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CHAPTER 3 

A Long-Run Repeated-Rent Index for 

Residential Property1 

The last 50 years have been among the most stable and prosperous in history. During 

this period, asset prices have generally shown strong growth trends, and house prices 

have been no exception. In most industrialized nations, house prices have multiplied, 

both in nominal and in real terms. However, historically, this period has been an 

exception, and since most empirical studies of asset and property performance focus only 

on this period, they are likely to produce an overrated picture of performance. Studying 

risk and return in the long run could yield quite different, and potentially more realistic, 

insights into real estate performance. 

Returns on financial assets consist of appreciation and cash flows resulting from the 

investment. For most investments in real estate, rental cash flows are known. 

Nevertheless, making a constant-quality rent index that accurately reflects the market 

rental value for a long period of time is not a trivial issue. To build such an index, we use 

a methodology developed for indices of real estate values: repeated-measures regression. 

Infrequent trading and asset heterogeneity make the construction of real estate value 

indices cumbersome. The quarterly median sales price index of the National Association 

of Realtors is a commonly used index of housing price fluctuations in the United States, 

and in the Netherlands, the Dutch Association of Real Estate Agents produces a widely 

quoted median sales price index. However, neither of these two index construction 

methods involves constant quality of the underlying assets. This implies that the indices 

may not measure house price changes correctly. The Dutch index, for example, shows 

stronger price appreciation in the second quarter than in the other quarters of the year, 

due to the fact that more expensive houses are sold in that quarter. Indices that deal with 

these constant-quality problems are hedonic indices, repeat-sales indices and hybrids of 

these two index types. 

A hedonic index results from regressing individual property prices on quality 

characteristics of the properties for each year of the data set, or for an entire sample 

period with use of time dummies. As mentioned before in Chapter 2, drawbacks of this 

1 This chapter is based on Eichholtz, P.M.A., and M.A.J. Theebe (2001a), "A Long-Run Repeated-Rent Index 
for Residential Property', working paper, University of Amsterdam, presented at the 1998 ERES/AREUEA 
conference in Maastricht. 
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method are the requirements to select a set of appropriate quality characteristics with the 

risk of wrongly omitting relevant variables and to specify the functional form of the 

relation between selling prices and characteristics, especially for the long run. However, 

this index construction method has been quite widely used. Recent examples are the 

hedonic indices of Case, Pollakowksi and Wachter (1997) for United States residential 

properties and the indices of Hoesli, Giaccotto and Favarger (1997) for apartment 

buildings and vacant land in Switzerland. 

Repeat-sales indices are more straightforward and require less stringent assumptions. 

These indices are constructed by looking at the repeated transaction prices of the same 

house. The repeat-sales index consists of weighted averages of the log changes of these 

repeated transaction prices, and is a generalization of the chain index.2 

The repeat-sales method was introduced by Bailey, Muth and Nourse (1963), and further 

developed by Case and Shiller (1989). Since the latter study, the repeat-sales method has 

been applied by a great number of authors. Some examples are indices of Clapp and 

Giaccotto (1992a), Goetzmann and Spiegel (1997) and Goy and Londerville (1997) for 

the United States, and Mahieu and Van Bussel (1997) for the Netherlands. 

The most important drawbacks of the repeat-sales index concern the fact that it only 

considers residences which are sold at least twice in the data period and which have 

constant quality during the interval between sales. Especially in the case of short data 

periods, this necessity causes an enormous waste of data and could lead to sample 

selection bias, since the composition of the set of selected properties might not be 

representative for the entire housing market stock. Case and Shiller (1989), for example, 

could only use 39,210 of the 952,606 transactions in their sample, which is about 4 

percent. Another possible source of bias is the temporal aggregation of transactions. 

The construction of constant-quality real estate price indices for the long run is 

hampered by data problems. Creating hedonic indices for long periods in history is 

impossible, simply due to lack of detailed data. Long-run repeat-sales indices are easier to 

produce, even though they require large data sets of transaction prices, which are scarce. 

Mahieu and Van Bussel (1997) created a repeat-sales index for the Netherlands, but only 

for 23 years. However, Eichholtz (1997) constructed a hybrid index for houses in 

Amsterdam, the Netherlands, starting in the year 1628. One advantage of studying longer 

time periods with repeat-sales indices is the diminishing data waste; for long periods, 

almost all transacted properties are likely to be sold at least twice. 

2 See Steele and Goy (1997). Apart from the calculation technique, a repeat-sales index and a chain index 
are quite similar. They both concern rental growth, instead of rent level, and they both chain these rent 
changes. The major difference is that the chain index calculates changes between any pair of succeeding 
rental cash flows, while the repeated-rent index concerns rent changes in between two rent revision 
moments. 
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Rents 
These index construction methods have less often been applied to rents, although 

construction of accurate market rent indices has to meet the same requirements. Just as 

with sales prices, using mean or median rent levels is subject to the changing quality of 

data set properties. Without correction, part of the rent changes reported by the resulting 

index is caused by changes in property quality over time. Moreover, not all due rents 

should be involved in construction of the market rent index, since the majority of due 

rent amounts is not representative for the current market situation. Ongoing rental cash 

flows do not reflect the actual current market, but the market situation at the moment of 

origination of the rent contract, possibly with anticipated growth for longer lease terms. 

Therefore, a rent index construction method should explicitly correct for differences in 

property quality and lease terms, or use rent changes instead of rent levels, and should 

take only those rental cash flows into consideration that recently have been adjusted to 

the market. 

