~ A Service of
’. b Leibniz-Informationszentrum

.j B I l I Wirtschaft
) o o o Leibniz Information Centre
Make YOUT PUbllCCltlonS VZSlble. h for Economics ' '

Wang, Fang; Zheng, Xu

Article
The comparison of the hedonic, repeat sales, and hybrid
models: Evidence from the Chinese paintings market

Cogent Economics & Finance

Provided in Cooperation with:
Taylor & Francis Group

Suggested Citation: Wang, Fang; Zheng, Xu (2018) : The comparison of the hedonic, repeat sales, and
hybrid models: Evidence from the Chinese paintings market, Cogent Economics & Finance, ISSN
2332-2039, Taylor & Francis, Abingdon, Vol. 6, Iss. 1, pp. 1-19,
https://doi.org/10.1080/23322039.2018.1443372

This Version is available at:
https://hdl.handle.net/10419/194761

Standard-Nutzungsbedingungen: Terms of use:

Die Dokumente auf EconStor durfen zu eigenen wissenschaftlichen Documents in EconStor may be saved and copied for your personal
Zwecken und zum Privatgebrauch gespeichert und kopiert werden. and scholarly purposes.

Sie durfen die Dokumente nicht fiir 6ffentliche oder kommerzielle You are not to copy documents for public or commercial purposes, to
Zwecke vervielféltigen, 6ffentlich ausstellen, 6ffentlich zugénglich exhibit the documents publicly, to make them publicly available on the
machen, vertreiben oder anderweitig nutzen. internet, or to distribute or otherwise use the documents in public.
Sofern die Verfasser die Dokumente unter Open-Content-Lizenzen If the documents have been made available under an Open Content
(insbesondere CC-Lizenzen) zur Verfiigung gestellt haben sollten, Licence (especially Creative Commons Licences), you may exercise
gelten abweichend von diesen Nutzungsbedingungen die in der dort further usage rights as specified in the indicated licence.

genannten Lizenz gewahrten Nutzungsrechte.

.: BY https://creativecommons.org/licenses/by/4.0/
Mitglied der
WWW.ECOMSTOR.EU K@M 3
. J . Leibniz-Gemeinschaft


https://www.econstor.eu/
https://www.zbw.eu/
http://www.zbw.eu/
https://doi.org/10.1080/23322039.2018.1443372%0A
https://hdl.handle.net/10419/194761
https://creativecommons.org/licenses/by/4.0/
https://www.econstor.eu/
https://www.leibniz-gemeinschaft.de/

Wang & Zheng, Cogent Economics & Finance (2018), 6: 1443372
https://doi.org/10.1080/23322039.2018.1443372

CrossMark

Received: 08 September 2017
Accepted: 15 February 2018
First Published: 26 February 2018

*Corresponding author: Fang Wang,
Department of Finance, Antai College of
Economics and Management, Shanghai
Jiao Tong University, Shanghai, 200030,
China

E-mail: fwan6213@hotmail.com

Reviewing editor:
David McMillan, University of Stirling, UK

Additional information is available at
the end of the article

cogent--0a

k- cogent

economics
& finance

FINANCIAL ECONOMICS | RESEARCH ARTICLE

The comparison of the hedonic, repeat sales, and
hybrid models: Evidence from the Chinese paintings
market

Fang Wang'* and Xu Zheng!

Abstract: With the objective of evaluating the accuracy of price index models, we
adopt a series of techniques to compares the performances of the hedonic, repeat
sales, and hybrid models based on the data from the Chinese most representative
painter, Qi Baishi during the period from 2000 to 2016. When applying the mean
squared error (MSE) technique, the repeat sales model outperforms alternative
models. However, according to the correlations and width confidence intervals, the
hybrid model provides the most reliable estimates of price indices. The study also
shows that the repeat sales model obtains relatively a lower total return estimate
as well as a higher volatility than other two models. Our findings have important
implications in identifying the precision of index models and provide supplements to
art investment studies..

Subjects: Economics; Finance; Business, Management and Accounting

Keywords: Chinese paintings market; hedonic model; repeat sales model; hybrid model; art
investment

JEL codes: C52; 71

1. Introduction

The rapid growth in the Chinese paintings market has attracted increasingly attention in recent
years. Until now, studies focusing on returns of Chinese artworks generally utilize the common he-
donic or repeat sales models and there has been no study comparing the results and no uniform
conclusion on these issues, thus creating confusion for investors. The aim of this study is to investi-
gate the performances of the hedonic, hybrid along with repeat sales models in the Chinese paint-
ings market in terms of (i) the accuracy of the various models and (ii) the influence on art return
estimation using the data from the Chinese most influential painter, Qi Baishi during the period from
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years. Studies focusing on returns of Chinese
artworks generally utilize different models and
there has been no study comparing the results
and no uniform conclusion on these issues.

This study investigates the performances of the
common models by using the data from the
Chinese most influential painter, Qi Baishi during
the period from 2000 to 2016. Notably, it is the
first time to combine main index construction
models to provide an overall perspective on their
performances in the Chinese paintings market.
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2000 to 2016. Notably, it is the first time to combine main index construction models to provide a
overall perspective on their performances in the Chinese paintings market.

The reason we choose data from Qi Baishi as the representative of the Chinese paintings market
is that he has been known as the renowned Chinese painter of the twentieth century and one of the
top-selling artists. According to the 2016 market annual report from Artprice, he ranked the third of
the top world 500 artists by auction revenue and the twentieth of the top 100 auction performance
in 2016. It is widely acknowledged that the price behavior of Qi Baishi’s artworks exhibits consistent
patterns of the Chinese paintings market and reveals useful aspects in terms of performance.

This paper, using both 8,218 hedonic data and 2,207 repeat sales data from Qi Baishi sold at China
and global auction houses over the period 2000-2016, examines the performances of three com-
mon price index models: the hedonic, hybrid and the repeat sales models. In the hedonic model, all
available transaction data are pooled. The logarithm of price is regressed as the dependent variable
on a set of value-determining attributes and time dummies. One advantage of the hedonic model is
that it makes efficient use of available data and may therefore give more reliable estimates of price
indices (Renneboog & Spaenjers, 2013). However, it is criticized for disadvantages of implicit func-
tional form and the change of item characteristics over time (Collins, Scorcu, & Roberto, 2009; Scorcu
& Zanola, 2011; Wolverton & Senteza, 2000; Worthington & Higgs, 2004).

