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CHAPTER 4 

Historical Housing Market Risk1 

Those who do not study history are wont to repeat it. That is why we analyze historical 

housing market developments. As house prices move much more gradually than prices 

of most other assets, it requires quite a long history to get good insight into this market. 

Many real estate market indices do not go back very far in time, since the required 

information is not present or too sparse. In Chapter 3 we proposed and applied a 

methodology to construct an index series representing the rental housing market with 

historical rent information. We showed that, if a data set provides relatively sparse 

information, a repeated-measures approach applied to residential rents yielded a relatively 

stable index, compared to more common indicators as median indices. Moreover, we 

argued that the resulting index reflects the development in the rental-housing segment 

more accurately. 

With this long-run market rent index for Amsterdam and the long-run house price index 

Eichholtz (1997) developed for the same city, it is possible to do a longitudinal study of 

both components of real estate returns. To obtain more insight in the working of the 

housing market, we study how it develops relative to the general economy, and 

specifically during specific major events. Does investment in housing protect one's 

capital from influences that affect the general economy? 

We therefore study rents and house prices for a number of centuries, and relate these 

series to economic conditions as measured by G D P , inflation and interest rates. The 

focus will be on behavior of these series during specific major socio-economic and 

political events. 

4.1 Methodology 

The impact of major events on the general economy, financial markets and asset markets 

has been subject to analysis in numerous studies. For example, Hamilton (1977) found 

that inflation in wartime usually exceeded regular inflation, and Hueckel (1973) analyzed 

the impact of the Napoleonic Wars on factor returns and output growth in England. 

This chapter is based on Eichholtz, P.M.A. and M.A.J. Theebe (2001b), "Historica/Housing Market Risk", 
working paper, University of Amsterdam, presented at the 1999 AREUEA conference in New York. 
Summarizing Dutch versions are published in Eichholtz and Theebe (2000, 1999a, 1999b). 
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Another example is a study by Wickens (1956), who described the development of prices 

of commodities, properties, stocks and bonds during events in the first half of the 20th 

century. Explicit focus on financial markets during major events is provided by Mei 

(1999), amongst others. This author found that most examined financial crises in 

emerging markets happened during periods of political election and transition. 

Bittlmgmayer (1998) showed how political events influenced German stock prices in 

between 1880 and 1940, and Willard cs (1996) studied asset prices at turning points in the 

US Civil War. Bean (1947) found an inverse correspondence between the development 

of wholesale prices and industrial stock prices during the two world wars. 

Events and the impact on real estate markets are examined by Clay (1974), amongst 

others. Clay studied events that caused turning points in land prices in the seventeenth 

and eighteenth century. Chou and Shih (1995) explicitly referred to upheavals in Hong 

Kong property prices produced by disturbances from political events, while Eichholtz 

(1997) related major changes in his property price index to events that affected the local 

economy. 

These and various other studies found that events like wars, changes in monetary or 

other policy regimes and technological innovation, amongst others, had impacts on the 

various segments of the economy. To test whether the event impact is significant, 

dummy variables reflecting the occurrence of an event could be added to a regression 

equation, in which changes in for example industrial production or stock returns are 

regressed on a set of explanatory variables. If the parameter for the event-dummy is 

significantly different from zero, the event is assumed to have a significant impact on the 

studied market. More explanatory variables could be added to the regression equation, to 

estimate the pure impact of the events. For example, Mei (1999) added economic and 

financial variables to control for differences in economic conditions when examining the 

impact of political election on financial crises. However, instead of specifying a list of 

events a priori, development of data series could be used to identify turning points, as 

performed by Willard et al (1996). 

Housing and the economy 

The relationship between economic conditions and real estate has been shown by many 

academic studies, like England and Ioannides (1997). This dependence was very strong 

for historic Amsterdam, because of the prominent role of trade. In the 17th century, the 

so-called 'Golden Era', the city experienced a very prosperous time due to its leading role 

in international trade. This made real estate prices vulnerable to trade-disrupting wars, 

which were rather regular phenomena during these years. Lesger (1986) showed that the 

income of many Amsterdam citizens was directly or indirectly dependent on trading 

activity, such that wars caused a decline of many real incomes. During these less 

flourishing times, housing supply increased, since emigration, sub-letting and splitting of 

accommodations became more common. Unfavorable economic prospects reduced the 

demand for housing, because of stagnated immigration, postponed marriages, and other 
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factors reducing the number of new households. By laws of economics, higher supply 

and lower demand would have had a downward impact on residential rents. After a war, 

the rent level recovered by means of opposite developments. Although the majority of 

the population rented their house, these developments can be expected from property 

sales prices for the same reasons. 

The similarity between changes in economic activity and changes of the residential rent 

index created in Chapter 3 is shown in Figure 4.1. These series are described in more 

detail in the next section. Clearly visible is the steeply rising trend in both series in 

between 1630 and 1650, and the common sharp drops around 1650, 1665 and 1670. 

• Rent changes and business cycle during the 'Golden Era'. 

60 
1600 

— residential rents 
international trade activity 

1610 1620 1630 1640 1650 1660 1670 1680 1690 
year 

0 
1700 

This relationship especially holds for years before 1750, since before this year, 

international trade dominated the Amsterdam economy. After this year, Amsterdam 

gradually changed from an international trade center into a financial center. Therefore, 

instead of wars, major housing market shocks might have been caused by financial crises. 

In addition to wars and financial crises, other events like plague epidemics, famines, and 

war endings might have been important to the housing market as well. 

Residential property price index 
Besides income from residential rents, real estate returns also consist of a capital 

component. To analyze the development of property sales prices, a historical house price 

index is needed. While all other data series used in this chapter are obtained from 

external sources, this property price index has to be constructed. We estimate an annual 

index with the same data Eichholtz (1997) used to estimate a biennial index for 
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transaction prices of Amsterdam owner-occupied dwellings in between 1628 and 1973. 