Using rent changes instead of levels, Lesger (1986) constructed a chain index with annual 

residential rent figures for Amsterdam, from 1550 until 1850. Although a chain index is 

less sensitive to changes in property quality, it also uses cash flows that are not 

representative for the current market situation. As a result, a rental chain index suffers 

from a problem analogous to the smoothing of appraisal-based returns of commercial 

properties, since included observations still exhibit past market information. Moreover, 

true market adjustments are mingled with any other modifications occurring within a 

lease. Especially if no modifications occurred at all, as was common in history since lease 

contracts did not allow for annual indexation, true market adjustments appear weakened 

in the index. 

More appropriate ways to obtain a reliable rent index are a hedonic, a repeated-measures 

and a hybrid approach. Fisher, Webb and Mosbaugh (1996) developed a hedonic index 

of effective rents for office space, but this index concerns a recent and relatively short 

time period. Constructing a hedonic index for the very long run would be almost 

impossible, because of lack of historical information regarding quality variables. 

Hargreaves and Chen (2001) applied several index construction methods to residential 

rents, and found a hybrid method to be the preferred one. Since a hybrid approach also 

needs descriptive variables, it usually is not suited for long-run studies. To our 

knowledge, at the moment of the first presentation of the paper this chapter is based on, 

it was the first application of a repeated-measures technology to rents. 

The only practically feasible method to construct a long-run constant-quality market rent 

index is therefore the repeated-measures regression. We apply this procedure to the rent 

data used by Lesger (1986), and call the resulting index the repeated-rent index. We also 

construct a median index for these rents in order to obtain a rough verification of the 

reliability of the regression-based index. The construction and evaluation of the repeated-

rent index takes four more sections. In section 3.1 we explain the theoretical foundations 
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of the repeated-rent index and we describe the regression model. We also analyze 

whether property heterogeneity requires model adjustments or separate rent index series. 

Section 3.2 contains a rather elaborate description of the data we used, because of the 

uniqueness of the data set. In section 3.3, the characteristics of the nominal and real 

index series and the influence of inflation on residential rents are analyzed. Finally, in 

section 3.4 we summarize and analyze our results, and suggest ways for further research. 

3.1 Methodology 

As we stated before, a repeated-measures index is constructed by following prices or 

rents for the same property in time. Weighted averages are calculated for the observed 

price or rent changes. If the index is supposed to reflect the housing market, all used 

observations should represent the current market situation. However, not all annual cash 

flows in our data set represent market conditions if lease contracts without inflation 

indexation concern terms exceeding one year. Therefore, in case of applying the 

repeated-measures regression to rents, moments of lease origination should be known, 

since at these moments the due rents are adjusted to actual market. 

However, our data set does not provide certainty regarding the moment of contract 

renewal, we therefore infer these moments from the data. Since all rental cash flows are 

derived from lease contracts stored in registers, and rent indexation was still uncommon 

during our data period, we interpret each change in due rents for a property as an 

adjustment to the market, triggered by contract renewal. This means that, on an 

individual property level, we will discard annual observations that involve the same rental 

cash flow as the preceding year. If not, many paired rents would tell the repeated-rent 

index that the market did not change at those specific moments. This information would 

be mingled with true market changes, and would therefore smooth the index. Every 

assumed market-adjusted cash flow should be related to the assumed preceding market-

adjusted rent. In other words, the first year of a new contract should be related to the 

first year of the previous contract. 

Calculation of weighted average rent changes is performed by the standard repeated-

measures regression model (3.1). 

(3.1) In 
(RENT ^ 

RENT 
'o< J 

= lAA,+*< 

Time indicators t, and t„ indicate the moments of contract origination and the preceding 

contract origination, respectively. The log differences of the rental cash flows are 

regressed on a set of dummy variables, D,,. These dummies are defined as D t l = 1 if t= t„ 

D t l =-1 if t=t<„ and zero otherwise. Note that one of the columns of data matrix D has to 
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be eliminated because of multicollinearity reasons, otherwise each row would sum to 

zero. Estimations of parameters ß t are transformed into index numbers by 

(3.2) INDEX, = 100exp(/?,) 

The index represents expected values of geometric mean growth rates. However, as 

explained in Chapter 2, arithmetic means would be more appropriate to estimate real 

estate price changes. As suggested by Goetzmann (1992), an ex-post adjustment can 

derive expected values of arithmetic means by 

(3.3) INDEX, = 100 exp ß + | à] 

Deriving contract origination moments from the data set might introduce some errors. 

This might be explained by means of a simple example, in which a property is rented for 

100 in years 1 and 2, and for 110 in year 3. All rent amounts are market-adjusted and 

end-of-year dated. The actual market rent change would be 0 percent over the second 

year, and 10 percent over the third year. However, since our approach does not recognize 

the 100 of the second year as a market-adjusted rent, the 10 percent change will be 

distributed over both the second and third year, instead of solely the third year. This will 

bias the rent change estimate for the second year above zero, and the estimate for the 

third year closer to zero than the actual market change was. Because of this more gradual 

allocation of log changes, volatility of the estimated index series will be underestimated to 

some extent. We cannot control for this, but not using this approach will smooth the 

index to a much larger extent, as motivated before. 

Elimination of estimation bias 
Specific characteristics of a data set could introduce biases in a repeated-measures index, 

as argued before in Chapter 2. With applying this technique, these misrepresentations 

might result from changing property quality, sample selection bias, and temporal 

aggregation bias. For our specific data set, additional distortions might arise from 

'inflation risk bias' and from changes in currency units. Finally, the inefficiency caused by 

longer time intervals between paired observations should be analyzed, as suggested by 

Case and Shiller (1989). These potential distortions have to be examined before the 

actual repeated-rent index is estimated. 

