housing prices. What is the main source of variations in housing prices? As highlighted by Piazzesi and Schneider (2016) the main source
5

The work of Saita et al. (2013) and uses a panel on the USA and Japan to show that the direction of
causality runs from the demographic structure (i.e. the inverse dependency ratio to housing prices.
6
They look for a definition of financial cycle such that reversion of the cycle is associated with financial
crises.
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of variation in the price of housing in the US is the value of land and not the value of any
structures built on it. Knoll et al. (2017) found quantitatively similar results by extending
the analysis to 14 advanced economies over almost 150 years. Since the model aims to capture movements in housing prices, this empirical evidence justifies the fixed supply model (as
if agents owned land).

2.1

Demographics

In the model proposed in this paper, demographic developments are assumed to be exogenous
with respect to the financial cycle. While the role of the economic cycle on fertility has
been extensively studied in the literature7 , and one might therefore object that demographic
developments are not fully exogenous with respect to financial cycle developments. The
assumption made here is required in order to study how shocks to the size of population
cohorts may affect financial variables. The demographic process in the paper is modelled as
a cycle, which is consistent with the detrended series of birth rates adjusted for mortality in
the United States, represented in figure 6. In the last century the (detrended and adjusted for
child mortality8 ) birth rate fluctuated with a sequence of booms and busts of approximately
20 years; since the 1980s the fluctuations have decreased their magnitude and their duration
as a consequence of a more stable socioeconomic environment. Indeed, the two biggest
shocks in the series were generated by the Great Depression and WWII: between 1926 and
1945 economic conditions and the war led to a huge fall in the birth rate (almost 13 per cent
below trend): on the other hand, the mobilization of women during WWII led to a tightened
female labour market and then to younger women being crowded out of the labour market
at the beginning of the 1950s, thereby generating the “baby boom” 9 .
The picture does not change if instead of the birth rate we look at the total number of
live births in the year (adjusted for child mortality10 ) that is represented in figure 7.
7
Starting from the seminal work of Barro and Becker (1989), the literature has largely explored the
relationship between business cycles and fertility from a theoretical and an empirical perspective, e.g. Jones
and Schoonbroodt (2010, 2016), Jones et al. (2010) among others.
8
Child mortality is computed as the number of children that die by the age of 5, that is the period of
childhood where the probability of survival is minimal.
9
Doepke et al. (2015) uses a quantitative model to show that this mechanism explains almost 80 per cent
of the observed increase in fertility.
10
The series in child mortality for the United States begins in 1933; nonetheless, I have used data from
Sweden (historically lower than United States) and France (historically higher) to reconstruct the first 25
years of data. Therefore the orange line uses Sweden’s mortality rate up until 1933, the grey line uses French
data until the same year and the yellow line uses a mean. The different hypotheses do not dramatically
change the boom-bust picture.
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The Model

3.1

OLG structure

There are three cohorts: young, middle-aged and old. Agents stay in a cohort for one period
(agents enter the model when they are 25 years old and one can imagine a period as lasting 20
years). The young and the middle-aged work while the old cohort does not earn any income
from labour. Each generation lives for three periods and then dies with certainty. The size
of the first cohort is determined by an exogenous process; the demographic variables are:

Nt1 = N + εt
1
Nt2 = Nt−1
2
Nt3 = Nt−1

Given that the demographic structure is the exogenous state variable of the economy, for
notational convenience we can denote it with Nt = {Nt1 , Nt2 , Nt3 } the set that contains the
dimensions of the three populations.

3.2

Households’ preferences

In each period households get their utility from housing and consumption. Following the
standard modelling, e.g. Piazzesi and Schneider (2016), I assume they have a CRRA utility
function over a CES aggregator for housing and consumption. The intraperiod utility of a

cohort i is given by u cit , hit+1 :
 [x (ht+1 , ct )]1−σ
u cit , hit+1 =
1−σ
where:
x (ht+1 , ct ) =

h

1−ω

h



(ct )

η−1
η

h

+ ω (ht+1 )

η−1
η

η
i η−1

The parameter ω h determines the relative share of income used to buy housing while η
measures the elasticity of substitution between housing and consumption; σ measures the
inverse of the IES.

