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General Introduction 

 

The growth of art markets reflects the cultural evolution of societies, but art prices are also 

strongly related to the accumulation and concentration of wealth and economic development. 

As such, the evolution of the art market also goes hand in hand with art as an investment 

because art has a dual nature: it not merely yields an ‘aesthetic divided’ derived from the 

ownership of these ‘passion’ investments or collectibles, but it is also expected to be a store of 

value and yield positive financial returns when traded. The growing importance of studies 

about art as an investment since the 20th century and especially over the past 30 years, 

demonstrates this increasing interest in the financial performance of the art market. Art is an 

important alternative asset class and high-net-worth individuals (HNWIs) hold on average 9% 

of their investment portfolios in art and other types of collectibles (such as Bordeaux wines, 

classic cars, superior watches, etc.). The total value of collectibles held by HNWIs is estimated 

at more than USD 4 trillion (Deloitte, 2016). Purchases of art through auction houses and 

internet-auctions have been growing rapidly over the past two decades (Deloitte, 2016) and 

global art sales are estimated to have exceeded USD 63 billion in 2018 (Art Basel, 2018).  

The finance/economics literature has focused on the risk-return relationship of art, its 

macro-economic market drivers, sentiment and hypes, supply shocks, and behavioural 

anomalies such as anchoring or over-extrapolation. The art market is opaque (sellers and 

buyers are unknown in the auction market), illiquid (one cannot sell a work of art continuously 

as auctions are only sporadically organized), unregulated (there are no regulations imposed 

by the government or supervisory body), and prone to fraud (it is rumoured that 40% of the 

modern and contemporary art market consists of fakes and forgeries). This raises a fundamental 
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question about which the broad art literature has had little to say: how is trust enhanced in this 

type of market? What type of information needs to be provided and which safe-guards need to 

be built-in in order to stimulate trust and guarantee a smoothly functioning art market? 

To understand the fundamental aspects of how the art market functions, this dissertation 

employs very large samples of auctioned art around the world and studies: which artist traits, 

art object characteristics and transaction characteristics have determined art prices over the past 

sixty years in Chapter 1; how does the provision of provenance information on an art object 

induces trust and affects sales, prices, risk, and returns of art in Chapter 2; how do art 

investments fare in times of crises, both political (such as wars) and economic ones (recessions, 

energy shocks), by tracing the long-term performance of the UK art market over more than a 

century in Chapter 3. 

Chapter 1, Pricing Art and the Art of Pricing: On Returns and Risk in the Art Auction 

Markets, studies the price determinants and investment performance of art by means of two 

million auction transactions around the world in modern auction markets, over the past sixty 

years. This chapter studies the price determinants and investment performance of art by means 

of two million auction transactions around the world in modern-day auction markets, over the 

past sixty years. Using hedonic pricing regressions, quantile regressions, adjacent period 

models, and repeat sales models, the results show that art has appreciated in value with a real 

(nominal) annual return of 2.49% (6.24%). This chapter concludes that higher art returns are 

reached for paintings at high-end of the price distribution, for oil and acryl paintings, for more 

recent art movements such as Minimalism & Contemporary, Pop, and Abstract Expressionism, 

for UK sales, for transactions by the most reputable auction houses, for paintings sold in the 

international auction market, and for those works of art created in the late phase of artists’ 

career cycle. The risk-return tradeoff of paintings outperforms that of sculptures but 

underperforms that of other passion investments such as investment-grade white diamonds, 
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classic cars, premier cru red Bordeaux wines, stamps, and fine violins (although a direct 

comparison is difficult considering different time periods studied, sales locations, and sample 

sizes). Relative to the traditional financial assets, paintings’ Sharpe ratios are below those of 

stocks, corporate and government bonds, and gold but they outperform those of commodity 

and real estate. As art returns exhibit negative correlations with those of stocks and bonds, art 

has diversification benefits and enters with a positive weight in optimal investment portfolios. 

This chapter shows that portfolios including art investments maximize a portfolio’s Sharpe 

ratio. When eight assets are considered in the investment universe (S&P 500 stocks, global 

government bonds, Dow Jones corporate bonds, treasury bills, gold, US real estate, global 

commodities, and paintings), the optimal portfolio comprises 47.2% of Dow Jones corporate 

bonds, 26.7% of S&P 500 stocks, and 16.7% of gold, with paintings entering the portfolio at 

9.5%.  

Compared with previous literature, Chapter 1 is based on a much larger data span with a 

longer time window (including the most recent financial crisis that started in 2008) and a 

broader set of auction observations (including those from emerging markets). It provides a 

detailed analysis of subsamples determined by art schools and movements, price and market 

segmentation, etc., which enables us to have a panoramic picture of the art market over the past 

sixty years and provides insights in the recent art market performance since the Great Recession 

(2008-onwards). Any results about the raw risk-return tradeoff of art investments should be 

interpreted with caution due to the high transaction costs and risk of art (discussed in detail 

below). 

In Chapter 2, In Art We Trust, I examine the role of authenticity, as captured by the 

provenance information, on the sales probability of auctioned paintings, their price formation 

and returns. Trust is key for any type of market, but particularly so for illiquid, opaque, and 

largely unregulated markets, such as the art market. A lack of trust undermines sales and prices, 
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which is worsened when it is rumored that fakes and forgeries circulate in the art market. 

Therefore, guarantees about the authenticity of an art object are pivotal in creating trust, and 

the provision of provenance can be a (partial) solution by emitting a signal about the art’s 

authenticity. Provenance comprises records of ownership or pedigree, exhibition history, 

literature coverage, and certification, all of which capture the artwork’s authenticity and could 

enhance trustworthiness of the object offered for sale. For example, if there is evidence that a 

painting was purchased from the artists or his family, from a first buyer who has held the 

painting in his family for generations, or from famous collectors, and if there are corroborating 

documents, potential buyers caution will be attenuated. Textual analysis is applied to about 2 

million auction catalogues and I dissect the provenance information into tens of dimensions. 

The results show that provenance information increases sales probability by up to 4%, leads to 

price premiums up to 54%, and increases annualized returns by 5% to 16%. 

To address the potential endogeneity concern of provenance in relation to the sales decision, 

I examine subsamples of ‘exogenous’ sales which I expect to be less affected by past price 

trends (e.g., sales following the death of collectors). A second type of endogeneity is embedded 

in the decision to offer provenance, which may be affected by recent price increases of the 

painting (in case of a repeat sales) or of similar paintings (e.g., by the same artists or school), 

as well as by higher expected prices as proxied by price estimates. To address the concern of 

reverse causality in the relationship between past prices and changes in provenance, I run a 

two-staged regression on repeat sales to control for changes in provenance induced by past high 

prices, exploit Christie’s policy change in the provision of provenance information as a quasi-

natural experiment in a Difference-in-Differences setting, and also study the provenance effects 

for artists affected by the discoveries of fakes and forgeries. These attempts to address 

endogeneity issues yield results similar to the results of our baseline models. Chapter 2 uses 

original datasets and confirms that provenance information is an important factor corroborating 
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an art work’s authenticity and creating trust in art markets as reflected in sales, prices, and 

returns. The provenance pricing factors can be applied in practice for auction houses and 

investors and the textual analysis approach can also be used to other opaque and illiquid 

markets such as real estate and emotional collectibles. 

Chapter 3, Art in Times of Crisis, provides a detailed overview of the evolution of the 

British art market over more than a century, covering the Pre-War Period (1907-1913), World 

War I (1914-1918), the Interbellum and the Great Depression (1919-1939), World War II 

(1939-1945), the Bretton Woods Period (1944-1973) and the Post-Bretton Woods Era (1974-

2016). By constructing the price index from 1908 to 2016, this chapter shows that the British 

art price index expanded more than seven-fold in real terms. Over the whole sample period of 

110 years, the arithmetic annual real return amounts to 3.60% and risk to 20.09%. Maybe 

unexpectedly, art returns during WWII were high (with modest volatility). The art market 

strongly outperformed equity investments during war times, such that art could be regarded as 

a hedge against strong uncertainty. In wartimes, investment opportunities were restricted and 

under such circumstances art were an appealing alternative investment. However, in economic 

and financial cries the art market underperformed the equity market. I also provide cross 

sectional details by size, movements, liquidity, price quantiles, and artist nationality. 

Despite this large literature and the common assertion that art may be viewed as a safe-

haven investment, the performance of the art in times of crisis has hardly been investigated. 

This chapter fills this gap by means of original micro-level data, and provides cross-sectional 

details of art investment performances in UK. This chapter shows that the motives for 

purchasing art may thus vary over time with the changes of economic and political conditions. 

To the best of my knowledge, this paper is the first to focus on art markets over the long run 

with a large sample of cross-sectional details focusing on major crises. 

 



PRICING ART: RETURNS, TRUST, AND CRISES 

 

10 

 

The financial performance of art, art pricing factors, and the long-term performance of art 

markets across various economic and political conditions have been studied in these three 

chapters. Though art as an investment to diversify the portfolio and hedge against uncertainty 

is supported by the empirical results in these chapters, the question emerges as to whether it is 

worthwhile to include art in the investment portfolio and how to make such an investment in 

practice. The transaction costs of trading in art market are high; auction houses charge to the 

buyer a “premium” and to the seller a “commission” which on average amounts to 25% of the 

hammer price for a round trip investment. In addition, the costs related to insurance and storage 

further lower the return on art as an investment. Consequently, the conclusions about art as an 

investment should be interpreted with caution by investors with a short investment horizon. 

The high transaction costs in art market (relative to those of traditional financial markets) 

can be explained by the following aspects. First, with exception of the market for prints, art 

objects offered for sale are unique pieces, the value of which is determined by the 

characteristics of the art object (such as topic, medium, artist reputation) but also by subjective 

non-monetary ownership utility, and by the resale option value that is affected by demand 

factors (such as wealth concentration, equity market evolution, income inequality, or changes 

in art-collecting audiences). This implies that pinpointing the ‘fundamental’ value of an art 

object is much more difficult than in markets of standardized financial assets, which increases 

the costs associated with investing in art. Second, in contrast to the considerable amount of 

information generated about corporations with traded equity and debt, the art market is opaque 

and illiquid. Prices may also be slow to reflect changing valuations as the lack of short selling 

induces delays the incorporation of negative information into prices and a decision to sell a 

painting may take long to be executed as the right type of auction may not be available for a 

specific type of art. Third, the secondary art market comprises thousands of intermediaries 

(auction houses, dealers) around the world and is not regulated. Problematic in the art world is 
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also that fakes and forgeries are occasionally discovered, which may erode trust, reduce market 

participation and lead to lower valuations (Bocart and Oosterlinck, 2011).  

The additional difference of art with other financial assets is that art serves a dual purpose 

for the investor as it combines both investment characteristics and consumption features that 

yield an aesthetic dividend and, in some cases, a ‘conspicuous consumption’ dividend if 

owning an artwork enables investors to show off and enhance their social status (Mandel, 

2009). These various functions of art – investment, consumption good, and status object – 

induces heterogeneity in the beliefs about the value of a piece of art (Lovo and Spaenjers, 2018; 

Pénasse, Renneboog and Scheinkman, 2021). Goetzmann, Renneboog, and Spaenjers (2011) 

investigate how equity returns, the personal income of the wealthiest part of the population, 

and income inequality determine the price of art. They find cointegrating relationships between 

top incomes and art prices, which supports the Veblenian view of art as an instrument of social 

competition among the very rich. If the art is bought as a source of pleasure, the investor can 

consume nonpecuniary dividends to justify the relatively low financial returns of art. Likewise, 

in most cases, the returns of art investments are too low for investors not deriving substantial 

aesthetic returns from art ownership.  