If the composition of the data set with respect to property quality is not representative 

for the composition of the analyzed housing stock over time, it could introduce two 

different kinds of distortions. If this mismatch is non-systematic, it will add random 

errors to the estimated index if properties of different quality show different rents or rent 

changes. Although using changes instead of rent levels already eliminates this problem to 

a large extent, since changes will be more uniform across individual properties than 

levels, it might still be present. This could be easily determined by using paired t-tests, by 

testing whether average rent changes for different categories of property quality differ 
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significantly. We use the four categories constructed by Lesger (1986), the author of the 

publication used for our data set. He used relative rent levels as a proxy for property 

quality, with the three breaking points determined by representative properties. When 

comparing average rent changes per quality type, annualized rent changes should be used, 

to correct for systematic divergence in lease terms. If these average rent changes differ 

significantly, dummy variables could be added to Equation (3.1) to obtain a constant-

quality rent index. 

However, if this mismatch is systematic, it will cause sample selection bias. The index 

would not only measure market developments, but also changes in property quality. For 

owner-occupied dwellings, many studies found starter homes to be over-represented in 

data sets with paired transaction prices, or that two succeeding sales with relatively short 

periods in between often show above-average price increases. Sample selection bias with 

a rent index arises if lease terms for specific property types are systematically shorter, and 

if annualized rent changes vary per type. We will test for these differences for the four 

property qualities. 

When studying rents for 300 years, a rent index cannot be entirely constant-quality, due 

to the quality improvements caused by technological changes. However, this does not 

necessarily introduce a bias: as will be shown later in this chapter, rents corrected for 

inflation did not change systematically over three centuries. 

Another potential bias is caused by the risk perception landlords might have had during 

times of high inflation or deflation. During these periods, rent revision might be 

dependent on the term of the next rent contract. In case of inflation without indexation, 

the tenant receives inflation protection from a longer contract, such that landlords might 

charge larger revisions for longer lease terms during times of high inflation. With 

deflation, rent revision might be lower with longer lease terms, since the landlord faces 

less risk. We analyze this potential bias, which we will refer to as 'inflation risk bias', by 

means of a regression in which annualized rent revisions are regressed on a function of 

the new lease terms L: 

(3.4) _ J _ t o 

v 
RENT, 

+ aDED°E + MND\NL + XDEDDEL + XOT DOT L + e 

Dummy variables D are used to distinguish between several inflationary conditions 

during the expiring rent contract. So, landlords are assumed to be able to forecast times 

of high inflation or deflation. Dummy D I N is set to 1 if the annualized actual inflation 

exceeded a threshold inflation level, DD I is 1 if deflation exceeded this level, and D O T is 1 

in other cases. Since the rent revision generally will be higher during periods with high 

inflation, we also include dummies to estimate separate constants. Otherwise, the 

parameters estimating the impact of the new lease term will also estimate part of the 

generally larger adjustment to inflation. A Wald test shows whether the estimates for 
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dependence on new lease terms differ significantly for different inflation regimes. 

Potential systematic differences causing this 'inflation risk bias' could be corrected for by 

means of adding dummy variables to Equation (3.1). 

Another bias possibly caused by repeated-measures regression is caused by the temporal 

aggregation of observations. Aggregation bias will cause smoothing of the estimated 

index, since variation in observations within a time interval will be averaged out. 

However, this source of bias is not present in our data set, due to a very specific reason. 

In Amsterdam, from about the year 1400 until the 20th century, rent contracts always 

expired on April 30th of the year stated in the contract. Therefore, all rent revisions are 

dated at May 1st, Migration Day, which by definition eliminates temporal aggregation 

bias. 

When using such a long time period, the risk of changes of currency unit exists. 

However, Amsterdam rent prices have been expressed in guilders since the year 1563. 

Only for the first 12 years of the data set, rent prices are translated from so-called 

Flemish pounds into guilders. Therefore, the currency issue will not cause any problem. 

Applying the weighted regression model proposed by Case and Shiller (1989) has become 

common practice with estimation of repeat-sales indices. These authors showed that the 

sampling variability of house price changes increases with the interval between sales, as 

factors other than market developments get increasingly likely to influence individual 

house prices. With respect to this, Calhoun (1996) referred to depreciation rates getting 

more likely to differ over longer time periods, just as the quality of neighborhoods. The 

need for a heteroskedasticity correction could be determined by regression (3.5), in which 

squared residuals of a regular repeat-sales regression are regressed on the time interval 

between the two relevant transactions. 

(3.5) ef=c + ß{tu-t0.)+vi 

If the estimated variable for time interval is significantly positive, both the dependent and 

independent variables used in Equation (3.1) should be divided by the root of the fitted 

values of Equation (3.5). Since the rationale for this weighted repeat-sales (WRS) 

regression also applies to rents, this modification might yield more efficient estimates. 

Reference index 
Since the repeated-rent index is a new method to describe rents over time, it should be 

compared to an index created by a more common method. Earlier in this chapter, we 

motivated why a chain index will not yield an accurate reflection of rental market 

developments. A mean and a median index do not control for constant-quality, and are 

therefore less appropriate references as well, unless they are based on rent changes. 

However, since our data set provides on average 23 rent revisions per year, a mean or 
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median index will be extremely volatile. Although still inappropriate, these three index 

types are used for comparison with the repeated-rent index. 

3.2 Data description 

Our data set is quite unique. Amsterdam is a relatively old city, with its origin dating from 

the year 1280, which allows us to construct an Amsterdam real estate index for the very 

long run. The data set we use for this is based on a publication of Lesger (1986), and 

provides rents for the 300 years in between 1550 and 1850. It consists of 48,571 annual 

rent amounts due for properties owned by the town of Amsterdam and by Amsterdam 

institutions of social service, like orphanages, poor-relief boards and hospitals. In effect, 

these were the precursors of the modern day institutional investors. 