3.3

First cohort

The first cohort is formed of newly born agents. They inelastically supply one unit of labour,
earn an income wt1 and buy consumption goods c1t and housing h1t+1 . They can become
indebted by going negative on a risk-free bond (that is sold at qtb and that is paid back in
9

the subsequent period)11 . Therefore the problem that the representative agent faces is:
Vt1 (Nt ) =



 2
1
1
1
1
,
N
,
h
d
+
β
E
V
max
,
h
u
c
t+1
1
t
t+1
t+1
t+1
t+1
t
1
1

c1t ,ht+1 ,dt+1

s.t.
µ1t

c1t + qth h1t+1 + qtb d1t+1 ≤ wt1




where u c1t , h1t+1 is the function described above.

3.4

Second cohort

When they are middle-aged, the inelastic labour supply of agents is still one unit of time and
they earn an income wt2 which they use to buy consumer goods c2t and eventually to adjust
their amount of housing h2t+1 . They have to pay back the debts incurred in the first period
and can save money for their retirement by lending to the first cohort. Therefore the problem
faced by the representative agent of the cohort is:

Vt2 d1t , h1t , Nt =



 3
2
2
2
2
,
h
+
β
max
u
c
2 Et Vt+1 dt+1 , ht+1 , Nt+1
t+1
t
2
2

c2t ,ht+1 ,dt+1

c2t + qth

3.5

s.t.

h2t+1 − h1t + qtb d2t+1 ≤ wt2 + d1t

µ2t



(1)

Third cohort
N3

In the last period of their life agents do not work, inherit housing from their parents (h3t Nt−1
3 ,
t
where the second term takes into account that cohorts may differ in size, (which affects the
amount of inheritance) and use their financial and real wealth to maximize their utility. The
problem faced by the representative agent of the third cohort is:

Vt3 d2t , h2t , Nt =

max
u c3t , h3t+1
2 2

ct ,ht+1

c3t + qth

3.6



s.t.

N3
h3t+1 − h2t ≤ d2t + qth h3t Nt−1
3
t

µ3t



(2)

Representative firm

The main results of the paper can be obtained with a simpler age-dependent endowment
economy. Nonetheless, in order to capture the effects of larger or smaller than usual cohorts
the representative firm has a production function with a CES aggregator for labour input
11

Notice that the bond market in principle allows the first cohort to save, and they become indebted only
if it occurs endogenously d1t+1 < 0.
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from young and middle-aged workers. In the literature there has been much discussion on
the effect of cohort size in the labour market performances of an agent, and this model
allows us to capture inter-cohort complementarities and intra-cohort substitutabilities of
labour input. As a result the life-cycle profiles of income of baby boomers and baby busters
will be affected: being born in a larger than usual cohort will reduce the per capita wage
(intra-cohort substitutability), on the contrary the other cohorts at work will benefit from
higher productivity (inter-cohort complementarity). Capital is assumed to be in fixed supply
so as not to increase the state-space dimensionality; the role of this assumption will be
discussed in section 5.3. The CES aggregator is calibrated by looking at empirical estimates
on complementarity and substitutability between young and middle-aged workers12 .
The production sector includes one representative firm that produces consumption goods
taking as its input young and middle-aged labour. The production does not require capital.
The problem faced by the firm is:

Yt − wt1 Nt1 − wt2 Nt2

max

Nt1 ,Nt2 ,Kt1

s.t.
i ε
h
ε−1 ε−1
ε−1
Yt = ω y (Nt1 ) ε + ω o (Nt2 ) ε
Notice that the labour of the young and of the middle-aged have different levels of productivity
and are complements in production; ε captures the level of complementarity, ω y + ω o = 1
captures the different levels of productivity through the life cycle while ε represents the
elasticity of substitution between young and old workers in production. Therefore the FOCs
are:

ρ−1

wt1

Yt
ω y (Nt1 ) ρ
=
ρ−1
Nt1 ω y (N 1 ) ρ−1
ρ
+ ω o (N 2 ) ρ
t

t

o

wt2 =

3.7

(Nt2 )

ρ−1
ρ

Yt
ω
ρ−1
2
Nt ω y (N 1 ) ρ−1
ρ
+ ω o (Nt2 ) ρ
t

Housing market

There is a fixed housing supply (as already discussed it represents land); the exogenous
amount of housing H is shared among all living individuals. The housing used by the third
cohort is inherited by their children (the following cohort) at the end of the period.
In this economy housing plays a double role: agents get instant utility from owning it but
12

For example Macunovich (1999), Murphy et al. (1984), Levine and Mitchel (1988) among others.
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it is also an investment that can be sold in the next period. For this reason the return of
a housing good enters into the Euler equation of cohort 1 and 2 and there is a no-arbitrage
condition between the price of housing and the price of the bond. Looking at the first cohort13
The FOCs with respect to h1t+1 and d1t+1 are:

qth µ1t
qtb µ1t

ω h h1t+1

− η1

 2 h 
= h
ησ−1 + β1 Et µt+1 qt+1
i
η−1
 η−1 η−1
(1 − ω h ) (c1t ) η + ω h h1t+1 η


= β1 Et µ2t+1

Notice that if housing does not enter
on the right hand side
 the utility function, the first term
−1

ω h (h1t+1 ) η


of the first equation equals zero  
ησ−1 = 0 and the model preη−1  η−1
η−1
(1−ωh )(c1t ) η +ωh (h1t+1 ) η
h
Et [µ2 ]
Et [µ2t+1 qt+1
]
dicts a standard no-arbitrage condition with µ1 t+1
=
. In this case, since housing
1
b
h
µ
q
q
t t
t t
delivers utility today
is lower than
 too, agents are willing to hold it even if the expected return 
1
−η


the bond return  

ω h (h1t+1 )
η−1
η +ω h

ησ−1
η−1 
η−1

> 0 =⇒

Et [µ2t+1 ]
µ1t qtb

<

( )
(
)( )
less the return on housing and bonds must be (partially) correlated.

3.8

1−ω h

c1t

h1t+1

η

h
Et [µ2t+1 qt+1
]

µ1t qth

. Nonethe-

Markets

There are three markets in this economy: the housing market, the bond market and the
goods market. All agents participate in the housing and goods market while only the young
and middle-aged trade on the financial market14 . Market clearing conditions are:
Nt1 h1t+1 + Nt2 h2t+1 + Nt3 h3t+1 = H
Nt1 d1t+1 + Nt2 d2t+1 = 0
Nt1 c1t + Nt2 c2t + Nt3 c3t = Yt

3.9

Equilibrium of the economy

Given a sequence of shocks to the demographic process {εt }∞
t=0 , an initial asset allocation
{d10 , d20 } and an initial split of housing between cohorts {h10 , h20 , h30 }, a competitive equilib13

The same analysis can be conducted on the second cohort, and the main difference is in the discount
factor (β2 instead of β1 ).
14
The old are free to participate in the financial market but they do not want to save since they do not
display intergenerational altruism and no one is willing to lend to them since they will no longer be alive
when the loan has to be repaid.
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rium for this economy is given by a sequence of allocations of housing and consumption
 1 2 3 1

∞
∞
ct , ct , ct , ht+1 , h2t+1 , h3t+1 t=0 , a sequence of prices qth , qtb t=0 and a sequence of asset alloca
∞
tions d1t+1 , d2t+1 t=0 such that ∀t:
1. The representative agent of the first cohort takes as given qtb and qth and chooses c1t ,
h1t+1 and d1t+1 to solve her problem and therefore they satisfy:
µ1t