Since all other data series are on an annual base, an annualized property price index 

allows for a more informative comparison than the biennial version. We apply a hedonic 

repeat-sales approach, and delete the first 21 data years because of sparse data. The 

parameters for the index are estimated by means of the following regression: 

( 
(4.1) In l Ä A , + £; 

V 

To avoid near-singularity, dummy variables D are determined as D t l = 1 if t0<t<t]. For 

example, if property 'i'is sold in 1710 and 1720, respectively, the dummies D1711l through 

Di72o,i will be one, other dummy variables are zero. Usage of dummies with value minus 

and plus one, for the moments of first and second sale, respectively, would yield many 

regression matrix columns containing just zeros, leading to omitted price index numbers 

for some years. The arithmetic approach applied for this chapter performs a form of 

interpolation for these otherwise missing index numbers. In contrast to Eichholtz' hybrid 

index, which corrects property prices for office use, we eliminate all properties that 

changed to or from office use, just as all properties that changed in size. The index value 

for year T is calculated by the transformation of the estimated parameters: 

(4.2) INDEX\ = 100 • exp £ ß, 
V=1649 

This annualized version and the biennial Herengracht Index show very similar average log 

returns, for both the entire period as well as all sub periods. However, since the number 

of estimated parameters is roughly doubled while the number of observations remains 

the same, standard deviations of the annual index are somewhat larger. This requires 

larger annual price index changes in order to produce significant parameters in the next 

event studies. 

Event studies 
We analyze changes in real estate series and other indicators during events by means of 

regression. In regression Equation (4., the percentage changes of various series are 

regressed on a constant and a set of binary dummy variables. The dummies are zero, 

except for the year preceding the event, the year of the event itself, and the five years 

following the event. The exact years the events occurred are obtained from historical 

documents. 

INDEX, -INDEX, . * 
4.3 '- 1± =c + Y<p,D„,+£, 

INDEX, _, ,ét 

If this regression is applied to residential rents and war eruptions, (pj estimates the rent 

change for the i'h year after the year of war eruption. For example, a significant estimate 

for the parameter (p0 indicates that rent changes for years in which wars erupted are 
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significantly different from rent changes in other years. Only in this way, we are able to 

distinguish between rent or house price changes caused by regression noise, and changes 

that are large enough to assume that they are caused by housing market conditions. The 

real estate index series include noise, since the series are estimated by a repeated-

measures regression. The constant is added to Equation (4.3), since otherwise the 

regression would test for changes that are significantly different from zero. We are 

interested in changes different from regular changes, which are not zero on average. 

Unlike some other studies that estimate the asset price impact of specific events, like Mei 

(1999), we do not add economic indicators to the right-hand side of the equation. Adding 

these additional explanatory variables would yield an estimate of the pure impact of the 

event, filtering for changes in the dependent variable that are caused by other factors. 

However, we do not want to explain the pure event impact, but are interested in how the 

housing market behaves relative to general economic developments. Therefore, no 

variables are added to Equation (4.3). Besides these event studies, formal tests for long-

run relationships between the housing market and the economy are performed by 

Johansen's test for cointegration. 

4.2 Data description 

The data used in this chapter is rather special, since it covers ten economic series and a 

time span of almost 450 years in between 1550 and 1998. Although just one series covers 

the full time span, the other series still cover over 240 years, on average. 

The series could be separated into three categories, as shown in Table 4.1. The first class 

of series contains business cycle series. N o continuous cycle series is available for 450 

years, such that we use four cycle indicators for a successive coverage of the entire time 

span. Current cycle descriptors like gross domestic product only exist since about one 

century, and have to be approximated by means of other quantities for periods further 

back in time. The business cycle of the most recent century is reflected by the Dutch Net 

National Income, as provided by the Central Bureau of Statistics, while the historians 

Smits et al (2000) reconstructed gross national income of the 19th century for the 

Western Netherlands. For years further back in history, cycle developments are 

approximated by taxes on construction materials used for residential and commercial 

properties in the western Netherlands (18th century), and by Amsterdam duties on 

imports and export (17th century). 

Historical data series are rather scarce, such that these four series are the best of all 

available alternatives. Moreover, we consider the series as representative for the 

Amsterdam economic situation. During the 17th century, Amsterdam was heavily 

dependent on international trade, which was occasionally disturbed by wars. Duties on 
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imports and exports are therefore very useful as indicator for Amsterdam economic 

conditions. This also applies to the construction taxes series. As building permits are 

nowadays regarded as leading cycle indicators, and spending on home remodeling tends 

to track the general business cycle, taxes paid on actually used construction materials will 

be representative for business cycle developments. This is confirmed by the significant 

correlation between this and the preceding cycle indicator for overlapping years, as 

shown in Table 4.3. As far as the two most recent indicators concern, gross or net 

domestic product are currently the most widely used economic indicators. Correlation 

between overlapping changes of these two series is large as well. The series differ with 

respect to geographical areas, but differences between the local Amsterdam economy and 

the economy of the entire region currently known as the Netherlands are likely to 

become less over time. Nowadays, the Amsterdam economy is well diversified, with 

somewhat more financial services and less industry as major differences from the 

national economy. 

Table 4.1: Data series description. 

Serie Description 

Business cycle indicators 

International trade 
activity 

Construction 
activity 

Amsterdam duty on imports and exports 
for trade and shipping industry 

Taxes paid on construction materials 
used for constructing and renovating 
residential and commercial properties in 
Western Netherlands 

Gross National 
Income 

Net National 
Income 

Gross National Income, Netherlands 

Net National Income, Netherlands 

Other economic series 

CPI 

Interest rate 

Wages 

Consumer Price Index for Western 
Netherlands 

Short banking rate 

Wages in Western Netherlands 

Abbreviated Time Obs. 
name period 

DUTY 1624- 87 
1715 

CONSTR 1650-
1805 

154 

GNI 1807-
1913 

107 

NNI 1900-
1998 

99 

CPI 1550-
1998 

449 

INTEREST 1723- 274 
1998 

WAGE 1550- 270 
1820 

Real estate series 

Market rents 

Property prices 

Residential market rents for Amsterdam 
properties 

Development of prices of properties 
along Amsterdam 'Herengracht - canal 

RENTRRI 1550- 301 
1850 

SALES 1649- 350 
1998 
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Table 4.2: Data series characteristics: average percentage changes, standard deviations, and observations. 