Since the exploitation of residential properties was an important and fixed source of 

income for these institutions, the rents included in the data set are likely to represent 

market rents. This notion is confirmed by the existence of vacancy and additional claims 

in case of back rents. Moreover, the rents had not been controlled by the government, 

since the first interference of the Dutch government with rent prices only took place 

after 1914. 

To construct a rent index using a repeated-measures methodology, it is important that 

the quality of a residence is similar at both moments of the paired market rents. Since 

rent registrations of the institutions also contained detailed information about rebuilding 

and renovations, it is possible to deal with this. When such a quality change occurred, the 

property with the changed quality is considered as a new property, such that the rent 

difference caused by quality changes is not used for index estimation. This makes 

inclusion of a hedonic component in the regression equation to control for changing 

quality or use, as Eichholtz (1997) has done, redundant. 

The publication used for our data set contains series of annual rental cash flows for 1,055 

properties, with an average length of 46 years. Since these series are based on contracts 

derived from several archives, each change in a rent series is interpreted as a market-

based rent revision. In this way, 6,742 market rent observations are inferred from the 

data, of which 5,687 pairs could be formed. 

Table 3.1 specifies the number of observations over time. The data set contains 48,571 

rental cash flow observations, with an average of over 160 observations per year. The 

repeated-rent regression is based on 5,687 rent revisions. For this, on average, about 19 

rent revisions per year are selected for construction of the repeated-rent index. For over 

70 percent of all years, more than 10 revisions are available for index estimation, and for 
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half of all years over 15 revisions could be used. More details are shown in Tables 3.1 and 

3.2 and in Figure 3.1. 

Figure 3.1: Rent observations and selected rent changes. 
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Table 3.1: Distribution of observations over time. 

Total cash flows Rent revisions 

Period Total Average 
per year 

SD Total Average 
per year 

SD % of total 
cash flows 

1550-1575 2,158 83.0 11.4 322 12.4 10.4 14.9% 
15764600 1,779 71.2 20.2 528 21.1 13.1 29.7% 
1601-1625 4,592 183.7 40.9 645 25.8 12.8 14.0% 
1626-1650 4,146 165.8 35.8 558 22.3 11.9 13.5% 

1651-1675 4,005 160.2 14.1 504 20.2 9.0 12.6% 
1676-1700 4,673 186.9 16.0 543 21.7 9.1 11.6% 
1701-1725 4,262 170.5 7.9 339 13.6 6.1 8.0% 
1726-1750 4,392 175.4 10.6 420 16.9 8.5 9.6% 

1751-1775 4,749 190.0 21.3 365 14.6 12.5 7.7% 
1776-1800 5,372 214.9 4.4 339 13.6 9.6 6.3% 
1801-1825 4,900 196.0 23.3 860 34.4 20.9 17.6% 
1826-1850 3,543 141.7 13.7 264 10.6 6.0 7.5% 

1550-1850 48,571 161.4 46.9 5,687 18.9 13.0 11.7% 

Shown are the number of cash flow observations and the number of rent revisions per sub period. Also shown are average 

amounts of cash flows and rent revisions per year with standard deviations, and the number of revisions expressed as a 

percentage of the average number of cash flow observations. 

A large data set change occurred in the year 1603, since over 100 properties enter the 

data set for this year. Because of this change, the average number of observations rises 
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from 77 for the period before 1603, to 180 for the years thereafter. Although the city 

experienced a booming population and housing stock during this period, this data set 

increase is due to the inclusion of the registers of one large social institution. This major 

change will not influence the resulting rent index series much, since annualized rent 

changes for these new properties do not differ much from properties already present in 

the data set. As will be shown later, this change does not influence the resulting rent 

index. 

Table 3.2: Number of rent revisions per year for all 301 years in sample. 

Revisions Frequency Percentage Cumulative 
per year frequency percentage 

frequency 

0 1 0.3% 0.3% 
1-5 23 7.6% 8.0% 

6-10 62 20.6% 28.6% 
11-15 65 21.6% 50.2% 
16-20 49 16.3% 66.4% 

21-25 24 8.0% 74.4% 
26-30 27 9.0% 83.4% 
31-35 18 6.0% 89.4% 
36-40 12 4.0% 93.4% 

>40 20 6.6% 100.0% 

Table 3.3: Lease term frequency. 

Lease term Frequency Percentage Cumulative 
in year frequency percentage 

frequency 

1 946 16.6% 16.6% 
2 856 15.1% 31.7% 
3 745 13.1% 44.8% 
4 561 9.9% 54.7% 
5 412 7.2% 61.9% 

6-10 1,110 19.5% 81.4% 
11-15 484 8.5% 89.9% 
16-20 252 4.4% 94.4% 
21-25 124 2.2% 96.5% 

26-30 61 1.1% 97.6% 
31-40 86 1.5% 99.1% 
41-50 31 0.5% 99.7% 

>50 19 0.3% 100.0% 

With constructing a rent index by means of a repeated-measures method, only 14 percent 

of all observations are used. This does not mean the other 86 percent is wasted; those 

ongoing cash flows just do not provide relevant market information. The selection is 

smallest for the 18* century, since only 6 to 10 percent of all cash flows are used for the 

regression for this period. This is due to the high lease term average of in between 9 and 
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10 years, while the data set average is 6.7 years. However, the most common term is 1 

year. The majority of revisions occurred within 4 years, although 1 percent of the 

revisions took place after more than 40 years. Tables 3.3 and 3.4 and Figure 3.2 provide 

more details. 

Table 3.4: Lease term averages and standard 

deviations over time for 25-year periods.  