1−ω

=

h



− 1
c1t η

h

1−ω

h

c1t



 η−1
η

+ω

h

h1t+1

i 1−ησ
 η−1
η−1
η

− 1 h
 η−1 i 1−ησ
  η−1
η−1
µ1t qth = ω h h1t+1 η 1 − ω h c1t η + ω h h1t+1 η


h
+β1 Et µ2t+1 qt+1


qtb µ1t = β1 Et µ2t+1
wt1 = c1t + qth h1t+1 + qtb d1t+1
2. The representative agent of the second cohort takes as given the prices qtb and qth and
the amount of bonds and housing bought in the previous period (d1t and h1t ) and chooses
c2t , h2t+1 and d2t+1 to solve her problem. The associated FOCs are:
µ2t =
µ2t qth
µ2t qtb
wt2 + d1t

1 − ωh



c2t

− 1
h2t+1 η

h

− η1 h

1 − ωh

h

h

c2t



c2t



 η−1
η

1−ω
 3 h 
+β2 Et µt+1 qt+1


= β2 Et µ3t+1

= c2t + qth h2t+1 − h1t + qtb d2t+1
= ω

 η−1
η
+ω

+ ω h h2t+1
h

h2t+1

i 1−ησ
 η−1
η−1
η

i 1−ησ
 η−1
η−1
η

3. The representative agent of the third cohort takes as given the prices qtb and qth and the
amount of bonds and housing bought in the previous period (d2t and h2t ) together with
the amount of housing left as a bequest by the parents h3t and chooses c3t and h3t+1 to
solve her problem. The associated FOCs are:
µ3t =
qth µ3t

1 − ωh

= ω

h



c3t

− 1
h3t+1 η

− η1 h
h

1 − ωh

1−ω

c3t + qth h3t+1 = d2t + qth h2t + qth h3t

h





c3t

c3t

 η−1
η

 η−1
η

+ω

+ ω h h3t+1
h

h3t+1

i 1−ησ
 η−1
η−1
η

i 1−ησ
 η−1
η−1
η

3
Nt−1
Nt3

4. The representative firm takes as given wages wt1 and wt2 and demands labour from the
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two cohorts in order to maximize its profits:
ρ−1

wt1

ω y (Nt1 ) ρ
Yt
=
ρ−1
Nt1 ω y (N 1 ) ρ−1
ρ
+ ω o (N 2 ) ρ
t

wt2 =

t

ρ−1
ρ

ω o (Nt2 )
Yt
ρ−1
Nt2 ω y (N 1 ) ρ−1
ρ
+ ω o (N 2 ) ρ
t

t

5. Housing market clears:
Nt1 h1t+1 + Nt2 h2t+1 + Nt3 h3t+1 = H
6. Goods market clears:
Nt1 c1t + Nt2 c2t + Nt3 c3t = Yt
7. Financial market clears:
Nt1 d1t+1 + Nt2 d2t+1 = 0

4

Calibration and solution method

The model is calibrated to match the stylized facts described in section 2: agents borrow in
the first period of their life; in the second period they repay their debt and they save for the
next period thereby providing savings to the first generation; in the last period they consume
all their wealth. Consumption of housing and goods is at its minimum when agents are
young, it increases and reaches its peak in middle age and then decreases in the last period.
The value of the calibrated parameters is reported in table 1, while the resulting steady
state profile of consumption, housing and financial assets is shown in figure 1115 . In order to
match the data, the middle-aged cohort earns a higher share of income (ω o > ω y ) and agents
discount at a higher rate from the first to the second period and at a lower rate from the
second to the third period.
15
It can be compared with the life cycle of consumption, housing and financial assets in the US and Italy
in figure 12.
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Parameter Calibration
η
0.5
ωh
0.5
σ
2
β1
1.3
β2
0.5
y
ω
0.4
o
ω
0.6
ρ
0.7
H
3.5
N
1
Table 1: Parameters calibration
The model is solved using a third-order perturbation around the steady state.
I then consider a scenario in which an unexpected demographic shock of 10 per cent
occurs. The population pyramids across periods are plotted in figure 13: on the north-west
the population pyramid is in a steady state, in which all cohorts are the same size, in period
1 the boomers generation is born, which is bigger than the other cohort and the population
pyramid has a larger base (north-east); in period 2 a normal cohort is born and the pyramid
has the bigger cohort at its centre (south-west); finally, in period 3 the boomers are at the top
of the population pyramid that is now “reversed” (the largest cohort is at the top; south-east).