In contrast, by confining the analysis to a series of consecutive transactions of a given item at
least twice during the sample period, the repeat sales model estimates a price index by regressing
the price change of each item on a set of dummy variables. Researchers, such as Goetzmann (1993),
Mei and Moses (2002), Pesando (1993), and Pesando and Shum (2008), employ this method to art
investments. The main strength of the repeat sales model is that it does not require the specific in-
formation on item attributes. Nevertheless, since this approach is based on only a part of total sales
observations and this subset may not represent the full sample, the weaknesses of using repeat
sales model include the difficulty of controlling for the market trend during the sample period, as
well as suffering from selection issues (Biey & Zanola, 2005; Kraeussl & Elsland, 2008; Renneboog &
Spaenjers, 2013).

The hybrid model, first advanced by Case and Quigley (1991) and then extended by Carter Hill,
Knight, and Sirmans (1997), constructs the index by combining features of both the hedonic and
repeat sales models. This method goes beyond the previous techniques since it allows one to correct
for the effects of heterogeneity and serial correlation (Biey & Zanola, 2005). However, the shortcom-
ing of the hybrid model is that it needs an extensive data-set together with the details on the con-
cerned observations. In addition, the requirement of complicated econometric techniques and
implementation skills also makes it difficult for some people using this method. Actually, the hybrid
model are mainly used in the house market and only a few applications exist on the art market due
to the difficulties to apply it to art items (Chanel, Gérard-Varet, & Ginsburgh, 1996).

Our paper makes several important contributions to the analysis of performances of the hedonic,
hybrid, and repeat sales models in the Chinese paintings market. First, this is the first time to apply
the hybrid model to construct the price index of the Chinese paintings market. Secondly, we present
an overall perspective on the comparison of these price index models by examining the results con-
cerning the accuracy and their effects on return estimation. Finally, we examine some fundamental
characteristics of the Chinese artworks and their interactions on return performance. Consequently,
our findings are expected to be helpful to the evaluation of model construction and art
investments.

The remainder of the paper is organized as follows. In Section 2 we provide a brief explanation of

each model. Section 3 describes details on the data-set. Empirical results are analyzed in Section 4.
In the final Section 5 we summarize the key conclusions.
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2. The models

2.1. The hedonic model

Leti=1,..., N be the set of selling artworks, define P, as the logarithm price of the painting i at time
t; X, as a K x 1 vector of characteristics for the painting i and « as a K x 1 vector of implicit prices of
X,; 6 as a T x 1 vector of index numbers and D, as a T X 1 vector of time dummies taking a value of

one if a transaction on the painting i occurs in time t and zero otherwise, and ¢, as an error term. The
hedonic regression equation can be expressed as:

Py = ‘xlXit + 5’Dit +é&; (1)

2.2. The repeat sales model

Define P, as the logarithm price of the painting j at time t + s. The price difference between two
sales of the painting j can be written as:
Pjt+S - Pjt = AP]‘L’ = 5IADJT + Agjr (20)

where Ag; = ¢, — €, and

—lifr=t
AD, =4 lifr=t+s (2b)
0 otherwise

2.3. The hybrid model

Separate the whole set N into the subset of artworks that were sold only once during the sample
period w=1, ..., I and the subset of artworks that were transacted more than oncej=1, ..., J. The error
term ¢, of Equation (1) is now decomposed into two parts: a time dependent random error term e,
and a time independent error term 7. The hybrid model can then be represented as:

P,=aX,+6D,+n,+e,, (3a)
Py =a'Xy+ 8Dy +m+e (3)
Pjt+s = a,th + 5’Djt+s + n; + ejt+s (30)
Pjt+S - Pj[’ = APJT = 6/ADJT + Aej‘r (3d)

where all other variables are as previously defined.

Estimations of the hybrid model involve a series of intermediate steps. Note that specification er-
ror term 5, in the hybrid model is directly analogous to the unobserved heterogeneity term in the
random effects model outlined in Greene (2003). Under this assumption, the covariance matrix as-
sociated with the hybrid model can be written as:

I 0 0
Q= 0 I -0l )
0 -oI 25l

Following Jones (2010), we estimate Equation (3d) using all J observations to obtain the residuals as
a consistent estimate of ag and then apply a degrees of freedom correction:

211 b
e = §<J - T> Zj=1 e ®)
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Analogously, a consistent estimate of af is found by estimating Equation (1) using all W observa-
tions to obtain the residuals and then applying a degrees of freedom correction:

2 1 N2
”f‘(W—K—T—1>Z,~=15n (6)

The covariance matrix Q could then be constructed using aﬁ and af. Theoretically, Q7" can be
found, and according to Cholesky decomposition, we could find the P matrix, where P’P = Q7% and
use this P matrix to transform the data prior to estimation via least squares. Practically, finding Q!
and P directly requires intensive computations, and it is not possible for large data sets. Fortunately,
the structure of Q is such that non-zero elements only exist on the on-diagonal of each block, and
that the non-zero values within each block are identical. This means that the inverse of a proportion-
ally much smaller version of Q can be found to obtain the values and the location of the non-zero
elements (Fogarty & Jones, 2011).

3. Data

The data employed in this study are obtained from Artron.net and span the period 2000 to 2016. The
Artron database contains a number of relevant information of artworks sold at China and global
major auctions, (e.g. sales record, artist’s name, title of the work, year of production, materials, sales
date, prices, dimension, signed or not). Buyers and sellers’ transaction fees paid to auction houses
are included in prices and are recorded in both renminbi (RMB) and local currencies.

Specifically, the explanatory variables X, and D, included in models are:

3.1. Dimension
The variable area is a product of both width and length, which is measured in square meters. To ex-
amine whether the price increases with a diminishing effect, the variable area? is also included.

3.2. Medium
In our study, the Chinese artworks are categorized in two different mediums. The categories are
paper and silk, with silk as the reference variable.