Period Average Standard 
lease term deviation 

1550-1575 5.1 2.1 
1576-1600 3.1 1.0 
1601-1625 6.7 2.1 
1626-1650 6.3 2.7 

1651-1675 7.5 2.7 
1676-1700 8.0 3.5 
1701-1725 8.9 3.2 
1726-1750 8.9 2.8 

1751-1775 10.3 5.3 
1776-1800 9.5 5.0 
1801-1825 4.6 1.7 
1826-1850 4.4 2.5 

1550-1850 6.7 7.8 

Lease terms are calculated as the time period between two rent revisions, although this 

might overestimate actual lease terms. In history, rental contracts could be renewed 

implicitly, especially for cheaper properties. If both the tenant and the homeowner did 

not show initiative at the end of the specified lease period, the tenant was allowed to use 

the accommodation for another year on the same conditions. Therefore, assumed lease 

terms might exceed explicitly agreed lease terms, which causes the potential index 

smoothing as described before. 

Figure 3.2 shows that the average time period for which rents did not change rises from 

on average 3 years in the beginning of the Golden Era, at the end of the 16" century, 

until 10 years shortly before the French period, at the end of the 18th century. In some 

eras with plague epidemics, lease terms declined, while years surrounding financial crises 

in the second half of the 18th century show high averages. After the year 1780, in which 

rents on average did not change for a period of about 20 years, average terms decrease 

systematically to less than 2 years in the crisis year 1811. Since the data set ends in 1850, 

the average time period between included pairs of rents gets shorter in the end. These are 

only some observations, firm conclusions and explanations require more extensive study. 
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Figure 3.2: Average lease term, 
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To compare rent changes with inflation, we used different sources for consumer prices, 

like Van Zanden (unpublished), Van Riel (forthcoming), the Central Bureau of Statistics 

(CBS) and the Netherlands Bureau for Central Policy Analysis (CPE). 

3.3 Results 

Potential bias analysis 
To obtain an index that provides the most accurate market description, all potential 

sources of bias should be analyzed. Earlier in this chapter, we referred to the impact of 

changing quality over time, sample selection bias, dependence on inflationary conditions, 

and heteroskedasticity caused by dependence on lease terms. As mentioned before, 

temporal aggregation bias and problems caused by changing currency units can be ruled 

out a priori. 

A repeated-rent index will be constant-quality only if properties of different quality do 

not show systematic differences in rent developments and lease terms. Whether this 

holds for our data set is analyzed by performing paired t-tests for differences in mean 

annualized rent changes and lease terms for four quality categories Lesger created. We 

refer to these categories as 'low quality', 'lower middle-class', 'upper middle-class', and 

'high quality'. Table 3.5 illustrates that most luxurious properties show significantly lower 

annualized rent changes if compared to the lower and upper middle class properties. 

However, this is primarily due to the fact that luxurious properties enter the data set only 

after the enormous booming period of just before the year 1600. If looked at the period 
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after this boom, the significance disappears. At the other hand, for the period after 1616, 

properties with the lowest quality show significantly negative differences in annualized 

rent changes. Therefore, we also estimated regression specifications with inclusion of a 

dummy variable indicating the most luxurious properties, and lowest-quality properties 

rented after the boom. 

Table 3.5: Testing for significant differences in annual rent changes for properties of different quality. 

1551-1850 1616-1850 
from 'low 'lower 'upper from 'low 'lower 'upper 

quality' middle middle quality' middle middle 
to class' class' to class' class' 

'lower mean diff -0.005 'lower mean diff -0.012 
middle t-value -1.287 middle t-value -3.074 
class' sign. 0.198 class' sign. 0.002 

'upper mean diff -0.008 -0.003 'upper mean diff -0.012 0.000 
middle t-value -1.773 -0.919 middle t-value -2.832 -0.144 
class' sign. 0.076 0.358 class' sign- 0.005 0.885 

'high mean diff 0.005 0.010 0.012 'high mean diff -0.011 0.001 0.001 
quality' t-value 1.056 3.949 4.178 quality' t-value -2.829 0.247 0.332 

sign. 0.291 0.000 0.000 sign. 0.005 0.805 0.740 

Read: 'column class' compared to 'row class': a negative mean difference indicates the quality mentioned in the column header 
has a lower average annual log rent change than the property quality mentioned in the row header. Besides mean differences in 
annual log changes, t-values and probabilities indicating significance are displayed as well. 

Table 3.6: Testing f or significant differences in lease 

terms for properties of different quality.  

Lease term 
from 'low 

quality' 
'lower 'upper 

middle middle 
class' class' 

'lower mean diff -0.947 
middle t-value -3.200 
class' sign. 0.001 

'upper mean diff 0.134 1.081 
middle t-value 0.443 4.353 
class' sign. 0.658 0.000 

'high mean diff -0.151 0.796 -0.285 
quality' t-value -0.424 2.553 -0.896 

sign. 0.672 0.011 0.370 

Read: 'column class' compared to 'row class': a negative mean difference 
indicates the quality mentioned in the column header has a shorter 
average lease term than the property- quality mentioned in the row 
header. Besides mean differences in lease terms, t-values and 
probabilities indicating significance are displayed as well. 
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Since differences in rent changes are significant, sample selection bias might be present if 

properties are systematically over- or underrepresented in the data set. Since the exact 

historical composition of the housing stock is unknown, differences in assumed lease 

terms are tested. As specified in Table 3.6, lower middle-class rental properties have 

somewhat longer lease terms than properties of a different quality. The average term for 

this property type is 7.3 years, while lower quality, upper middle-class and higher quality 

rental units have averages of respectively 6.3, 6.2 and 6.5 years. However, since lower 

middle-class properties do not show systematic differences in rent development, we do 

not include an additional dummy to correct for sample selection bias. 