Besides high transaction costs, there are various sources of investment risks including the 

volatility of returns, changes in aesthetic tastes and wealth patterns, the existence of fads and 

bubbles, the danger of forgeries and frauds, and the problems associated with indirect 

investment (Dimson and Spaenjers, 2014). Pownall (2014) classifies three types of risks when 

investing in a financial art fund: operational risk of the fund (such as the lack of regulation and 

the opaque nature of any information on investments), the overall market risk and the liquidity 

risk (a forced sale in bad times can result in a big loss), which may explain why there have 

been so many failures in the art fund industry. From the participants’ perspective, 

Christopherson (2014) characterises art market risk as property risks (which relate directly to 
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the nature of the individual items bought and sold), legal and regulatory issues (which govern 

the market and market processes) and financial and market risks (including the state of the 

market in response to the wider economic environment, external regulatory factors and the 

structure of the market in terms of its participants and its processes). The straightforward 

approach for evaluating the risk of art investments is to take the standard deviation of (index) 

returns. However, the standard deviation can underestimate the true volatility because of 

illiquidity and positive autocorrelation induced by the construction of an art index. I addressed 

the issue by unsmoothing art returns. 

The motives for purchasing art may thus vary across individual investors and over time 

with the changes in economic and political conditions. The pricing factors of art assets and the 

functioning of the art market is much more complex comparing with the traditional financial 

markets, which makes investing in art in practice challenging. The heterogeneity of art and the 

opaqueness of the market make it not possible to simply buy the art price indices (as a 

portfolio), which implies that one needs to diversify a portfolio of artworks more than that of 

equities. To make an art investment decision, one needs to take into account the high 

transactions costs (especially when the holding period is short), the (underestimated) volatility 

and other categories of risks such as the changes in the salability of art due to changes in taste 

by art lovers, and fads, and the vulnerability to fraud. From a financial investment perspective, 

art as an investment may only be optimal for high-net-worth individuals who already own a 

broad diversified portfolio across financial assets, have a relatively long investment horizon, 

and can bear the illiquidity of art especially in bad times. To compensate for the less attractive 

risk-return tradeoff of art, art-buying investors should be able to enjoy an aesthetic or status-

induced return of owning art. 

The art world presents a remarkable story of change and growth. New formats of 

transactions such as the non-fungible tokens (NFTs) are breaking the current ecosystem and 
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equilibrium of the traditional art market. There is still sample scope for future research; one 

can study additional art price and return determinants, the impact of online art auctions, the 

emergence non-fungible tokens (NFTs) which still embed a lot of uncertainty and risks as well 

as potential (if they are to last), changes of tastes over the past century by comparing other art 

markets (such as the French) with the UK one studied in this dissertation, the pricing of art in 

emerging markets, etc. 

 

 

 

References  

Art Basel, 2018, Global Art Market Report, Art Basel and UBS, Basel.  

Bocart, F., & Oosterlinck, K. (2011). Discoveries of fakes: Their impact on the art 

market. Economics Letters, 113(2), 124-126. 

Christopherson, T. (2014). Art market risk and complexity: An insider's view. Risk and 

uncertainty in the art world, 47-66. 

Deloitte Luxembourg and ArtTactic. 2016. Art & Finance Report 2016.  

Dimson, E., & Spaenjers, C. (2014). Investing in emotional assets. Financial Analysts 

Journal, 70(2), 20-25. 

Goetzmann, W. N., Renneboog, L., & Spaenjers, C. (2011). Art and money. American 

Economic Review, 101(3): 222-226. 

Lovo, S., and Spaenjers, C. (2018). A model of trading in the art market. American Economic 

Review, 108(3): 744-74. 

Mandel, B. R. (2009). Art as an investment and conspicuous consumption good. American 

Economic Review, 99(4), 1653-63. 

Pénasse, J., Renneboog, L., and Scheinkman, J. (2021). When a master dies: Speculation and 

asset float. Review of Financial Studies, forthcoming. 

Pownall, R. A. (2014). Art price risk, emotional and aesthetic value. Risk and uncertainty in 

the art world, 165-85. 

 

 

 



14 

 

 

Contents 

 

Acknowledgments....................................................................................................................1 

General Introduction...............................................................................................................5 

1 Pricing Art and the Art of Pricing: On Returns and Risk in the Art Auction Markets 

1.1 Introduction.....................................................................................................................18 

1.2 Methodology and Data....................................................................................................22 

1.2.1 Methodology..........................................................................................................22 

1.2.2 Data........................................................................................................................27 

1.3 Art Price Indices..............................................................................................................31 

1.3.1 Baseline Price Indices............................................................................................31 

1.3.2 Quantile Price Indices............................................................................................33 

1.3.3 Art Medium............................................................................................................34 

1.3.4 Art Movements......................................................................................................35 

1.3.5 Art Market Geography...........................................................................................37 

1.3.6 Auction House Type..............................................................................................38 

1.3.7 Artist Nationality...................................................................................................39 

1.3.8 Local and International Markets............................................................................40 

1.3.9 Artists’ Career Cycles............................................................................................42 

1.4 Returns and Risk of the Art Market................................................................................43 

1.4.1 An Overview of Returns and Risk........................................................................43 

1.4.2 Art Returns by Subsample.....................................................................................45 

1.4.3 Comparison with Financial Assets and Other Alternative Investments................47 



CONTENTS 

 

 

 

15 

1.5 Conclusion.......................................................................................................................51 

References.............................................................................................................................54 

Tables....................................................................................................................................57 

Figures...................................................................................................................................72 

Appendix...............................................................................................................................78 

Online Appendix...................................................................................................................88 

2 In Art We Trust 

2.1 Introduction.....................................................................................................................96 

2.2 Data and Methodology..................................................................................................100 

2.2.1 Data and Variables...............................................................................................100 

2.2.2 Methodology........................................................................................................107 

2.3 Empirical Results...........................................................................................................110 

2.3.1 Provenance Effects and Sales Probability............................................................110 

2.3.2 Provenance Effects and Hammer Prices..............................................................113 

2.3.3 Price Expectations, Anchoring and Valuation Uncertainty.................................115 

2.3.4 Addressing Reverse Causality Between Past Prices and Provenance Changes...116 

2.3.5 Provenance Effects and Returns for Repeat Sales Transactions..........................119 

2.3.6 Robustness Tests..................................................................................................120 

2.4 Further Endogeneity Issues...........................................................................................121 

2.4.1 Exogenous Sales Decisions..................................................................................123 

2.4.2 Provenance Policy Change..................................................................................124 

2.4.3 Discoveries of Fakes and Forged Paintings.........................................................125 

2.5 Conclusion.....................................................................................................................128 

References...........................................................................................................................131 

Tables..................................................................................................................................132 



PRICING ART: RETURNS, TRUST, AND CRISES 

 

16 

 

Appendix.............................................................................................................................141 

3 Art in Times of Crisis 

3.1 Introduction...................................................................................................................165 

3.2 The Literature................................................................................................................168 

3.3 Data and Methodology..................................................................................................170 

3.3.1 Data......................................................................................................................170 

3.3.2 Methodology........................................................................................................174 

3.4 The Evolution of Art Prices over Time.........................................................................180 

3.4.1 Pre-War Period (1907-1913)................................................................................181 

3.4.2 World War I (1914-1918)....................................................................................182 

3.4.3 The Interwar Period and the Great Depression (1919-1939)...............................183 

3.4.4 World War Ii (1939-1945)...................................................................................185 

3.4.5 Bretton Woods (1944-1973)................................................................................187 

3.4.6 Post-Bretton Woods Era (1974-2016).................................................................191 

3.5 Art Returns and Crises...................................................................................................195 

3.5.1 Art in Times of Economic and Financial Crises..................................................197 

3.5.2 Art in War Times.................................................................................................198 

3.6 Conclusion.....................................................................................................................201 

References...........................................................................................................................203 

Figures.................................................................................................................................207 

Tables..................................................................................................................................210 

Appendix.............................................................................................................................224 

Online Appendix.................................................................................................................231 

 



17 

 

 

Chapter 1 

Pricing Art and the Art of Pricing: 

On Returns and Risk in the Art Auction Markets 

 

 

ABSTRACT 

This paper studies the price determinants and investment performance of art based on a sample 

of more than two million auction transactions around the world over the past sixty years. Using 

hedonic pricing regressions, quantile regressions, adjacent period models, and repeat sales 

models, we show that art has appreciated in value with a real (nominal) annual return of 2.49% 

(6.24%). Higher art returns are reached for paintings at high-end of the price distribution, for 

oil paintings (relative to watercolors), for more recent art movements such as Minimalism & 

Contemporary, Pop Art, and Abstract Expressionism, for transactions by the most reputable 

auction houses, and for those created in the late phase of artists’ career cycles. The risk-return 

tradeoff of paintings outperforms that of sculptures but underperforms that of other passion 

investments such as investment-grade white diamonds, classic cars, premier cru red Bordeaux 

wines, stamps, and fine violins. Relative to more traditional financial assets, paintings’ Sharpe 

ratios are below those of stocks, corporate and government bonds, and gold but outperforms 

commodities and real estate. As art returns exhibit negative correlations with those of stocks 

and bonds, art has diversification benefits and enters with a positive weight of 9.5% in optimal 

investment portfolios.  
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1.1 Introduction 

On a regular basis, art news regarding a new price record catches our attention. The most 

striking example was that of Leonardo da Vinci’s Salvator Mundi, which was sold by Christie’s 

for USD 450.3 million in November 2017 after 20-minute fierce bidding. This auction broke 

the previous world auction record of USD 300 million for the painting Interchange by Willem 

de Kooning, which only stood for 14 months. In addition to the baffling amount of money paid 

for Salvator Mundi, the return made on the painting are substantial. The painting had only been 

authenticated as a bona fide –although doubts remain – Leonardo da Vinci in the beginning of 

21st century and had previously been auctioned for GBP 45 by Sotheby’s London in 1958. Such 

prices and returns raise financial questions as to whether investing in art generally yields 

superior returns, what determines the price of paintings, what is the risk-return tradeoff in 

modern art markets, and whether art belongs in a diversified investment portfolio? 

The modern art market has been growing very quickly from a market dominated by 

European auction houses until the 1950s to a global market with more than 30,000 auction 

houses around the world which have auctioned artworks created by more than 150,000 artists 

over the past half century. The global art sales are estimated to have exceeded USD 63 billion 

in 2018 and within the art markets the by far dominant one is the market for paintings (Art 

Basel, 2018). For this study we collect almost three million auction transactions of paintings 

over the period 1957-2016 and we apply several methodologies to calculate price index series. 