3.3. Mounting

Normally, the Chinese artworks can be mounted in several ways. We specify dummies album of
sheets, folding fan, folding screen, framed, hand scroll, and hanging scroll to reflect in which type the
painting is adopted, with album of sheets as the reference variable.

3.4. Type

Traditional Chinese artworks are done either in black ink or colored. In this case, two dummy varia-
bles ink (as the reference variable) and color are created to identify whether the painting is in ink or
colored.

3.5. Auction houses

In this paper, the auction house dummies are specified by beijing hanhai, beijing kuangshi, christie,
guardian, poly, and sotheby, which are main dominant auction houses in China and worldwide. We
assign the dummy variable to take the value of one if the painting is classified into any of these six
auction houses. Other auction houses are assigned to the references and take the value of zero.

3.6. Period

Both semiannual and annual period are applied in this paper. On the semiannual basis, a series of
dummy variables, D,, with t = 2000s, ..., 2016aq, are introduced for each semiannual between the
spring of 2000 and the autumn of 2016, regarding the spring of 2000 as the baseline variable and
standardized to 100 in the price index. Similarly, t = 2000, ..., 2016 are introduced annually, consider-
ing 2000 as the baseline variable and standardized to 100 in the price index.
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Table 1 summarizes the descriptive statistics of artworks sold. The number of samples, means,
and standard deviations are presented, along with the minimum and maximum. The average art-
work price of Qi Baishi from 2000 to 2016 is 1,742,045 RMB, ranging from 330 RMB to 425,500,000
RMB. According to the dimension, the average area is 0.3501m2, with the standard deviation of
0.3068. There are 8,163 artworks which have been painted on paper, accounting for 99.33% of the
total samples. Among all mounting types, hanging scroll is the most prevalent (5,115), followed by
framed (2,320), whereas there are only 27 artworks mounted in hand scroll. Furthermore, the art-
works in color (6,254) are approximately three times more than those in ink (1,964).

Table 1. Descriptive statistics

Panel A: Hedonic model

Variable Number Mean S.D. Minimum Maximum
Price 8,218 1,742,045 7,009,035 330 425,500,000
Dimension
Area 8,218 0.3501 0.3068 0.0000 13.4000
Areq? 8,218 0.2166 2.2939 0.0000 179.5600
Medium
Paper 8,163 0.9933 0.0815 0 1
Silk 55 0.0067 0.0815 0 1
Mounting
Album sheets 84 0.0102 0.1006 0 1
Folding fan 610 0.0742 0.2622 0 1
Folding screen 62 0.0075 0.0865 0 1
Framed 2,320 0.2823 0.4501 0 1
Hand scroll 27 0.0033 0.0572 0 1
Hanging scroll 5,115 0.6224 0.4848 0 1
Type
Color 6,254 0.7610 0.4265 0 1
Ink 1,964 0.2390 0.4265 0 1
Auction houses
Beijing Hanhai 943 0.1147 0.3187 0 1
Beijing Kuangshi 632 0.0769 0.2665 0 1
Christie 608 0.0740 0.2618 0 1
Guardian 2,111 0.2569 0.4369 0 1
Poly 1,108 0.1348 0.3416 0 1
Sotheby 495 0.0602 0.2379 0 1
Others 2,321 0.2824 0.4502 0 1
Period
2000s 62 0.0075 0.0865 0 1
2000a 105 0.0128 0.1123 0 1
2001s 85 0.0103 0.1012 0 1
2001a 76 0.0092 0.0957 0 1
2002s 131 0.0159 0.1253 0 1
2002a 102 0.0124 0.1107 0 1
2003s 11 0.0013 0.0366 0 1
(Continued)
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Table 1. (Continued)

Panel A: Hedonic model

Variable Number Mean S.D. Minimum Maximum
2003a 260 0.0316 0.1750 0 1
2004s 338 0.0411 0.1986 0 1
2004a 317 0.0386 0.1926 0 1
2005s 269 0.0327 0.1779 0 1
2005a 342 0.0416 0.1997 0 1
2006s 230 0.0280 0.1649 0 1
2006a 215 0.0262 0.1596 0 1
2007s 224 0.0273 0.1628 0 1
2007a 265 0.0322 0.1767 0 1
2008s 246 0.0299 0.1704 0 1
2008a 151 0.0184 0.1343 0 1
2009s 235 0.0286 0.1667 0 1
2009a 494 0.0601 0.2377 0 1
2010s 457 0.0556 0.2292 0 1
2010a 432 0.0526 0.2232 0 1
2011s 528 0.0642 0.2452 0 1
2011a 430 0.0523 0.2227 0 1
2012s 240 0.0292 0.1684 0 1
2012a 250 0.0304 0.1718 0 1
2013s 293 0.0357 0.1854 0 1
2013a 226 0.0275 0.1635 0 1
2014s 268 0.0326 0.1776 0 1
2014a 231 0.0281 0.1653 0 1
2015s 162 0.0197 0.1390 0 1
2015a 176 0.0214 0.1448 0 1
2016s 173 0.0211 0.1436 0 1
2016a 194 0.0236 0.1518 0 1
Panel B. Repeat sales model
Variable Number Mean S.D. Minimum Maximum
Price, 1,609 977,891 3,044,355 6,600 92,000,000
Price,,, 2,207 2,375,188 7,464,974 1,150 195,500,000
2000s 23 -0.0177 0.1318 -1
2000a 37 -0.0276 0.1640 -1 0
2001s 27 -0.0168 0.1319 -1 1
2001a 36 -0.0217 0.1520 -1 1
2002s 49 -0.0267 0.1774 -1 1
2002a 32 -0.0190 0.1463 -1 1
2003s 7 -0.0032 0.0562 -1 0
2003a 100 -0.0476 0.2537 -1 1
2004s 158 -0.0648 0.3069 -1 1
2004a 153 -0.0503 0.2992 -1 1
(Continued)
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Table 1. (Continued)