Business cycle indicators Other economic Real estate series 
series 

DUTY CON GNI NNI CPI INTE WAGE RENT SALES 
STR REST 

Total data period 

1550- Mean 2.6% 0.5% 1.6% 3.9% 0.6% 0.8% 3.0% 
1998 Sd 25.0% 13.1% 9.4% 1.4% 1.1% 5.5% 20.6% 

(n) (83) (152) (0) (0) (448) (274) (269) (300) (349) 

Sub periods 

1550- Mean 3.8% 2.1% 3.3% 
1600 Sd 15.0% 1.6% 9.8% 

(n) (0) (0) (0) (0) (50) (0) (50) (50) (0) 

1601- Mean 0.8% 1.4% 0.7% 0.8% 12.7% 
1650 Sd 12.5% 7.8% 0.8% 3.0% 

(n) (18) (0) (0) (0) (50) (0) (50) (50) (1) 

1651- Mean 3.6% 1.0% 0.0% 0.1% 0.2% 3.1% 
1700 Sd 28.1% 19.6% 8.0% 0.4% 3.8% 27.3% 

(„) (50) (50) (0) (0) (50) (0) (50) (50) (50) 

1701- Mean 1.4% -0.2% 0.2% 4.6% 0.0% 0.1% 1.2% 
1750 Sd 26.7% 7.9% 8.7% 0.5% 0.3% 3.4% 14.8% 

(n) (15) (47) (0) (0) (50) (27) (50) (50) (50) 

1751- Mean 0.3% 1.4% 3.9% 0.0% 0.1% 0.7% 
1800 Sd 9.0% 9.1% 1.4% 0.1% 3.5% 14.6% 

(n) (0) (50) (0) (0) (50) (50) (50) (50) (50) 

1801- Mean 4.5% 0.7% -0.2% 3.2% 0.1% 0.2% 1.7% 
1850 Sd 7.0% 8.0% 7.4% 0.9% 0.2% 5.7% 20.8% 

(n) (0) (5) (43) (0) (50) (49) (19) (50) (50) 

1851- Mean 2.5% 0.4% 3.6% 2.1% 
1900 Sd 6.1% 4.2% 1.1% 12.2% 

(n) (0) (0) (50) (0) (50) (50) (0) (0) (50) 

1901- Mean 4.0% 4.4% 3.7% 3.5% 4.4% 
1950 Sd 6.1% 8.4% 13.3% 0.9% 29.0% 

(„) (0) (0) (13) (43) (50) (50) (0) (0) (50) 

1951- Mean 8.0% 3.4% 4.9% 8.1% 
1998 Sd 4.5% 4.6% 1.9% 19.4% 

(n) (0) (0) (0) (48) (48) (48) (0) (0) (48) 
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The remaining two data categories concern other economic indicators and real estate 

series. Other series used to describe the economy besides the cycle indicators are a 

consumer price index, short-term interest rates, and average wages. Real estate 

information is obtained from our Repeated-Rent Index estimated in Chapter 3, and the 

annual version of the Herengracht-index representing Amsterdam property sales prices. 

More information on these ten series is shown in Tables 4.1 and 4.2. The abbreviated 

series names will be used throughout the remaining part of this chapter. 

These ten indicators reflect long-term developments of Amsterdam. The city was 

founded by the end of the 13th century, and faced an extensively booming period in terms 

of both population and prosperity during the 'Golden Age', shortly before and during the 

17th century. These developments can be found in the characteristics of the series as 

displayed in Table 4.2. During these flourishing years, rents, wages and consumer prices 

exploded, and it would take 300 years before inflation reached the same level. Despite this 

inflation, real rents tripled in between 1575 and 1600. Property prices and cycle indicators 

are not known for this early period. 

The next three centuries showed slowly stagnating growth in real estate series and the 

economy, although frequendy occurring wars disturbed this pattern. A second 

prosperous period started with the Industrialization at the end of the 19th century, also 

reflected by the series. From this point forward, the series were forced up by inflation as 

well, since it became more persistent. Nevertheless, during the most recent 50 years, real 

national income showed the largest increases ever. 

Average rent changes are rather similar to inflation for most sub-periods, but are more 

stable than consumer price changes in terms of standard deviations. Property price 

changes are larger than changes in property rents, and have much larger standard 

deviations. These larger standard deviations of capital return still holds in modern times. 

Just as dividends are more stable than stock prices, rents are less volatile than property 

prices. For our data set, this volatility difference for housing will be increased by the 

lower number of observations for the estimated property sales price index. 

4.3 Results 

Rents and property sales prices show a remarkable similarity with the business cycle, as 

shown by Figures 4.2 and 4.3. The series are depicted in nominal terms, but inflation 

could not be the major cause for this likeness, since it was non-persistent during the 

shown three centuries. 
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Figure 4.2: Residential rents and business cycle indicators, in nominal terms. 
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Figure 4.3: Residential property prices and business gcle indicators, in nominal terms. 
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The time period is split into three parts; otherwise the persistent inflation would make a visual inspection of the 
years before 1940 impossible. The scales of the axes therefore differ per part. The figure only illustrates how similar 
fluctuations in both series are. 

Evidence is provided by Table 4.3, which provides correlation coefficients between index 

series changes. The correlation between changes in rents and the business cycle 

indicators 'DUTY' and 'CONSTR' is large and significant, but only if rents are lagged 
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one year. Wages fluctuated with rents as well. Another clear relationship existed between 

inflation, interest rates and construction activity. Very intuitively, higher inflation 

coincided with higher short-term interest rates and a lower construction activity. 

According to the table, rents did not move with property prices, not even with a time lag, 

but Figure 4.4 provides different insights. According to this graph, rents and prices did 

show strong similarities. This is confirmed by a significant correlation coefficient of 

0.388, if calculations are based on two-year index changes instead of annual changes. 

Moreover, Johansen's tests all reject the absence of cointegration between rents and 

prices, for both a lag in levels as a lag in first differences. 

As could be inferred from the scales of the axes of the graph, an additional reason for the 

larger property price volatility will be its larger amplitude. Within upward or downward 

phases of the housing market cycle, property prices show larger percentage deviations 

from an imaginary trend. This housing market cycle showed no uniform length over the 

450 years. Measuring peak-to-peak cycle lengths, it varies from a few to even 10 decades, 

judging by nominal rents and prices. 

Table 4.3: Correlation between percentage changes in data series. 