Another potential bias might be attributable to inflationary conditions. During times of 

high inflation, landlords might charge a larger revision for longer new lease terms. This 

bias is analyzed by Equation (3.4), in which annualized rent changes for individual 

properties are regressed on dummy variables. Table 3.7 shows results for this regression 

in which annualized actual inflation thresholds of 2.5 and 7.5 percent are used to 

construct the dummies. During times with high inflation, rent revisions were larger 

regardless the lease term, as indicated by significant estimates for am. Revisions moved 

with inflation, since this parameter is higher for the 7.5% inflation threshold than for the 

2.5% threshold. However, lease terms did not seem to be of any influence for rent 

revisions during inflationary periods, since A.IN is insignificant. Remarkably, only during 

monetary stable periods, lease terms did matter. Nevertheless, Wald-tests for paired 

parameters indicate that the estimates do not differ significantly from each other. 

Therefore, 'inflation risk bias' is not relevant for our repeated-rent index. 

Table 3.7: Testing for 'inflation risk bias'. 

Infla Par ameters 

Constant 

Regress ion results Wald test 
tion 

ameters 

Constant 

Estimate 

-0.002 

• SD 

0.002 

t-value 

-0.886 

Prob. 

0.376 

Ho X2 Prob. 

2.5% a 

ameters 

Constant 

Estimate 

-0.002 

• SD 

0.002 

t-value 

-0.886 

Prob. 

0.376 

Ho X2 

am Constant inflation 0.019 0.004 4.451 0.000 

aDE Constant deflation -0.001 0.005 -0.108 0.914 

r Impact next term, inflation 0.000 0.000 0.032 0.975 Am=ADE 1.700 0.192 

ADE Impact next term, deflation 0.001 0.000 1.902 0.057 X'N = X0T 1.020 0.313 

A0T Impact next term, other 0.001 0.000 2.316 0.021 ADE = A0T 0.397 0.529 

7.5% a Constant -0.001 0.002 -0.537 0.591 

a'N Constant inflation 0.045 0.006 7.337 0.000 

aDE Constant deflation -0.015 0.008 -1.802 0.072 

Am Impact next term, -0.000 0.001 -0.481 0.630 Am = ADE 0.063 0.802 

ADE Impact next term, deflation -0.000 0.001 -0.093 0.926 Am=AOT 1.276 0.259 

A0T Impact next term, 3ther 0.001 0.000 3.076 0.002 ADE = A0T 0.468 0.494 

Tested êquatu m is 1 J RENT, 

/ , - / , \RENT, 
— \ = a + a <«Dm+ aDE A M + A " D!"L + A DCD;xL + ?T'DmL + e 

file:///rent
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A final test concerning specification requirements for the repeated-rent regression 

equation concerns the potential heteroskedasticity caused by the dependence of error 

terms on the time interval between two paired prices, as suggested by Case and Shiller 

(1989). After estimating a standard repeated-rent index, we estimated Equation (3.5) to 

test for the need of correction. Results for this standard regression are shown later in this 

section. Case and Shiller suggested a positive relationship between squared residuals and 

time interval, but we find an insignificantly negative impact of time interval. Apparently, 

individual long-run changes are a bit more similar than short-run changes. Moreover, the 

impact of rising neighborhood heterogeneity over time might be less relevant for the 

relatively small area of historical Amsterdam. Therefore, the rationale for applying a 

Case-Shiller weighted repeat-sales estimation is not present. 

Summarizing, we tested for the need of alternative specifications of Equation (3.1). We 

found that the inclusion of dummy variables for properties with of the highest and 

lowest quality might correct for the impact of changing property quality. Temporal 

aggregation bias, sample selection bias and 'inflation risk bias' will not be present in the 

estimated rent index. All concerns about biases and heteroskedasticity finally appear to 

be unneeded in our specific case, but it is important that sources of potential distortion 

are analyzed. 

Index estimation 
In the remainder of this section, we derive the repeated-rent housing index for 

Amsterdam for the period 1550 through 1850. For verification, this index will be 

compared to indices describing rental cash flows, with respect to the relative positions 

and volatility. Also the relationship between the residential rent series and inflation will 

be analyzed. Finally, the development of Amsterdam rents will be discussed in real terms. 

To find the most appropriate repeated-rent index, we estimated Equation (3.1) as well 

with addition of a dummy variable for properties with the highest quality, and for 

properties with the lowest quality if rented after the year 1616. Table 3.8 shows 

regression performance statistics for these different specifications, and Table 3.9 exhibits 

averages and standard deviations of log changes of the resulting indices. Performance 

improvements by the alternative specifications appear to be very small, just as differences 

between log index changes. Linear correlation coefficients between log changes of these 

four index series are all between 0.9999 and 1. Hence, adding dummy variables to the 

standard regression to control for constant quality is not very useful in terms of 

regression performance, and does not alter the resulting indices very much. Therefore, 

we continue our analysis with the index estimated by means of the standard regression. 

Because of the very small difference between log changes of geometric and arithmetic 

indices, we make use of the unadjusted transformation of regression estimates to obtain a 

repeated-rent index, as described by Equation (3.2). 
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Table 3.8: Regression performance statistics. 

Regression R2 Adj. R2 SE(est) F Sig. RSS 

Standard regression 0.418 0.386 0.137 12.92 0.000 100.52 
With dummy high quality 0.419 0.387 0.137 12.90 0.000 100.43 
With dummy low quality 0.418 0.386 0.137 12.87 0.000 100.52 
With dummies high and low quality 0.419 0.386 0.137 12.86 0.000 100.43 

In Figure 3.3 we depict the estimated repeated-rent index for Amsterdam, for the period 

1550-1850, which is provided in numerical terms in the Appendix. The index is plotted 

within a 95-percent confidence interval. The increase of inaccuracy over time is not as 

worse as it appears from the figure, since the interval width is a function of both 

standard deviation and the estimation itself5. 

