OECONOMIA
©@®

COPERNICANA
VOLUME 9 ISSUE 1 MARCH 2018 Bl
p-ISSN 2083-1277, e-ISSN 2353-1827 Check for

. updates
www.oeconomia. p|

ORIGINAL PAPER

Citation: Gluszak, M., Czerski, J., & Zygmunt, R. (2018)tilasting repeat sales residen-
tial price indices for Krakow Oeconomia Copernicana, 9(1), 55-69 doi: 10.24136/
0c.2018.003

Contact to corresponding author: gluszakm@uek.kwedo Cracow University of Econom-
ics, ul. Rakowicka 27, 31-510 Krakéw, Poland
Received: 23 March 2017; Revised: 14 December ;28ddepted: 7 January 2018

Michat Gluszak

Cracow University of Economics, Poland

Jarostaw Czerski
Instytut Analiz Monitor Rynku Nieruchomosci mrn.pl, Poland

Robert Zygmunt
University of Agriculture in Krakow, Poland

Estimating repeat sales residential price indicesof Krakow

JEL Classification: C18;C43; R31
Keywords: repeat salesindex; Poland; housing market; house price; real estate

Abstract

Research background:There are several methods to construct a pricexifaténfrequent-

ly traded real estate assets (mainly residentidlalso office and land). The main concern to
construct a valid and unbiased price index is tresk the problem of heterogeneity of real
estate or put differently to control for both oh&dle and unobservable quality attributes.
The one most frequently used is probably the hedmgression methodology (classic, but
recently also spatial and quantile regression).afernative approach to control for unob-
servable differences in assets’ quality is providgdepeat sales methodology, where price
changes are tracked based on differences in potgéven asset sold twice (or multiple
times) within the study period. The latter approé&tapplied in renown S&P CorelLogic
Case-Shiller house price indices.

Purpose of the article: The goal of the paper is to assess the applicalofirepeat sales
methodology for a major housing market in Polanckv®us studies used the hedonic
methodology or mix adjustment techniques, and egpior major metropolitan areas. The
most widely known example is the set of quartedyde price indices constructed by NBP
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— especially for the primary and secondary markbe repeat sales methodology has not
been adopted with significant success to date —nlpaiecause of concern regarding rela-
tive infrequency of transactions on the housingk®tain most metropolitan areas (thus
a potentially small sample of repeated sales).

Methods: The study uses data on repeat sales of residéraiedactions in Krakow from
2003 to 2015. We apply different specificationsegdeat sales index construction and com-
pare respective values to the hedonic price indekKfakow estimated by NBP.

Findings & Value added Findings suggest that repeat sales house saleg@can be used
to track price dynamics for major metropolitan areaPoland. The study suggests problems
that need to be addressed in order to get unbi@sedts — mainly data collection mecha-
nism and estimation procedure.

Introduction

In order to construct a valid and unbiased realtegprice index is to ad-
dress the problem of heterogeneity. In other wadtus key issue is to con-
trol for both observable (measurable) and unobséevattributes (location,
neighborhood, structural and environmental). WHikéicult to build, real
estate indices are extremely useful to investid@rg-run economic pro-
cesses. Among remarkable examples are Shiller$4(2pp. 1486-1517,
2015) analysis of economic turbulences in US (189@4), Nicholas and
Szczerbina’s (2013, pp. 278-309) investigation mtase price movement
in 1920s and 1930s, not to mention historic studieBouse prices in the
long run in Netherlands (1628-1973) conducted mhidltz (1997, pp.
175-192), as well as China (1644-1840) conducte&diy et al. (2013,
pp. 368-386). Two former studies have one thinggmmon — in both
cases repeat sales methodology was used.

