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Abstract

The repeat sales methodology for estimating residential price indices is based on actual appreciation of individual
properties. On the other hand, the repeat sales method wastes data, typically discarding a large percentage of
all sales. This article explores two issues related to the subsample of repeat sales. First, are paired sales represen-
tative of the entire population of properties that sold? Second, is there evidence that sample selectivity biases
the price trend estimates? Evidence from five metropolitan areas supports a negative answer to the first question
and the second question. It appears that a “lemon” or “starter home” effect causes repeat residential sales to
be a biased subsample of all transactions. Cumulative price trends for the repeat subsamples can differ from
the full samples over periods ranging from two to ten quarters. While short-term price trends can differ widely,
there are no systematic differences among the samples over long periods of time (e.g., three years or more).
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The repeat sales methodology estimates real estate price trends from pairs of transactions
for properties with unchanged characteristics. The methodology was originally proposed
by Bailey, Muth, and Nourse (1963) and later refined by Palmgquist (1979, 1982) and Case
and Shiller (1989). Price indices based on paired sales have been used by Case and Shiller
(1989), Hendershott and Peach (1990), Pollakowski and Wachter (1990), and DiPasquale
and Wheaton (1990).

The repeat sales methodology is attractive because it is based on actual appreciation of
individual properties [see Case and Shiller (1987) and Palmquist (1982)]. Therefore, it may
offer better control over quantitative and qualitative characteristics of the property than
alternative methods, such as hedonic regression, that control for these characteristics by
using variables and parameters estimated with error.

The most important criticism of the repeat sales methodology is that it wastes data, typically
discarding a large percentage of the sample. For example, Case and Shiller started with
a universe of 952,606 transactions in four cities over a 16-year period; they found only
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39,210 (4.1 percent) repeat transactions with no discernible changes in property character-
istics. Thus, while they end up with a lot of transactions per city, the data provide limited
ability to disaggregate to the neighborhood level. Abraham and Schauman (1990) found
that about 2.5 percent of Federal Home Loan Bank Board sales, during 19701989, are
repeats. On the other hand, Mark and Goldberg (1984) found that about 40 percent of the
sales in Vancouver, 1957-1979, are repeats. As the time period lengthens for a given market
area, it is reasonable to expect an increasing percentage of repeat sales, but a decreasing
percentage sold without changes in property characteristics.

This article explores two issues related to the subsample of repeat sales. First, are paired
sales representative of the entire population of properties that sold? And second, is there
evidence that sample selectivity biases the price trend estimates?!

Issues related to sample selectivity arise with any transactions-based real estate price
index. For example, newly constructed properties are more likely to sell than existing prop-
erties. Similarly, “‘starter homes” and homes suitable for rehabilitation may be more likely
to sell. “Lemons” (e.g., houses that have some defect that is not obvious to most buyers)
may be more likely to sell for reasons analogous to sales of used cars. On the other hand,
Abraham and Schauman (1990) suggest that winners (i.e., properties experiencing capital
gains) are more likely to sell than losers. Thus, any transactions-based real estate price
index may not be entirely representative of the population of all properties.

In this article we ask whether certain types of real properties are more likely to sell
repeatedly and examines the consequences. We search for systematic bias in the repeat
sales subsample by starting with all arm’s-length transactions of condominiums and one-
to three-family properties in the Hartford, Connecticut, metropolitan area. We then isolate
the properties with unchanged characteristics that sold only twice, only three times, and
so forth. We find that sales prices and assessed values for two repeat sales are lower by
about 15 percent than the corresponding figures for single-family properties that sold only
once. This relationship holds in almost every quarter of our sample period (1981-1987).
Furthermore, those properties that sell three or more times have prices and assessed values
that are significantly lower than those that sell only twice. This pattern is confirmed with
the data compiled by Case and Shiller (1987, 1989) for four major metropolitan areas over
the 1970-1986 period. Thus, there appears to be a negative relationship between the qual-
ity, or value, of a property and the frequency of trading that property.

Sample selectivity may not be a problem if the price trends for the repeat subsample
are essentially identical to those for properties that sold only once. Remarkably, the evidence
suggests that over long periods of time (two to three years or more) price trends based
on the repeat subsample track overall price trends. However, for short periods (ranging
from two to ten quarters) the repeat price trend may deviate from the overall one.