Panel B: Repeat sales model

Variable Number Mean S.D. Minimum Maximum
2005s 143 -0.0394 0.2853 -1 1
2005a 190 -0.0421 0.3237 -1 1
2006s 125 -0.0131 0.2613 -1 1
2006a 97 -0.0063 0.2232 -1 1
2007s 104 -0.0095 0.2416 -1 1
2007a 119 -0.0072 0.2500 -1 1
2008s 124 -0.0068 0.2545 -1 1
2008a 81 -0.0104 0.2116 -1 1
2009s 115 -0.0045 0.2483 -1 1
2009a 251 0.0000 0.3575 -1 1
2010s 229 0.0109 0.3391 -1 1
2010a 212 0.0385 0.3127 -1 1
2011s 269 0.0526 0.3511 -1 1
2011a 218 0.0444 0.3155 -1 1
2012s 105 0.0213 0.2213 -1 1
2012a 119 0.0208 0.2362 -1 1
2013s 131 0.0331 0.2433 -1 1
2013a 100 0.0276 0.2143 -1 1
2014s 128 0.0467 0.2392 -1 1
2014a 102 0.0326 0.2125 -1 1
2015s 59 0.0249 0.1616 -1 1
2015a 53 0.0208 0.1521 -1 1
2016s 54 0.0236 0.1547 -1 1
2016a 65 0.0295 0.1691 -0 1

Table 1 includes the statistics of artworks according to different auction houses as well. Of the six
dominant auction houses, guardian is the most popular, with the number of 2,111. Relative to christie
(608) and sotheby (495), poly (1,108), beijing hanhai (943) and beijing kuangshi (632) achieve higher
proportions, suggesting that the majority of Chinese artworks of Qi Baishi has been sold in China.

4. Empirical results

4.1. Comparison of three price index models

The performances of three models are now evaluated. Table 2 reports the coefficient estimates and
corresponding standard errors for semiannual and annual periods using the White (1980) hetero-
scedasticity-robust procedure. Columns (1) and (2) reveal the hedonic regression results. Results of
the repeat sales method are shown on Columns (3) and (4). The hybrid model is estimated using the
unrelated regression methodology and displayed in columns (5) and (6).

To evaluate and compare price index models in depth, we then use three key measures to assess
the precisions of three price index models:

(1) The mean squared error (MSE) based on an out-of-sample forecast (Goh, Costello, & Schwann,
2012).

(2) The squared correlation between the actual and predicted values (Case & Szymanoski, 1995).
(3) The width of a 95% confidence interval (Case & Szymanoski, 1995).
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Table 2. Empirical results

Panel A. Semiannual bases

Hedonic model Repeat sales model Hybrid model
Variables Coefficient S.E. Coefficient S.E. Coefficient S.E.
(1) (2) (3) (4) (5) (6)
Constant 11.1982*** 0.2069 0.2503*** 0.0248 3.2991*** 0.1682
Dimension
Area 2.5465%** 0.0559 3.3623"* 0.0630
Area? -0.1952*** 0.0070 -0.2650*** 0.0080
Medium
Paper -0.0357 0.1302 7.9030*** 0.1110
Silk [Left out] [Left out]
Mounting
Album sheets [Left out] [Left out]
Folding fan -1.0341*** 0.1173 3.0767%* 0.1152
Folding screen -0.8137*** 0.1600 2.5819*** 0.1704
Framed -0.6175*** 0.1098 3.4814 0.1061
Hand scroll -0.7271** 0.2119 3.6666"* 0.2105
Hanging scroll -0.6397*** 0.1076 3.3154%** 0.1043
Type
Color 0.2341%** 0.0250 0.5400*** 0.0328
Ink [Left out] [Left out]
Auction houses
Beijing Hanhai -0.1169*** 0.0383 -0.1971*** 0.0435
Beijing Kuangshi 0.0508 0.0440 0.2081*** 0.0462
Christie 0.1623*** 0.0439 0.2321%** 0.0525
Guardian -0.0096 0.0290 -0.0058 0.0333
Poly -0.0996*** 0.0361 0.1665"** 0.0375
Sotheby 0.3218*** 0.0481 0.2298*** 0.0553
Others [Left out] [Left out]
Period
2000s - - - - - -
2000a -0.0264 0.1534 -0.8872*** 0.1344 -0.6201*** 0.0955
2001s -0.0767 0.1590 -0.8274** 0.1513 -0.8157*** 0.1108
2001a -0.0751 0.1634 -0.5556*** 0.1389 -0.5787*** 0.1069
2002s 0.0605 0.1469 -0.5348*** 0.1298 -0.6576*** 0.0877
2002a -0.1999 0.1536 -1.0432** 0.1409 -0.8220"** 0.1019
2003s 0.7585* 0.3136 -0.0483 0.2894 -0.6024** 0.2834
2003a 0.4682%** 0.1347 -0.1850* 0.1106 -0.4837*** 0.0638
2004s 0.7113*** 0.1317 0.2401** 0.1064 -0.2264*** 0.0556
2004a 0.9443%** 0.1323 0.4113*** 0.1080 -0.2174** 0.0575
2005s 1.1220"* 0.1342 0.7463*** 0.1088 -0.0725 0.0614
2005a 1.4316%* 0.1316 0.8193*** 0.1064 0.1089** 0.0552
2006s 1.1819** 0.1365 0.5380*** 0.1120 -0.1077 0.0668
2006a 1.0318** 0.1375 0.5180*** 0.1187 -0.1395* 0.0727
(Continued)
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Table 2. (Continued)
Panel A. Semiannual bases

Hedonic model Repeat sales model Hybrid model

Variables Coefficient S.E. Coefficient S.E. Coefficient S.E.