Business cycle indicators Other economic series Real estate series 
DUTY CON GNI NNI CPI INTE WAGE RENT RENT 

STR REST (t+1) 

Business cycle indicators 

CONSTR 0.605"* 
(65) 

GNI 

(0) (0) 

NNI . . 0.477* 

(0) (0) (13) 

Other economic series 

CPI 0.040 -0.182** 0.020 0.503*" 
(83) (152) (106) (91) 

INTEREST . -0.429*** -0.151 0.191 0.185"* 
(0) (78) (104) (91) (272) 

WAGE -0.041 0.032 -0.258 . 0.056 -0.012 
(83) (152) (12) (0) (269) (93) 

Real estate series 

RENT -0.161 0.069 0.231 0.022 -0.047 0.244*** 
(83) (152) (43) (0) (300) (124) (269) 

RENT(t+l) 0.272** 0.326" *-0.128 0.011 -0.055 0.273*** -0.118" 
(83) (152) (42) (0) (299) (123) (269) (299) 

SALES -0.085 0.036 0.048 0.156 0.069 -0.083 0.110 0.052 0.071 
(66) (152) (106) (91) (349) (272) (170) (201) (200) 

respectively (2-tailed). Number of common observations in between brackets. 
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Figure 4.4: Similarity between development of residential rents and property sales prices. 
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A more thorough examination of the lag between cycle changes and rent changes is 

provided by estimation of Equation (4.4), in which percentage rent changes are regressed 

on percentage changes in cycle indicators. 

(4.4) ARENT, =Â0+ ÀlACYCLEl + Â2ACYCLE,_ •A3ACYCLE,_2 

As shown in Table 4.4, business cycle series lead the rent index series indeed by one year, 

if looked at the two cycle indicators describing the oldest part of our data set. However, 

for the years in between 1811 and 1850, no significant relationship between cycle 

changes and rent changes is found. Since the rent series ends in 1850, no results are 

known for the period after 1850. 

Table 4.4: Relationship between rent changes and business cycle changes. 

Business cycle indicator 

DUTY CONSTR GNI 
Parameter (1643-171 5) (1654-1805 (1811-1850) 

Estimate Prob Estimate Prob Estimate Prob 

For constant 0.002 0.725 0.001 0.793 -0.001 0.010 
For CYCLEt -0.009 0.616 0.013 0.575 0.109 0.124 
For CYCLE,-, 0.044 0.013 0.080 0.000 -0.122 0.120 
For CYCLEt.2 0.021 0.236 0.025 0.246 -0.164 0.121 
For CYCLE..3 0.017 0.343 0.022 0.314 -0.017 0.124 

Estimates forEquation (4.4). Probabilities (prob) indicate significance of parameter estimates. 

Figure 4.3 suggests a relationship between the economy and property sales prices as well. 

Although no similar short-run results can be found, Johansen's tests do prove a long-run 
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relationship. All tests reject the 'no cointegration'-hypothesis with the four cycle 

indicators for one lag in levels and for one lag in first differences. 

Summarizing, the housing market appears to track the economy well, thereby exposing 

homeowners and investors to the general economy. However, besides short-run and 

long-run similarities, it is also important to know if the housing market reacted to major 

events. A first glance at Figure 4.5, which provides a visual impression of war impact on 

rents, shows that the rent level indeed showed sharp declines from the year after the 

eruption of a war, most of the times. 

Figure 4.5: Graphical indication of impact of wars an 
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Event studies test this impression more formally. Appendix Tables 4.A.1 through 4.A.3 

show changes in respectively the cycle indicators, the rent index and the property price 

index during event years, and years preceding and succeeding events. In the list of 

studied events, we include the eruption of twelve wars, nine peace treaties, five plague 

epidemics, three famines, and two financial crises. Of all events, wars had the largest 

impact on the economy. Plague epidemics and famines were horrible as well, but did not 

really impact the economy. As a result of scarcity, consumer prices tended to rise during 

famines. Financial crises triggered by the bankruptcy of major banking or stock-trading 

companies did not pull the entire economy down, although short-term interest rates 

dropped to a large extent. The tables indicate that the real estate series showed large 

changes during the majority of wars as well, while other event types appear to have had 

less influence. 
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Equation (4.3) tests whether changes in rents, property prices and other series during 

events are significandy different from regular changes. For this, dummy variables are 

needed. Dummy D 0 reflects the occurrence of an event, other created dummy variables 

indicate years preceding (D.,) and succeeding (D , , D 2 , D 3 , D 4 , and D5) the event. 

Regression of percentage index changes on dummy variables indicating wars, as shown in 

Equation (4.3), indeed yields significant results for most economic series. Table 4.5 

shows estimated parameters y and significance for both nominal and real index changes. 

For the period 1550-1805, the economy suffered from a significandy negative shock 

during the first two years of a war, and showed significant recovery in the third year. 

Significance is present for both nominal and real cycle changes. For the most recent 

century, the decrease in national income caused by wars is not significant if expressed in 

nominal terms. In real terms, however, the negative impact is huge and significant for the 

first five war years. High wartime inflation was a matter of the last century, since for the 

entire data period 1550-1998, wartime inflation is not significant. Likely due to a higher 

perceived risk, both nominal and real interest rates rose considerably when a war erupted. 

Real estate series are affected by wars as well. The rent index shows negative rent 

changes during the second and third war year, which are significantly different from 

regular rent changes. This is consistent with the one-year lag between rents and cycle 

changes, since business cycle indicators already decreased in the first war year. Property 

sales prices show significant declines, but already in the year the war erupted. In real 

terms, however, the significance of the rent changes disappears, while the sales price 

decrease remains significant. 

The ending of a war meant a boost for the economy. According to Table 4.6, business 

cycle indicators rose significantly, immediately or shortly after a war. The significantly 

negative parameter for the GNI-series can be explained by the huge recession 

Amsterdam faced during the end of the French occupation, the only war during the 

concerning time period. In real terms, the same conclusions hold. Interest rates and 

inflation did not react to the war endings, just as all real estate series. This is comparable 

with the reaction of stock prices on events; after an important negative shock, stock 

prices usually drop sharply and recover only slowly. 

Since wars occurred rather frequently in historic Amsterdam, they sometimes coincided 

with plague epidemics, financial crises and hunger years, the other studied events. 

Therefore, we also estimate Equation (4.3) with inclusion of dummy variables for all 

types of events, though only for the event year itself and the preceding and succeeding 

year. Results are shown in Table 4.7. Conclusions concerning war eruptions do not 

change, although in combination with all other events, war endings appeared less 

determining for the business cycle. Plague epidemics, financial crises and famines did not 

influence the cycle in nominal terms, although significandy higher consumer (food) 
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Table 4.5: Regression estimates and t-valuesfor war eruptions. 