This article develops a methodology proposed by Clapp (1990) to estimate price trends
for the various Hartford samples. The next section presents the price trend methodology.
Then we present comparisons of means and standard deviations for the various samples,
followed by a comparison among price trend estimates.
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1. Methodology

We compare the mean sales prices (and, for the Hartford data, assessed values) for proper-
ties that sold only once to the means of the repeat subsamples using standard methods
that assume an unknown variance (Box and Tiao, 1973, section 2.5). The same methodology
is used to compare properties that sold only twice to those that sold three or more times.
There are two reasons for examining the two and three-plus subsamples even though they
are not typically used for constructing price indices. First, the “lemon’ hypothesis sug-
gests more frequent sales for properties with more serious defects. Thus, the greater the
dissatisfaction with the property, the more likely it is to be sold. The nature and extent
of the sample selectivity problem can be thoroughly explored by examining properties with
three or more sales separately from those with two sales only?

Second, the repeat subsample may be heavily weighted toward properties with three or
more transactions. For example, Knickerbocker (1990) found that almost half of the trans-
actions in the Washington, DC, area (a transient community) were for properties that sold
three or more times. Similarly, more than half of the Hartford condominium properties
sold three or more times. For the Case-Shiller data, the three-plus sales ranged from less
than 3 percent in Atlanta to more than 20 percent in Oakland. Thus, any sample selectivity
for the three-plus transactions is of interest in its own right.3

L1 Estimating price trends: The Hartford data

To determine if subsample selection biases the price trend estimates, we need a price trend
methodology that can be applied to all transactions as well as to repeat transactions. We
cannot use the repeat sales methodology on data with only one sale during the sample
period. An alternative methodology is required.

The price index used for the Hartford data is based on an hedonic model:

InS = f(1nH, Q1, @2, ... QT) )
where

S = the sales price of the property at time ¢ (time and property subscripts sup-
pressed), t=1,2,...T;
H = a vector of property and locational characteristics at time ¢;
Q¢ = quarterly time dummies, each equal to 1 if the sale took place in quarter ¢,
otherwise 0.

Two important characteristics of this hedonic model are: (1) the implicit price of each
locational and housing characteristic is held constant throughout the sample period*; and
(2) the regression coefficient on the quarterly dummy Q¢ represents a logarithmic price
trend, namely the log of the ratio of the market value (for any given H) at time ¢ to market
value at time O.

The ““assessed value” methodology employed here is based on the fact that tax assessors
estimate market value (or some fraction of value) at the time of general revaluation,
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designated time zero for convenience (+ = 0). Since there is some error in the assessment
process, assessed value has been represented in the literature as:

Ind =a + glnV + f 2)
where:

A = assessed value;
V' = true market value (most probable sales price);
f = random disturbance term.

The parameter g measures assessment uniformity: g = 1 implies uniform assessment, g
< 1 implies regressivity, and g > 1 implies progressivity.

Since the vector InH weighted by implicit market prices at time zero represents market
value, V] equations (1) and (2) can be solved and expressed as a linear regression equation:

InS = CONST. + (1/g)ind + ;01 + ;02 + ... + ;0T — fig + . (3)

The “assessed value” approach to estimating price trends uses equation (3) as the estimating
equation [see Clapp (1990) for more details]. In Connecticut, there is a general revaluation
once every ten years; we take this time to be time zero for convenience. For a given time,
z, the coefficient on the time dummy, Qr, represents the logarithmic difference between
market value (i.e., expected log of sales price) at time ¢ and assessed value at time O:

¢, = E(lnS) — (1/g)lndy, — CONST. @)

Thus, the ¢,’s represent a cumulative price trend just as in the hedonic methodology; when
A is replaced by Sy and g = 1, equation (1) produces time coefficients with the same
interpretation.

Equations (3) and (4) are subject to a potential errors-in-variables problem with assess-
ed value. In general, the analysis of errors-in-variables when there are more than one ex-
planatory variable is not tractable (see Greene, 1990, p. 298). However, in our case the
problem is simplified by two characteristics of the model: first, only one variable, the log
of assessed value, is measured with error; and second, all of the other variables are O,
1 time dummies. These two characteristics imply that the maximum bias in the coeffi-
cients of the model is proportional to: g[Var(e - fig)Var(ln4)] > Note that the term in brackets
is identical to the proportionality factor for the standard textbook treatment of errors-in-
variables. Moreover, the main variable of interest is the first difference in the time coeffi-
cients: ¢, (i.e., price change). Given that the uniformity parameter, g, is close to 1, the
bias in this difference can be measured by [VAR(e - fig)/VAR(InA)] X [lnA]. Thus, the
extent of the bias is an empirical question. We will examine the above variance ratio and
InA for our data in order to determine whether we need to be concerned about errors in
the measurement of assessed value.
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1.2. Price trends methodology for the Case-Shiller data