5

Results

Before discussing results of the simulation of the shock it is worthwile a brief discussion on the
main channel of the model: consumption smoothing and intertemporal budget constraint.

5.1

The intertemporal budget constraint

Consider the problem of an agent born in period t. She solves an intertemporal maximization
under the following intertemporal budget constraint16 :
 2
 1
b
b
h
h
h
b
h
qt+2
h3t+3 ≤
c3t+2 + qtb qt+1
− qt+1
qt+2
ht+2 + qtb qt+1
ht+1 + qtb c2t+1 + qtb qt+1
c1t + qth − qtb qt+1
N2
b
h
qt+2
h3t+2 t1
wt1 + qtb w12 + qtb qt+1
Nt
Firstly, notice that the housing price is similar to a “rental rate” in the first and second period
while it is the pure housing price in the third period (since they do not re-sell it). Then,
consider that the intertemporal wealth that the agent wants to consume smoothly according
16

The mathematical derivation is in the appendix.
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to their intertemporal preferences is:
wt1

+

qtb w12

+

2
b b
h
3 Nt
qt qt+1 qt+2 ht+2 1
Nt

b
, i.e. the lower the interest rate in the economy
Notice then that it is increasing in qtb and qt+1
the higher the wealth for an agent that enters the economy. Notice that qth does not enter into
the period 0 income, therefore any shock to the housing price does not affect the wealth of
the first cohort, while it affects the wealth of those cohorts that already own housing (check
equation (1) and equation (2)).
The model works through wealth shocks created by the demographic shocks and their
effects on housing prices and interest rates. Given the intertemporal preferences of different
cohorts, it triggers changes in the financial cycle.

5.2

Demographic shock simulation

Figure 14 shows the reaction of the economy to a baby boom shock of 10 per cent in period
1. In any subplot the black line represents the steady state level.
When the baby-boomer cohort is born, output in the economy grows (figure 12: third
row, first column) as the labour force grows. Since consumption goods and housing are
complementary goods but housing is in fixed supply, the extra demand for housing has
to be cleared through a change in the relative price. Housing prices increase (more than
proportionally due to the elasticity of the substitution of 0.5) (figure 12: first row, first
column), thus increasing the wealth of the cohorts that are already in the economy and bought
housing in the previous period (2 and 3). The positive wealth effect and the substitution
effect (due to the increase in q h ) work in the same direction for the second and the third
cohort, and thus they increase non-durable consumption (c2 and c3 , figure 12: first row, third
and quarter column respectively). On the contrary, the two effects work in opposite directions
for housing: the substitution effect prevails and they (slightly) reduce its consumption (h2
and h3 , figure 12: second row, second and third column respectively). An agent from the
first cohort, by contrast, is unfavourably affected by being born in a larger than usual cohort
for two main reasons: she will have a lower wage (due to the CES aggregator of labour inside
the production function) and will inherit a lesser amount of housing from her parents (there
is one extra child in every ten on average and parents have less housing due to the increase
in the population). The lower level of income throughout life reduces borrowing needs in the
first period (wealth effect). Furthermore, the price of a bond is lower due to the non-arbitrage
condition with housing that has expectations of a high return due to the (expected) increase
in output (substitution effect). Notice that at the aggregate level the first cohort is getting
a higher share of housing even if its per capita level of housing is smaller than a normal-size
16