Repeat sales method of index construction is atawagcount for unob-
servable differences in a given asset’s qualitynestigating price chang-
es between sales. The method was introduced blegBstial, 1963). The
data requirements include the sample of real estdtetwice (or multiple
times) within the study period. The modified repsales approach, based
on the seminal paper by Case and Shiller (1983 ,bleen applied in re-
nowned S&P CorelLogic Case-Shiller house price e&lidlthough praised
for theoretical soundness, the method has someations, one of them
being the need for the relatively active real estaarket (thus large sample
of repeat sales). It is by ho means easy to suffice particular data re-
guirement on thin real estate markets. As the tempeat sales methodol-
ogy is rarely used as a method for applied indexstaction. To date, the
repeat sales house price index methodology hake®at applied in Poland.
The paper aims to address this gap, by analyziogepties of residential
repeat sales index in Krakow.
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The article is organized as follows. Section 2 uses the previous re-
search on repeat sales method of index construdtioparticular, it re-
views the theoretical underpinnings, as well asaathges and disad-
vantages of the method. It provides a brief resofmgrevious papers ap-
plying the method in the context of residential gedies — both foreign
and Polish. Section 3 describes the data gath@rogess and introduces
the econometric properties of the repeat saleessgm. In section 4 we
analyze the repeat sale residential real estaeximdKrakow. We assess
the validity of the results by comparison to othexasures of house price
volatility — such as National Bank of Poland hopsee indices.

Literature review

There is by no means a consensus regarding theodwtigy of real estate
price dynamics measurement, save for the commdrdyes opinion that
property price indices are difficult to estimateevdrtheless, in most cases
two competing approaches, to deal with the obsearetiunobserved het-
erogeneity of real estate have been used in @ratitre — i.e. hedonic and
repeat sales methods. The differences betweenrbethods have drawn
the attention of economist studying real estateepmovements, mostly
because in many cases they tend to produce incabipamsights into
market volatility. In a US study, authors used g data (1.1 min sales)
only to find that the result suggests significardifferent cycles in metro-
politan areas (Dorsest al, 2010, pp. 87-105). Nevertheless, in most cases
results remained inconclusive regarding the chait@ppropriate house
price index methodology (Case¢al, 1991).

The extensive summary of repeat sales methodsopeply price index
construction provides a list of advantages andddeatages of the tech-
nique (Prud’homme & Diewert, 2011, pp. 1-10). Tl of former con-
tains: limited data requirements, relative caléataease, ease of reproduc-
tion, control for salient real estate characterss{Prud’homme & Diewert,
2011, pp. 1-10), while latter can be contributedlack of depreciation
correction, sample selection bias, data ineffiggenmontinuous revision
problem (Prud’homme & Diewert, 2011, pp. 1-10).

The basic comparison of hedonic, repeat sales whddhmethods are
presented in a table (Table 1).

The shift from classic house price indices towaadBybrid approach
(Jones, 2010, pp. 95-97; Nagarejaal, 2014, pp. 23-46), has been fol-
lowed by other innovative solutions to the old peob of measuring the
house prices dynamics.
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Bourassaet al. (2006, pp. 80-97) tested sale price appraisab rati
(SPAR) method in New Zeland and compared it to Bbwtonic and re-
peat-sales indices based on the same data. InPIAR,She ratio between
the transaction price and previously assessed pyopa&lues is calculated.
They suggest that while it gives fairly similar uéts to repeat sales index,
it has relative simplicity advantage. The SPAR opdce index was also
constructed using Dutch data (de Vratsal., 2009, pp. 214-223). Others
have addressed depreciation problem and suggestediques to disentan-
gle pure time effect from property depreciationrf@adayet al., 2005, pp.
320-342; Englundt al., 1998, pp. 175-192). In yet another article Franck
(2010, pp. 24-52) analyzed the methods to estimegteat sales index for
a thin market

Recently scholars have begun advocating for a maivast method of
index estimation, especially in presence of oulidhang and Yi used
guantile regression approach to construct repedas dadex in Beijing
(Zzhang & Yi, 2017, pp. 85-96), and Gwangju, Kor&adn, 2016, pp.
260-267), while the others experimented with psaepeat sales tech-
nigues based on matched data (Gual., 2014, pp. 20-38).

Both hedonic and repeat sales indices are difftcubuild and update
on regular bases. Institutional background of qoicsing real estate price
index was described based on French experiencesifBmux & Laferrére,
2009, pp. 206-213).