The data kindly supplied by Case and Shiller (C-S) provide information on properties that
sold two or more times. OQur purpose is to compare the average sales prices and price trends
for the properties that sold only twice to those that sold three or more times. This analysis
will allow a test of whether the lemon hypothesis applies generally. That is, we want to
find out whether properties that trade more frequently are different than those that trade
less frequently. Thus, we will determine whether our results for Hartford are consistent
with those of other metropolitan areas.

To examine the trends for the C-S subsample, it is necessary to use the repeat sales
methodology proposed by Bailey, Muth, and Nourse (1963). Case and Shiller (1987, 1989)
have refined this approach by introducing a random walk noise term as a component of
price. In this case, the variance of each observation is proportional to the time between
sales, and a correction for heteroscedasticity is necessary to obtain correct standard er-
rors. We take a more general approach by applying the Bailey, Muth, and Nourse regres-
sion model exactly, and then using the asymptotically consistent variance-covariance matrix
(ACOV) proposed by White (1980). This procedure will produce correct inferences whether
or not the random walk component, hypothesized by Case and Shiller, is present, or whether
other forms of heteroscedasticity may be present in the data$

One last issue to consider for the repeat sales data is whether to adjust the second sales
price for the property’s increase in age. Palmquist (1979) proposed a methodology for this
adjustment; unfortunately, it relies on an arbitrary depreciation rate. But does it make sense
to correct for age? Stock market indices are designed to capture changes in the value of
the average firm, including the changing age of its capital stock. In a similar fashion, the
repeat sales index should reveal changes in value, including the change due to age.

2. The data and results

The database for this study consists of all residential transactions from the fourth quarter
of 1981 to the third quarter of 1988, for four large towns (more than 15,000 residents) in
the greater Hartford Connecticut area: East Hartford, Manchester, Rocky Hill, and West
Hartford. These four towns were chosen specifically because none of them had revaluation
during the sample period. Condominium sales are separated from one- to three-family houses
(hereafter, SFR sales).

Properties with changed physical characteristics must be eliminated from the sample.
Case and Shiller screened their data using detailed property characteristics from four
metropolitan areas: Atlanta, Chicago, Dallas, and Oakland/San Francisco. Their sample
covers a longer time period of 1970-1986 and also a greater variety of geographic loca-
tions. For the Hartford data, we used assessed value to screen the data. Generally, renova-
tion projects that require a building permit will result in a change of assessed value, mak-
ing that particular observation unsuitable for the repeat sales methodology.

The sample means and standard deviations for Hartford subsamples are presented in table
1. The table reports all SFR transactions (the data used for hedonic and assessed-value
methodologies) and all transactions involved in repeat sales (the subsample used for the
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repeat-sales methodology). The last six columns of the table report corresponding infor-
mation for sales and condominium units.

2.1. Differences among sample prices and values: The Hartford data

Table 2 provides more detail on the differences between SFR properties in Hartford that
sold only once and those that sold only twice. Prices and assessed values for property sold

Table 2. SFR properties that sold once versus twice: comparison of mean values.

Sales Prices Assessed Values
Once Rpt2 Pct. t- Once Rpt2 Pct t-
Mean Mean Diff. Value Mean Mean Diff. Value

