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I. Estimation of Demographic Rates in

Amsterdam

To estimate birth, death and migration rates before they were reported

in official city statistics, we had to make use of various archival sources or

other estimates. Such records were not always complete. This implies we

cannot simply divide aggregate numbers of births and deaths by population

to estimate demographic rates.

First, in some years a substantial set of church or cemetery records is

missing, implying our data do not cover all churches or cemeteries active in

Amsterdam in registering births and deaths. For example, in the early period,

after the Reformation of Amsterdam in 1578, Catholic baptisms might be

under-registered for extended periods. Additionally, registration of Jewish

births, which we retrieved from Hart (1976), only survived from the late 18th

century onwards.2

To compute crude Amsterdam birth and death rates in this period, we use

an annual weighted-average of the normalized number of births and deaths

per church or cemetery. In any year, we only include churches or cemeteries

for which records are complete, and normalize these based on the 25-year

moving average of the number of births or deaths in that particular church

or cemetery. For births, we normalize for the period 1565 to 1780, while for

deaths we do so for the period 1554 to 1685. To transform this to a crude

birth and death rate, we assume that average fertility between 1565 and 1780

was the same as between 1780 and 1810. For mortality, we use the average

rate in the period 1685 to 1810. For other periods, records are sufficiently

complete such that we can use annual counts scaled by population numbers.

For the normalized series, there is no need to scale using population es-

timates. As long as there are no significant non-linear population changes,

the normalization is an accurate estimate of actual birth and death rates.

Amsterdam’s population grew significantly in the late 16th and early 17th

century, but there is significant uncertainty regarding the level of population

2For a more detailed discussion of these issues, see Nusteling (1985).
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in this period, as also acknowledged in Nusteling (1985). For this reason,

we also normalize marriage rates between 1565 and 1585: scaling by the

contemporaneous population estimates leads to extreme values.

To approximate actual annual migration numbers before 1850, we con-

struct estimates on the migration of wealthier citizens by looking at citi-

zenship purchases (poorterschap) between 1564 and 1733, which were not

necessary to live in Amsterdam, but provided certain privileges.3 For the pe-

riod 1733 to 1830, we use estimates of attestations from the Dutch Reformed

Church, the largest congregation in Amsterdam, as published in Hart (1976).

Such an attestation was requested when a member of the church moved from

or to Amsterdam. The Dutch Reformed Church was the largest congrega-

tion in Amsterdam, covering about half of the population. From 1850, actual

migration estimates are based on the yearbooks of the Amsterdam Statisti-

cal Office. Since the various migration estimates have different scales, we

normalize each component of the entire series by z−scores.

II. Demographics and Housing Demand in

History

In the main section of the paper, we discussed how changes in demo-

graphic rates and the age-dependency of housing transactions and housing

consumption demand over time, could change the interpretation of some of

our estimates. In this Appendix, we compare more extensively the pattern in

housing sales and purchases, housing demand and survival rates in modern

and historical contexts.

3Source: ACA 5014, Archief van Burgemeesters: stadsrekeningen. Privileges included

access to the municipal orphanage, membership of guilds, and the possibility to be consid-

ered for a position in the Amsterdam government. It was either acquired at birth, through

marriage with a ‘poorter’, or could be purchased for 50 guilders. Based on population es-

timates, around 10% of migrants bought ‘poorterschap’, which probably belonged to the

upper class of society (Kuijpers et al., 2002).

4



A. The Ages of Buyers and Sellers

In Amsterdam, institutional investors were only responsible for a few

percent of total transactions. This implies that nearly all properties were

bought and sold by individuals. The ages at which these individuals bought

and sold real estate are thus crucial to estimate the extent to which current

changes in birth rates predict future purchase or sale activity.

In Figure 1 in the main text, we showed the estimated distribution of

buyers and sellers by age. We explain here how we constructed these mea-

sures. To match housing purchases and sales to marriages, we start from the

repeat-sales data available for the period before 1810, described in Korevaar

(2023). We then match the name of each individual buying and subsequently

selling to their marriage record. Matches are computed for each individual in

the transaction tax records by computing the minimum Jaro-Winkler (JW)

distance to the closest person in the marriage register (p = 0.10). We com-

pute the distance separately for first and last names and calculate the total

JW-distance as the sum of the score for the first name plus twice the score

of the last name. This JW-distance should be less than 0.1 and the name to

the second best match should be at least 0.1 JW-distances farther away. We

only include properties bought between 1640 and 1800, as marriage records

are less complete before 1800 and the sales data end in 1811.

The archival data on marriage records mention the age of the bride and

groom for their first marriage, but this information has not been digitized

by the Amsterdam archives. However, van Weeren and De Moor (2019)

transcribed this information for every five years, and we hence focus on the

subset of data for which age information is available. For every repeat-sale

pair that we can match to a marriage record, we compute the age of the

groom and bride both at purchase and at sale. If a person has passed away

and the property is sold by heirs, which is commonly the case for old-age

sales, we keep the age of the original buyers as the age of the seller (bride

and groom). The reason we do so is that these sales still contribute to the

development of the housing market and could be predicted already by birth

rates as long as they are age-concentrated. We also look at both bride and
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groom ages as typically for married couples only the name of the groom

would be mentioned in the purchase and sale act. In total, there are 6,119

repeat-sale pairs in the matched sample executed by a groom and only 722

pairs executed by a bride.