cohort.
In the second period the demographic shock reverses and a smaller (normal-sized)cohort
is born after the boomers. The amount of consumer goods in the economy is at its maximum,
since the boomers are now middle-aged and therefore the price of housing peaks (figure 14:
first row, first column). The newborns have a higher expected wealth with respect to a cohort
born in “steady state” (i.e. after a high number of periods without demographic shocks) for
two reasons: a higher wage when they enter the labour market and a higher amount of
housing in the last period (when, in any case, it will not be worth as much as it is now). On
top of the positive wealth effect, there is also a substitution effect: the relative abundance of
credit supply and the no-arbitrage with housing that will have to decrease in the next period
decreases the interest rate on bonds and promotes credit to the relatively impatient young
households. Therefore, wealth and substitution effects lead to an increase of the per capita
borrowing by the young cohort.
When the boom cohort retires, output falls and so do housing prices. In the fourth
period the demographic structure reverts to its steady state level but other variables do not.
Indeed, the state variables of this model are the demographic structure (exogenous) and the
wealth distribution across cohorts (endogenous). When the baby boomers’ cohort dies the
demographic shock reverts but wealth shares are still affected by the previous shock and
therefore it takes more time for the variables to return to their steady state level.
Figure 15 plots the housing prices (rescaled to fit the figure) with the inverse dependency
ratio and the aggregate level of credit-to-output (i.e. taking into account cohort-dimension),
i.e. the equivalent in the model of the series represented in figure 1 for the United States and
in figure 2 for the United Kingdom. It can be seen that the model, despite its simplicity, is
roughly able to replicate the dynamics observed in the data at the aggregate level.

5.3

Alternative assumptions

In this subsection I briefly discuss two of the most restrictive assumptions of the model,
housing inheritance and the fixed-capital production function, and their effect on the financial
cycle.
With respect to housing inheritance, the crucial element for the model is the life cycle
profile of borrowing and saving and the wealth shock arising from being born in a small
or a big cohort. The fact that agents own a house also in the last period of their life is
certainly realistic; therefore the problem to be addressed is where the housing they owned
goes when they die. The most natural assumption is that their children inherit their house
even if they do not have altruistic motives (introducing a bequest motive through an easy
warm glow model17 This would have a positive minor effect on the interest rate and on the
17

As in De Nardi (2004) and De Nardi and Yang (2014).
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price of housing due to the fact that the future also has a value now for the third generation
), nonetheless one can make two alternative assumptions: either the houses are inherited by
grandchildren (it is less natural but it means inheritance around the age of 45 which can be
a reasonable age) or the government takes the whole amount of housing (one can imagine
a 100 per cent tax on bequests) and share the proceedings among all the living cohorts.
With respect to the first hypothesis, the results would not change, the first cohort would still
find it optimal to become indebted in order to smooth consumption and the second cohort
would probably increase their supply of savings and buy more houses in order to sustain
their consumption in the third period where they would have no income at all. On the
other hand, in the 100 per cent inheritance tax model everything depends on the sharing
of the proceedings. If it does not alter the borrower\lender status of the cohort, i.e. if the
first cohort is still a financial borrower (with a positive net wealth, due to the fact it owns
housing) while the second cohort remains a financial lender, the results would not change.
Nonetheless, the higher the share of proceedings that goes to the first cohort the higher the
softening of the welfare effect since bigger cohorts benefit, at least partially, from increased
housing prices and small cohorts are penalized.
With respect to the introduction of physical capital, one may argue that it would amplify
the results of the model. Firstly, consider that physical capital is a risky asset since the
return depends on the labour supply available in the next period, which is determined by an
exogenous process on the population. For this reason the greatest share of it would be owned
at the beginning of production by the middle-aged (who made investments when they were
young)18 . Therefore, with respect to the steady state without capital, the youngest generation
would increase its short position on safe debt to finance investments (and housing), while
clearly the oldest generation would not invest in physical capital since it will not be alive to
benefit from the return. A demographic shock in this setup would favour the middle-aged who
already own capital. On the one hand the investments will increase, leading to an increase in
output in the subsequent period and therefore to an amplification of the house prices cycle
(it is determined by the fact that housing is complementary to non-durable goods). The
increase in investment would not fully compensate the increase in labour supply since the
old cohort that benefits from the increase in housing prices would not want to invest in it.
Therefore the risk-free interest rate would increase more than in the model without capital,
increasing the negative welfare effect on baby boomers.
18