N O M I N A L SERIES - WAR ERUPTION 
Series name Period Events c 9-i <po 9i q>2 9 3 9 4 9s 
Business 
indicators 

cycle 

DUTY 1625 1715 5 0.027 

(0.852) 
0.012 

(0.116) 

-0.250" 

(-2.384) 

-0.279"' 

(-2.666) 

' 0.324*" 

(3.092) 
0.162 

(1.551) 

0.084 

(0.795) 
-0.076 

(-0.723) 

CONSTR 1651 1805 9 0.016 

(1.455) 
-0.041 

(-1.070) 
-0.235"' 

(-6.173) 
-0.156**' 

(-3.881) 

! 0.141"* 

(3.518) 

0.061 

(1.516) 

0.008 

(0.207) 
0.036 

(0.953) 

NNI 1901 1998 2 0.058*" 

(8.855) 

0.010 

(0.236) 

-0.086 

(-1.420) 
0.124" 

(2.048) 
0.086 

(1.419) 
-0.065 

(-1.083) 
0.060 

(0.994) 
0.290*** 

(4.808) 

Other economic series 

CPI 15511998 12 0.014*" 
(2.749) 

-0.011 

(-0.401) 
0.033 

(1.210) 

0.010 

(0.372) 
0.016 

(0.590) 
-0.009 

(-0.330) 
0.024 

(0.858) 
0.013 

(0.479) 

INTEREST 1724 1998 6 0.060* 

(1.833) 
0.218 
(1.057) 

0.636*" 

(3.078) 

-0.174 

(-0.841) 
-0.085 

(-0.410) 

-0.149 

(-0.719) 
-0.015 

(-0.073) 
-0.255 

(-1.235) 

Real estate series 

RENTRRI 1551 1850 10 0.012*" 

(3.365) 
0.020 

(1.165) 
-0.018 

(-1.029) 
-0.049*" 

(-2.848) 
-0.046*** 

(-2.638) 
-0.014 

(-0.786) 
0.000 

(-0.002) 
-0.013 

(-0.733) 

SALES 1650 1998 11 0.038*" 

(3.043) 
0.044 

(0.696) 

-0.153" 

(-2.429) 
0.014 

(0.228) 

-0.035 

(-0.559) 
-0.104* 

(-1.655) 
0.069 

(1.096) 
-0.068 

(-1.073) 

REAL SERIES - WAR ERUPTION 

Series name Period Events c 9-1 q>o 9 i q>2 9 3 tp 4 9 s 
Business cycle indicators 

DUTY 1625 
1715 

CONSTR 1651 
1805 

NNI 1901 
1998 

Other economic sel 

INTEREST 1724 
1998 

Real estate series 

RENTRRI 1551 
1850 

SALES 1650 
1998 

0.005 0.124 

(0.145) (1.150) 

0.011 0.003 
(0.730) (0.064) 

0.045"* 0.011 
(7.119) (0.256) 

10 

-0.225" -0.249" 0.409"* 0.176 0.082 0.006 

(-2.091) (-2.316) (3.801) (1.637) (0.759) (0.053) 

-0.249"* -0.134** 0.193*** 0.083 -0.002 0.061 

(-4.882) (-2.486) (3.591) (1.549) (-0.045) (1.195) 

-0.147" -0.162*" -0.295*" -0.169*** -0.051 0.291*" 

(-2.522) (-2.790) (-5.070) (-2.897) (-0.871) (4.991) 

0.051* 0.188 0.437" -0.206 -0.113 -0.156 -0.047 -0.289 

(1.674) (0.994) (2.306) (-1.088) (-0.595) (-0.825) (-0.248) (-1.528) 

0.008 0.036 -0.018 -0.022 -0.011 0.005 -0.023 -0.013 

(1.003) (0.983) (-0.480) (-0.590) (-0.303) (0.125) (-0.612) (-0.343) 

0.031" 0.079 - 0 . 1 9 1 - 0.002 -0.040 -0.103 0.053 -0.068 

(2.403) (1.210) (-2.919) (0.030) (-0.614) (-1.568) (0.808) (-1.038) 

Based on (43) INDEX', - INDEX',. 
=c+Vç3,.Z),+i +et 

***, ** and* indicate that significant coeffitients at the 0.01, 0.05 and'0.10 level, respectively. T-values are shown in 
betiveen brackets. 
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Table 4.6: Regression estimates and t-valuesfor war endings. 

NOMINAL SERIES - WAR E N D I N G S 

Series name Period Events c 
< p - l (po (Pi q>2 q>3 Cp4 ips 

Business cvcle 

DUTY 1625 6 0.021 -0.015 0.224" 0.217" -0.058 -0.060 -0.043 -0.257 
1715 (0.592) (-0.142) (2.187) (2.122) (-0.569) (-0.544) (-0.383) (-2.316) 

CONSTR 1651 6 0.007 -0.075 0.103* 0.023 0.052 0.043 -0.090* -0.073 
1805 (0.532) (-1.382) (1.922) (0.428) (0.973) (0.853) (-1.802) (-1.452) 

GN1 1808 1 0.023*" -0.234*** -0.203"* -0.086 0.235"* 0.010 -0.060 -0.021 
1913 (3.836) (-3.917) (-3.393) (-1.445) (3.927) (0.169) (-1.004) (-0.351) 

NNI 1901 2 0.059*** -0.066 0.059 0.290*" 0.117"* -0.039 -0.017 -0.018 
1998 (8.815) (-1.096) (0.985) (4.808) (2.727) (-0.911) (-0.401) (-0.417) 

Other economic series 

CPI 1551 10 0.017"* -0.027 0.007 0.019 0.000 -0.046 0.004 -0.026 
1998 (3.557) (-0.905) (0.218) (0.628) (-0.009) (-1.537) (0.136) (-0.855) 

INTEREST 1724 4 0.070" -0.156 0.004 -0.116 -0.225 0.013 0.069 -0.018 
1998 (2.152) (-0.603) (0.013) (-0.389) (-0.872) (0.051) (0.267) (-0.069) 

Real estate series 

RENTRRI 1551 8 0.009** -0.041" -0.019 0.019 0.008 0.008 0.015 -0.024 
1850 (2.541) (-2.101) (-0.972) (0.976) (0.400) (0.414) (0.760) (-1.238) 

SALES 1650 9 0.027" -0.008 -0.025 0.059 0.072 0.014 -0.001 -0.013 
1998 (2.236) (-0.114) (-0.350) (0.848) (1.079) (0.214) (-0.017) (-0.195) 

REAL SERIES - WAR E N D I N G S 

Series name Period Events c <p-i Cp 0 (pi ff>2 <P3 <p4 q>5 

Business cvcle indicators 

DUTY 1625 6 0.012 0.030 0.261" 0.211* -0.051 0.004 -0.087 -0.261 
1715 (0.339) (0.277) (2.447) (1.973) (-0.481) (0.032) (-0.750) (-2.253) 