All obs $131,962  $115,042 14.71% 8.66*  $44,802  $39,126 14.51% 10.55*

Quarter:
1 90,957 76,373 19.10 2.21%* 47,976 38,000 26.25 2.91*
2 113,863 76,357 49.12 1.55 54,627 38,470 42.00 1.87*
3 90,294 74,192 21.70 3.26* 46,575 38,812 20.00 3.04%
4 89,689 84,409 6.26 0.85 45,338 41,080 10.36 1.66%
5 92,443 79,967 15.60 1.85% 45,742 40,890 11.87 1.93*
6 85,610 80,995 5.70 0.96 43,390 39,117 10.92 1.99*
7 93,096 86,176 8.03 1.47 44,641 41,363 7.92 1.56%
8 98,782 89,530 10.33 1.38 46,143 41,550 11.05 1.83%
9 96,525 84,892 13.70 1.68* 44,922 40,127 11.95 1.77%
10 119,750 82,905 44 .44 1.42%* 53,563 39,635 35.14 1.61*
11 98,070 96,554 1.57 0.29 43,848 43,042 1.87 0.37
12 105,813 96,574 9.57 1.72% 45,496 41,647 9.24 1.90*
13 99,326 90,161 10.17 1.77* 42,866 39,015 9.87 1.83*
14 104,287 94,521 10.33 1.77* 43,789 40,235 8.83 1.68*
15 132,544 101,283 30.87 1.75* 50,304 40,433 24.41 2.00*
16 110,934 107,534 3.16 0.66 42,445 41,450 2.40 0.56
17 111,564 110,206 1.23 0.28 41,750 42,948 -2.79 -0.71
18 145,372 119,222 21.93 1.02 50,192 39,887 25.84 1.67*
19 134,214 119,497 12.32 2.45% 44,786 40,953 9.36 1.91*
20 142,036 130,387 8.93 1.81* 43,572 40,052 8.79 2.04%
21 148,683 132,545 12.18 2.32% 42,584 39,241 8.52 1.75%
22 145,481 124,266 17.07 3.71* 40,420 35,470 13.96 2.95%
23 172,293 155,638 10.70 2.02% 44,121 40,163 9.86 1.77*
24 181,991 174,365 4.37 0.96 42,812 40,447 5.85 1.28
25 179,367 169,209 6.00 1.00 41,145 39,853 324 0.53
26 185,262 206,870 -10.44  -0.84 42,021 44,131 -4.78 -0.41
27 197,980 194,820 1.62 0.27 42,873 39,775 7.79 1.16
28 200,397 186,981 7.18 1.22 43,270 38,153 13.41 2.34%

Notes: Quarters are numbered with 1 = 81Q4.
Once = properties sold only once.
Rpt2 = properties sold only twice.

The variance used for the t-statistic is calculated as: (total sum of squares over both samples) times ([r
+ my)/[ny + ny — 2]). See Box and Tsiao (1973, section 2.5).

*Significant at 10 percent level or better.



364 JOHN M. CLAPP AND CARMELO GIACCOTTO

only once differ from the only twice subsamples by about 15 percent, with t-statistics in
the neighborhood of 9 or 10. More importantly, these differences are remarkably consis-
tent for each of the 28 quarters in the sample. In no cases are there statistically significant
negative differences, whereas over half of the quarters have positive differences that are
statistically significant at the 10 percent (two-tail) level or better.

Table 3 compares those SFR properties sold only twice to those sold three or more times.
Sales prices and assessed values for the “only-twice” subsample are about 7 percent higher
than the corresponding values for the “three-plus” sample. For the whole sample period,
the t-statistics are significant. More importantly, the direction of the bias is generally con-
sistent over the 28 quarters of the sample. While there are six or seven negative differences,
reversing the general direction of bias, none of these is statistically significant. On the other
hand, there are a number of significant positive differences even though the smaller quarterly

Table 3. SFR properties that sold twice versus three or more times: comparison of mean values.

Sales Prices Assessed Values
Rpt2 Rpt3 + Pct. t- Rpt2 Rpt3+ Pct t-
Mean Mean Diff. Value Mean Mean Diff. Value