Overall, we can link to the age of the buyer and seller at time of the

transaction for 2,068 purchases and sales, always using both the age of the

linked bride and that of the groom. In the plot in the main paper, we only

incorporate the sales and purchases that took place after age 15 and before

age 100. This means we remove 271 sales and 173 purchases. Most of these

removals are likely mismatches.

Figure 1 in the main text compares the age pattern in sales between his-

torical and modern Amsterdam and The Netherlands. We can also compare

the historical pattern in Amsterdam to the United States today, making use

of the generational trends report that the National Association of Realtors

publishes each year. This report is based on an annual survey of homebuyers

and sellers. It generally excludes sales by heirs and investor transactions,

making it somewhat less representative than the modern Dutch data. Be-

cause the US survey shows substantial differences between the 2022 and 2021

edition, we report results on both waves in Table IA.I, and compare this with

the share of buyers and sellers in the historical Amsterdam data based on

the methodology described above. Note that the age bins differ as the report

from the National Association of Realtors separates generations by year of

birth rather than age, so that all cohorts shift by one year from 2021 to 2022.

Overall, the patterns look similar; with homebuyers generally younger

and sellers mostly older. There are some differences. First, there are some

shifts in the USA pattern between 2021 and 2022, which might be driven by

both actual age differences and changes in the survey. Buyers in 2022 appear

to be noticeably older: For example, in the 2021 data, there is relatively

large fraction of homebuyers in the USA aged 23-31 relative to Amsterdam,

while the share is lower in 2022. Second, Amsterdam appears to have much

larger shares of buyers aged over 75 compared both to the 2021 and 2022

data for the USA. This is likely mostly driven by the fact that Amsterdam

sales include sales by heirs whereas the US survey does not cover such sales.
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It might also play a role that homeownership rates are generally much lower

for the generation born before the end of World War II.

Table IA.I

Share of Buyers and Sellers by Age in the USA and
Historical Amsterdam

Age Share of buyers Share of sellers

USA (2021) Amsterdam USA (2021) Amsterdam

18-22 3% 4% 2% 2%
23-31 18% 14% 6% 5%
32-41 25% 28% 20% 12%
42-56 22% 31% 24% 22%
57-66 17% 12% 23% 20%
67-75 12% 7% 19% 17%
76-96 4% 4% 6% 22%

USA (2022) Amsterdam USA (2022) Amsterdam

18-23 4% 5% 3% 3%
24-32 12% 16% 6% 6%
33-42 16% 28% 12% 12%
43-57 24% 30% 20% 23%
58-67 23% 11% 30% 21%
68-76 16% 6% 22% 17%
77-97 4% 4% 7% 20%

Finally, we should also note that homeowners likely lived for several years

longer compared to renters due to their higher levels of wealth ans social class.

In Table IA.II we show estimates of the relationship between age at death and

the wealth of the individual either at marriage (columns (1) and (2)) or at

death (columns (3) and (4)), using data from Korevaar and Koudijs (2023).

In Amsterdam, individuals had to pay a wealth tax when they married or

died. The tax had five brackets, which we use as explanatory variable here.

Most individuals had no wealth and fell in the lowest class.

We estimated the effect separately for men and women, but the pattern

looks similar across genders. Moving from the bottom to the top wealth

class at marriage increases life expectancy by around 2.5 years, controlling

for year of death and age at marriage fixed effects. For age at death, the
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Table IA.II

Age at Death by Wealth Class at Marriage or Death

Dependent variable: Age

F (marriage) M (marriage) F (death) M (death)

(1) (2) (3) (4)

Wealth Tax Class 0.607∗∗∗ 0.568∗∗∗ 1.699∗∗∗ 1.779∗∗∗

(0.155) (0.164) (0.136) (0.147)

Year of Death FE Yes Yes Yes Yes
Age at Marriage FE Yes Yes Yes Yes

Observations 7,733 5,591 9,139 7,165
R2 0.211 0.224 0.098 0.124
Adjusted R2 0.203 0.215 0.083 0.106
Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

effect is larger and around seven years, although we should highlight that

this is endogenous because individuals that lived longer would have more

time to accumulate wealth compared to individuals that died already at a

very young age.

The key-takeaway from this section is that while the exact ages at which

net housing purchase or sales peak might differ a little a bit across contexts

and over time, there generally is a very strong tendency for net housing

purchases to increase significantly at young ages, particularly in the late

twenties and early thirties, while housing sales tend to peak at older ages,

mostly from age 60 onward.