Table 3.9: Characteristics of log changes (x 100). 

Regression Geometric Arithmetic 
average SD average SD 

Standard regression 0.648 5.513 0.650 5.512 
With dummy high quality 0.658 5.513 0.659 5.512 
With dummy low quality 0.648 5.513 0.648 5.517 
With dummies high and low quality 0.658 5.514 0.660 5.513 

The Amsterdam rental housing market 
Within the 300 years covered by the index, there are long time periods that have had 

widely different rent developments. Decades of continuous large rent growth have been 

succeeded by decades of almost constant or even decreasing rents. During the 100 years 

after 1575, the index oscillates around a steeply rising trend towards values that are more 

than six times as high as the initial values. In these years, Amsterdam experienced a 

strong boom period, both in terms of population and welfare. The prime role in 

international trade Amsterdam had during the so-called 'Golden Era ' attracted many new 

citizens, leading to a huge housing supply shortage, followed by large town expansions. 

After this economic boom period, the index still increases, but at a slower pace. Market 

rents in Amsterdam have been highest in the late eighteenth century. In the period 

shortly before 1800, when Amsterdam was occupied by the French, rents showed a 

strong drop, aggravated by the enormous recession that followed. 

Nowadays, because of the common adjustment of rents to inflation, one might expect 

residential rents to be positively related to consumer prices. However, for most periods 

except for the turbulent last 25 years of the 16th century, the correlation coefficients 

3 Both estimate ß and standard deviation o rise over time, although a expressed as a percentage of ß does 
not change much over time. The difference between the upper bound of the confidence interval and the 
index is equal to exp(ß+1.96a)-exp(ß), which can be rewritten as exp(ß)-[exp(1.96a)-l]. This difference rises 
with both ß and a. The percentage difference is equal to exp(1.96a)-l, which rises only with a. 
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between rent changes and inflation during the same year are insignificant. Table 3.11 and 

Figure 3.4 provide more information on the relationship between rents and inflation. 

After a sharp peak round the year 1570, consumer prices doubled within the last 25 years 

of the 16th century while rent prices more than tripled, resulting in a sharp rise in real 

rents for these years. Due to a slowly rising trend in nominal rents and an inflation rate 

of around zero, real rents increased further at a slow pace until 1750. The sharp nominal 

rent decreases in the Napoleon period and increasing inflation caused real rents to halve 

within 25 years. After a modest recovery, rents corrected for inflation end in 1850 at the 

same level as 300 years before. The impact of inflation on real estate is studied more 

extensively in Chapter 5. 

Figure 3.3: Kepeated-Ksnt Index for Amsterdam, 1550-1850, within 95% confidence interval. 

1000 

1550 1600 1650 1700 1750 1800 1850 

Figure 3.4: Rspeated-Rent Index in real terms. 
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Verification 
To compare the characteristics of this Repeated-Rent Index with other indices, we 

calculate a constant-quality Chain Index as well, just as Mean and Median Cash Flow 

Indices. Using only market-adjusted rents to construct a mean or median index yields 

extremely volatile and therefore useless results4. To illustrate that the repeated-measures 

methodology applied to rents produces a sensible rent index, we show in Figure 3.5 how 

the Repeated-Rent Index develops relative to a Mean Cash Flow Index. Detailed 

characteristics of all reference series are given in Table 3.10. Log index change statistics 

are multiplied by 100, such that they can be regarded as approximations of percentage 

changes. 

Figure 3.5: Repeated-Rent Index versus Mean Cash Flow Index. 
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Although the average changes of the four rent indices series are quite similar if calculated 

over the entire data period, short-run developments could deviate to a large extent. Even 

the signs of average rent changes can be different for some sub-periods. Over all 300 

years, the annual Repeated-Rent Index change is equal to the average annual inflation, 

while especially the non-quality series indicate a small rise in real rents. Similarities 

between the four indices are stronger for more extreme periods, like the booms before 

1600 and 1650. The Repeated-Rent Index is more volatile than the Chain Index, but as 

argued before, a chain index will be too smooth. The volatility of the Repeated-Rent 

Index is between the volatility of the Mean and Median Cash Flow indices, although not 

for every sub-period. 

4 Although showing similar average log changes compared to the alternatives that use all cash flows instead 
of changed cash flows, standard deviations are now 0.37 and 0.57 instead of 0.04 and 0.07, respectively for 
the mean and median index. 
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Table 3.10: Averages and standard deviations of nominal log changes. 

Average log changes Standard deviations of log changes 

( x 100) ( x 100) 
RRI Chain Mean Median CPI RRI Chain Mean Median CPI 

Index CF 
Index 

CF 
Index 

Index CF 
Index 

CF 
Index 

15504850 0.65 0.72 0.76 0.77 0.65 5.51 2.78 4.57 7.11 9.58 

1551-1575 0.47 1.13 0.29 0.00 3.01 9.86 5.22 7.04 7.53 19.26 

1576-1600 5.17 4.88 6.10 7.56 2.22 9.78 5.24 8.39 13.31 10.00 

1601-1625 0.69 0.82 1.12 -0.08 0.88 3.76 1.12 4.48 6.57 7.26 

1626-1650 1.05 1.16 2.27 2.53 1.33 2.94 1.26 4.20 6.66 8.14 

1651-1675 -0.27 0.04 -0.25 -0.25 -0.29 3.64 1.29 2.17 3.40 8.07 

1676-1700 0.41 0.08 0.02 -0.18 -0.12 2.98 0.74 1.57 2.86 6.53 

1701-1725 0.64 0.40 0.31 0.35 -0.12 3.02 0.65 1.15 4.75 9.45 

1726-1750 -0.47 -0.12 -0.11 0.16 -0.07 3.78 0.97 1.48 6.67 6.19 

1751-1775 0.75 0.55 0.13 -0.51 0.41 2.86 0.83 3.02 5.77 8.96 

1776-1800 -0.75 -0.17 0.35 0.89 1.57 3.95 0.91 1.64 2.73 9.20 

1801-1825 0.28 -0.49 -1.18 -1.08 -1.14 7.01 3.30 5.80 9.46 7.18 

1826-1850 -0.18 0.37 0.02 -0.20 0.23 4.21 0.67 2.36 5.41 7.72 

Table 3.11: Correlation between changes in Repeated-Rent Index and other rent index series, and 