All obs $115,042  $107,277 7.24% 2.65*  $39,126  $36,587 6.94% 3.46*

Quarter:
1 76,373 72,663 5.11 0.31 38,000 34,938 8.76 0.66
2 76,357 73,543 3.83 0.48 38,470 38,797 -0.84 -0.10
3 74,192 66,542 11.50 0.85 38,812 32,045 21.12 1.68*
4 84,409 74,057 13.98 0.89 41,080 40,349 1.81 0.11
5 79,967 70,358 13.66 1.49 40,890 34,022 20.19 1.83*
6 80,995 90,438 -10.44  -0.69 39,117 43,650 -10.38  -0.68
7 86,176 85,996 0.21 0.02 41,363 41,892 -1.26 -0.14
8 89,530 98,424 ~-9.04 -0.65 41,550 43,881 -5.31 -0.65
9 84,892 77,568 9.44 0.77 40,127 37,221 7.81 0.63
10 82,905 83,000 -0.11 -0.01 39,635 36,563 8.40 0.70
11 96,554 79,541 21.39 2.69* 43,042 35,166 22.40 2.81%
12 96,574 96,248 0.34 0.04 41,647 39,987 4.15 0.50
13 90,161 73,130 23.29 2.36% 39,015 31,408 24.22 2.48%
14 94,521 74,973 26.07 2.33% 40,235 32,310 24.53 1.85%
15 101,283 85,882 17.93 2.91%* 40,433 33,457 20.85 3.07%
16 107,534 105,971 1.48 0.15 41,450 38,935 6.46 0.71
17 110,206 113,475 -2.88  -0.39 42,948 41,584 3.28 0.51
18 119,222 92,777 28.50 2.07* 39,887 30,150 32.29 2.59%
19 119,497 114,583 4.29 0.44 40,953 38,643 5.98 0.56
20 130,387 122,385 6.54 0.72 40,052 37,160 7.78 1.01
21 132,545 114,291 15.97 2.07* 39.241 33,809 16.07 2.12%
22 124,266 133,430 -6.87 -0.52 35,470 36,586 -3.05 -0.23
23 155,638 169,565 -8.21 -0.74 40,163 39,031 2.90 0.28
24 174,365 140,605 24.01 2.74% 40,447 31,366 28.95 3.21%
25 169,209 156,179 8.34 0.73 39,853 30,923 28.88 2.45%
26 206,870 161,233 28.30 1.36 44,131 31,233 41.29 1.72*
27 194,820 188,442 3.38 0.28 39,775 37,273 6.71 0.54
28 186,981 255,000 -26.67 -1.25 38,153 44,853 -14.94  -0.81

Notes: Rpt3+ = properties that sold three or more times. See notes to table 2 for further details.
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samples (and correspondingly larger standard deviations) make it difficult to find signifi-
cant differences between means.

Table 4 analyzes the differences between condominium units that sold only once and
those that sold only twice during the sample period. These results substantially reverse
the findings for SFR sales (table 2): the data indicate that condominiums that sell only
twice generally sell for higher prices, and have higher assessed values, than those that sell
only once. At the 10 percent (two-tail) level, all of the significant differences in table 4
are negative; however, the t-values are not as strong as the corresponding ones for SFR
properties.

Table 4 analyzes differences between condominium units that sold only twice and those
that sold three or more times. Surprisingly, these results are even stronger than those for
SFR properties: condominiums that sell three or more times have substantially and
significantly lower sales prices and assessed values than those that sell only twice. This
finding holds when the quarterly data are examined.

We conclude that for the Hartford data there are persistent significant differences among
the subsamples of repeat sales and all sales. These differences do not seem to depend on
the stage of the real estate cycle: periods of low and negative growth in prices during the
early "80s showed differences that are similar to a period of rapid growth after 1985. But
the differences do depend on property- type. It is also possible that they depend on local
market conditions. To examine this, we turn to the Case and Shiller data for four major
metropolitan areas.

Table 4. Hartford condominiums: comparison of mean sales prices and assessed values.

Differences Between Means: Number of Quarters
All 28 Quarters with +/— Differences

Number of Sales Diff. Std. Dev. t-Value Pos. Neg.
One-two

Price ($11,700) $1,532 -7.64 1 27

AV ($ 3,986) $ 536 -7.44 0 28
Two-three plus

Price $13,222 $1,485 8.90 28

AV $ 4,353 $ 515 8.45 27 1

Notes: Between 40 percent and 70 percent of the quarterly differences are not significant; the number of signifi-
cant differences confirms the pattern reported above. Mean values for all quarters follow:

Sales Price Assessed Value (AV)
One only $80,518 $29,339
Two only $92,218 $33,325

Three plus $78,996 $28,972
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Table 5. Mean single-family residential sales prices: repeat sales in four metropolitan areas.

Difference: two only-three plus

Number of Quarters

All 66 Quarters* with /- Differences

Mean for two only Diff. Std. Dev. t-Value Pos. Neg. Missing
Atlanta $ 66,300 $13,895 $1,813 7.67 43 20 3
Chicago $ 54,727 $ 2,633 658 4.00 39 26 1
Dallas $ 64,080 $ 3,593 $1,564 2.30 40 24 2
Oakland $140,132 $72,710 $5,589 13.00 59 7 1

*There are 67 quarters in Oakland, 66 for the other cities.
Source: Compiled from data provided by Robert Shiller. There are few significant differences for the quarterly
data. All missing data caused by one or no observations for three plus sales.