B. Age-Dependent Demand for Housing Consumption

In the previous section and in the main paper we focused primarily on

determining the age-pattern in housing purchases and sales, and the corre-

sponding effect on house prices. The effect on rent prices we found were much

more mild. In this section, we supplement this analysis with further insights

into the age-dependent demand for housing consumption: Conditional on

survival, how much would housing demand vary by age?
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Figure IA.1 provides a detailed illustration of housing consumption de-

mand by age. The figure presents point estimates obtained from a regression

of rental values in 1832 on age dummies of residents in 1851, for each Ams-

terdam rental property. The data used for this analysis were collected from

archival data digitized by Fryske Akademy (2018). We only include prop-

erties that remained unchanged in the cadaster between 1832 and 1851 and

where fewer than four adults lived, to avoid contaminating the measures

with multi-family dwellings. In addition to the historical data from Ams-

terdam, Figure IA.1 also includes estimates from Mankiw and Weil (1989),

based on the 1970 US Census. These estimates are plotted for reference and

comparison purposes.

The comparison between the Amsterdam estimates and the Mankiw-Weil

estimates reveals large similarities in the overall pattern of housing demand

across different age groups. Housing demand is negligible for children, in-

creases rapidly in the late teens and twenties and flattens off afterwards.

Overall, the age pattern in housing consumption thus appears similar today

compared to historical estimates. However, we should note that the specific

magnitudes and slopes of the demand curves may differ across datasets, ge-

ographical regions, and time periods under consideration, as evident from

the debate that followed after Mankiw and Weil (1989). For example, later

research argued for a flatter demand curve at older ages.

III. The Determinants of Birth Rates

In this section, we aim to shine more light on the potential set of determi-

nants of birth rates over time. Our objective is not to provide causal evidence,

but rather to study in more detail which factors correlate with birth rates

over time. We focus on two elements. First, we study the extent to which

birth rates are correlated across space. Second, we study how demographic,

economic and meteorological variables co-vary with birth rates.
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Figure IA.1. Housing consumption demand by age. These figures in-
clude point estimates from a regression of rental values in 1832 on age dummy
variables of residents in 1851, for each Amsterdam rental property, following
the approach of Mankiw and Weil (1989). We only include properties that re-
mained unchanged between 1832 and 1851 and where fewer than four adults
live, to avoid contaminating the measures with multi-family dwellings. Be-
cause individual point estimates are imprecise (the sample is comparatively
small), we also plot a fitted loess line through the points to depict the trend
(quadratic, span = 0.3). For reference, we also plot the estimates reported
in Mankiw and Weil based on the 1970 Census (axis on RHS).

10



A. Geographic Correlations

To analyze the correlation of birth rates between cities, we made use of

the Dutch website WieWasWie.nl. On this website, most Dutch archives

make digitized information available on birth, marriage and death records.

Clearly, the extent to which these records are completed and digitized varies

across cities and over time.

For each major city within a range of 60 kilometers from Amsterdam, we

investigated whether a city had reasonably complete birth records available

on this website for at least a century, focusing on the period from 1600 to

1850. To define what constituted a city, we focused on cities with voting

rights in the provincial parliament, where every city had a vote (pre-1795),

as well as industrial cities that grew rapidly during the 19th century. We

also checked whether digitized records were free of duplicates; some cities,

most notably Hoorn and Amersfoort had to be removed from the data due

to large amounts of duplicates (which could not easily be removed). In total,

9 cities remained in the sample, ordered by size: Rotterdam (1620 to 1850),

Leiden (1621 to 1850), Utrecht (1627 to 1691, 1697 to 1850), Haarlem (1676

to 1850), Delft (1617 to 1850), Enkhuizen (1600 to 1850), Alkmaar (1619 to

1811), Edam (1629 to 1810) and Monnickendam (1665 to 1811).

Overall, we counted the number of digitized birth records available for

each year. We only included years in which birth records seemed reasonably

complete, although some parishes might have been missing for some years.

We then constructed for each city a normalized measure of birth rates; as

we do not have consistent information on the population of these cities,

constructing measures of actual birth rates is impossible. We constructed a

similar normalized measure for Amsterdam based on counts of annual births.

For the normalization, we computed the number of births in the current year

divided by the number of births in the preceding and next 5 years. To

aggregate the individual time series for each city in a single statistic, we took

a weighted average based on the number of birth rates in the preceding and

next five years.

Figure IA.2 plots the development of the two normalized annual series of
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Figure IA.2. Birth rates in Amsterdam and other cities. This figure
plots the annual normalized birth rate in both Amsterdam and a set of other
nearby cities from 1620 until 1850. The correlation between the two series is
0.73.
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birth rates. As visible from the graph, the two series are highly correlated

and baby booms in Amsterdam tend to correlate with baby booms in other

cities. Overall, the correlation between the two series is 0.73. Note that this

correlation likely is a lower bound to the true correlation, given the presence

of measurement error due to lack of population data for the other cities as

well as that we cannot perfectly control for missing data. The key conclusion

is that fluctuations in birth rates appear to have been mostly determined at

a more aggregate level, and that any housing market effects of higher (past)

birth rates could not easily be resolved through local migration.