CONSTR 1651 6 0.002 -0.006 0.153" 0.031 0.069 0.099 -0.113 -0.071 
1805 (0.100) (-0.081) (2.250) (0.451) (1.019) (1.568) (-1.783) (-1.111) 

GNI 1808 1 0.022*" -0.276*" -0.204" 0.005 0.192" -0.145* -0.134* 0.171" 
1913 (2.755) (-3.441) (-2.535) (0.068) (2.390) (-1.803) (-1.670) (2.129) 

NNI 1901 2 0.031*" -0.154" -0.036 0.305"* 0.145"* 0.100** 0.122*** -0.020 
1998 (4.408) (-2.458) (-0.577) (4.864) (3.239) (2.239) (2.736) (-0.449) 

Other economic series 

INTEREST 1724 4 0.051* -0.158 -0.050 -0.193 -0.224 0.070 0.110 0.042 
1998 (1.734) (-0.672) (-0.185) (-0.715) (-0.955) (0.298) (0.470) (0.179) 

Real estate series 

RENTRRI 1551 8 0.005 -0.002 -0.010 0.033 -0.002 0.040 -0.021 0.003 
1850 (0.676) (-0.058) (-0.238) (0.794) (-0.037) (0.982) (-0.515) (0.072) 

SALES 1650 9 0.017 0.018 -0.016 0.048 0.066 0.064 -0.006 0.029 
1998 (1.304) (0.243) (-0.212) (0.652) (0.953) (0.925) (-0.090) (0.421) 

Rased on (43) INDEX,- INDEX",_, 

INDEX, _, 

5 

=cJtY_i(p,DM +£, 

*** ** anei * in(facate t}jat significant coefficients at the 0.01, 0.05 and 0.10 level, respectively. T-values are shown in 
between brackets. 
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Table 4.7: agression estimates and t-valuesfor all events. 

Business cycle indicators Other Real estate 
economic series 
CPI INTE 

REST 

series 
DUTY CONSTR GNI NNI 

economic series 
CPI INTE 

REST 
RENT 
RRI 

SALES 

Period 1625 
1715 

1651 
1805 

1808 
1913 

1901 
1998 

1551 
1998 

1724 
1998 

1551 
1850 

1650 
1998 

War eruptions 
War endings 
Plague epidemics 
Financial crises 
Hunger 

5 
6 
3 
0 
1 

9 
6 
2 
2 
1 

0 
1 
0 
0 
2 

2 
2 
0 
0 
0 

12 
10 
5 
2 
3 

6 
4 
0 
2 
2 

10 
8 
5 
2 
3 

11 
9 
2 
2 
3 

NOMINAL SERIES 

Constant 0.042 0.033" 0.026" * 0.059"* 0.015" 0.054 0.010" " 0.030" 

War eruption (t -1) 
War eruption (t) 
War eruption (t+1) 

-0.055 
-0.239** 
-0.253" 

-0.074* 
-0.254" 
-0.153" 

0.009 
-0.087 
0.123" 

-0.007 
0.034 
0.011 

0.225 
0.642"* 

-0.168 

0.023 
-0.015 
-0.045" 

0.063 
-0.129** 
-0.029 

War end (t-1) 
War end (t) 
War end (t+1) 

-0.036 
0.159 
0.21?** 

-0.087* 
0.051 

-0.008 

-0.237** 
-0.206" 
-0.089 

* -0.066 
0.059 
0.289*" 

-0.029 
0.015 
0.024 

-0.139 
0.020 

-0.099 

-0.040" 
-0.019 
0.019 

-0.008 
-0.013 
0.076 

Plague (t-1) 
Plague (t) 
Plague (t+1) 

0.264 
-0.126 
-0.166 

0.155* 
0.031 

-0.062 

-0.061 
-0.029 
0.003 

-0.008 
-0.008 
0.012 

-0.121 
-0.167 
0.568*" 

Financial crisis (t-1) 
Financial crisis (t) 
Financial crisis (t+1) 

-0.042 
0.014 
0.061 

0.066 
-0.095 
-0.082 

0.073 
-0.336 
0.035 

-0.005 
0.014 
0.020 

-0.001 
-0.091 
-0.001 

Famine (t-1) 
Famine (t) 
Famine (t+1) 

-0.160 
0.116 

-0.077 

0.053 
-0.004 
-0.101 

0.008 
-0.032 
-0.028 

0.093* 
0.184"* 

-0.154"* 

-0.190 
0.279 

-0.166 

0.042 
-0.019 
-0.017 

0.179 
-0.236" 
0.198* 

REAL SERIES 

Constant 

War eruption (t -1) 
War eruption (t) 
War eruption (t+1) 

War end (t-1) 
War end (t) 
War end (t+1) 

Plague (t-1) 
Plague (t) 
Plague (t+1) 

Financial crisis (t-1) 
Financial crisis (t) 
Financial crisis (t+1) 

Famine (t-1) 
Famine (t) 
Famine (t+1) 

0.028 0.028* 0.024*" 0.042*" 

0.013 -0.048 
-0.232" -0.282*** 
-0.245" -0.134" 

0.441" 0.309" 
-0.081 0.140 
-0.148 -0.117 

-0.107 
0.110 
0.145 

-0.158 0.043 -0.129 
-0.230 -0.320*' -0.098 
0.013 -0.024 0.182* 

0.014 
-0.143" 
-0.159" 

0.012 -0.022 -0.278*" -0.165" 
0.172 0.075 -0205" -0.047 
0.209" -0.019 0.004 0.294" 

0.043 0.004 0.021* 

0.196 0.035 0.088 
0.444" -0.015 -0.178*" 

-0.198 -0.018 -0.034 

-0.149 0.001 0.020 
-0.042 -0.015 -0.021 
-0.185 0.033 0.048 

0.047 0.008 
0.004 -0.040 

-0.002 0.478"* 

-0.005 -0.067 -0.065 
-0.263 0.109 -0.001 
0.125 0.101 0.081 

-0.298 -0.052 0.071 
0.198 -0.162" -0.347*'-
0.026 0.152" 0.413*" 

***, ** and * indicate that significant coefficients at the 0.01, 0.05 and 0.10 level, respectively. T-values are shown in 
behveen brackets. 
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prices made the impact for some indicators significant in real terms during famines. The 

large and counterintuitive decrease in interest rates during financial crises is not 

significant. Property prices showed significantly negative changes during famines in both 

nominal and real terms, while residential rents only declined in real terms. 