2.2. Differences among prices: The Case-Shiller data

Table 5 summarizes differences between SFR properties that sold only twice and those
that sold three or more times for the four major metropolitan areas. The analysis was done
for the whole time period and for all quarters with available data. The last three columns
of the table summarize the quarterly information in terms of the number of quarters with
significantly difference average sales prices.

The pattern in table 5 is similar to the one for the Hartford data: properties that sold
three or more times have lower sales prices than those that sold only twice. This difference
is unusually strong for Oakland, whereas Dallas shows a much smaller difference but still
in the same direction. We conclude that the data support the notion that there is a lemon
or starter-home phenomenon present.

2.3. Comparison of price trends

Table 6 reports the first differences in the time-dummy coefficients obtained from fitting
equation (3). The error ratio reported on the last line is a proportionality factor for pos-
sible bias in price changes. As discussed in section 1.1. this error ratio is a maximum for
the true error ratio. The error ratio, together with the first difference in log of assessed
value (the latter is typically about plus or minus .05, rarely as high as .1), indicates that
the typical bias caused by measurement error is substantially less than 1 percent. It is rare-
ly as high as 2 or 3 percent. Also, measurement error is a greater problem for smaller
sample sizes.

We conclude that a few of the positive and negative spikes in price changes may be part-
ly the result of measurement error. Moreover, the error can take on both positive and negative
values, and that adds noise to the price trends estimates. However, the amount of noise
added is not enough to warrant elaborate (and imperfect) adjustment.



REPEAT SALES AND SAMPLE SELECTIVITY

Table 6. Quarterly price changes for the Hartford housing market, 1982-1988.
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Single-Family Residential (SFR) Condominiums

All Rpt Rpt2 Rpt3+ All Rpt Rpt2 Rpt3+

Quarter Date % % % % % % % %

2 82Q1 0.4 0.1 0.4 -3.8 2.1 1.2 3.9 0.6

3 82Q2 0.5 0.3 0.5 4.1 0.8 0.9 -3.3 2.7

4 82Q3 2.1 1.7 2.3 -11.4 0.0 -0.7 3.7 -1.0

5 8204 -1.7 -2.8 -3.5 13.3 0.0 0.6 -0.3 0.9

6 8301 1.9 4.6 4.8 -3.2 2.5 2.4 1.0 1.5

7 83Q2 4.6 2.1 1.9 3.6 32 2.1 0.5 34

8 83Q3 0.8 1.3 0.9 3.9 -0.7 -0.3 0.9 -1.4

9 83Q4 0.9 -0.4 0.0 -3.0 1.0 -0.3 0.4 0.1

10 84Q1 1.1 1.4 0.9 5.7 -3.1 -0.2 -9.1 -0.4

11 84Q2 4.7 5.9 5.3 5.9 0.7 0.6 7.6 -0.6

12 84Q3 1.8 2.4 2.5 0.9 3.2 2.6 6.0 33

13 84Q4 0.9 -0.7 -0.5 -4.6 2.6 0.8 0.3 0.3

14 8501 3.0 1.2 1.1 -1.6 -0.3 0.1 ~-1.0 0.7

15 85Q2 5.2 6.6 5.8 14.0 0.5 3.9 2.2 3.8

16 85Q3 3.5 32 3.1 3.8 4.3 0.3 0.8 -0.2

17 85Q4 3.9 4.0 32 1.5 -1.0 0.2 0.7 0.5

18 86Q1 3.3 6.9 7.5 5.9 4.4 4.1 -1.3 5.8

19 86Q2 7.2 23 2.3 0.5 3.5 4.8 11.1 33

20 86Q3 9.3 8.1 7.2 6.1 10.4 8.4 7.8 8.4

21 86Q4 5.8 5.6 5.1 7.8 2.3 4.0 1.5 5.3

22 87Q1 4.3 4.4 2.9 5.1 2.9 4.1 7.3 2.9

23 87Q2 9.1 10.1 10.2 16.1 7.2 7.0 6.3 6.3

24 87Q3 7.3 10.8 11.6 4.3 7.9 8.7 5.6 8.9

25 87Q4 2.6 -2.7 -0.6 10.1 7.3 5.8 6.9 7.6

26 88Q1 2.4 3.7 4.5 6.8 6.5 5.5 11.1 1.8

27 88Q2 4.6 6.8 7.9 -4.6 4.3 4.9 -0.5 5.9

28 88Q3 -1.0 1.1 0.8 8.1 2.3 -0.4 -5.3 1.0
R 996 .984 .969 1999 .997 993 .990 .989
SEE .145 156 .162 .170 .167 .200 267 167
SD(InA) .383 413 415 .400 .383 .366 399 .354
Error ratio 143 .143 152 .181 .190 299 448 222
Avg. |Alnd| .0235 .047 .040 127 .059 038 .092 .038
Max |AlnA| 071 187 136 .354 181 125 342 .161