(1) (2) (3) (4) (5) (6)
2007s 1.0493*** 0.1370 0.5025*** 0.1152 -0.1851*** 0.0696
2007a 1.2939** 0.1346 0.7060*** 0.1125 -0.0843 0.0664
2008s 1.2630*** 0.1354 0.6854*** 0.1131 -0.0735 0.0669
2008a 1.2180*** 0.1438 0.6828*** 0.1203 0.0905 0.0803
2009s 1.3615%** 0.1362 0.6772%** 0.1153 0.0070 0.0688
2009a 1.7093*** 0.1286 0.9874** 0.1061 0.3114" 0.0518
2010s 2.0639** 0.1291 1.2625"** 0.1076 0.6708*** 0.0547
2010a 2.5414% 0.1297 1.6880*** 0.1094 1.1266%** 0.0580
2011s 2.8310%* 0.1282 2.0089*** 0.1075 1.3616"* 0.0543
2011a 2.7568*** 0.1297 1.8981*** 0.1098 1.4460** 0.0586
2012s 2.5319** 0.1360 1.8316"** 0.1221 1.1901*** 0.0706
2012a 2.3981*** 0.1356 1.7820*** 0.1167 1.5522%+* 0.0844
2013s 2.6978* 0.1335 1.9308*** 0.1181 1.4586*** 0.0662
2013a 2.6555%** 0.1370 1.7434% 0.1237 1.6879*** 0.0717
2014s 2.6223%* 0.1346 1.9391 0.1206 1.6128** 0.0686
2014a 2.5841% 0.1366 1.7879*** 0.1228 1.4346"** 0.0721
2015s 2.6356%** 0.1427 2.0247* 0.1401 1.5967*** 0.0850
2015a 2.0664** 0.1411 1.4134% 0.1406 1.0829*** 0.0835
2016s 2.3942%* 0.1413 1.7709*** 0.1419 1.3095*** 0.0844
2016a 2.4238%* 0.1395 1.6387*** 0.1361 1.3108*** 0.0807
Adjusted R? 0.5628 0.5042 0.9343
F-statistics 221.4017 68.9894 3197.5440
Included 8,218 2207 10,422
observations
Panel B. Annual bases

Hedonic model Repeat sales model Hybrid model
Variables Coefficient S.E. Coefficient SE. Coefficient SE.

() (2) 3) (4) (5 (6)
Constant 11.1804*** 0.1855 0.2946*** 0.0274 0.8303*** 0.1044
Dimension
Area 2.5603*** 0.0563 3.3257% 0.0630
Areq? -0.1957*** 0.0070 -0.2601*** 0.0079
Medium
Paper -0.0183 0.1310 7.3831%* 0.1153
Silk [Left out] [Left out]
Mounting
Album sheets [Left out] [Left out]
Folding fan -1.0383*** 0.1182 2.9726** 0.1162
Folding screen -0.7899*** 0.1613 2.5463*** 0.1719
Framed -0.6233*** 0.1106 3.3672% 0.1071

(Continued)
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Table 2. (Continued)

Panel B. Annual bases

Hedonic model Repeat sales model Hybrid model

Variables Coefficient S.E. Coefficient S.E. Coefficient S.E.
(1) (2) (3) (4) (5) (6)

Hand scroll -0.7345** 0.2134 3.5191** 0.2140
Hanging scroll -0.6452*** 0.1085 3.2086*** 0.1053
Type
Color 0.2293 0.0252 0.5766"* 0.0321
Ink [Left out] [Left out]
Auction houses
Beijing Hanhai -0.1308*** 0.0382 -0.2294** 0.0434
Beijing Kuangshi 0.0383 0.0442 0.2101*** 0.0464
Christie 0.1638*** 0.0441 0.2011** 0.0520
Guardian -0.0248 0.0291 -0.0318 0.0333
Poly -0.0942*** 0.0362 0.1427*** 0.0377
Sotheby 0.3179*** 0.0479 0.2057*** 0.0549
Others [Left out] [Left out]
Period
2000 - - - - - -
2001 -0.0602 0.1060 -0.8032*** 0.0995 -0.5917*** 0.0809
2002 -0.0417 0.0982 -0.8789*** 0.0915 -0.6344** 0.0706
2003 0.4928*** 0.0953 -0.3059*** 0.0834 -0.3568"** 0.0652
2004 0.8368*** 0.0838 0.1884*** 0.0656 -0.0765*** 0.0466
2005 1.3074*** 0.0847 0.6344*** 0.0683 0.2360*** 0.0534
2006 1.1205*** 0.0884 0.3623*** 0.0755 0.0407 0.0553
2007 1.1914** 0.0874 0.4632** 0.0752 0.0473 0.0545
2008 1.2572%* 0.0899 0.5248*** 0.0779 0.1621** 0.0576
2009 1.6070*** 0.0839 0.7106*** 0.0729 0.4024** 0.0484
2010 2.3057*** 0.0826 1.2671%** 0.0730 1.0831** 0.0488
2011 2.8075*** 0.0821 1.7245* 0.0748 1.6069*** 0.0498
2012 24723 0.0878 1.5805*** 0.0859 1.4689** 0.0589
2013 2.6892%** 0.0873 1.6269*** 0.0882 1.8006*** 0.0593
2014 2.6144% 0.0876 1.6307*** 0.0905 1.7620%** 0.0608
2015 2.3473% 0.0927 1.5074*** 0.1072 1.5384%** 0.0693
2016 2.4183* 0.0916 1.4931** 0.1056 1.5340*** 0.0681
Adjusted R? 0.5556 0.4098 0.9220
F-statistics 332.3532 96.7448 3977.9050
Included 8,218 2,207 10,425
observations

*indicates significance at the 10%, respectively.
**indicates significance at the 5%, respectively.

*kk

indicates significance at the 1%, respectively.

4.1.1. The mean squared error (MSE) based on an out-of-sample forecast

The first measure we adopt is the MSE based on an out-of-sample forecast. This procedure, proposed
by Goh et al. (2012), is simple to deal with and effective in examining the precisions of the price index
models.
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Specifically, for each price index model, we split its data-set into two sub-samples. The sub-sam-
ple 1 consists of 70% of the full sample and is used to compute the indices. The parameter estimates
obtained in the first sub-sample are then applied to the sub-sample 2, which involves the remaining
30% of the full sample and is used to forecast prices for each observation. In this way, there are two
sets of prices in the sub-sample 2: one is the forecast price, ¥, and the other is the actual price y. To
evaluate their relative precisions, we then use the standard forecast analysis statistics in terms of
the MSE for each price index model, which is represented by% 2?:1()7,. - y,.)z. In this equation, n de-
notes the number of observations used to forecast the price, ¥, is the forecast price for observation
i, and y,is the actual price of observation i. Since the MSE is combined with both the bias and the vari-
ance, a lower MSE value for a particular price index generally indicates a better accuracy.