4.4 Summary and conclusions 

Most long-run housing market studies concern time periods of at most a few decades, 

which seldom show more than one boom and one bust. This might yield an incorrect 

perception of housing risk. For example, looking at recent years, the most prosperous 

period of history, housing seems to be a rather safe investment if compared to stocks and 

bonds. However, another perception results if a much longer data period is considered. 

With an investment, an investor buys exposure to a part of the economy. With housing, 

whether being a professional investor or an owner-occupant, the buyer is exposed to 

changes in the housing market. However, he or she is exposed to developments in the 

general economy as well. According to our 450-year data period, the housing market 

tracks the economy amazingly well in the long run. Moreover, in case of major socio

economic events, the housing market is able to adjust very quickly. In those 

circumstances, residential real estate does not provide any protection, and faces the 

investor with large risks. 

Especially the eruption of wars appeared to be a major shock to the housing market. 

Both property prices and rents declined significantly during wars; prices immediately, 

rents with some delay. If corrected for inflation, the significance of the property price 

decrease remained, while the rent changes lost their significance. Although war endings 

had a positive effect on the business cycle, they did not cause significant recovery of the 

housing market. Other events like plague epidemics, financial crises and famines did not 

influence the business cycle or the housing market. Interest rates rose significantly at the 

moment of war eruption, although they showed insignificant but counterintuitive 

decreases during financial crises. When famines existed, the higher food prices fuelled 

inflation, leading to a decline in real housing prices and rents. 

When performing really long-run studies, data availability will be a major obstacle. If 

there is any data available, it frequendy concerns several short-run series that have to be 

pasted in order to obtain one long-run series. Otherwise, series have to be constructed 

from scratch, based on data sources like historical publications. For example, our rent 

index and our property sales price index are based on publications that specified details 

from individual lease contracts and sales prices of properties along the Amsterdam 

Herengracht. The amount of information that is provided by this type of sources will 

usually be rather limited, such that the constructed index series will be more volatile than 
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the reflected quantity would have been in reality. Postulating firm conclusions inferred 

from these pasted or estimated series could be dangerously. Nevertheless, our series do 

provide some valuable insights that would not have been revealed with short-run studies; 

the general current perception of housing market risk is overly optimistic. 
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Appendix 

Appendix Table A.4.1: Impact ofwar eruptions on generaleconomy, rents, and property prices.  

Event Year Series (t-1) (t) (t+1) (t+2) 

Economy and eruption of wars 

Eighty-year war 

First Anglo-Dutch war 

Second Anglo-Dutch war 

Third Anglo-Dutch war 

Nine-years war 

Spanish succession war 

Austrian succession war 
French occupy Netherlands 
Fourth Anglo-Dutch wTar 
French period 
First World War 
Second World War 

1567 - - - - -
1652 CONSTR 0.6% -37.2% -23.3% 42.2% 

DUTY 21.5% -29.2% -34.0% 71.0% 
1665 CONSTR -17.6% -27.5% -6.4% 25.2% 

DUTY -26.5% -48.4% 32.5% 27.2% 
1672 CONSTR -12.8% -59.8% -23.7% 69.4% 

DUTY 6.5% -60.0% -0.3% 102.0% 
1688 CONSTR 0.0% -7.7% -16.4% -1.7% 

DUTY 11.1% -4.0% -19.7% -0.1% 
1702 CONSTR -11.2% -15.9% -6.3% 11.0% 

DUTY 8.5% -23.7% -30.0% 67.7% 
1740 CONSTR -4.3% -4.9% -3.4% -7.5% 
1747 CONSTR 3.3% -16.5% - -
1780 CONSTR 1.4% 0.3% -16.6% 3.4% 
1795 CONSTR -3.7% -32.7% 17.1% 12.7% 
1914 NNI 4.4% -2.7% 18.2% 14.4% 
1940 NNI 9.3% - - -

Rents and eruption of wars 

Eighty-year war 
First Anglo-Dutch war 
Second Anglo-Dutch war 
Third Anglo-Dutch war 
Nine-years war 
Spanish succession war 
Austrian succession war 
French occupy Netherlands 
Fourth Anglo-Dutch war 
French period 
First World War 
Second World War 

1567 RENTS 10.9% 1.5% -9.6% -7.8% 
1652 RENTS 14.3% -1.9% -5.4% -6.6% 
1665 RENTS -0.4% -0.8% -7.8% 0.2% 
1672 RENTS 0.9% -2.3% -4.0% -4.5% 
1688 RENTS -2.6% 2.8% -2.8% -0.3% 
1702 RENTS 4.9% -7.2% 2.9% -4.7% 
1740 RENTS -2.1% 6.2% -12.2% 3.4% 
1747 RENTS 3.1% -0.3% -4.5% -1.8% 
1780 RENTS 0.8% -1.1% -2.2% -0.6% 
1795 RENTS 1.0% -6.2% -5.2% -1.5% 
1914 RENTS - - - -
1940 RENTS _ _ _ _ 

Property prices and eruption of wars 

Eighty-year war 
First Anglo-Dutch war 
Second Anglo-Dutch war 
Third Anglo-Dutch war 
Nine-years war 
Spanish succession war 
Austrian succession war 
French occupy Netherlands 
Fourth Anglo-Dutch war 
French period 
First World War 
Second World War 

1567 SALES - - - -
1652 SALES -30.8% 2.8% 22.3% -10.4% 
1665 SALES -15.6% 51.1% -36.4% -10.7% 
1672 SALES -9.5% -12.0% 1.2% 1.2% 
1688 SALES 13.5% -9.6% -18.2% 40.6% 
1702 SALES -5.4% -3.0% -6.3% 4.4% 
1740 SALES -28.7% 39.6% 5.3% -46.0% 
1747 SALES 25.8% -19.2% 8.8% -6.2% 
1780 SALES 53.0% -40.8% 7.8% 9.0% 
1795 SALES 22.1% -19.3% -4.8% -4.9% 
1914 SALES 4.7% -5.1% 2.3% 12.4% 
1940 SALES 15.6% -14.3% 4.9% 13.9% 
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Appendix Table A.4.2: Impact of war endings on general economy, rents, and property prices. 
E v e n t Year Series (TÏ) (t) (t+1) (t+2) 