B. Demographic, Economic and Climatological Determinants

If birth rates were predominantly determined at the aggregate level, the

question is what was driving fluctuations in birth rates over time. If certain

economic developments fluctuated with developments in birth rates, these

might also have had an effect on housing markets. Because birth rates are

endogenous, we do not aim to answer which factors were causing high levels

of birth rates. For identification purposes, the key question is which factors

correlate with birth rates, and whether these could still affect housing markets

decades later.

To establish this, we ran very simple OLS regressions with current an-

nual birth rates (or normalized rates) as dependent variable and current and

lagged demographic and economic variables on which we have data. We do

this for the series of Amsterdam and Paris birth rates, and the normalized

series for Amsterdam and the other cities. For Amsterdam and the set of

other cities, we also obtained data on winter and summer temperature. For

Paris, there is no data on these variables, nor do we have information on

GDP per capita and migration.

The results are in Table IA.III. In the first column, we show the results

for Paris, with the sample ending in 1831. In the second column, we show the

results for Amsterdam, with the sample ending in 1884, in line with the main

analysis of the paper. In columns (3) and (4) we show the results based on

normalized rates for both Amsterdam and the other set of cities. Note that
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Table IA.III

Birth Rate Determinants

Variable names are explained in Table I. We report Newey-West standard
errors using a lag length of five. ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01.

Paris Amsterdam Other cities

Dependent variable: Birth rate Normalized birth rate

(1) (2) (3) (4)

Bt−1 0.574∗∗∗ 0.634∗∗∗ 3.309∗∗∗ 1.209
(0.048) (0.042) (1.177) (1.167)

Nt 0.144 −0.174 −17.877∗∗∗ −7.620∗

(0.111) (0.146) (4.035) (3.998)
Nt−1 0.188∗ 0.491∗∗∗ 25.273∗∗∗ 17.119∗∗∗

(0.109) (0.130) (3.808) (3.773)
Mit −0.040∗∗ −1.553 −1.706

(0.017) (1.082) (1.072)
Mit−1 0.029∗ 0.949 1.286

(0.017) (1.062) (1.053)
Mt −0.004 −0.026∗∗ −0.035 −0.406

(0.017) (0.013) (0.387) (0.383)
Mt−1 −0.049∗∗∗ −0.022 −1.409∗∗∗ −1.270∗∗∗

(0.018) (0.015) (0.432) (0.428)
∆wt 0.004 −0.023∗ 0.055 0.111

(0.003) (0.012) (0.336) (0.333)
∆wt−1 0.002 −0.006 −0.132 −0.054

(0.003) (0.012) (0.348) (0.345)
∆pt −0.004∗ 0.001 0.029 0.098∗

(0.003) (0.002) (0.051) (0.050)
∆pt−1 −0.001 −0.006∗∗∗ −0.118∗∗ −0.202∗∗∗

(0.003) (0.002) (0.050) (0.049)
∆rt 0.004 −0.004 0.096 0.197∗

(0.003) (0.004) (0.102) (0.101)
∆rt−1 0.003 −0.002 0.159 −0.036

(0.003) (0.004) (0.101) (0.100)
∆gdpt 0.001 −0.035 −0.053

(0.001) (0.043) (0.042)
∆gdpt−1 0.0002 0.015 −0.060

(0.001) (0.042) (0.041)
WinterTempt 0.00002∗∗ 0.0002 0.0003

(0.00001) (0.0002) (0.0002)
SummerTempt−1 −0.0001∗∗∗ −0.002∗∗∗ −0.001∗∗∗

(0.00002) (0.0004) (0.0004)
Constant 0.014∗∗∗ 0.023∗∗∗ 1.136∗∗∗ 1.124∗∗∗

(0.002) (0.003) (0.078) (0.077)

Observations 283 319 224 224
R2 0.432 0.580 0.426 0.339
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the other cities use Amsterdam demographic rates as independent variables,

which are proxies to the extent that these correlate geographically.

The results are largely consistent across cities. Overall, there appears

to be some persistence in birth level, and unsurprisingly large numbers of

weddings in the previous predict more babies in the current year. The results

on migration are more ambiguous. In all cities, high levels of mortality tend

to precede lower levels of birth rates as well as growing food prices. This

in line with large negative shocks to cities reducing birth rates. We find no

effect of economic changes in wages, GDP per capita or rents on birth rates.

Finally, warmer winters and particularly cooler summers tend to increase

birth rates. This suggests that stable weather improves fertility, in line with

existing evidence.

IV. Construction Responses

It is difficult to identify exactly how the supply of housing in Amsterdam

and Paris responded to increased demand from young adults. For both cities,

there are no sources available that allow to construct a complete series of

housing construction. In general, most construction was private with limited

regulation on building and occupancy compared to modern times.

First, we look at the current historical housing stock and estimate whether

properties that have survived until modern times are more likely to have been

built in a year where there was a large birth cohort reaching home-buying age.