Real estate price index construction has been sisclin Polish eco-
nomic literature. The selection of articles disoogsrarious methodologi-
cal issues includes Fary2012, pp. 41-52), Kokot (2014, pp. 14-27; 2015,
pp. 84-100), and Trojanek (2010, pp. 5-14) andafhek and Trojanek
(2012, pp. 74-84). The most discussed and well-knbause price index
in Poland has been published by National Bank dérrb It consists of
several indices for asking and sales prices onagmsimand secondary resi-
dential market. It has three major variants: (18rage, (2) median-based
as well as (3) hedonic index. The latter was dsedsin Widlak and
Tomczyk (2010, pp. 203-227). Recent developmentshenonic index
construction, include the regression splines amdiapmethods to address-
es spatial autocorrelation and smoothing (Trojagtedd., 2017; Widtaket
al., 2015). To authors’ best knowledge repeat-sgipscach has not been
applied on housing data in Poland, although arréstiang adoption of the
method to art market was proposed by Kempa anddwgka (2011, pp.
181-186).

To conclude, to our best knowledge, there is ndenge on the validity
of repeat sales price index construction methoBadtand. We argue that
due to data limitations, and the idiosyncratic elster of residential mar-
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kets in major Polish cities no valid analogies adnpe drawn from the
various application of the method in other coustriehe empirical part of
the paper aims to address this gap, thus we beleveesearch is justified.

Resear ch method
Data sources and management

Although there are multiple sources of informatigsed to construct real
estate price indexes — for example asking priceke prices, valuations
(Pollakowski, 1995), for obvious reasons the ch@déemnited in case of the
repeat-sales index. The most valid and reliablecgoaf information, alt-
hough not always efficient in terms of informatiprovided, are notary
acts.

Our empirical data comes from a database managéusbiute of Real
Estate Market Institute mrn.pl, which is a professi organization of
property valuers (Polish chartered surveyors), @rypmarket consultants
and market experts. Currently, the database cdméwsmation of 296.5
thousand real estate transaction, 113.7 thousartkleaf in Krakow. The
database is created on the basis of informatioairdd from notary acts
and is the complete information source on the mguanarket in Krakow
since 2002. It covers approx. 99% of housing tretis@s on the primary
and secondary housing market, surpassing the athkestate market data-
bases (along with National Bank of Poland database)

Based on the address and land register, we hawaheuball transactions
involving the same properties and identified repeales from 4 quarter
2002 to 3 quarter 2015. As the research is focosdtie secondary market,
we dropped all sales from the primary market (dgldievelopers) from the
sample. As the result, we have identified 2584 erties sold 2 times, 246
properties sold 3 times, 23 properties sold 4 tiares 1 property sold five
times during the study period. We decided to redbdedata and match all
transactions sold multiple times in pairs (first@ed transaction). For ex-
ample, information on 246 properties sold 3 timésnged us to create 492
repeat sales pairs (Table 2).

After re-coding the initial dataset, we addresdequality of the data,
in order to eliminate all possible sources of bigge used three-step sam-
pling procedure.

Firstly, we eliminated all observations where timet difference be-
tween sales was less than 180 days. This stepeipricedure is in line
with the commonly accepted view thetort turnover period between sales
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can be attributed mostly to atypical price moversent speculative behav-
ior, cognitive biases, peculiar property conditigesglundet al, 1998, p.
195) or even fraud. We recorded 343 repeat salesenthe turnover period
was 180 days and less (Figure 1).

As it can be easily seen from the picture, timéed&nces in our repeat
sales sample follow right-skewed distribution (plyslog-normal type) —
thus short turnover periods being more frequenis ihding must be treat-
ed with caution, as on rare occasions the turnpeeiod was less than 7
days. The repeat sales like these should be renfoyadthe sample.

To investigate whether the short turnover peridlié@mced the recorded
price difference between sales, we explored theilalision of price ratios
between in each pair. The results of the investigafior a subsample of
properties sold again within 90 days from the fpstchase is presented in
a figure (Figure 2).

Data depicted on the figure (Figure 2) suggest atthbugh in case of
a substantial number of properties resale price emsparable (or even
equal) to previous price (a result perfectly irelinith sticky price hypothe-
sis) in many cases the price change certainly dideflect the market price
movements. There are numerous examples of propeds®ld for a 150%
higher price, within only 90 days of acquisitiof®n rare occasions, the
ratio was less than 0.5, which means that propeaty resold for less than
half of the initial price.

In the second stage, we checked whether apartrdighteot change sig-
nificantly between sales. Notably, we verified fl@yeas, to check whether
the apartment was not significantly remodeled. Addally, we traced for
equity in additional premises being sold (parkingcps, storage rooms,
cellars, etc.). All pairs where properties have argdne significant im-
provements were dropped from the sample.