In our hedonic pricing models, the variables include artist reputation, physical characteristics 

of the painting (such as size, medium, signed and dated), provenance (pedigree, exhibition 

history, literature, and certification), and transaction characteristics (auction house (branch), 

seasonality, etc.). We verify the size of the returns derived from the price index by means of 

three-stage weighted least-square repeat sales regressions, adjacent-period hedonic regressions, 

and quantile regressions. Our results show that artist reputation, attribution, authenticity 
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(signed, dated), medium, size, topic, provenance information, and the timing and location of 

the sale are all significantly affect the hammer prices. The coefficients of the time dummies 

enable us to construct a price index. Constant-quality art prices increased annually by a 

moderate 2.49% (6.24%) in real (nominal) USD over the period 1957-2016. Our results are 

lower than those reported by Goetzmann (1993), Mei and Moses (2002), Renneboog and 

Spaenjers (2013), Spaenjers, Goetzmann, and Mamonova (2015), and Korteweg, Kräussl, and 

Verwijmeren (2016) but higher than Pesando (1993). An important reason is that Goetzmann 

(1993), Mei and Moses (2002), and Spaenjers, Goetzmann, and Mamonova (2015) use 

selective samples comprising only the higher-end artworks and are thus less representative for 

the whole art market. In order to comprehend the price fluctuations in modern art auction 

markets, we examine the investment performance over different holding periods including 

bubble and bust periods, as well as for various subsamples based on a stratification of price 

levels, for samples based on the medium (oil and acryl paintings, watercolors and gouaches, 

and drawings), for art movements, for transactions by auction house reputation, for transactions 

categorized by artists’ nationalities, for art market segments (local versus international), and 

for paintings created in the various phases of artists’ career cycles. We find that both returns 

and risk in the first three decades of our sample period (1957-1986) exceed those in the 

subsequent three decades (1987-2016). Returns and risk are also higher for oil and acryl 

paintings (relative to those of watercolors and drawings), for more recent art movements (e.g., 

Minimalism & Contemporary, Pop, and Abstract Expressionism), for auctions organized by 

the big four auction houses (Sotheby’s, Christie’s, Bonhams, and Phillips), for transactions on 

the international art auction market, and for paintings created in the last phase of an artist’s 

career cycle. 

Investments in paintings outperform alternative investments in sculptures, but 

underperform investments in other types of collectibles or passion goods such as investment-
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grade white diamonds, classic cars, premier cru red Bordeaux wines, stamps and fine violins. 

The return by unit of risk of art investments is lower than that of equities, corporate bonds and 

gold but exceeds that of global commodities and US real estate. As the correlations between 

paintings on the on the one hand and stocks and bonds on the other are negative, we study 

whether investments in paintings contribute to optimal portfolio allocation. The academic 

finance literature has focused on the art performance (Mei and Moses, 2002; Renneboog and 

Spaenjers, 2013; Korteweg, Kräussl, and Verwijmeren, 2016; Lovo and Spaenjers, 2018), its 

financial and macro-economic market drivers such as equity market evolution and income 

inequality (Goetzmann, Renneboog, and Spaenjers, 2011), sentiment and hypes (Pénasse, 

Renneboog, and Spaenjers, 2014), gender biases (Adams, Kräussl, Navone, and Verwijmeren, 

2017; Bocart, Gertsberg, and Pownall, 2017; Cameron, Goetzmann, and Nozari, 2019), 

behavioral anomalies such as anchoring (Beggs and Graddy, 2009; Graddy et al., 2015), art 

market bubbles (Pénasse and Renneboog, 2021) and artists’ death as a supply shock (Pénasse, 

Renneboog, and Scheinkman, 2021). 

While an art investment is expected to yield a combination of a monetary return and 

unobservable emotional value (an aesthetic dividend derived from ownership rights), this paper 

focuses only on the financial performance of art. In line with Ashenfelter and Graddy (2003), 

we note that the estimated returns on art vary with samples, methodology to calculate price 

indices, and sample period. The early studies used simple estimation methods without 

controlling for quality (Stein, 1977; Baumol, 1986; Frey and Pommerehne, 1989).1 More recent 

studies use either hedonic regressions or repeat sales regressions to estimate the price 

 
1 Stein (1977) considers the auctioned objects each year as a random sample of the underlying stock of art (by 

deceased artists) and constructs an index based on the yearly average transaction price. Baumol (1986) and Frey 

and Pommerehne (1989) calculate the geometric mean return on works that sold at least twice during the 

considered time frame. 
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movements of art and other illiquid assets (such as real estate etc.). The benefit of using hedonic 

models is that one then controls for quality changes in the transacted goods by attributing 

implicit prices to their utility-bearing characteristics. In the commonly used time-dummy 

variant of hedonic pricing models, all available transaction data are pooled, and prices are 

regressed on a set of value-determining attributes including time indicators. Under the 

assumption that all omitted characteristics are orthogonal to those included, the coefficients on 

the time dummies account for constant-quality price trends over the sample period (Meese and 

Wallace, 1997). Since no observations are discarded, hedonic regressions make efficient use 

of available data, and may therefore give more reliable estimates of price indices than repeat 

sales regression. The latter models explicitly control for variations in quality between works of 

art by only retaining resales, but this entails that necessarily only small samples are examined. 

Merely about 3% of artworks – even over long-time windows spanning decades – will reenter 

the market and thus constitute a pair of repeat sales.2 Meese and Wallace (1997) argue that 

such small databases my misrepresent the market and show that repeat sales regression 

estimators are sensitive to influential observations. Second, most repeat-sales studies suffer 

from additional selection biases, usually induced by selecting transactions from the most 

expensive auction rooms in the world.3 Korteweg, Kräussl, and Verwijmeren (2016) provide a 

theoretical framework to correct for sample selection when investing in illiquid assets that trade 

endogenously and show an asymmetric V-shaped relation between sale probabilities and 

 
2  For example, Mei and Moses (2002) include 4,896 sales pairs over the period 1875–2000; Goetzmann, 

Renneboog, and Spaenjers (2011) use a sample of 1,336 repeated sales pairs over the period 1830-2007. 

3 For instance, Mei and Moses’ (2002) sample includes paintings with a first transaction anywhere in the world, 

but a resale at Sotheby’s or Christie’s New York. Moreover, the initial purchase is identified using the entries in 

the New York sales catalogues. Many repeat sales studies also include the Reitlinger Data, books comprising 

auction price data from the 18th century until the 1950s, which are recognized to be incomplete and biased as the 

focus is disproportionately on famous artists (Guerzoni, 1995). An index estimated based upon such a sample may 

thus be biased upwards. 
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returns. Lovo and Spaenjers (2018) present an infinite-horizon model of endogenous trading in 

art auction market and show that the upward bias of estimating the market value of an artwork 

based on transaction prices of comparable artworks can be corrected by studying repeat sales 

auction transactions with long holding periods. 

This paper proceeds as following: Section 1.2 describes methodology and data, Section 1.3 

reports art price indices composed from baseline model and by different categories, Section 1.4 

reports return and risk features of art market, and Section 1.5 concludes. 

 

1.2 Methodology and Data 

1.2.1 Methodology 

1.2.1.1 Hedonic Pricing Model 

To investigate the effects of the hedonic variables (independent variables describing the art object 

and the transaction) on price, we use a hedonic pricing model with the natural logarithm of hammer 

prices (in real USD terms) as dependent variable.4 The main advantage of this type of model is that 

returns can be calculated by means of an index based on all observed transactions, and not just 

on repeat sales. The basic specification is:  

ln(𝑃𝑟𝑖𝑐𝑒𝑘𝑡) = 𝛼 + ∑ 𝛽𝑚 𝐴𝑟𝑡𝑖𝑠𝑡𝑚𝑘𝑡

𝑀

𝑚=1

+ ∑ 𝛽𝑝 𝐴𝑟𝑡𝑤𝑜𝑟𝑘𝑝𝑘𝑡

𝑃

𝑝=1

+ ∑ 𝛽𝑞 𝑃𝑟𝑜𝑣𝑒𝑛𝑎𝑛𝑐𝑒𝑞𝑘𝑡

𝑄

𝑞=1

 

       + ∑ 𝛽𝑛 𝑇𝑟𝑎𝑛𝑠𝑎𝑐𝑡𝑖𝑜𝑛𝑛𝑘𝑡

𝑁

𝑛=1

+ ∑ 𝛾𝑡𝐷𝑘𝑡

𝑇

𝑡=1

+ 𝜀𝑘𝑡       (𝐸𝑞. 1) 

where Pricekt represents the hammer price of art object k at time t, Artistmkt captures the artist-

specific attributes m of item k at time t, Artworkpkt represents a set of artwork specific attributes 

 
4 The Blouin database gives either the hammer prices or the premium price, which is the hammer price plus a 

commission averaging 15%, paid by the buyer. Given that the actual percentage of the commission is not available, 

we divide the premium price by 1.15 as an approximation of the hammer price. The hammer price is then deflated 

by US CPI taking 2007 as the basis year. 
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such as physical characteristics or topics p, Provenanceqkt stands for provenance-related 

attributes q, Transactionnkt represents transaction-level attributes n which include auction house 

(branch) and month of sale. The coefficients β reflect the relative shadow prices of the 

corresponding characteristics. We will detail the hedonic variables below in the data section. 

Dkt stands for the time indicator variables; the year in which the art object is offered for sale. 

The coefficients t reflect the time trend, which can be used to construct the art price index. For 

each year t, we take: Π𝑡 ≡ exp(𝛾�̂�) × 100 (𝐸𝑞. 2). The index enables us to calculate the return 

of art for each year t: 𝑟𝑡 ≡
Π𝑡

Π𝑡−1
− 1 (𝐸𝑞. 3). 

The index generated by Equation (2) may lead to an overestimation of returns due to the 

log-transformation of dependent variable. If there is time-varying dispersion of prices, a 

correction method can be implemented (Triplett, 2004; Silver and Heravi, 2007; Renneboog 

and Spaenjers, 2013). Assuming that the hedonic regression residuals are normally distributed 

in each period, we define the ‘adjusted’ index, corrected for Jensen’s inequality, as follows: 

Π𝑡
∗ ≡ exp (𝛾�̂� +

1

2
(�̂�𝑡

2 − �̂�0
2)) × 100 (𝐸𝑞. 4), where �̂�𝑡 and �̂�0 are the estimated variances of 

the residuals (i.e, 𝜀𝑡 and 𝜀0) of observations in periods t and 0, respectively. The adjusted return 

estimate in year t is defined as follows: 𝑟𝑡
∗ ≡

Π𝑡
∗

Π𝑡−1
∗ − 1 (𝐸𝑞. 5). 

An underlying assumption of Equation (1) is that the price impact of the hedonic variables 

is stable over the entire sample period. This means that e.g., tastes, preferences for specific 

topics or paintings of a specific size are assumed to be constant. To allow for time-varying 

tastes (e.g., on a yearly basis, or every five years), we also apply (as a robustness test) an 

adjacent-period hedonic model as this then accounts for time-varying hedonic shadow prices. 

We hence run separate hedonic regressions for every two consecutive years and then chain-

link the time dummies to create an art index.  



PRICING ART: RETURNS, TRUST, AND CRISES 

 

24 

 

As an additional robustness check, we apply quantile regressions to account for art market 

segmentation. Segmentation may depend on price ranges, with the high-end art market only 

being within reach of high-wealth individuals. Collecting expensive pieces of art may signal 

social status (Mandel, 2009). Furthermore, tastes based on specific types of art (e.g., schools 

of art) may also create demand-based segmentation. While OLS regressions provide estimates 

for the conditional means only, quantile regressions can be particularly useful to characterize 

the entire distribution of the dependent variable (Koenker and Hallock, 2001; Zietz et al., 2008; 

Scorcu and Zanola, 2011). We run a quantile variant of our adjacent-period hedonic regression 

model for every two-year period since 1957 for the following percentiles: 0.95, 0.75, 0.50, 0.25, 

and 0.05. We split our sample in subperiods to make sure that the quantile regression 

coefficients pick up variation in the valuation of hedonic attributes across price brackets as well 

as time. The quantile hedonic price indices are then constructed by chain-linking the 

coefficients on the year dummies for the relevant quantiles.  