Using administrative data on building year and square meters per property

from a government registry (Basisregistratie Adressen en Gebouwen), we

compute the total number of square meters per building year. To adjust for

different survival rates of properties by age, we normalize the annual number

of square meters with building year x by the average number of square meters

built in all years between x− 20 and x+ 20.

We compute 10-year rolling sums of this, as there is a disproportionate

number of properties for which the building year has been estimated as a

round number: 1740, 1750, etc. We then link the change in log 10-year

square meters to 10-year lagged birth rates. We find that a one percentage
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point increase in the 10-year birth rate 25 to 34 years ago increases the change

in 10-year construction by around 5 percent. In Figure IA.3, we provide the

whole plot that shows this effect on construction is largest for cohorts in their

late twenties and early thirties, and insignificant for other cohorts.
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Figure IA.3. Correlations 10-year lagged birth rates and building
Year. This figure plots the point estimate of the correlation between lagged
10-year birth rates and the 10-year change in construction.

Given the nature of the data, it is hard to interpret the economic mag-

nitude of this coefficient. As alternative measure, we make rolling five-year

estimates of the value of new construction relative to the total housing stock,

making use of fiscal data available for the period 1632 to 1736 and 1763 to

1782. It should be stressed that this measure is an approximation, as new

construction was not always correctly registered (see Korevaar, 2023). In

general, housing supply in Amsterdam was responsive to population growth,

with a significant correlation of 0.47 between five-year population growth and

cumulative five-year construction.
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Figure IA.4 provides a full plot of the correlation coefficients. Birth rates

20 to 30 years ago correlates positively with new construction (ρ = 0.20),

while we find negative but varying correlations for longer birth rate lags.

There is no correlation with contemporaneous birth rates (ρ = -0.03). While

the time trend makes sense, with fewer construction when there is a large

cohort of older people and more construction when there is a large cohort of

younger people. However, this is a mere correlation and the magnitude of

the effect is more sensitive to controls.
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Figure IA.4. Correlations 5-Year lagged birth rates and construc-
tion. This figure plots the point estimate of the correlation between lagged
5-year birth rates and the five-yearly total rental value of newly completed
construction as a fraction of total rental value in Amsterdam. Data is avail-
able from 1633 to 1739 and from 1763 to 1782.

A one percentage point increase in the five-year birth rate 25 years ago

increase housing construction by 0.3% of the housing stock but this relation

is not statistically significant and cannot be precisely estimated (p=0.167).

The correlation reduces for older and younger cohorts. Overall, our evidence

suggest that there was likely some response of the housing stock to high

age-dependent demand for housing and homeownership specifically, but data

limitations do not allow us to pin down this effect precisely.
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V. Price Indices for Different Areas

We estimate price trends by a repeat-sales model (Bailey, Muth, and

Nourse, 1963), where we split the repeat-sales sample in three equal-

sized parts: sales taking place on streets with low-, medium- and high-

homeownership rates. The repeat-sales model includes a common trend µ

for the whole city of Amsterdam, and two trends in deviation of the com-

mon trend: one for streets with low-homeownership rates µLow and one for

streets with high-homeownership rates µHigh. The common trend represents

the streets with medium-homeownership rates. The model is specified as

ln
Pit

Pis

= α + µCommon
t − µCommon

s

+ dLowi (µLow
t − µLow

s ) + dHigh
i (µHigh

t − µHigh
s ) + εit − εis,

µj
t ∼ N (µj

t−1, σ
2
j ), µj

1 = 0, j ∈ {Common,Low,High}. (IA.1)

The left-hand-side is the log return of house i between the time of purchase

s and the time of sale t, where s < t, t = 1, . . . , T and T is the number

of periods. dLowi and dHigh
i are variables, indicating whether property i is

located in a street with low- and high-homeownership rates, respectively.

To reduce the impact of noise on the indices, due to the low number of

observations and/or outliers, we specify the log indices as random walks

(Goetzmann, 1992; Kuo, 1997; Francke, 2010). The constant α is a holding

period independent return (Goetzmann and Spiegel, 1995). The error terms

εi,t are independently and normally distributed with zero mean and variance

σ2
ε . We use a time-weighted repet sales model to control for periodic (annual)

price changes as precisely as possible, by taking into account the proportion

of the period during which the property was “held” (Geltner, 1997; Francke

and Korevaar, 2021). The model has been estimated by Stan, a flexible

probabilistic programming language for Bayesian statistical modeling. We

use non-informative priors for the constant and variance parameters.
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VI. Modern Evidence

Our historical estimates point to large and robust impacts of demographic

changes on house prices and rent-price ratios. The question is to what extent

such effects also hold in the modern context, in particular given the large

economic and demographic changes most countries have experienced since

the 19th century.

Although data limitations and gradual demographic shifts imply that we

cannot perfectly extrapolate our empirical approach to modern data, we use

a more limited and modified approach to test whether there is any evidence

for similar relationships in a panel of modern OECD countries. We compiled

rent and price indices and rent-price ratios and demographic variables for 18

OECD countries4 for which we have sufficiently long time series. We have

an unbalanced panel with 23 to 50 annual observations per country over the

sample period 1970 to 2020.