Thirdly, we eliminated all properties with abnornvalues or with addi-
tional clauses that significantly affect price {dissed properties, munici-
pal sales, the sale between relatives).

After the data cleaning procedure, we got our fsahple (effective) of
2704 repeat sales. The major differences betweknrdimsaction dataset
(containing information of all residential transaos from 4 quarter 2002
to 3 quarter 2015), full repeat sales datasetdioh abnormal observa-
tions) and final effective repeat sales databas@@asented in a Table 3.

The comparison of basic descriptive statistics betwsales and repeat
sales samples reveals interesting differences.v@rage, the apartments in
both repeat sales subsamples were smaller (avficaearea of 46.6 or
47.1 sgm of usable space compared to 55.5 in tlodeveample). The geo-
graphic distribution of observation shifted sigogintly as well. While most
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apartments being sold in Krakow from 2012 to 201érevlocated in
Podgodrze (32.1%), in our repeat sales subsamples shgervations came
from Srodmiescie (32.5-32.9%), and the share of obsensfrom Podgo-
rze dropped to approx. 22%. The results indicageptitential sample selec-
tion problem — residential properties sold twicenwultiple times in Kra-
kow differ significantly from typical transactiomkiring the study period.

Estimation procedure

During the data management phase, we preparedsetian residential
propertiesn sold more than once over the study peried,...T. Within

each pair, we compare the price at first spfeto the price at resalg, .

Due to data limitation (sample size), we decideatdastruct a quarterly
residential properties price index. In line witle titerature, we assume that
multiple sales are treated as a set of indepenuenthed pairs. Repeat
sales regression is based on the following spetific (Balket al, 2011,
p. 66):

In[ig]:iw»; i @
t=0

n

where D,ﬂ is a time dummy variable (it takes value -1 intihee period of the

first sale, 1 in the time period of the second ,sael O otherwise), Whereﬂ’,$
is an error term.

Repeat sales index can be calculated based onssegrecoefficients

(Balket al, 2011, p. 67):
ot
| o :exr{ y JELOO )

The model is subject to heteroskedasticity (focussion see: Case &
Shiller, 1987, pp. 45-56), thus several method®rrative to standard
OLS, were suggested to overcome this problem. wollp guidelines from
the literature, we estimated three repeat salesaadbased on:
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— OLS estimation (referred to as the baseline outiveeighted model).

- WLS estimation to correct for possible heterosctcas (the weighted
model), the three-step procedure introduced by @adeShiller (1987,
pp. 45-56).

— Quantile estimation suggested by McMillen and Theré2006, pp.
567-584), referred to as the quantile model. Ththatkshould be ro-
bust to outliers and produce more stable results.

We compare the results with NBP Hedonic House Andex as well as
simple weighted average house price index baseth®roriginal apart-
ments’ sales mrn.pl database. The result is sigstiiin the following sec-
tion.

Results and discussion

We have investigated the price dynamics in Krakemg repeat sales da-
taset. The analysis reveals a number of outliergerey price differential
was bigger than suggested by the time differencendst cases, this find-
ing reflects timing effect — as some agents/spectdavere able to buy
and sell at a right time. The price ratio betwdenfirst and the second sale
in particular cases was higher than 5 (Figure 3).

Based on estimation procedures described in th@ou® section, we
have calculated three alternative repeat salesdndiRSIs) for residential
properties in Krakow: baseline RSI_OLS, weighted RE_S and quintile
(median) RSI_QL. Then we compared the results withvalues of two
benchmark indices — hedonic house price index fee@ndary market in
Krakow calculated by (HPI), and simple weightedrage residential price
index based on a full sample of mrn.pl data (WAIhe weighting was
location-based. Average prices were calculateddasetransaction sub-
samples in 4 major districts in Krakow (Nowa HRadgorze, Krowodrza,
and Srodmiescie). Weighting was based on trangsagbtume in the first
period (4 quarter 2002). The comparison period ednigom 4Q 2002 to
30Q 2007. In case of HPI, the first index values ednam 3Q 2006, which
was set as a base period (I=100) for all indices.

The results were presented in Figure 4.