Economy and war endings 

End of 80-year war 

End of First Anglo-Dutch war 

End of Second Anglo-Dutch war 

End of Third Anglo-Dutch war 

End of Nine-year war 

End of Spanish Succession war 

End of Fourth Anglo-Dutch war 
End of French period 
End of First World War 
End of Second World War 

1648 DUTY 4.2% 8.8% 0.4% -3.3% 
1654 CONSTR -23.3% 42.2% 4.1% 6.4% 

DUTY -34.0% 71.0% -5.6% 9.8% 
1667 CONSTR -6.4% 25.2% -1.8% 23.4% 

DUTY 32.5% 27.2% 64.3% -9.1% 
1678 CONSTR -19.2% -8.8% 0.6% 12.3% 

DUTY 16.3% -10.3% 17.4% -1.7% 
1697 CONSTR 1.1% 3.1% 5.9% -1.3% 

DUTY -31.0% 8.0% 58.9% 1.8% 
1713 CONSTR -3.0% -3.1% -1.0% 2.3% 

DUTY -10.1% 42.2% 7.3% -20.1% 
1784 CONSTR 2.7% 7.3% 9.9% -7.8% 
1813 GNI -21.1% -18.0% -6.3% 25.8% 
1918 NNI -0.7% 11.8% 34.9% 13.7% 
1945 NNI - - - 21.5% 

Rents and war endings 

End of 80-year war 1648 RENTS 1.4% 0.8% 1.9% -5.3% 
End of First Anglo-Dutch war 1654 RENTS -5.4% -6.6% 6.0% 1.0% 
End of Second Anglo-Dutch war 1667 RENTS -7.8% 0.2% 2.0% 2.3% 
End of Third Anglo-Dutch war 1678 RENTS -1.0% 2.3% -5.5% 4.2% 
End of Nine-year war 1697 RENTS 1.1% 2.3% -3.2% 1.6% 
End of Spanish Succession war 1713 RENTS 1.2% -2.4% 0.8% 4.4% 
End of Fourth Anglo-Dutch war 1784 RENTS -4.2% 1.9% 6.9% 2.2% 
End of French period 1813 RENTS -13.8% -6.6% 13.4% 2.9% 
End of First World War 1918 RENTS _ _ 
End of Second World War 1945 RENTS - - - -

Property prices and war endings 

End of 80-year war 1648 SALES 12.7% 
End of First Anglo-Dutch war 1654 SALES 22.3% -10.4% -17.3% 65.6% 
End of Second Anglo-Dutch war 1667 SALES -36.4%, -10.7% 37.9% -30.0% 
End of Third Anglo-Dutch war 1678 SALES -41.8% 61.4% 18.0% 52.5% 
End of Nine-year war 1697 SALES 8.3% -22.1% 5.9% 15.8% 
End of Spanish Succession war 1713 SALES -0.8% 5.1% -1.2% -6.4% 
End of Fourth Anglo-Dutch war 1784 SALES 5.2% -1.7% -0.8% -13.1% 
End of French period 1813 SALES 14.7% -32.1% 10.0% -9.4% 
End of First World War 1918 SALES 11.6% 5.2% 17.8% 17.7% 
End of Second World War 1945 SALES 33.1% 8.0% 8.0% -6.2% 
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Appendix Table A. 4.3: Impact of disasters on general economy, rents and property prices. 

Event Year Series (t-1) (t) (t+1) (t+2) 

Economy and disasters 

Plague epidemic 1616 - - - - -
Plague epidemic 1624 DUTY - - -38.3% 8.3% 
Plague epidemic 1634 DUTY - 4.7% 1.9% 10.2% 
Plague epidemic (1654 end of war) 1655 CONSTR 42.2% 4.1% 6.4% 5.8% 

DUTY 71.0% -5.6% 9.8% -15.0% 
Plague epidemic (1664 begin of war) 1664 CONSTR -7.0% -17.6% -27.5% -6.4% 

DUTY 0.5% -26.5% -48.4% 32.5% 
Financial crisis 1763 INTEREST 27.9% -47.4% 7.3% 18.2% 

CONSTR 0.7% 10.5% 9.5% -7.2% 
Financial crisis 1773 INTEREST -2.5% -9.0% 10.6% -3.2% 

CONSTR -2.5% -1.1% 9.2% -3 .1% 
Famine 1709 CPI 1.3% 45.1% -7.2% -12.5% 

CONSTR 8.6% 2.8% -6.8% -2.6% 
Famine 1817 CPI 17.8% 8.4% -16.0% -10.1% 

GNI 3.3% -3.7% 0.2% 2.4% 
Famine 1847 CPI 13.4% 6.3% -18.5% -6.3% 

GNI 3.5% 2.4% -0.7% -8.0% 

Rents and disasters 

Plague epidemic 1616 RENTS 2.8% -1.6% 5.0% -4.6% 
Plague epidemic 1624 RENTS 1.4% -5.7% 2.1% -1.0% 
Plague epidemic 1634 RENTS 0.9% 3.3% -0.6% 1.4% 
Plague epidemic (1654 end of war) 1655 RENTS -6.6% 6.0% 1.0% 4.2% 
Plague epidemic (1664 begin of war) 1664 RENTS 2.7% -0.4% -0.8% -7.8% 
Financial crisis 1763 RENTS -1.9% 2.8% 3.3% 1.7% 
Financial crisis 1773 RENTS 2.9% 2.0% 2.8% -5.5% 
Famine 1709 RENTS 0.6% -0.2% 0.7% 2.7% 
Famine 1817 RENTS -0.1% 4.1% -0.7% 8.8% 
Famine 1847 RENTS 15.0% -6.8% -2.1% -2.5% 

Property prices and disasters 

Plague epidemic 1616 SALES 
Plague epidemic 1624 SALES - - - _ 
Plague epidemic 1634 SALES - - _ -
Plague epidemic (1654 end of war) 1655 SALES -10.4% -17.3% 65.6% -12.2% 
Plague epidemic (1664 begin of war) 1664 SALES -3.0% -15.6% 51.1% -36.4% 
Financial crisis 1763 SALES 4.8% 3.2% 3.4% 5.0% 
Financial crisis 1773 SALES 1.0% -15.5% 2.3% -1.6% 
Famine 1709 SALES 15.9% -19.2% 5.6% 10.4% 
Famine 1817 SALES 28.2% -20.9% 61.9% -38.6% 
Famine 1847 SALES 18.6% -21.8% 0.9% 21.8% 