Period Repeated-Rent Index Consumer Price Index 

Chain Mean Median Consu Repea Chain Mean Median 
Index Rental Rental mer ted Index Rental Rental 

Cash Cash Price Rent Cash Cash 
Flow Flow Index Index Flow Flow 
Index Index Index Index 

1550-1850 0 .52" 0.45"* 0.40*" 0.05 0.05 0.11* 0.07 0.07 

1551-1575 0.44" 0.41" 0.34* -0.05 -0.05 0.13 0.06 0.02 

1576-1600 0.59"* 0.48" 0.56*** 0.43" 0.43** 0.23 0.26 0.40" 

1601-1625 0.32 0.49" 0.62"* -0.03 -0.03 0.14 -0.28 -0.27 

1626-1650 0.27 -0.14 -0.20 0.05 0.05 -0.35* 0.07 -0.02 

1651-1675 0.52*" 0.50** -0.08 0.01 0.01 0.19 0.03 -0.03 

1676-1700 0.22 0.02 0.06 0.20 0.20 0.10 0.09 -0.08 

1701-1725 0.05 0.20 0.13 -0.19 -0.19 0.08 0.03 -0.07 

1726-1750 0.35* 0.16 0.15 0.18 0.18 0.12 0.02 -0.05 

1751-1775 0.24 0.13 -0.18 -0.09 -0.09 -0.03 -0.01 0.13 

1776-1800 0.47** 0.40" -0.14 -0.20 -0.20 -0.11 0.11 -0.08 

1801-1825 0.63*** 0.69*** 0.71"* -0.13 -0.13 -0.09 -0.04 0.07 

1826-1850 0.03 -0.06 -0.01 0.08 0.08 0.12 -0.01 0.04 

* and* indicate significance at respectively a 1%, 5% and 10% level. 

The similarity between the Repeated-Rent Index and the cash flow series can be analyzed 

by computing linear correlation coefficients between the logarithmic changes of the 

series for all periods. As is shown in Table 3.11, the similarity between the series is largest 

for the periods 1551-1625 and 1776-1825, which are years with continuous large rent 

increases or decreases. Moreover, during these periods, average lease terms are shortest. 
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With shorter lease terms, cash flows are adjusted more frequendy to the market, which 

might attribute to the larger similarity between the market index and the cash flow 

indices as well. For less turbulent years, the correlation coefficients between the 

Repeated-Rent Index and the other rent indices are no longer significant. 

While using less than 15 percent of all observations, the repeated-measures methodology 

is able to produce an index that is not really more volatile than indices based on all cash 

flows. Besides being the only market rent index, the Repeated-Rent Index is a constant-

quality index, while mean or median indices are not. Based on these arguments, we 

conclude that the Repeated-Rent index provides the most accurate description of the 

rental housing market. 

3.4 Summary and conclusions 

In this chapter, we present a constant-quality rent index for Dutch residential property 

for the period between 1550 and 1850. To construct such an index, we use the repeated-

measures regression method, which was originally developed to estimate the unknown 

appreciation component of real estate returns. Since we apply this method to rents, we 

call the resulting index a repeated-rent index. 

The specific characteristics of the data we use meet most important drawbacks of this 

index construction method. All rent changes concern residences that have remained 

more or less constant in quality. Because of the fixed expiration dates of Amsterdam rent 

contracts, the repeated-rent index does not suffer from temporal aggregation bias. 

Sample selection bias, caused by systematic differences in annualized rent revisions and 

lease terms, appears to produce negligibly small differences in estimated indices. 

Our repeated-rent regression only considers changes in rents. We also constructed a 

mean, a median and a chain index for verification purposes, which are based on all rental 

cash flows. While using less than 15 percent of all observations, the repeated-measures 

methodology is able to produce an index that is not really more volatile than indices 

based on all cash flows. A median index solely based on adjusted rents would be a better 

alternative to the repeated-rent index, but such an index would require a larger number 

of rent observations per year than our data set provides. 

The repeated-rent index roughly describes the same pattern as the verification index 

series. In periods with large rent changes, the similarity between the market rent index 

and the cash flow indices is relatively strong, due to the steep trend for these sub-periods. 

The shorter lease terms that were common for these periods might also contribute to the 

larger similarity, since rental contracts will be adjusted more frequendy to the market. 
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According to the index, the development of residential rents over time is quite volatile. 

Decades of continuous large growth have been succeeded by decades of almost constant 

or even decreasing rents. Rent volatility has shown remarkable differences over time. 

Therefore, the focus of modern real estate research on the most recent and very 

prosperous decades probably yields an overly optimistic view on real estate performance. 

We also conclude that for our data set, rents seem to be rather independent on consumer 

price developments in the short run. In the long run, rent prices corrected for inflation 

show moderate trends, but end after 300 years at the level of 1550. 

In the next chapter, we use the index for an extensive analysis of the development of 

residential rents and prices, to study housing market risks in the long run. 
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Appendix 

Appendix Table 3.A.1: Repeated-Rent Index for 1550-1850, nominal and real, year 1600=100. 
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