We make a couple of modifications relative to our main analysis. First, we

use annual changes rather than five-year changes to leave more observations

in the sample. Relative to the historical indices, noise in the indices is also

less of an issue in modern data.

Second, we use lagged (5, 20, and 35 years) changes in the share of young

(age < 15) people, which are a close proxy for birth rates and for which all

countries report data. We use changes rather than levels: structural pop-

ulation aging implies population shares of young adults are trending down

structurally and using levels causes near-perfect auto-correlation in the in-

dependent variables. We also cannot study lags corresponding to older birth

cohorts (>35 years) given that this leaves too little data for estimation.

We thus focus primarily on identifying the effect of the arrival of a large

cohort to the housing market. To do so, we use the 20-year lag of the change

in the under-15 share. The 20-year lag corresponds to people between 20 and

35, on average 28 years old, so representing starters on the housing market

4AUS, BEL, CAN, CHE, DEU, DNK, ESP, FIN, FRA, GBR, IRL, ITA, JPN, NLD,

NOR, NZL, SWE, USA.
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and coinciding with the 25 to 29 year birth rate lag used in the main historical

analysis. The range of 15 years is wider than in the main analysis, but the

age at which buyers first buy a home will also vary more from country to

country.

We estimate a panel autoregressive model to estimate the impact of

changes in the lagged share of young people (x) on changes in the house

price index, the rent price index, and the rent-price ratio (y, in logs),

∆yi,t = ρ∆yi,t−1 +
∑

lag∈{5,20,35}

∆x′i,t−lag βlag + ∆z′i,t δ + λt + εi,t, (IA.2)

where i denotes the country and t time in years. The panel model includes

a lagged dependent variable (∆yi,t−1), control variables (zi,t) and time fixed

effects (λt). We include a lagged dependent variable, because there is signifi-

cant persistence in price changes at the annual level.5 The model is specified

and estimated in first differences to avoid potential non-stationarity issues.

Since the equation includes a lagged dependent variable we use the standard

Arellano and Bond (1991) approach and instrument the differenced lagged

dependent variables with its second and third lag in levels.

Table IA.VIII provides summary statistics for the dependent and demo-

graphic variables (population growth, share of young people, share of elderly),

and Table IA.IX for the control variables (log consumer price index, log gross

domestic product, long term interest rate).

Table IA.IV presents estimation results: Columns (1) and (2) for house

prices (h), columns (3) and (4) for rent prices (r), and columns (5) and (6) for

the rent-price ratio (r− h). In columns (1), (3), and (5), the model includes

a 35-year lag of the share of young people, which reduces the sample size

since the demographic variables only go back to 1950.

The 20-year lag of the share of young people has a statistically significant

coefficient in the house price specifications, Columns (1) and (2). The short-

5In our historical analysis, we use five-year changes and did not include a lagged

dependent variable. When we do include a lagged dependent variable (yt−5 − yt−10), the

corresponding coefficient is close to zero, and statistically not different from zero.
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Table IA.IV

Estimation Results for OECD Countries: Prices, Rents
and Rent-Price Ratios

This table provides estimation results from Equation (IA.2) for house price
(h), rent (r), and rent-price indices (r−h). It is an unbalanced panel with 23
to 50 observations per country in the period 1970 to 2020. Included OECD
countries are provided in Footnote 4. Child is the share of the population
under 15, children. Elderly is the share of 65 and over, elderly. IRLT is the
long-term interest rate, per cent per annum. All independent variables are
specified in first differences. Summary statistics on dependent and indepen-
dent variables can be found in Tables IA.VIII and IA.IX. Note that including
the 35th lag of Elderly reduces the sample size considerably. This variable
is not available until 1950. All models include year fixed effects. ∗p<0.1;
∗∗p<0.05; ∗∗∗p<0.01.

Dependent variable: ∆ht ∆rt ∆(r − h)t

(1) (2) (3) (4) (5) (6)

L.Dep 0.571*** 0.543*** 0.495*** 0.589*** 0.375*** 0.315***
(0.043) (0.041) (0.109) (0.083) (0.104) (0.064)

L5.Child 0.006 0.012 -0.005 0.001 -0.012 -0.014
(0.011) (0.01) (0.010) (0.009) (0.007) (0.013)

L20.Child 0.020** 0.022** 0.008 0.006 -0.021* -0.022**
(0.010) (0.009) (0.009) (0.007) (0.013) (0.011)

L35.Child 0.006 0.007 -0.001
(0.007) (0.007) (0.009)

Elderly -0.019 -0.010 -0.007 -0.001 0.020 0.016
(0.012) (0.012) (0.011) (0.010) (0.016) (0.015)

logPop -0.025 0.325 0.472 0.417 0.188 -0.123
(0.355) (0.345) (0.347) (0.309) (0.449) (0.423)

logGDP 0.766*** 0.837*** 0.090 0.066 -0.814*** -0.967***
(0.083) (0.084) (0.081) (0.075) (0.118) (0.113)