 

1.2.1.2 Repeat Sales Model 

Another method to obtain return series is based on the calculation of pairwise returns of 

repeat sales. The main advantage of this method is that it controls for the uniqueness of each 

work. To obtain the repeat sales returns, we retain resold paintings from the same artist 

(excluding the artworks with attribution “style”, “after”, “school”, “circle”, “studio”, and 

“attributed”), with the same title, size, and medium, and for which signature and date are 

present. Identifying matches is not straightforward as some artists give the same title to multiple 

paintings and canvas sizes are often similar. To rule out false pairs, we verify the repeat sales 



CHAPTER 1. PRICING ART AND THE ART OF PRICING 

 

 

 

25 

by a visual inspection of pictures of the paintings.5 This way, we identify 63,430 repeat sale 

pairs in our sample. We calculate the returns based on hammer prices in USD from two adjacent 

auctions of the same painting.  

We assume that that the continuously compounded return for a certain painting 𝑖 in period 

𝑡, 𝑟𝑖,𝑡, equals the continuously compounded return of a price index of art (𝜇𝑡) plus an error term 

𝜂𝑖,𝑡: 𝑟𝑖,𝑡 = 𝜇𝑡 + 𝜂𝑖,𝑡 (Eq. 6), where 𝜇𝑡 can be regarded as the average return of paintings in the 

portfolio in period 𝑡. We use repeat sales data about individual paintings to estimate the price 

index 𝜇𝑡  over time interval 𝑡 = 1, .2, . . , 𝑇 . The return of individual painting 𝑖 , 𝑟𝑖 , can be 

expressed as the log of sales price (𝑃𝑖,𝑠) divided by the buying price (𝑃𝑖,𝑏). In Equation (7), 𝑟𝑖 

can be rewritten as the sum of returns 𝑟𝑖,𝑡 during the whole holding period from 𝑏𝑖 + 1 to 𝑠𝑖 

whereby 𝑏𝑖 and 𝑠𝑖 stand for buy and sell dates, respectively:  

𝑟𝑖 = 𝑙𝑛(
𝑃𝑖,𝑠

𝑃𝑖,𝑏
) = ∑ 𝑟𝑖,𝑡

𝑠𝑖

𝑡=𝑏𝑖+1

= ∑ 𝜇𝑡

𝑠𝑖

𝑡=𝑏𝑖+1

+ ∑ 𝜂𝑖,𝑡

𝑠𝑖

𝑡=𝑏𝑖+1

       (𝐸𝑞. 7). 

In line with Goetzmann (1993) and Mei and Moses (2002), we apply the three-stage 

estimation procedure developed by Case and Shiller (1987). In the first stage, we apply 

ordinary least squares (OLS) and regress returns, 𝑙𝑛(
𝑃𝑖,𝑠

𝑃𝑖,𝑏
), on a matrix (containing a row for 

each painting and a column for each holding time period) with dummy variables indicating the 

holding period of each painting. In the second stage, we regress the squared residuals from the 

first stage on the time span between sales and an intercept. In the third stage, we repeat the first 

stage regression using weighted least-squares with the fitted squared residuals of the second 

 
5 We exclude all the repeated transactions with a holding period of less than half a year; as some of these repeat 

sales may be errors in the database. The return trip transaction costs are at least 20%, which may preclude quick 

reselling and it usually takes several months before an item can be offered for sale by an auction house (one has 

to wait for the right auction and the auction house has to do its due diligence, include the item in the auction 

catalogue, and offer this catalogue to potential buyers about 4-6 weeks prior to the auction). 
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stage as weights. The coefficients we obtain in the third stage are the corresponding returns for 

each period.  

 

1.2.1.3 Unsmoothing Risk 

The year fixed effects coefficients from Equation (1) yield an art market index. However, 

the true risk of the art market may be underestimated by standard deviation of the appraisal-

based index returns because appraisers may lag the true value changes (a sort of “tyranny of 

past values” phenomenon) (Geltner, 1991). Art as an investment is less liquid relative to 

financial assets such as equities and bonds, due to the lack of a continuous auction market. 

Consequently, changing appraisals of art assets may depend on past prices and may take more 

time to affect prices. Therefore, the first differences in index levels may be auto-correlated. To 

adjust for appraisal smoothing of return series, we unsmooth the price time series, as originally 

applied in the real estate literature (Geltner, 1993; Dimson and Spaenjers, 2011). 

We will use the adjusted index and unsmooth the adjusted returns (as defined in section 

1.2.1) in order to calculate risk. If we assume that all items are reappraised at the end of each 

period, the observed (smoothed) return in period 𝑡, 𝑅𝑡
∗, can be expressed as a weighted average 

of the true (unsmoothed) return in period 𝑡, 𝑅𝑡
𝑢, and the smoothed return from the previous 

period, 𝑅𝑡−1
∗  (Geltner, 1993): 𝑅𝑡

∗ = (1 − 𝛼)𝑅𝑡
𝑢 + 𝛼𝑅𝑡−1

∗  (𝐸𝑞. 8).  The appraisal smoothing 

factor 𝛼 is a fraction between 0 and 1 and is determined by the autocorrelation coefficient6. 

Equation (8) can be inverted to obtain the unsmoothed return series 𝑅𝑡
𝑢 from the observed 

 
6  Assuming that the smoothed series follows an AR(1) process, we can set the coefficient α equal to the 

autocorrelation coefficient at lag 1. This newly constructed series will then have a first-order autocorrelation that 

is very close to zero. In our sample, autocorrelation coefficient at lag 1 for the unadjusted index is 0.2827, and for 

the adjusted index is 0.2923. 
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returns 𝑅𝑡
∗

𝑡
 and 𝑅𝑡−1

∗ : 𝑅𝑡
𝑢 =

𝑅𝑡
∗−𝛼𝑅𝑡−1

∗

1−𝛼
 (Eq. 9). We can then obtain the unsmoothed risk from 

the unsmoothed adjusted return series 𝑅𝑡
𝑢. 

 

1.2.2 Data 

1.2.2.1 Data and Variables 

Our analysis is based on auction data spanning six decades starting in 1957 and covering 

sales by auction houses and art galleries from all over the world. We gather 2,874,652 auction 

records of ‘paintings’ (including oil and acryl paintings, watercolors and gouaches, and 

drawings), created by 155,156 artists. These auction records from the Hislop Art Sales Index 

and the Blouin database reveal that 78.5% of the auctioned paintings were sold in auction 

(2,257,485 observations of successful auction sales) and that the remainder was bought in 

(21.5%). We also collect artist biographical information from Oxford Art Online (Grove Art, 

Oxford University Press) to cross-check artist nationality and birth year, and to partition artists 

into art movement (if applicable). We categorize this information along the following 

dimensions: 

First, the set of Artistmkt variables comprises:  

- Artist. Artist fixed effects account for artists’ reputations and other personal traits. 

- Deceased artist. This dummy equals one for sales taken place after the artist’s death. 

Art prices and turnover may increase after the artist’s death (Pénasse, Renneboog and 

Scheinkman, 2021). 

- Nationality. We collect artists’ nationalities while allowing for multiple nationalities by 

artist. 

- Art movement dummies. Based on the art movement information from Oxford Art 

Online, we classify artists (if applicable) into thirteen art movements: Medieval & 
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Renaissance; Baroque; Rococo; Neoclassicism; Romanticism; Realism; Impressionism 

& Symbolism; Fauvism & Expressionism; Cubism, Futurism, & Constructivism; Dada 

& Surrealism; Abstract Expressionism; Pop; Minimalism & Contemporary. The left-

out benchmark is unclassified artists7.  

Second, a vector of price-determining variables (Artworkpkt) captures the physical, 

attribution, authenticity, and topic characteristics of the painting:  

- Attribution. As attribution uncertainty can lead to substantial price discounting, we 

generate an indicator variable capturing that doubts about the identity of the painting’s 

creator exist.8 

- Authenticity. The dummy equals one if the auctioned painting contains physically 

identifiable markings, such as signature, date, or inscription that enhance the 

authenticity of the art object. 

- Medium. We introduce dummies for Oil (and acryl) paintings, Watercolors (including 

gouaches), and Drawings. 

- Size. The height and width in centimeters are represented by Height and Width and their 

quadratic forms Height Squared and Width Squared. 

- Topic. We categorize the works in different topic groups based on the keywords of the 

artworks’ titles by means of textual analysis based on the six most important languages 

used in art auction world.9 We retain 13 categories: Abstract, Animals, Landscape, 

Seascape, Urbanscape, Nude, People, Self-Portrait, Portrait, Religion, Still Life, Study, 

and Other Topics. Untitled will be the omitted benchmark in the regressions. 

 
7 For 64.5% of the sales sample, the artist cannot be classified as belonging to an art movement. 

8 Different levels of attribution are used in the art auction world: attributed to, studio of, circle of, school of, after, 

and in the style or manner of. These variables are especially important for older styles (pre-20th century) such as 

old masters, baroque, and rococo. 

9 These are: English, Dutch, French, German, Italian, and Spanish.  



CHAPTER 1. PRICING ART AND THE ART OF PRICING 

 

 

 

29 

Third, the vector Provenanceqkt contains provenance information offered in the auction 

catalogue along its four dimensions (Li, Ma, and Renneboog, 2021): 

- Pedigree. This variable equals one if there is textual information about the painting’s 

pedigree (past ownership, previous sales information, etc.). 

- Literature. This variable equals one if there is textual information about the literature 

covering the painting. Art-related literature include scholarly articles, publications by 

art critics and experts, art catalogues, catalogue raisonné, etc. 

- Exhibition. This variable equals one if there is textual information about the exhibition 

history of the painting. 

- Certification. This variable equals one if there is textual information about the 

authentication either in the form of a physical certificate or oral confirmation of past 

ownership. 

Fourth, we include the vector Transactionnkt that stands for transaction level attributes such 

as the time (month) of the sale, and the reputation and location of the auction house: 

- Auction house (branch). We introduce auction house fixed effects for every auction 

house at the branch level and distinguish among different types of fine art auction 

houses based on reputation. For Sotheby’s and Christie’s, we introduce dummy 

variables for their London, New York, and other sales rooms (e.g., Sotheby’s London, 

Sotheby’s New York, and Sotheby’s Other Branches). Together, these two institutions 

account for more than 32% of all sales in our sample. For two other large reputable 

British auction houses, Bonhams and Phillips, we make a similar distinction among 

their London, New York, and other sales rooms. We also pool medium-sized American 

and European auction houses, respectively (See Appendix Table A1.1). The smaller 

auction houses around the world are the benchmark. 
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- Month. Important sales are often clustered in time, and the busiest periods are the spring 

and fall auctions (May/June and November/December). January is the omitted 

benchmark in the analysis. 

- Year. We include year fixed effects; the exponentials of the year’s fixed effect 

coefficients yield an art index. 

 

1.2.2.2 Summary Statistics 

Of the 2.3 million successful auction sales in our data set, 82% took place after the artist’s 

death. The nominal average (median) hammer price is about USD 47,000 (USD 4,000). The 

artists born or working in France, UK, US, Italy, Germany, Belgium and the Netherlands, make 

up more than 70% of the sample, making these countries the top seedbeds for artists. Baroque, 

Impressionism & Symbolism, and Fauvism & Expressionism constitute the best-selling art 

movements in terms of transaction volume (number of sales). The average painting measures 

56 cm in height and 58 cm in width. 65% of the sales are oil or acryl paintings, 19% watercolors 

(or gouaches), and 16% drawings. In relation to physical evidence confirming or supporting 

authenticity: 71% are signed, 35% of paintings are dated, and 13% are inscribed. For about 3% 

of the auctioned paintings, there is doubt about the painting’s authenticity, and attribution 

induces a discounting factor relative to an undisputed painting. 43% of paintings don't have a 

clear topic that can be determined by means of textual analysis on titles. The most common 

non-abstract topics are landscapes (16%) and scenes with people (11%). In relation to 

provenance, about 14% of paintings contain pedigree information, 5% of paintings took part in 

exhibitions, about 5% were covered in art-related literature (e.g., catalogue raisonné), and 2% 

are sold with certificates (either in a physical form or an oral confirmation by e.g., the artist). 