Notes: The R? and SEE are from estimating equation (3). For each quarter we present (6', - @,_1) X 100.
These are approximately percentage changes: the antilogs of these numbers in decimal terms minus one give
exact percentage changes. These price changes are for all transactions (All), the repeat subsample (Rpt), the
sub-subsample involved in only two transactions (Rpt2) and the sub-subsample involved in three or more trans-
actions (Rpt3+). The error ratio, a proportionality factor for measurement error, is equal to [SEE/SD(InA)}?,
where SEE is the standard error of the estimate and SD(InA) is the standard deviation of log-assessed value.

The noise introduced by small sample size is apparent from table 7, which reports the
simple correlation coefficients for the SFR price changes. All, repeat and repeat 2, where
sample sizes are large, are highly correlated. The three-plus price index, where sample
size is a maximum of 24 observations, is not highly correlated with any of the other indices.
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Table 7. Correlations among samples—Hartford price changes (¢, — ¢, ;), 1981-1988.

Average Observations

All Rpt Rpt2 Rpt3+ per Quarter
All 1 197 .78 24 487
Rpt 1 978 .23 123
Rpt2 1 17 108
Rpt3+ 1 5

Differences between cumulative price indices are plotted in figure 17 For example, we
summed the numbers in table 6, creating cumulative indices, and then subtracted the
cumulative price index for the repeat subsample from the cumulative index for the entire
sample. The zero line in figure 1 (where the two cumulative prices indices are equal) is
arbitrarily set near the beginning of the time period. The reader is free to draw horizontal
lines anywhere in order to evaluate how the two indices move differently from any arbitrary
starting point.

Figure 1 reveals that the price index based on the repeat subsample tends to differ from
the full sample for a period of two to as many as ten quarters. The clearest example can
be seen beginning with quarter 18 (1986, first quarter) where the differences between pairs
of indices are approximately zero. By the third quarter of 1986, the difference in all minus
repeat is about 5 percent, whereas repeat three-plus (repeat-two-only) is lower than all
by 12 percent (8 percent). It takes three quarters to eliminate the first two gaps and eight
quarters to eliminate the all minus repeat-two-only gap. We conclude that, for this sample,
the repeat index would give reliable estimates of price trends over long petiods of time,
but systematic discrepancies are common for short time periods.
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Figure 1. Hartford, SFR, 82Q1-88Q3.
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We tested the statistical significance of the differences shown in figure 1 using the ACOV
matrix discussed in section 1. For example, confidence intervals were calculated for the
cumulative index based on all transactions (a typical confidence range of +2 percent) and
for the index based on repeat sales (a typical confidence range of +4 or 5 percent). These
confidence intervals (and similar intervals for other pairs reported in figure 1) overlapped
in virtually every quarter. However, the failure to find statistically significant differences
among indices is a function of the small number of observations available for the repeat
subsamples (table 1).2 The large magnitude of the differences in the price indices, and their
systematic and persistent character, are more important than statistical significance.

For Hartford condominiums (figure 2}, the general pattern is similar to SFR properties,
even though the average price for properties sold only twice was equal to or higher than
the average price for properties that sold only once. The explanation for this is apparent
from figure 3 and from the observation that more than half of all repeat transactions were
for properties that sold three or more times. Thus, most of the systematic differences be-
tween all properties and the repeat subsample appear to be due to the three-plus part of
the database. Also, figure 3 indicates that the three-plus subsample moves differently than
the two-only subsample; the former has larger swings away from equilibrium over shorter
periods of time than the latter.

Similar graphs are presented for the Case-Shiller data (figures 4-7). The three-plus sub-
sample can give price trends that swing away from the full repeat subsample for two to
five quarters. Differences are larger for Atlanta and smaller for Chicago and Oakland. Thus,
the general pattern observed in Hartford is confirmed.
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Figure 2. Hartford, Condos, 82Q1-88Q3.
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Figure 7. Dallas, 71Q3-86Ql.