Table 3 presents the estimated semiannual and annual MSEs for the three price index models,
respectively. It reveals that at both levels of time frequency, the repeat sales model generates the
lowest MSEs. However, Case and Szymanoski (1995) note that the fact that standard deviation of the
disturbance term in the repeat sales model smaller than those in the hedonic and hybrid models
could be explained for two reasons. One reason is that the pure random noise component of the
disturbance term is assumed to be positively related to the length of time elapsed between transac-
tions, which is likely to be smaller for the repeat sales model than for other two model. The other
reason is that the repeat sales model normally incorporates additional information on repeat trans-
actions that are ignored in the hedonic model. Therefore, it is probably that the smaller estimated
MSEs of the repeat sales model could be interpreted merely as a reflection of the smaller standard
deviation of the disturbance term rather than an evidence that the repeat sales model is more pre-
cise than other two models.

Additionally, although the hybrid model stands out as a relative accurate price index model in
most housing literatures (Jones, 2010; Goh et al., 2012; Quigley, 1995), that is not the case in our
study. Even if the hybrid model has the advantage of combing features of both the hedonic and re-
peat sales model, it yields the highest estimated MSEs at both levels of time frequency (1.5265 semi-
annual and 1.5554 annual), underperforming the other price index models. Biey and Zanola (2005)
also find that the standard deviation of the disturbance term of the hybrid model are higher than
those of the hedonic and repeat sales models when investigating the performance of Picasso prints
and attribute to the limited number of repeat sales in the sample. Similarly, our finding provides a
certain support to Meese and Wallace (1991), who argue that the hybrid model appears not to pro-
duce reliable estimates of the price indices. Figure 1 depicts the MSEs of the three models based on
an out-of-sample forecast at both semiannual and annual time frequencies, where the red line and
the blue line represent the forecast value and the standard error, respectively.

4.1.2. Correlation between actual and predicted values

The second measure commonly used as means of assessing price index models is the correlation
between actual and predicted values from econometric models, which provides a direct measure of
the reliability. Normally, a high correlation can be interpreted as an indication of little error in the
model, while a low correlation would indicate a large amount of error.

Table 3. Mean squared error (MSE) of the three models

Index models Index frequency

Semiannual Annual
Hedonic 1.1536 1.1619
Hybrid 1.5265 1.5554
Repeat sales 0.9497 1.0994
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Figure 1. The MSEs of the
hedonic, hybrid and repeat
sales models based on an out-
of-sample forecast at both
semiannual and annual time
frequencies.

Note: The red line and the blue
line represent the forecast
value and the standard error,
respectively.
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Table 4. Correlations between actual and predicted values of various models

Index models Index frequency

Semiannual Annual
Hedonic 0.5654 0.5572
Hybrid 0.9367 0.9223
Repeat sales 0.5116 0.4141

Table 4 presents the squares of the estimated correlation coefficients between actual and pre-
dicted values based on the hedonic, hybrid, and repeat sales models (ryzj,). As shown, the hybrid
model generates overwhelming higher correlations than the corresponding hedonic and repeat
sales models, demonstrating its more accurate prediction ability. Moreover, correlations of the three
price index models on the basis of semiannual frequency are slightly higher than those on the basis
of annual frequency, suggesting relative better predictions.

4.1.3. Width of a 95% confidence interval

The third measure used is the width of a 95% confidence interval, which reflects both the estimated
standard deviation of the disturbance term and the precision with which the individual parameters
of the model. In view of this, we calculate the estimated semiannual and annual price indexes along
with their corresponding 95% confidence intervals, which are reported in Table 5. Overall, the
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Table 5. Annual and semiannual prices indexes

Panel A. Semiannual price indexes

Hedonic model Repeat sales model Hybrid model

Period Index 95% C.I. Index 95% C.I. Index 95% C.I.

Low High Low High Low High
2000s 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
2000a 97.39 97.07 97.72 41.18 40.95 41.41 117.79 117.57 118.01
2001s 92.62 92.30 92.94 43.72 43.44 44.00 96.86 96.65 97.06
2001a 92.76 92.44 93.09 57.38 57.04 57.71 122.76 | 12251 | 123.02
2002s 106.24 105.90 106.58 58.58 58.26 58.90 113.45 113.26 113.64
2002a 81.88 81.61 82.15 35.23 35.03 35.44 96.26 96.07 96.44
2003s 213.51 212.07 214.97 95.29 94.15 96.45 119.89 119.24 120.54
2003a 159.72 159.25 160.18 83.11 82.73 83.50 134.99 134.83 135.16
2004s 203.66 203.08 20624 | 12714 | 12658 | 127.71 | 17461 | 17442 | 174.80
20040 257.11 256.38 257.85 | 150.88 | 150.20 | 151.56 | 176.19 | 17599 | 176.38
2005s 307.10 306.21 307.99 210.91 209.95 211.87 203.67 203.43 203.91
2005a 418.55 417.37 419.75 226.90 225.89 22791 24416 243.90 244.42
2006s 326.05 325.09 327.01 171.25 170.45 172.05 196.62 196.37 196.87
2006a 280.62 279.78 281.45 167.87 167.04 168.70 190.47 190.20 190.74
2007s 285.57 284.73 286.42 165.29 164.49 166.08 181.97 181.73 182.22
2007a 364.69 363.63 365.75 202.58 201.63 203.53 201.27 201.01 201.53
2008s 353.59 352.56 354.63 198.45 197.52 199.39 203.46 203.20 203.72
2008a 338.05 337.00 339.10 197.94 196.94 198.93 239.73 239.36 240.10
2009s 390.21 389.06 391.36 196.84 195.89 197.79 220.51 220.22 220.80
2009a 552.51 550.98 554.05 268.44 267.25 269.63 298.98 298.69 299.28
2010s 787.65 785.45 789.85 353.41 351.82 355.00 428.26 427.81 428.71
2010a 1269.78 1266.23 | 1273.35 540.86 538.39 543.33 675.61 674.86 676.36
2011s 1696.16 1691.47 | 1700.87 745.53 742.19 748.88 854.52 853.63 855.42
2011a 1574.89 1570.48 | 1579.31 667.31 664.26 670.37 929.80 928.75 930.85
2012s 1257.74 1254.05 | 1261.44 624.40 621.23 627.59 719.86 718.89 720.84
2012a 1100.23 1097.01 1103.46 594.17 591.28 597.07 | 1034.02 | 1032.35 | 1035.71
2013s 1484.70 1480.43 | 1489.01 689.50 686.11 692.91 941.57 940.38 942.77
2013a 142320 | 1419.00 | 1427.43 | 571.67 | 568.72 | 574.62 | 118427 | 1182.65 | 1185.91
2014s 1376.75 1372.75 | 1380.77 695.23 691.74 698.74 | 1098.54 | 1097.10 | 1099.99
2014a 1325.07 1321.17 | 1329.00 597.72 594.66 600.79 919.27 918.00 920.55
2015s 1395.15 1390.87 | 1399.48 757.37 752.96 761.81 | 1081.06 | 1079.30 | 1082.83
2015a 789.63 787.23 792.05 410.98 408.58 413.40 646.71 645.68 647.75
2016s 1095.91 1092.57 | 1099.27 587.58 584.12 591.07 811.19 809.88 812.51
2016a 1128.89 112549 | 1132.30 514.86 511.94 517.79 812.22 810.97 813.48