The spring (May/June) and the fall (November/December) seasons each account for more than 

25% of sales. Sotheby’s and Christie’s (S&C) are the most prominent auction houses and 



CHAPTER 1. PRICING ART AND THE ART OF PRICING 

 

 

 

31 

together handled 32% of the worldwide auction sales over the past six decades. Their London 

and New York sales rooms are the most important branches both in terms of volume and prices. 

 

1.3 Art Price Indices 

1.3.1 Baseline Price Indices 

In Table 1.2, we show the output from the baseline hedonic pricing model (Eq. (1)) with as 

dependent variable the natural log of real USD hammer prices. Columns (1) and (2) present the 

coefficients and their standard deviations, and Column (3) shows the corresponding price 

impacts (calculated by taking the exponent of the coefficient and then subtracting one). 

Artworks with attribution label (“style”, “after”, “school”, “circle”, “studio”, and 

“attributed”) are priced with large discounts ranging from 50 to 80%, which increase the larger 

the ‘distance’ from the original artist’s work. For instance, a painting attributed to Rubens 

(which may still embed some doubt) sells as at discount of 52% relative to an uncontested 

Rubens; a baroque painting from the ‘school’ of Rubens sells at a 74% discount relative to an 

original. Signed or dated paintings tend to sell at a premium (close to 20%) relative to the 

painting without any such sign of authenticity. Oil (and acryl) paintings and watercolors (and 

gouaches) are respectively priced 235% and 57% higher than the drawings (the benchmark). 

Furthermore, prices increase with size, up to the point that the work becomes too large, which 

is indicated by the negative coefficients on the squared terms. In addition, artworks on portraits, 

studies, and nudes are traded at a discount whereas self-portraits, urbanscapes, seascapes, and 

still lifes command premiums ranting from 8% to 20% (relative to the benchmark category of 

paintings for which the topic could not be identified by title analysis). Paintings for which 

provenance information is provided in the auction catalogue are considered as attested. The 

provenance dimensions, pedigree, exhibition, and literature, yield an extra 36% to 56% 
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premium and paintings with certification information are sold 13% more expensively.10 The 

hedonic model also includes the topics of the painting and reveals that artists’ self-portraits 

fetch the highest prices, as the painting then not only renders a specific style but also depicts a 

view on the master him/herself, and that the lowest prices are (expectedly) paid for studies. 

Table 1.2 confirms that Sotheby’s and Christie’s London and New York branches on average 

sell artworks with highest prices. The most expensive auctions are clustered in the spring 

(May/June) and the autumn (November/December).  

The model of Table 1.2 enables us to construct the baseline and adjusted hedonic price 

indices and returns (as discussed in section 1.2.1.1). Figure 1.1 depicts the evolution of the 

baseline and adjusted hedonic indices as well as the repeat sales index from 1957 onwards. 

Two boom periods are clearly visible: 1985-1990 and 2002-2007. The annual increase in real 

prices exceeded 20% in the period 1986 to 1990. Hiraki et al. (2009) demonstrate that the 

Japanese real estate and equity bubble strongly affected international art prices in the second 

half of the 1980s; especially impressionist paintings and, more generally, French art was 

preferred by Japanese collectors. In the wake of the strong increase prices for French art, 

demand for art in general, including modern art, surged. The second art market bubble period 

coincided with the equity market increase that lasted until the Great Recession that commenced 

in the second half of 2007.The magnitude of the art price increase during the second boom 

period was smaller than that of the first one.  

While in the above hedonic models, the shadow prices of the physical characteristics are 

constrained to be stable over the sample period, they might in reality change over time. 

Accounting for change in taste, we apply an adjacent-period model based on every two 

consecutive years and then chain-link the time coefficients. We find that the adjacent-year price 

 
10 For a detailed discussion about the association between provenance and painting prices and returns, see thesis 

chapter In Art We Trust. 



CHAPTER 1. PRICING ART AND THE ART OF PRICING 

 

 

 

33 

index depicts price trends similar to the ones observed by means of the baseline and adjusted 

indices.11 In sum, the annualized (adjusted) arithmetic mean real returns and volatility based 

on the hedonic index models amount to 2.90% (2.49%) and 15.91% (16.21%), respectively. 

When using the adjacent-period method, the return and risk are 1.72% and 15.52%. The annual 

returns and volatility obtained by means of the repeat sale index, necessarily based on a much 

small sample and probably upwards biased, amount to 3.97% and 21.67%, respectively.12 

 

1.3.2 Quantile Price Indices 

The art markets are segmented; they comprise a high-end market where prices are only 

within reach of high-wealth individuals, down to a low-end market where art objects are 

auctioned for hammer prices of few hundreds of US dollars. Price segmentation may affect the 

distribution of returns as the shadow prices of the hedonic characteristics may vary across the 

distribution of auction prices. Consequently, we calculate risk and return across price segments 

by means of quantile regressions. This approach is useful when the conditional distribution of 

the dependent variable is not symmetric. We estimate an adjacent-period quantile regression 

for every two-year period over the time window 1957-2016 for the 0.95, 0.75, 0.50, 0.25, and 

0.05 percentiles. The reason why we use adjacent sub-periods is to make sure that the quantile 

regression coefficients pick up variation in the valuation of hedonic attributes across price 

levels rather than across time. We then chain-link the coefficients on the time dummies for 

each quantile in order to obtain a price index by price-based market segment. Figure 1.2 shows 

that there are large dispersions in the art returns by price segment since 1957. Still, we observe 

 
11 See Online Appendix, Figure OA1.1. 

12 The baseline and adjusted price indices as well as the repeat sales index are given in Appendix Table A1.2, 

which also shows geometric returns of 1.69%, 1.22% and 1.88%, respectively. The adjacent-period price indices 

(including the quantile indices) are presented in Appendix Table A1.3.  



PRICING ART: RETURNS, TRUST, AND CRISES 

 

34 

 

that the returns are higher in the high-end market. The annual arithmetic real return at the 95th 

percentile amounts to 2.23% whereas this return at the lowest end of the market (5th percentile) 

is 1.46%.13 The risk across percentiles is rather stable; for the 5th percentile it is even higher (at 

16.54%) than that of the 95th (at 15.93%). The prices at higher percentiles increase more during 

the boom periods. For example, during the mid-1980s boom, prices at the 95th percentile 

increased by about 241% whereas those at the 5th percentile by about 182%. During the early-

1990s bust, the market dropped by about half across all percentiles, e.g., by 46% at the 5th 

percentile, 47% at the 50th percentile and 48% at the 95th percentile. 

 

1.3.3 Art Medium 

Our sample of what we have for the sake of easy called ‘paintings’ can be partitioned into 

three subsamples based on the medium: (i) oil (and acrylic) paintings, (ii) watercolors (and 

gouaches), and (iii) drawings. Market segmentation based on mediums may be related to price 

segmentation as drawings are considerably cheaper than oils but may also be segmented by 

collectors’ preferences and specializations. Therefore, we create a price index for each 

subsample by estimating the base model (Eq. (1)). Figure 1.3 depicts the three price indices 

and reveals that the oil paintings, watercolors and drawings follow very similar price patterns 

from 1957 until about 2000. Prices increase from 1957 until 1973, the year in which they level 

off and subsequently decline by one third. A substantial price recovery commences in the 

second half of the 1980s, prices triple (in real terms) for each index, followed by a crash of 

about 50% in 1990-1991. Over the period 2001 to 2007, the prices of oil paintings almost 

double, but prices of watercolors only increase by 44% and the price level of drawings remains 

rather flat. From 2008 until 2016, the prices of oil paintings reduce to a level below that of 

 
13 See also Appendix Table A1.3. 
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2001 (a decline of about 50%). The trend is also downwards for watercolors and for drawings 

but less so than for oils.14  

 

1.3.4 Art Movements 

We match and classify artists into thirteen major movements in art history based on the 

biography information from Oxford Art Online: (1) Medieval & Renaissance, (2) Baroque, (3) 

Rococo, (4) Neoclassicism, (5) Romanticism, (6) Realism, (7) Impressionism & Symbolism, (8) 

Fauvism & Expressionism, (9) Cubism, Futurism & Constructivism, (10) Dada & Surrealism, 

(11) Abstract Expressionism, (12) Pop, and (13) Minimalism & Contemporary. As before, we 

use the base model (Equation (1)) and apply it to each art movement. The models explain the 

price variation well for the movements that started in the second half of the 19th century 

(Impressionism & Symbolism; Fauvism & Expressionism; Cubism, Futurism, & 

Constructivism; Dada & Surrealism; Abstract Expressionism; Pop; Minimalism & 

Contemporary) as the R-squared surpasses 70%, whereas for early movements (Medieval & 

Renaissance, Baroque, Rococo, and Neo-Classicism) the price variation is explained for about 

55%.15 We plot the price indices by movement in Figure 1.4. For presentation purposes, we 

combine art movements into five clusters16 and set the initial index value of the Medieval & 

Renaissance, Baroque, Rococo cluster to 100 in the year 1957. The initial indices values of 

 
14 In Figure 1.3, we have set the oil painting index in 1957 to 100 and the initial index values of watercolor and of 

drawing indices are normalized based on the five-year average price from 1957 to 1961 relative to oil paintings. 

Figure OA1.3 in the Online Appendix shows the price indices of the paintings by medium after setting the price 

level of 1957 to 100 for each subsample.  

15 As the relative notoriety of art movements may differ, we select the 20 most famous artists for each movement 

by price impact (the magnitude of artists’ coefficients by movement) and the results are qualitatively similar (not 

tabulated; results available upon request).  

16 These are: (1) Medieval & Renaissance, Baroque, Rococo, (2) Neoclassicism, Romanticism, Realism, (3) 

Impressionism & Symbolism, (4) Fauvism & Expressionism, Cubism, Futurism, & Constructivism, Dada & 

Surrealism, and (5) Abstract Expressionism, Pop, Minimalism & Contemporary. 
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other art movements clusters are normalized by the average prices of the period from 1957 to 

1961 relative to the group of Medieval & Renaissance, Baroque, and Rococo. Figure 1.4 

depicts that Impressionism & Symbolism had the highest price level from 1957 to the mid-

2000s and the art movements Abstract Expressionism, Pop, and Minimalism & Contemporary 

reach a similar price level. These movements dominate the art market. We also note that the 

most recent art movements experienced the most substantial price augmentations in the boom 

of the 1980s.17  

We investigate whether a price premium arises for paintings that originate from a country 

in which the art movement originated or reached notoriety. For instance, although in all 

European countries impressionist painters were active, the art movement is most strongly 

connoted to France. Similarly, the most important production center of Baroque paintings is 

the Low Countries (currently Belgium and the Netherlands), with first Flanders dominating 

(the Antwerp of Rubens, Van Dyck, and Jordaens) (De Marchi and Van Miegroet, 2006) and 

subsequently the Netherlands (with Rembrandt) (Schama, 1999) and Spain (e.g., Carravaggio, 

Velasquez). We include in our hedonic model interaction terms of artists’ nationalities and art 

movements. We consult the art history database Grove Art Online to identify an artist’s country 

of origin, which we define as his birth country or country of residence (for living artists).18 We 

replace the artist fixed effects by artist nationality dummies in each of the hedonic models 

estimated by art movement. We find price premiums for paintings created by artists originating 

from France and Germany for Medieval & Renaissance artworks; from the Low Countries and 

 
17 Figure OA1.4 in Online Appendix changes the perspective when we set the initial value of each art movement 

cluster in the year 1957 100. Figure 1.4 shows that the price levels are similar across different movements. The 

prices of Abstract Expressionism, Pop, and Minimalism & Contemporary, increase significantly more from the 

1980s and are more volatile during boom-bust periods. 