IRLT 0.000 0.002 0.003 0.005** -0.000 -0.001
(0.003) (0.002) (0.003) (0.002) (0.004) (0.003)

Observations 600 723 600 721 600 713
R2 Within 0.686 0.679 0.254 0.416 0.527 0.523
R2 Between 0.873 0.905 0.844 0.940 0.715 0.778
R2 Overall 0.704 0.702 0.283 0.463 0.534 0.528
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term effect of a one-point increase in the share of young people 20 years ago is

a 2.0% increase in house prices (column (1)). The long-term effect on house

prices is more than two times as large, 0.020/(1− 0.571) ≈ 4.7%.

For the rent prices the coefficients on lagged shares of young people are

all statistically insignificant, see columns (3) and (4). Note that the rent

price index is based on actual rents, not only rent renewals. Moreover, part

of the rents may be subject to rent restrictions. These reasons are likely to

make the effect on rents smaller.

Finally, the 20-year lag of the share of young people has a statistically

significant (at the 10% and 5% level for columns (5) and (6), respectively)

coefficient in the rent-price ratio specifications, where the coefficients are

similar to the ones for the house price specifications. The short-term effect

of a one-point increase in the share of young people 20 years ago is a 2.1%

decrease in the rent-price ratio (column (5)) similar to the effect for house

prices. The long-term effect is 0.021/(1 − 0.375) ≈ 3.4%, somewhat smaller

than the one for the house prices.

We cannot compare the point estimates in Table IA.IV one-to-one with

our main analysis, given differences in the independent variable as well as

structural changes in the demographic regime. However, both in the modern

and historical data there is a clear pattern that increases in the share of young

children predict prices and rent-price ratios but not rents. This suggests our

findings also generalize to modern contexts.6

6Note that we have also experimented with different specifications, changing the lag

length slightly or excluding the formal control for the lagged dependent variable. In all

specifications, we find strong effects on house prices and rent-price ratios and smaller

effects on rent prices, with some variation in the economic magnitude of the effects.
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VII. Supplementary Tables and Figures
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Table IA.VI

Five-year Changes in Rent-Price Ratios, All Lags

This table provides estimation results from Equation (1) for rent-price ratios
using data in the period from 1629 to 1884. All birth rate lags are included,
controls vary across specifications. The set-up matches the specifications
in Table II, except that we omit the column with lagged controls, since this
would result in more parameters to be estimated than there are observations.
Between parentheses, Newey-West standard errors using a lag-length of five
years, are provided. ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01.

(1) (2) (3) (4) (5)

Bt−15/19 1.719 0.428 0.222 0.083 −0.078
(1.651) (1.285) (1.194) (1.166) (0.950)

Bt−20/24 −2.722∗ −2.354 −2.533∗ −1.961 −1.336
(1.559) (1.487) (1.428) (1.329) (1.212)

Bt−25/29 −2.864∗ −3.294∗∗ −3.213∗∗ −3.529∗∗∗ −4.508∗∗∗

(1.461) (1.412) (1.276) (1.244) (1.178)
Bt−30/34 −0.177 −0.488 −0.071 0.051 0.769

(1.188) (1.200) (1.221) (1.220) (1.152)
Bt−35/39 −2.954∗ −1.996∗ −2.285∗∗ −2.063∗ −1.840

(1.500) (1.130) (1.158) (1.160) (1.178)
Bt−40/44 −0.613 0.721 1.028 1.128 1.062

(1.447) (1.342) (1.316) (1.279) (1.130)
Bt−45/49 −0.074 0.415 0.405 0.580 0.035

(1.745) (1.497) (1.485) (1.468) (1.332)
Bt−50/54 −2.624∗ −0.867 −0.420 −0.172 0.360

(1.584) (1.105) (1.081) (1.005) (0.930)
Bt−55/59 −0.597 0.731 1.298 1.199 1.042

(1.464) (1.303) (1.232) (1.191) (1.055)
Bt−60/64 3.647∗∗∗ 3.992∗∗∗ 4.113∗∗∗ 4.115∗∗∗ 3.768∗∗∗

(1.316) (1.076) (1.010) (0.957) (0.935)
Bt−65/69 −0.290 1.122 0.671 0.978 0.081

(1.014) (0.851) (0.778) (0.781) (0.677)
Bt−70/74 −0.561 0.439 1.109 1.107 1.132

(0.886) (0.787) (0.851) (0.827) (0.723)

Controls
Constant Yes Yes Yes Yes Yes
Demographic No Yes Yes Yes Yes
Economic No No Yes Yes Yes
Housing Quality No No No Yes No
Interest Rates No No No No Yes

Observations 246 246 246 246 246
R2 0.310 0.504 0.530 0.540 0.607
Adjusted R2 0.274 0.467 0.488 0.497 0.570
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Table IA.VII

The Effect of Lagged Birth Rates on the Probability of
a Sale

This table provides estimation results from Equation (2) for the probability
of a sale in Amsterdam. Variable names are explained in Table I. Standard
errors are clustered by property and year. ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01.