Panel B. Annual price indexes

Hedonic model Repeat sales model Hybrid model
Period Index 95% C.I. Index 95% C.L Index 95% C.L.
Low High Low High Low High
2000 100.00 100.00 100.00 100.00 100.00 | 100.00 | 100.00 100.00 | 100.00
2001 94.16 93.94 94.38 44.79 44.60 44.97 99.52 99.36 99.67
(Continued)
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Table 5. (Continued)

Panel B. Annual price indexes

Hedonic model Repeat sales model Hybrid model

Period Index 95% C.I. Index 95% C.I. Index 95% C.I.

Low High Low High Low High
2002 95.92 95.71 96.12 41.53 41.37 41.68 95.36 95.23 95.49
2003 163.69 163.35 164.03 73.65 73.39 73.90 125.87 125.72 126.03
2004 230.90 230.48 231.32 120.73 120.40 121.06 166.60 166.45 166.74
2005 369.65 368.98 370.33 188.59 188.05 189.13 227.70 227.47 22793
2006 306.64 306.05 307.23 143.66 143.21 14411 187.31 187.11 187.50
2007 329.17 328.55 329.80 158.92 158.42 159.42 188.55 188.35 188.75
2008 351.54 350.86 352.22 169.02 168.47 169.57 211.48 211.25 211.72
2009 498.78 497.88 499.69 203.51 202.89 204.13 268.93 268.68 269.18
2010 1003.15 1001.36 | 1004.94 355.06 353.98 356.14 531.19 530.70 531.69
2011 1656.89 1653.96 | 1659.84 560.98 559.23 562.73 896.93 896.08 897.79
2012 1184.93 1182.68 | 1187.18 485.75 484.01 487.50 781.30 780.42 782.19
2013 1472.02 1469.25 | 1474.81 508.79 506.92 510.66 | 1088.62 | 1087.38 | 1089.86
2014 1365.92 | 1363.34 | 1368.51 510.75 508.83 512.68 | 1047.36 | 1046.14 | 1048.59
2015 1045.71 1043.62 1047.81 451.49 449.48 453,51 837.53 836.41 838.64
2016 1122.69 1120.47 | 1124.92 44511 443.15 447.07 833.86 832.77 834.95

Note: C.I. refers to the confidence interval.

hedonic, hybrid, and repeat sales models show a similar trend in Table 5: there has been a noticeable
increase from the year 2000 to 2011, and then followed by a strongly fluctuation till 2016. Such situ-
ation could also be demonstrated in Figure 2, which presents the indices constructed with three
models at the annual and semiannual time levels, respectively. Figure 2 reveals that in general, the
patterns of three indices seem almost alike, although the repeat sales index always tracks below the
hedonic and the hybrid indices at different time levels.

To make the estimate efficiency comparison across models much clearer, Figure 3 plots the 95%
confidence interval for each model around a constant index value of unity. The dashed lines, dotted
lines, and continuous lines represent the 95% confidence intervals (the level of price volatility) esti-
mated from the hedonic model, the repeat sales model and the hybrid model, respectively. In line
with our expectation, for both time levels, the hybrid model provides the narrowest confidence inter-
val among three models. This result, combined with the result of the correlation between actual and
predicted values, suggests that the hybrid model to some extent provide the most efficient esti-
mates, which confirms the findings by Biey and Zanola (2005) and Fogarty and Jones (2011).

4.2. Evaluations of three price index models

Besides the estimate efficiency, we also compare different returns evaluated by different models. In
general, the estimated return on art varies with data, methodology, and the time period under con-
sideration (Ashenfelter & Graddy, 2003). Specifically, an important difference between the repeat
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Figure 2. Annual and Semiannual hedonic, repeated sales and hybrid models
index
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sales model and others is that the repeat sales model relies on only a subset of transactions and the
utilized sample has been relatively small and selective, which may have a significant impact on the
return estimates. Table 6 presents the estimated returns for the three price index models during the
period 2000 to 2016. The highest return has been achieved by the hedonic model, which yields
0.0734 semiannually and 0.1511 annually. The return differences between the hybrid model and the
hedonic model are not distinct, which the former is on average 13% lower than the latter in both
time levels. The repeat sales model performs the worst, obtaining the lowest estimated returns and
the highest risk at both time levels. By contrast, the hybrid model provides the lowest estimated
volatility even at different time levels, notably surpasses all other models. This result somewhat
contradicts the finding of Renneboog and Spaenjers (2013), which argues that, with respect to
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Figure 3. Semiannual and
annual comparisons of model
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artworks, the hedonic model has found somewhat lower returns than the repeat sales model.
Considering that only part of Qi baishi’s artworks appear in the art market more often, those art-
works with high appreciation and esthetic value by the collectors may be transacted infrequently.
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Table 6. Annual and semiannual returns