18 In some cases, an artist is allocated to two countries. E.g., Picasso is Spanish (and strongly affected by the 

culture of his youth) but spend most of his adult live in France.  
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Spain for Baroque artworks; from Italy and Spain for Rococo; from France and Italy for 

Neoclassicism; from France, Spain and Russia for Romantic artworks; from France and Italy 

for Realism; from France and Spain for Impressionism & Symbolism; from Germany, Spain 

and Russia for Fauvism & Expressionism; from Germany, Russia and Great-Britain or Cubism, 

Futurism, & Constructivism; from Belgium, Italy and Spain for Dada & Surrealism; from 

America and France for Pop Art. Most of the recognition of an art movement in the prices by 

country of origin do not come as a surprise: the Baroque of the Low Countries is priced higher, 

as is Italian and Spanish Rococo, French Neo-Classicism and (social) Realism, French 

Impressionism, German Expressionism, Russian Constructivism, Belgian Surrealism, and 

American Pop Art.19 

 

1.3.5 Art Market Geography 

While the oldest auction houses originated in the UK and Continental Europe, auction 

houses internationally dispersed towards new art buying audiences such as those in the US. If 

art markets are efficient and the law of one price applies, prices in different markets should 

converge (Pesando, 1993; Mei & Moses, 2002) although high transaction costs and differences 

in supply of art objects across markets can impose barriers to arbitrage. Based on the location 

of the auction houses, we recognize three main auction markets: (1) UK, (2) USA, and (3) 

Continental Europe. Figure 1.5 presents the price trends for the British, American, and 

Continental European markets from 1970 onwards. The initial index value for UK sales in 1970 

is set at 100 and the initial indices values for US and Europe sales are normalized by the average 

prices from 1970 to 1974 relative to those of the UK. Figure 1.5 shows that the price levels of 

British and American markets are almost identical before early 1990s. The two markets reached 

 
19 Details are presented in Online Appendix Table OA1.1. 
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the same price level during the first bubble period in mid-1980s, while prices of the British 

market reached a higher peak during the second bubble period in mid-2000s. Over the whole 

sample period, British and American markets were the largest and competing markets, while 

the European continental markets were more subdued and experienced lower price volatility.20 

 

1.3.6 Auction House Type 

We compare the price evolution of the paintings sold at famous versus lesser-known 

auction houses (and their branches), and at large, medium-sized, and small ones. As the data 

prior to 1970s are biased towards the UK, we create subsamples from this year onwards. We 

partition auction houses into: (1) Sotheby’s and Christie’s (S&C); (2) Bonhams and Phillips 

(B&P); (3) Important European Auction Houses; (4) Important American Auction Houses; and 

(5) Other Small Worldwide Auction Houses around the world. S&C have gained worldwide 

notoriety over the past 250 years, attract the most expensive art objects and cater by means of 

many branches to an art-buying audience all over the world. B&P focus on similar art collectors 

and also auction art works from a broad range of art categories with some specialization in 

modern and contemporary art. The coefficients of basic hedonic variables for each auction 

house subsample are consistent with the baseline results.21 One interesting variation is that the 

Certification variable is not significant for auctions by S&C and B&P while it is for other types 

of auction houses. This finding suggests that the reputation of the most famous auction houses 

implicitly substitutes for an explicit certification of artworks.  

Figure 1.6 shows the price trends, which evolve similarly across auction house type over 

the period 1970 to 1995. During the first bubble period, the prices hammered at the top auction 

 
20 In Online Appendix Figure OA1.5, we change the perspective and put the price in 1957 at 100 for each market 

such that one can more easily compare growth. This graph shows that the strongest average price growth since 

1970 is realized for the UK market and that US and Continental price increases are running in parallel.  

21 Not tabulated; results available upon request. 
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houses such as S&C, and B&P increase as much – they triple – as those of the (a) Important 

European and (b) American Auction Houses and of (c) Smaller Auction Houses. Still, prices 

hammered in the top auction houses declined only by 60% when the bubble bursts in 1990, 

whereas the increase in the price level of art auctioned by less reputable auction houses during 

the boom period was entirely undone (in real terms) by 1995. The start of the second bubble 

becomes most visible in the prices of the Bonhams’ and Phillips’ auctions in 2001 and was 

initiated by modern and contemporary art sales. The strong upwards price trends accelerated 

in the other auction houses by 2003 and reached its zenith in 2007 just prior to the 

commencement of the Great Recession. Figure 1.6 also depicts that the price levels (in real 

terms) by auction house type (with exception of that of the top auction houses) are lower in 

2016 than they were almost half a century before. In contrast, the average price level of bought-

in paintings by S&C (B&P) in 2016 was in real terms about twice (thrice) as high than in 

1970.22  

 

1.3.7 Artist Nationality 

The styles of artists are often influenced by the cultures the artists grew up in or experienced 

later in life. The artworks created in different countries may therefore reveal the histories and 

cultures of those countries. We therefore investigate the price trends and levels of paintings 

created by artists from the (historically) main art-producing regions.  

Figure 1.7 presents the art price indices of British, American, French, Italian, and Dutch 

and Belgian artists since 1957. The initial index value for British artists is set at 100 in 1957 

and the initial indices values of artworks made by artists of other nationalities are normalized 

 
22 Online Appendix Figure OA1.6 shows the price levels by auction house type whereby the initial index value 

for S&C is set at 100 in 1970 and the initial indices values for other auction houses are normalized by the average 

prices from 1970 to 1974 relative to S&C.  
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by the average prices from 1957 to 1961 relative to British index. We find that artworks with 

different origins still have similar price trends over the sample period23. French art reached the 

highest price levels in the bubble period of the mid-1980s; French, Italian and Dutch and 

Belgian arts reached top prices in the mid 2000s bubble period and outperformed British and 

American art. One possible explanation is that the major auction markets concentrate in UK 

and USA and only the highest quality art from other countries reaches these major auction 

houses/markets (David et al., 2021). 

 

1.3.8 Local and International Markets 

Renneboog and Spaenjers (2014) suggest that art demand is geographically segmented in 

local art markets and an international art market for the most expensive art objects. Local artists 

may mainly be known and hence appreciated by local collectors. Furthermore, local art may 

also be important to build regional or national cultural identities. In addition, paintings with 

landscapes, urbanscapes, and historical scenes may add a dimension to the work that may be 

more appreciated by local buyers and create a home bias in demand. As there may be a close 

connection between the country of sale and the nationality of the artist, we calculate price 

indices by location of auction house.  

As we intend to investigate the average price trends and levels of local and international 

markets, we use three definitions for local and international markets: (1) A local market 

comprises the sales of work of an artist whose nationality coincides with the country of the sale; 

(2) Since the top auction houses are located in the UK and the US, it is unclear if a British 

(American) artist’s work sold in UK (US) is driven by a home bias in demand or if the artwork’s 

quality reaches the international auction criteria which is then why it is sold in these particular 

 
23 The figure of price trends (the initial indices values are all set at 100 in year 1957) is in Online Appendix Figure 

OA1.7. 
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auction markets. To avoid possible confusion between a home bias and international quality, 

we exclude British and American artists from our analysis as a robustness check; (3) As the 

London and New York branches of S&C are the most renowned auction rooms, there is a high 

probability that the pieces of art that are expected to reach very high prices end up being 

auctioned there. Therefore, we define the international auction market as the lots auctioned at 

Sotheby’s London, Sotheby’s New York, Christie’s London or Christie’s New York.  

Figure 1.8a shows the price trends of local and international markets (according to the 

above first definition) since 1957. Although both markets are experiencing similar trends, the 

gap between international and local markets has widened since the first art bubble at the end of 

the 1980s. An investor in international art saw his investment triple in real terms over the past 

half century whereas investment in local art only doubled. Since art’s price distribution is 

skewed and the highest prices are concentrated in UK and US auction houses, we do not know 

whether the works of art by British and American artists that are sold in the UK and US can be 

considered as belonging to the local or the international art market. Therefore, in our second 

market segmentation definition, we exclude British and American artists from our analysis. We 

hence expect the gap between local and international market to widen under this definition, and 

this what we find in Figure 1.8b. In the third market segmentation definition, we redefine the 

international market as the sales through the London and New York branches of Sotheby’s and 

Christie’s. We observe in Figure 1.8c that both markets experience similar price trends, that 

price level at the international market is about three to five times higher than that of the local 

markets, and that the price gap widens over time.24 

 

 
24 While Figures 1.8 a,b,c show the price trends; Online Appendix Figures OA1.8 a,b,c show the evolution of 

international and local market price levels, taking into account the price differences at the starting point in 1970.  
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1.3.9 Artists’ Career Cycles 

Artists’ best work may be created in early or late periods of their career. Artists may be 

‘old masters’ when skills needed to create a masterpiece only mature later in life, but some 

artists may be young geniuses with creativity spiking early in their artistic career. For example, 

experimental old masters such as Michelangelo, Rembrandt, Cézanne worked by trial and error, 

and gradually worked towards major artistic, which they produced later in life. In contrast, 

conceptual innovators and young geniuses such as Vermeer, van Gogh, or Picasso made sudden 

breakthroughs at an early age (Galenson, 2011). 

We thus examine whether the art market’s valuation of paintings depends on the life cycle 

of artistic creativity. We classify the artist’s career cycle for deceased artists into three 

subsamples by relative age of the artists: (1) Early, (2) Middle, and (3) Late. The auctioned lots 

are defined as (1) Early-age paintings were created in the first one-third career phase (after the 

age of 18); (2) Middle: artworks were created during the middle one-third career phase; and (3) 

Late: artworks were created during the last one-third career phase25. Figure 1.9a shows that the 

paintings created in the relative late periods reach the highest price levels in the auction markets. 

Conditional on the index difference based on initial price levels, Figure 1.9b depicts that 

paintings created in last part of the career are on average sold a premium and clearly outperform 

earlier artworks. 

We further examine the career cycle by art movement. For some early art movements where 

skill matters more, the artist needs a lifetime of practice and his best works are produced in the 

 
25 It should be noted that this classification may suffer from the impact of early death; an artist who died at the 

age of 50 does not have a late career phase. We therefore redefined the life cycle based on the absolute age at 

which the artists created the painting: (1) below or equal to 30 years; (2) above 30 and below or equal to 50; and 

(3) above 50. We document that the evolution the price levels of paintings created at different artist’s age ranges 

follows similar patterns, although the long-term return of early work is lower than paintings created when the 

artist was above 30 years old. 
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career-end phase. But in more recent movements in which no prior skills are needed (e.g., the 

drip art by Jackson Pollock), young talent seems appreciated more. Our sample confirms the 

hypothesis that works in late career phase in the early movements appreciate more while in 

recent movements the works in the early career phase are more appreciated26. 