As has been discussed in Glover et al. (2014), in an OLG model with portfolio choice and σ > 1 where
the share of risky assets in a portfolio decreases with age. The result comes from the fact that a younger
generation has a longer time horizon for investment and it counts on the fact that it can recoup losses at a
later date. This is consistent with microdata on wealth in different countries.
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6

Conclusions

Starting from some stylized facts that show a correlation between demographic variables
and financial variables, I have built an OLG model with housing and credit markets and an
exogenous demographic process that is able to rationalize the stylized facts in data form.
In the model, a transitory baby boom triggers an expansion in the financial cycle: the
entry of a large cohort has a positive impact on housing prices, favouring those cohorts
that already own houses (middle-aged and old) and on the interest rate, given the relative
scarcity of credit supply and the expected boom of house prices in the next period. The
subsequent cohort, on the contrary, benefits from a larger credit supply and an expected fall
in house prices that lowers the interest rate. As a result, newborns are relatively richer than
a normal cohort even if their income in the first period is not very different; this increases
credit demand in order to smooth consumption. For this reason, even when the cohort that
becomes indebted is normal-sized, the amount of credit is still higher than that of a cohort
in the steady state.
With respect to the current debate between the secular stagnation and the financial cycle
hypotheses, the paper provides evidence that the two can be partially reconciled: the mediumfrequency cycle on interest rates and credit can be generated by the medium-frequency fluctuations in demographics that we observed in the last century. If this is the case, in the
US the financial cycle will reverse as soon as the retirement phase of the baby-boomers ends
and the smaller cohorts from the end of 1960 retire, and therefore sooner than expected by
those who support the secular stagnation hypothesis19 . Nonetheless, the level of interest
rates observed during the 1980s should not be taken as a reference since it was determined
by the entry of the baby boomers into the labor force. Thereafter the cycle should reduce
its amplitude, given the relative stability of the demographic process since the mid-1980s20 .
In future research the analysis should focus on the link between demographics and the outbreak of housing bubbles. To this extent, the model should incorporate semi-rational agents
or informational frictions that may trigger the "rational exuberance" that has been used to
justify the outbreak of the housing bubble (e.g. Kaplan et al. (2017)).
19

The secular stagnation hypothesis was proposed in 1938 when the economic and demographic conditions
were similar to today: fertility had fallen and the economy had collapsed after a financial crisis. Hansen in
1938 stated: “it appears that prodigious growth of population in the nineteenth century was something unique
in history. Gathering momentum with the progress of modern science and transportation, the absolute growth
in western Europe mounted decade by decade until the Great World War [...] the advancing tide has come
to a sudden halt and the accretions are dwindling toward zero”, but ten years later the fertility rate started
increasing and 60 years of unprecedented technological growth and development in human history followed
(between 1945 and 2005).
20
It is important to underline that there are fields of economics (as well as in demographics) that look
at fertility as a boom and bust process with fluctuations, e.g. Jones and Schoonbroodt (2016). From this
perspective one can see how the Great Moderation reflected the stabilization of the fertility rate.
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Appendix
A