The difference in the cumulative price index is relatively small and unsystematic for
Oakland despite a large difference in average price. For Atlanta, the difference in the
cumulative index is large and persistent despite a relatively small difference in average
price. We conclude that there is no simple relationship between market value (measured
by average price) and differences in price trends. Instead, the relationship appears to de-
pend on the time period, local market conditions, and property type.

The discussion in this section should be viewed as tentative and exploratory. As we pointed
out, there are no statistically significant differences among the price indices reported in
table 6, or between the repeat two and repeat three-plus samples for the four Case-Shiller
cities. The three-plus sample is small in most quarters, typically below 30 observations.
Although we do not have enough data to report definitive results, we believe, nonetheless
that figures 1-7 and related data suggest systematic short-run differences between pairs of
price indices.

3. Conclusions

Evidence from five metropolitan areas supports the hypothesis that a lemon or starter home
effect causes repeat residential sales (both condominiums and SFR) to be a biased sub-
sample of all transactions. In general, the average market value (measured by sales prices
and assessed values) for repeat sales is less than for all sales® Since properties that sell
three or more times have significantly lower market values than those that sell only twice,
we conclude that the differences are systematically relate to some characteristic associated
with repetitive sales. The starter home and lemon hypotheses are capable of explaining
this relationship.1°
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Cumulative price trends for the repeat subsamples can differ from the full samples over
periods ranging from two to ten quarters. Gaps ranging from 1 to 15 percent open up, per-
sist, and are typically closed. However, although short-term movements can differ widely,
there are no systematic differences among the samples over long periods of time (e.g.,
three years or more).

Based on these findings, we recommend that those using repeat sales for estimating price
trends should consider eliminating properties that sold three or more times. In addition
to biasing the repeat subsample further, these properties introduce nonzero covariances
into the error term. They also introduce the problem of how to pair the sales in the repeat
database (see Palmquist 1982 and Bailey, Muth, and Nourse, 1963). The pairing of these
multiple repeat sales can have a strong effect on price trend estimates (Knickerbocker, 1990).

Hedonic or assessed value methods that use data on all transactions should be considered
as an alternative to the repeat sales methodology. If the repeat subsample is used for price
index construction, one should be cognizant that the price trend estimates do not represent
all transactions over short time periods.
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Notes

1. Mark and Goldberg (1984) found that cumulative price appreciation for their repeat subsample was about
half of the full sample. They conclude that a few neighborhoods with volatile prices dominate the repeat
subsample.

2. We did not have enough transactions of properties with more than three sales to examine this category separately.

3. Three or more transactions also cause econometric problems for the repeat-sales methodology. First, the
choice about pairing the three sales (there are three possible pairs) is arbitrary (Knickerbocker, 1990; Palm-
quist, 1982). Second, the presence of three or more transactions creates nonzero covariances in the repeat-
sales methodology (Palmquist, 1982).

4. Logarithms are used on sales price and housing characteristics in order to reduce heteroscedasticity and to
convert the estimates on the quarterly dummies to a cumulative logarithmic index with base zero at ¢ = 0.

5. In this expression, the variance of the log of A is actually the weighted average of the variances in each quarter
of the analysis, with the weights being the number of observations in each quarter. This is the maximum
bias because the true bias is proportional to Var(f/g)/VAR(InA); since we do not know Var(f), we must use
the larger variance estimate (the mean squared error) available from the regression equation.

6. We experimented with the random walk heteroscedasticity adjustment of Case and Shiller (1987) but found
slight evidence in its favor. :

7. The vertical axis is the difference in decimal terms between the two price indices. The horizontal axis is
time measured in quarters, with 1 = the fourth quarter of 1981.



374 JOHN M. CLAPP AND CARMELO GIACCOTTO

8. For example, if one calculates the confidence interval using all the data, it does exclude the price index from
the repeat subsamples in a number of quarters.

9. Hartford condominiums are the only exception: repeats (two-only and three-plus combined) typically sell
for a few thousand dollars more than all condominiums. However, this is entirely due to the higher average
price for condominiums that sell only twice (see table 4).

10. The lemon hypothesis (Akerlof, 1970) typically assumes complete asymmetric information, where low-quality
goods sell at the same price as high-quality goods. (Primary and secondary markets are allowed to have dif-
ferent prices.) Asymmetric information cannot be the case here since properties that sl three or more times
are clearly perceived by the market as lower quality than those that sell twice.
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