 

1.4 Returns and Risk of the Art Market 

1.4.1 An Overview of Returns and Risk 

An overview of art returns and risk is presented in Table 1.3. Panel A reports the annualized 

(geometric and arithmetic) nominal and real returns from the hedonic pricing model, as well as 

the real returns from the repeat sales model for different holding periods: (1) a sixty-year period 

(1957 to 2016); (2) the first three decades of our sample window (1957 to 1986); (3) the latter 

three decades (1987 to 2016); (4) the bubble periods (1985-1990 and 2003-2007); and (5) the 

bust periods (1991-1995 and 2008-2010). We document that the nominal arithmetic (geometric) 

mean return over the sixty year period amounts to 6.24% (5.00%). Accounting for inflation, 

the arithmetic (geometric) mean real return is 2.49% (1.22%). Limiting the sample to paintings 

that came repeatedly to the auction market, we obtain a repeat sales real arithmetic (geometric) 

return of 3.97% (1.88%). The annual nominal (real) arithmetic returns in the first three decades 

are eminent at 11.05% (6.23%). In marked contrast, the annual nominal (real) art returns over 

the most recent three decades disappoint with merely 1.26% (-1.38%), as this period do not 

just include the two boom periods but also the busts and continued decreasing returns since the 

art price collapse of 2008. Focusing on the bubble periods, we observe a high annualized return 

of 18.10% nominally and 13.90% in real terms for 1985-1990 and nominal returns of 9.22% 

and real ones of 6.16% for 2003-2007. In the bust periods, the art annualized returns are all 

 
26 Not tabulated but tables are available upon request. 
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negative: -2.17% (nominal) and -5.11% (real) for 1991-1995; -2.40% (nominal) and -3.81% 

(real) for 2008-2010. Panel B reports return matrixes with varying starting and ending years by 

holding period. Within each matrix subpanel, the column year denotes that the holding period 

starts on the 1st of January of that year and the row year denotes that the holding period ends 

on the 31st of December of that year. Holding the starting year constant, we observe a declining 

trend of art returns beyond the 1980s for each starting year and the recent holding period even 

yields negative real returns. Panel C reports the volatility of art returns in both base-case and 

unsmoothed form, whereby latter approach is meant to correct the underestimation of standard 

deviation of the appraisal-based index returns as changing appraisals of art assets may depend 

on past prices and may take more time to affect prices (Geltner, 1993). Over the 1957-2016 

period, the standard deviation of unsmoothed art returns in real terms amounts to 21.73% 

(higher than the 16.21% calculated from the base-case returns series). The volatility in nominal 

terms is similar in size. We also observe that the volatility in the first three decades of our 

sample is about one-third larger than that of the recent three decades. 

To put our return-risk results into perspective, we focus on Goetzmann (1993), Pesando 

(1993), Mei and Moses (2002), and Korteweg, Kräussl, and Verwijmeren (2016) who use a 

repeat sale regression method to compute index returns, and Renneboog and Spaenjers (2013) 

and Goetzmann, Mamonova and Spaenjers (2015) who report hedonic index returns. Our 

returns are closed to those reported by Renneboog and Spaenjers (2013) who show annualized 

real returns of 3.97% with a volatility of 15.21%, by Spaenjers, Goetzmann, and Mamonova 

(2015) who document an annualized real return of 3.40% with a volatility of 15.20% for repeat 

sales over the period 1900-2013, by Mei and Moses (2002) who disclose an annualized real 

return of 4.90% for repeat sales over the period 1875-1999 with a volatility of 42.80%, and by 

Korteweg, Kräussl, and Verwijmeren (2016) who correct for sample selection and report an 

annualized real return of 6.30% in the 1960-2013 period with a volatility of 11.40%. The 
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differences in volatility largely depend on sample sizes. Goetzmann (1993) documents that the 

annualized real return is 17.50% with a volatility of 52.80% over the 1900-1986 period, but the 

sample consists of a selective set of paintings at the high-end market. Pesando (1993) reports 

much lower annualized real returns (of 1.51%) for 1977-1992 with a volatility of 19.94% but 

limits the analysis to prints (which are different from paintings in that many repeat sales are 

sold of one original etching on a copper plate, woodblock or litho).  

 

1.4.2 Art Returns by Subsample 

We examine art annualized real returns for different classifications of art into market 

segments and art types (as in Sections 1.3.2 to 1.3.9): (1) price levels, (2) art mediums, (3) art 

movements, (4) art market locations, (5), auction house types, (6) artist nationalities, (7) local 

vs international market segmentation, and (8) artist career cycles. We document in Panel A of 

Table 1.4 a hierarchy in terms of real returns (Sharpe ratios) by price level segment. The high-

end art auction market - at the 95th percentile - yields an arithmetic average real return of 2.23% 

(0.09) whereas the low-end art auction market - at 5th percentile - yields only 1.46% (0.04) over 

the sixty-year period from 1957 to 2016. We note that an almost monotonic positive relation 

between returns and price levels. Among the three common art media for paintings, oil and 

acryl paintings generate the highest annualized real return (3.39%) compared to that of 

watercolors and gouaches (2.50%) and drawings (2.10%) (Panel B). Over the same time period, 

we note that more recent art movements obtain higher returns. For instance, Minimalism & 

Contemporary art has an impressive 12.88% annualized real return (Panel C). Pop artworks 

(7.93%), Neoclassicism artworks (7.48%), and Abstract Expressionism artworks (5.28%) 

follow in the hierarchy of annualized returns over this sixty-year period. The Sharpe ratio is 

highest for Minimalism & Contemporary art (0.26), followed by Neoclassicism (0.20), 

Dadaism and & Surrealism (0.20), Cubism, Futurism, & Constructivism (0.19), Abstract 
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Expressionism (0.18), Pop Art (0.18), and Rococo (0.15). Over the last 30 years, art returns 

disappoint, especially since the bursting of the second bubble and the Great Recession; only 

Minimalism & Contemporary, Pop, Abstract Expressionism and Cubism, Futurism, & 

Constructivism realize real returns significantly above zero. When we further divide our sample 

into bubbles (1985-1990 and 2003-2007) and bust periods (1991-1995 and 2008-2010), we 

find that especially in the last bust period 2008-2010, Pop Art, and Abstract Expressionism 

artworks perform well, still obtaining positive annualized real return (5.43%, and 1.32%, 

respectively)27.  

We study returns in the major geographical art markets: the UK, US, and Continental 

Europe (of which we further select the French and German markets). Paintings sold in the UK 

reach the highest real returns (3.26%) in the 1970-2016 period whereas the real returns obtained 

in the US and Continental Europe are rather meager (Panel D). To analyze the impact of auction 

house reputation (and turnover), we examine the returns of paintings sold by (1) Sotheby’s & 

Christie’s (S&C), (2) Bonhams & Phillips (B&P), (3) Important American Auction Houses, (4) 

Important European Auction Houses, and the rest (5) Other Small Worldwide Auction Houses. 

We find that Bonhams and Phillips generate the highest real returns (4.14%) in the period 1970-

2016 across all auction house types, which is due to the strong performance of modern and 

contemporary art (Panel E). Paintings sold through Sotheby’s and Christie’s generate annual 

real returns of 2.9%. We also study the return effects by artist nationality. The paintings of 

most artists generate between 3% and 5% with work by Russian artists (7.3%) sticking out on 

the positive side and British artists (2.9%) on the negative (Panel F). We use three definitions 

of geographic market segments in order to distinguish between local and international auction 

markets: (1) A sale is local when the artist’s nationality coincides with the country of the sale; 

 
27 See Appendix Table A1.4: Real Art Returns by Subsample in Bubble and Bust Periods. 
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(2) As the international market is located in the UK and the US, we exclude British and 

American artists from the model and retain all other nationalities such that we can distinguish 

local and international (UK or US) sales; (3) We only consider the sales in the London and 

New York City branches of Sotheby’s and Christie’s as the international art market because 

the best pieces of art from all over the world often end up there. Irrespective of the above 

definitions of local vs. international market segments, we find that paintings sold in the 

international auction market significantly outperform those of local auction markets in terms 

of returns as well as Sharpe ratios (Panel G). Finally, we test if the time of creation of a painting 

affects returns by situating the creation of a painting within an artist’s career cycle. We find 

that for deceased artists, artworks that are created in the last one-third stage of his career cycle 

perform best in the secondary market with an annualized real return of 4.08% (Panel H). 

 

1.4.3 Comparison with Financial Assets and Other Alternative Investments 

We compare investing in paintings with other alternative investments (such as sculptures, 

classic cars, premiers cru Bordeaux wines, investment-grade white diamonds and stamps), and 

with financial assets (equities, government bonds, corporate bonds, gold, and real estate).28 

 
28 Stamps returns (in the 1958-2008 period) are calculated from Dimson and Spaenjers (2011); Red Bordeaux 

Wines returns (in the 1958-2012 period) are calculated from Dimson, Rousseau, and Spaenjers (2015); Classic 

cars returns (in the 1999-2016 period) are calculated from Laurs and Renneboog (2019); Sculptures returns (in 

the 1986-2013 period) are calculated from Vosilov (2015); White Diamond returns (2000-2012) are from 

Renneboog and Spaenjers (2012) and Renneboog (2013); Violin returns (1981-2009) are from Graddy and 

Margolis (2011). Real returns of the S&P 500, FTSE 100, Global Government Bond (using 10-year bonds from 

the countries of Australia, Austria, Belgium, Canada Denmark, Finland, France, Germany, Ireland, Italy, Japan, 

Netherlands, New Zealand, South Africa, Spain, Sweden, UK and US and are weighted by GDP), Dow Jones 

Corporate Bond, US AAA 10-year Corporate Bond, Goldman Sachs Commodity (a composite index of 24 

commodity sector returns, representing an unleveraged, long-only investment in commodity futures that is broadly 

diversified across the spectrum of commodities), and LME Gold are calculated based on Global Financial Data. 

US Housing real returns are from Shiller (2015). T-bill rates downloaded from the Federal Reserve Bank of St. 

Louis are a proxy for the risk-free rate. 
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Panels A and B of Table 1.5 report the risk-return tradeoff and Panel C reports pairwise 

correlations of returns of paintings and of the other asset classes. Due to data availability for 

some of the alternative investment classes (which were often hand-collected by the respective 

authors), we cannot match those sample periods to our own29. Furthermore, our sample of 

paintings is much larger than the that of the other alternative investments. Consequently, the 

comparison of the alternative investment classes should be made with caution. Among the 

alternative investment assets, paintings (2.49%) outperform sculptures (1.11%) but lag the 

returns of classic cars and violins (3.69% and 3.68%, respectively) (Panel A). Premiers cru 

(first growth) red Bordeaux wines, stamps, and white diamonds yield significantly higher real 

returns (9.74%, 5.60%, and 5.23%, respectively). The Sharpe Ratio (excess return, or real 

return minus real risk-free rate, divided by the standard deviation) for paintings amounts to 

0.10, higher than that of Sculptures (0.02) but lower than those of other alternative assets. For 

stamps, red Bordeaux wines, classic cars, white diamonds and fine violins, the Sharpe Ratios 

are 0.27, 0.38, 0.39, 0.51 and 0.17, respectively (but the above caveats in terms of sample 

periods and sizes should be kept in mind). In terms of return co-movements, painting returns 

are strongly correlated with those of sculptures (0.69) and white diamonds (0.70), but not with 

stamps (-0.02), red Bordeaux wines (0.01), classic cars (0.19), and violins (0.04) (Panel C).  

Turning to traditional financial assets in Panel B, for the period 1958-2016, we document 

that the (US and UK) stock markets significantly outperform the art market for paintings in 

terms of return by unit of risk. Likewise, the returns of corporate bond and global government 

bond real returns are at least 50 basis points higher than those of auctioned paintings, but bonds’ 

risk is about a third lower than that of the market for paintings such that the Sharpe ratios of 

 
29 For the assets with longer sample periods than that of this paper on paintings (for example, stamps series are 

available from 1900 to 2008), we only use the sample period starting from 1958 (when the starting year is earlier 

than 1958) and ending in 2016 (in case the end year surpasses 2016). 
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bonds significantly outperform. Gold investments yield also higher real returns than paintings; 

the latter perform only better than investments in global commodity and US housing over the 

long run. The Sharpe ratio of paintings (0.10) is lower than that of S&P 500 stocks (0.42), 

FTSE 100 stocks (0.19), global government bonds (0.30), Dow Jones corporate bonds (0.43), 

and gold (0.15), but is higher than that of global commodity (0.03) and US housing (-0.03). 