Derivation of the intertemporal budget constraint

Start from the budget constraint of the young cohort:
c1t + qth h1t+1 + qtb d1t+1 ≤ wt1
c1t + qth h1t+1 ≤ wt1 − qtb d1t+1
Use the budget constraint of the second cohort to substitute for d1t+1 :

h
b
c2t+1 + qt+1
h2t+2 − h1t+1 + qt+1
d2t+2 − w12 ≤ d1t+1
And we get:
c1t + qth h1t+1

≤ wt1 − qtb d1t+1

c1t + qth h1t+1 ≤


h
b
wt1 − qtb c2t+1 + qt+1
h2t+2 − h1t+1 + qt+1
d2t+2 − w12

h
b
c1t + qth h1t+1 + qtb c2t+1 + qtb qt+1
h2t+2 − h1t+1 ≤ wt1 + qtb w12 − qtb qt+1
d2t+2
 1
h
h
b
c1t + qth − qtb qt+1
ht+1 + qtb c2t+1 + qtb qt+1
h2t+2 ≤ wt1 + qtb w12 − qtb qt+1
d2t+2

(3)

Rearranging the old cohort budget constraint to get d2t+2 we have:
h
c3t+2 + qt+2
h3t+3 − h2t+2



h
≤ d2t+2 + qt+2
h3t+2

Nt2
Nt1


N2
h
h
c3t+2 + qt+2
h3t+3 − h2t+2 − qt+2
h3t+2 t1 ≤ d2t+2
Nt
And plugging it into (3):
 1
h
h
c1t + qth − qtb qt+1
ht+1 + qtb c2t+1 + qtb qt+1
h2t+2 ≤


2

1
b 2
b b
3
h
3
2
h
3 Nt
wt + qt w1 − qt qt+1 ct+2 + qt+2 ht+3 − ht+2 − qt+2 ht+2 1
Nt
And then:
 1
 2
h
h
b
h
b
b
h
c1t + qth − qtb qt+1
ht+1 + qtb c2t+1 + qtb qt+1
− qt+1
qt+2
ht+2 + qtb qt+1
c3t+2 + qtb qt+1
qt+2
h3t+3 ≤
N2
b
h
wt1 + qtb w12 + qtb qt+1
qt+2
h3t+2 t1
Nt
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Figures

Figure 1: Historical series of house prices (BIS long series database), debt to GDP (IMF
data) and inverse dependency ratio (World bank database) for United States

Figure 2: Historical series of house prices (BIS long series database), debt to GDP (IMF
data) and inverse dependency ratio (World bank database) for United Kingdom
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Figure 3: Cross correlograms of house prices and households debt to GDP with inverse
dependency ratio in US (95% confidence bands are in blue)

Figure 4: Cross correlograms of house prices and households debt to GDP with inverse
dependency ratio in UK (95% confidence bands are in blue)
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Figure 5: Financial cycle (as measured by Drehmann, Borio and Tsatsaronis (2012)) and
inverse dependency ratio and correlogram for the United States and the United Kingdom
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Figure 6: Detrended birth-rate, adjusted for child mortality in the United States
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Figure 7: Live births in the US adjusted for children mortality under three alternatives
hypothesis. The linear trend is traced under the central scenario.
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Figure 8: Life-cycle of income, savings and wealth in Italy 2014, source: SHIW
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Figure 10: Historical decomposition of housing value in structures and land values (source:
Piazzesi and Schneider, 2016)

Figure 11: Steady state life-cycle of consumption, housing and financial assets in the model
(end of period)
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Figure 12: Life-cycle of consumption, housing and financial assets in data
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Figure 13: Population pyramid of the economy in steady state and in the following three
periods.
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Figure 14: Patterns of the variables after a demographic shock in period 1, black lines are
steady state values

Figure 15: Housing price (blue line), debt-to-output (red line) and inverse dependency ratio
(yellow line, right hand scale) with the imputed shock. On the x axis time is measured in
periods of the model.
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