Panel A. Semiannual returns

Hedonic model Repeat sales model Hybrid model
Period Index Returns Index Returns Index Returns
2000s 100.00 - 100.00 - 100.00 -
2000a 97.39 -0.0264 41.18 -0.8872 117.79 0.1637
2001s 92.62 -0.0503 43.72 0.0598 96.86 -0.1957
2001a 92.76 0.0016 57.38 0.2718 122.76 0.2370
2002s 106.24 0.1356 58.58 0.0208 113.45 -0.0789
2002a 81.88 -0.2604 35.23 -0.5084 96.26 -0.1643
2003s 21351 0.9585 95.29 0.9950 119.89 0.2195
2003a 159.72 -0.2903 83.11 -0.1367 134.99 0.1187
2004s 203.66 0.2430 127.14 0.4251 174.61 0.2573
2004a 257.11 0.2331 150.88 0.1712 176.19 0.0090
2005s 307.10 0.1777 21091 0.3349 203.67 0.1449
2005a 418.55 0.3096 226.90 0.0731 244.16 0.1813
2006s 326.05 -0.2498 171.25 -0.2814 196.62 -0.2165
2006a 280.62 -0.1501 167.87 -0.0200 190.47 -0.0318
2007s 285.57 0.0175 165.29 -0.0155 181.97 -0.0456
2007a 364.69 0.2446 202.58 0.2034 201.27 0.1008
2008s 353.59 -0.0309 198.45 -0.0206 203.46 0.0108
2008a 338.05 -0.0450 197.94 -0.0026 239.73 0.1641
2009s 390.21 0.1435 196.84 -0.0056 22051 -0.0836
2009a 552.51 0.3478 268.44 0.3102 298.98 0.3044
2010s 787.65 0.3546 353.41 0.2750 428.26 0.3593
2010a 1269.79 0.4776 540.86 0.4255 675.61 0.4559
2011s 1696.16 0.2895 745.53 0.3209 854.52 0.2349
2011a 1574.89 -0.0742 667.31 -0.1108 929.80 0.0844
2012s 1257.74 -0.2249 624.40 -0.0665 719.86 -0.2559
2012a 1100.23 -0.1338 594.17 -0.0496 1034.02 0.3622
2013s 1484.71 0.2997 689.50 0.1488 941.57 -0.0937
2013a 1423.21 -0.0423 571.67 -0.1874 1184.27 0.2293
2014s 1376.75 -0.0332 695.23 0.1957 1098.54 -0.0752
2014a 1325.08 -0.0383 597.72 -0.1511 919.27 -0.1782
2015s 1395.17 0.0515 757.37 0.2367 1081.06 0.1621
2015a 789.63 -0.5692 410.98 -0.6113 646.71 -0.5138
2016s 1095.91 0.3278 587.58 0.3575 811.19 0.2266
2016a 1128.89 0.0297 514.86 -0.1321 812.22 0.0013
Mean 0.0734 0.0497 0.0635
SE. 0.2787 0.3386 0.2112
Panel B. Annual returns
Hedonic model Repeat sales model Hybrid model
Period Index Returns Index Returns Index Returns
2000 100.00 - 100.00 - 100.00 -
2001 94.16 -0.0602 4479 -0.8032 99.52 -0.0048
(Continued)
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Table 6. (Continued)

Panel B. Annual returns

Hedonic model Repeat sales model Hybrid model

Period Index Returns Index Returns Index Returns
2002 95.92 0.0185 41.53 -0.0756 95.36 -0.0427
2003 163.69 0.5345 73.65 0.5730 125.87 0.2776
2004 230.90 0.3440 120.73 0.4943 166.60 0.2803
2005 369.65 0.4706 188.59 0.4460 227.70 0.3125
2006 306.64 -0.1869 143.66 -0.2721 187.31 -0.1953
2007 329.17 0.0709 158.92 0.1010 188.55 0.0066
2008 351.54 0.0657 169.02 0.0616 211.48 0.1148
2009 498.78 0.3499 203.51 0.1857 268.93 0.2403
2010 1003.15 0.6987 355.06 0.5566 531.19 0.6807
2011 1656.89 0.5018 560.98 0.4574 896.93 0.5239
2012 1184.93 -0.3353 485.75 -0.1440 781.30 -0.1380
2013 1472.02 0.2170 508.79 0.0463 1088.62 0.3317
2014 1365.92 -0.0748 510.75 0.0039 1047.36 -0.0386
2015 1045.71 -0.2671 451.49 -0.1233 837.53 -0.2236
2016 1122.69 0.0710 44511 -0.0142 833.86 -0.0044
Average 0.1511 0.0933 0.1326

S.E. 0.3068 0.3617 0.2584

For this reason, it is possible that the return estimates derived from the repeat sales model might be
lower than those obtained using other models.

5. Conclusions

In this paper, we review both the advantages and disadvantages of the hedonic, hybrid and repeat
sales models and apply a series of techniques to examine their performances in the Chinese paint-
ings market by analyzing the artworks of Qi Baishi over the period 2000-2016. Applying the mean
squared error (MSE) technique, the result shows that the repeat sales model outperforms alternative
models. However, according to the correlations and width confidence intervals, the hybrid model
provides the most efficient estimates, making it a more attractive approach for measuring price
changes in the Chinese paintings market. Additionally, the empirical result reveals that, the repeat
sales model gives the lowest estimated returns as well as the highest volatility among three models.
Our findings, not only have important implications in identifying the accuracy of index models, but
also provide a certain supplement to art investment studies.

It is worth noting that there exist some limitations in our paper. Although the hybrid model has
the best explanatory power in terms of correlations and width confidence intervals, it ranks the
worst in the MSE measure. In other words, none of the price index models seems to be consistently
superior accurate to the others. Apart from the data used in our paper, absence of a convincing
proxy for measuring index accuracy and pooling data together across time may also result in such
inconsistency (Ansah, 2013). We fully expect that, in further studies, there would be a methodology
demonstrated to provide more accurate and robust estimations in the price index construction and
be applied in more general settings.
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