Dependent variable: Probability of Sale

(1) (2) (3)
Bt−25/29 2.874 1.492 1.732

(2.098) (2.231) (2.365)
Bt−60/64 -5.731∗∗ -6.388∗∗∗ -5.947∗∗∗

(2.555) (2.180) (2.023)
Bt−0/4 -14.090∗∗∗ -13.600∗∗∗

(2.718) (2.798)
Mt−0/4 -1.079 -1.445

(1.945) (1.831)
Nt−0/4 27.721∗∗∗ 27.115∗∗∗

(6.492) (6.232)
Mit−0/4 -1.205 -1.459

(1.060) (1.051)
MiNt−0/4 -0.005 -0.004

(0.006) (0.006)
wt − wt−5 0.557

(1.905)
pt − pt−5 0.322

(0.226)
gdpt − gdpt−5 -0.422∗

(0.226)
Duration 0.129∗∗∗ 0.133∗∗∗ 0.132∗∗∗

(0.013) (0.013) (0.013)
Duration2 -0.029∗∗∗ -0.030∗∗∗ -0.030∗∗∗

(0.002) (0.002) (0.002)
Constant -3.496∗∗∗ -2.014∗∗∗ -2.109∗∗∗

(0.430) (0.719) (0.761)

Observations 1,351,993 1,351,993 1,351,993
Pseudo R2 0.0139 0.0156 0.0158
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Table IA.IX

Summary Statistics on Control Variables for Some
OECD Countries

Source https://stats.oecd.org/. The column From indicates the start
of the sample period. CPI: Consumer price index; from Consumer and
Producer Price Indices; GDP : Gross Domestic Product (output approach),
Constant prices, national base year, from National Accounts; IRLT : Long-
term interest rates, Per cent per annum, from Finance — Monthly Financial
Statistics.

∆ logCPI ∆ logGDP IRLT
Country From Mean SD. From Mean SD. From Mean SD.
AUS 1950 0.047 0.040 1959 0.033 0.017 1970 7.61 3.86
BEL 1956 0.032 0.025 1970 0.021 0.021 1955 6.15 3.21
CAN 1950 0.034 0.029 1997 0.024 0.025 1955 6.29 3.31
CHE 1956 0.022 0.023 1980 0.017 0.017 1955 3.43 1.84
DEU 1956 0.025 0.016 1970 0.018 0.021 1957 5.55 2.78
DNK 1967 0.041 0.035 1966 0.021 0.021 1987 4.62 3.40
ESP 1956 0.061 0.051 1970 0.023 0.030 1980 7.45 5.17
FIN 1956 0.045 0.040 1970 0.023 0.030 1988 4.86 3.88
FRA 1956 0.040 0.036 1950 0.029 0.025 1960 6.63 3.97
GBR 1956 0.047 0.043 1950 0.024 0.025 1960 7.13 3.88
IRL 1976 0.040 0.048 1970 0.050 0.043 1971 7.88 4.96
ITA 1956 0.051 0.050 1970 0.015 0.028 1992 5.08 3.23
JPN 1956 0.027 0.037 1970 0.022 0.027 1989 1.93 1.90
NLD 1961 0.033 0.024 1969 0.023 0.020 1959 5.51 2.87
NOR 1956 0.042 0.030 1970 0.027 0.018 1985 5.73 3.72
NZL 1950 0.051 0.045 1977 0.024 0.019 1970 7.60 3.94
SWE 1956 0.041 0.034 1950 0.026 0.021 1987 5.08 3.90
USA 1956 0.035 0.026 1970 0.026 0.021 1954 5.66 2.91
Total 0.040 0.037 0.025 0.025 5.91 3.77
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Figure IA.5. The effect of lagged birth rates using non-overlapping
regressions. These figures are constructed similar to Figure 4, except that
the estimates are obtained using regressions that do not contain overlapping
observations. The coefficients and confidence intervals in the figure are based
on the average of five non-overlapping regressions, with the starting year
shifted by one year for each regression.
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Figure IA.6. Log house price indices in Amsterdam for low- and
high-ownership rate areas. Panel A shows two house price indices for Am-
sterdam. The black solid line represents the index used in this study. The red
dotted line represents the index using only repeat-sales data from the period
between 1620 and 1811. Panel B gives the index for low-homeownership rate
areas (red dotted line) and high-homeownership rate areas (black solid line),
in deviation from the common trend. The indices for the subset, and low and
high ownership rate areas have been estimated using the repeat-sales model
provided by Equation (IA.1).
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Figure IA.7. The effect of lagged fertility on bond and dividend
yields. These figures report the effect of lagged 5-year fertility on 5-year
changes in bond yields and dividend yields. All regressions control for current
demographic rates, wages and consumer prices. These figure are constructed
similar to Figure 4A except for the change in dependent variable and the
exclusion of the interest rate control.
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