The results depicted in Figure 4 imply substardifferences between
indices. Both RSI_OLS and RSI_WLS were in line wsimple weighted
average residential price index WAI. On the othendy all three indices
differed significantly from the hedonic price indékPI) calculated by
NBP. The main difference can be attributed to highice appreciation
during housing boom period, and less apparent memease since the
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market peak in 2 or 3 quarter 2007. A quantile (imedrepeat sales index
(RSI_QL) yielded different results and suggestedemapid price decrease
from the market peak in 3Q 2007. The differencasvéen the results re-
quire further examination. Although quantitativealysis of differences
was not a subject of this paper, a potential exparcould follow the work
of Nagarajeet al. (2014).

The results should be treated with caution for t@mplementary rea-
sons: (1) sample differences between NBP and mirapsaction datasets,
(2) possible problems regarding the sample seleqtimblem in repeat
sales indices.

Conclusions

In the paper have explored the properties of repalats index for residen-
tial properties in Krakow. Based on a sample of&€peat sales drawn
from a larger transaction database, we have estihthtee repeated sales
house price indices. The results were later contbsverenown National
Bank of Poland hedonic house price index for trmsdary housing mar-
ket in Krakow and simple weighted average indexedam a mrn.pl trans-
action database.

The results imply significant differences betweepeat sales indices
and NBP hedonic index, especially regarding madgele. Repeat sales
indices suggest that housing market peaked abayiatters later (in 3
quarter 2007). The results should be treated vatitien. Although mrn.pl
database in more detailed and significantly lartfez, sample alone does
not explain the differences found.

One concern regarding repeat sales index in Krakoavsample selec-
tion problem. We have found that properties solatéwor multiple times
differed significantly from full sample of housingansactions, both in
terms of size and location. This result is in limgh Clapp and Giacotto
(1992, pp. 300-306). On average they were smalted,central locations
were overrepresented. There are two basic exptarsatf the latter phe-
nomenon. Firstly, smaller apartments are frequebtiyght by young
households, who are fairly active in a housing ragrknd tend to change
their apartment following family lifecycle (espeltyjawhen the family
grows). That would explain the higher turnover rat¢he case of smaller
flats. Secondly, small flats in central locationsynbe more popular as
alternative investment assets (and used rentaltrapats), thus having
a higher turnover rate. As we have not tested thatconclude that further
research is needed. One obvious direction for éurmpirical research
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involves using hybrid index construction methodddionally, as Krakow

is a fairly unique housing market (prone to spergabehavior, due to
touristic attractiveness), it would be interestiogreplicate the results on
a data from the other major metropolitan markdé®atand.
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Annex

Table 1. Comparison of selected econometric methods used to house price index

M ethod

Explanation

1. Hedonic method

Price dynamics is tracked based on cross-sectiona data
on real estate transactions (offers). The use of regression
alows controlling for housing quaity observed
differences between properties and to separate pure
price index for given periods of time. Requires detailed
data on housing attributes.

2. Repeat sales method

Price dynamics is analyzed based on observed
differences in the price of a given property between
sales. Allows taking account of unobserved quality
differences. based. Requires relatively simple data.

3. Hybrid method

Price dynamicsis tracked based on both sales and repeat
sales. The method can account for observable quality
changes between sales of a given property. Requires
detailed data on housing attributes.

Table 2. Initial sample properties and recoding

Type N (initial) N* (pairsafter recoding)
Double sales 2584 (90.54%) 2584
Triple sales 246 (8.62%) 492
Quadruple sales 23 (0.81%) 69
Quintuple sales 1 (0.03%) 4

Table 3. The full sample of residential property sales and subsamples of repeat
salesin Krakow from 2002 to 2015

. Sales sample Repeat sales Repeat sales
Metropolitan areas (full) sample (full) | sample (effective)
Size (N) 58739 3149 2704
Mean floor area (sgm) 55.5 46.6 47.1
Location (district)

Krowodrza| 16,093 (27.4%) 772 (24.5%) 656 (24.3%)

NowaHuta| 10,314 (17.6%) 645 (20.8%) 561 (20.7%)

Podgorze| 18,905 (32.1%) 697 (22.2%) 597 (22.1%)

Srodmiescie | 13,427 (22.9%) 1024 (32.5%) 890 (32.9%)




Figure 1. Repeat salesturnover period in Krakow from 2002 to 2015
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Figure 2. Price differences for short resale properties (turnover less than 90 days)
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Figure 3. The relation between turnover period and price differences between sales
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Figure 4. Comparison of residential real estate indicesin Krakow (2002-2015)
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