We further separate our sample period into two periods of thirty years (1958-1986; 1987-

2016), and we recalculate the real returns, nominal returns, risk and Shape ratios (Panel B). In 

the first thirty years of 1958-1986, the real return of paintings amounts to 6.23%, which is 

similar to that of stocks (S&P 500 6.71% and FTSE 100 6.68%) and gold (6.93%). The art 

market for paintings significantly outperforms the markets for global government bonds, 

corporate bonds, commodities, gold, and US housing, in terms of Sharpe ratios. However, in 

the second period (1987-2016), investors in paintings incur negative real returns (-1.38%) or 

very low nominal returns of 1.26%, which makes the art market underperform all other 

financial markets.  

In terms of return correlations, paintings’ returns are significantly correlated with those of 

global commodities (0.40) and gold (0.32), and are negatively correlated with those of Dow 

Jones corporate bonds (-0.23), S&P 500 stocks (-0.11), global government bonds (-0.10) (Panel 

C), which demonstrates that paintings can have diversification potential when included in 

investment portfolios. To test the potential role paintings can play in the optimization of 

portfolio allocation comprising traditional financial assets such as equity, bonds, gold, and real 

estate, we perform a mean-variance analysis by in- and excluding paintings in the optimal 

portfolios (Panel D (1958-2016), Panel E (1958-1986) and Panel F (1987-2016) in Table 1.5). 

For the whole sample window, the inclusion of paintings in the investment universe, generates 

portfolio Sharp ratios that outperform those of portfolios based on an investment excluding art 

(Panel D). For example, the optimal Sharpe ratio is 0.44 of a portfolio that includes S&P 500 
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stocks and global government bonds, but after adding paintings in this portfolio, the Sharpe 

ratio increases to 0.47. When other assets such as corporate bonds, treasury bills, and gold are 

gradually added in the portfolio, the conclusion holds that a portfolio including paintings has a 

higher Sharpe ratio relative to one without. When we consider all eight asset classes in an 

investment pool (S&P 500 stock, global government bonds, Dow Jones corporate bonds, 

treasury bills, gold, US housing, global commodity, and paintings), the optimal portfolio 

weights are 47.2% in Dow Jones corporate bonds, 26.7% in S&P 500 stocks, and 16.7% in 

gold, with paintings entering the portfolio with a weight of 9.5%. The Sharpe ratio of this 

optimal portfolio is 0.60. While, given paintings’ low Sharpe ratio (0.10), it may surprise that 

paintings enter with a positive weight in an optimal portfolio comprising equities and bonds. 

Still, the negative correlation of paintings with both equities and bonds and hence their negative 

beta with respect to the market portfolio, ensures that they enter the optimal portfolio and offer 

substantial alpha under the CAPM assumption. 

Panels E and F of Table 1.5 present the optimal portfolio allocation results of financial 

assets and paintings by subperiod. Over the subperiod 1958-1986 (Panel E), the optimal 

portfolio comprises 33.0% of S&P 500 stocks, 27.2% of Dow Jones corporate bonds, 16.5% 

of gold, and 23.3% of paintings; so paintings enter with a much higher weight than for the full 

period of 1958-2016 (Panel D). However, paintings almost disappear from the optimal 

portfolio in post-1987 sample (Panel F), which is explained by the negative real returns that 

investing in paintings generates over this period (although the correlations of paintings with 

other financial assets in the post-1987 period remain similar to those in the pre-1987 period 

(Appendix Table A1.5)). Of the optimal portfolio, only a very small portion consists of 

paintings (0.04%) in the period 1987-2016; with the remainder of the investment in Dow Jones 

corporate bonds (73.9%), US housing (15.0%), S&P 500 stocks (6.7%), global commodities 

(3.5%), and gold (0.9%). 
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Panels G and H of Table 1.5 exhibit the optimal portfolio allocations of investments within 

art schools. Panel G presents the results of all the artists by school while Panel H only considers 

the works by top 20 artists by school (the masterpieces or investments in ‘blue-chip’ paintings). 

We start with the portfolio allocation of a collector who invests in a broad index of the oldest 

art movements (Medieval & Renaissance, and Baroque) and gradually expands the collection 

towards more recent art schools. Panel G shows that more recent art schools can play a positive 

and substantial role in the art portfolio investment: the optimal allocation when considering all 

art schools consists of 36.3% in Minimalism & Contemporary, 33.7% in Neoclassicism, 26.6% 

in Abstract Expressionism, 3.5% in Rococo and 0% in other schools. Panel H limits the sample 

to the works by the top 20 artists by school.30 The results show that the paintings by artists from 

earlier schools also perform well within a portfolio context: the optimal portfolio comprises 

investments of 24.4% in Abstract Expressionism, 22.0% in Neoclassicism, 21.2% in Medieval 

& Renaissance, 14.8% in Minimalism & Contemporary, 7.0% in Baroque, 6.9% in Pop Art 

and 3.7% in Romanticism. The results suggest that recent schools dominate the portfolio 

allocation with a weight of 62.9% (Minimalism & Contemporary and Abstract Expressionism). 

Our optimal ‘blue-chip’ paintings’ portfolio is more diversified than an optimal art portfolio 

based on an investment universe comprising all paintings of the thirteen art movements. 

 

1.5 Conclusion 

We have studied the return and risk characteristics of investments in ‘paintings’ (broadly 

defined as oil and acryl paintings, watercolors and gouaches, and drawings) via art auction 

markets over the past sixty years. We have applied several methods to estimate the real returns 

 
30 The top 20 artists in each school are obtained from the top rankings of coefficients of the artist fixed effects in 

the hedonic regression; we then construct the price index (return) series for the sample of these selected top artists. 
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and risk: (i) hedonic pricing models (which includes artist reputation, and characteristics of the 

paintings, provenance, auction houses and the transactions) which yields an annualized 

arithmetic real (nominal) return of 2.49% (6.24%); (ii) hedonic quantile regressions whereby 

the difference between paintings in the high-end and low-end market amounts to 52.74% (with 

a real return of 1.46% for the cheapest art segment and 2.23% for the most expensive art); (iii) 

an adjacent-period hedonic model which generates annual real returns of 1.72%; and (iv) a 

three-staged weighted least-square repeat sales regression, yielding an annual real return of 

3.97%. The unsmoothed volatility of real (nominal) return amounts to 21.73% (21.88%). We 

split our sample into two three-decade periods and find much higher annual real (nominal) 

returns of 6.23% (11.05%) and unsmoothed volatility of 24.62% over the first 3 decades 

(starting in 1957), than for the most recent ones (starting in 1987) that yield a real (nominal) 

return of -1.38% (1.26%) and unsmoothed volatility of 17.41%. 

The high-end art market experiences higher returns than the low-end market, but also has 

a higher volatility. The returns vary significantly across schools of art. For instance, investing 

in Minimalism & Contemporary art yielded an attractive 17.70% annualized real return (over 

the past 60 years). Other recent art movements also generate high annual real returns: e.g., Pop 

Art (9.00%), Neoclassism (7.48%), and Abstract Expressionism (6.22%) of which the 

performance has shown to be more resilient in the financial crisis of 2008-2010. 

 In terms of geographical location of art markets: paintings sold in the UK generate higher 

returns than those sold in the US or Continental Europe. The auction houses in which the 

highest returns were made are Bonhams and Phillips (with an annual real return of 4.14% which 

is mainly to do a focus on modern and contemporary art), followed by Sotheby’s and Christie’s 

(2.91%). Returns of paintings sold in the international auction markets perform better than 

those sold in local ones. For deceased artists, late artworks, defined as the ones created in the 
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last third of an artist’s career, yield higher annual real returns than paintings created in earlier 

phases of his/her career cycle. 

As compared to other alternative investments in the world of passion investments or 

collectibles, paintings on average do not outperform in terms of real returns or Sharpe ratios. 

As such comparisons are hindered by the fact that research is based on different sample sizes 

and, more importantly, executed over different sample periods, and hence the following 

conclusion can only be made with a strong caveat: investing in paintings outperforms 

alternative investments in sculptures, but is outperformed by investments in other types of 

collectibles or passion goods such as investment-grade white diamonds, classic cars, premier 

cru Bordeaux wines, stamps and fine violins. Compared to traditional financial assets (stocks, 

bonds, gold, commodities, and real estate) held over the (very) long run, the paintings’ Sharpe 

ratio is below that of stocks, and government bonds, and gold, but higher than commodities 

and real estate.  

The returns of paintings exhibit a negative correlation with those of equities and bonds, 

such that art’s investment diversification potential makes art enter with a positive weight in an 

optimal investment portfolio. The results show that optimal portfolios for which paintings 

belong to the investment universe maximize the Sharpe ratio compared to optimal portfolios 

that exclude paintings. When we consider eight assets in the investment universe (S&P 500 

stock, global government bonds, Dow Jones corporate bonds, treasury bills, gold, US housing, 

global commodity, and paintings), the optimal portfolio investment comprises 47.2% in Dow 

Jones corporate bonds, 26.7% in S&P 500 stocks, and 16.7% in gold, with paintings entering 

the portfolio with a weight of 9.5%. The results of sub-periods show that over the period 1958-

1986 the optimal portfolio comprises 23.3% paintings, while paintings almost disappear from 

the optimal portfolio in the post-1987 sample, which can be explained by the negative real 

returns of paintings over this period.  
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Tables 

Table 1.1 – Descriptive Statistics of Hedonic Variables 
This table presents the descriptives of the hedonic variables (related to the successful auction sales). Deceased 

equals one in case the artist is dead at the time of the sale. The attribution dummies Attributed, Studio, Circle, 

School, After, and Style equal one if the auction catalogue identifies the work as being “Attributed to” the artist, 

from the “Studio” of that artist, from the “Circle” of the artist, from the artist’s “School”, “After” the artist, or “in 

the Style of” the artist, respectively. The authenticity dummies Signed, Dated, and Inscribed take the value of one 

if the work carries a signature of the artist or is dated, inscribed, respectively. The medium dummies Oil, 

Watercolor, and Drawing indicate whether the work is an Oil painting, a Watercolor, or a Drawing. The variables 

Height and Width measure the Height and the Width in centimeters. The month dummies indicate the month of 

the sale. The auction house (branch) dummies capture sales at Sotheby’s London, Sotheby’s New York, Sotheby’s 

Other Branches, Christie’s London, Christie’s New York, Christie’s Other Branches, Bonhams London, Bonhams 

Other Branches, Phillips London, and Phillips New York. The paintings are also classified according art 

movement. It should be noted that these percentages do not add up to 100% because some artists do not belong to 

an art movement. Important European AH and Important American AH are dummy variables that equal one if the 

sale takes place at a large Continental European or American auction houses, respectively (see Appendix Table 

A1.1). Pedigree, Exhibition, Literature, and Certification equal 1 if the auction catalogue artworks have any 

information on these provenance dimensions. The real hammer prices are deflated to 2007 USD. We report the 

number of observations (N), mean, standard deviation (S.D.). For dummy variables, we also show the number of 

cases whereby the variable takes the value ones. 

Variable N Mean S.D. Equal to One 

Artist Characteristics 

    Deceased 2,257,485 0.82 0.38 1,857,210 

Nationality    

    American 2,257,485 11.73% 32.17% 264,742 

    Belgian 2,257,485 4.97% 21.72% 112,089 

    British 2,257,485 12.12% 32.63% 273,513 

    Dutch 2,257,485 5.78% 23.33% 130,405 

    French 2,257,485 19.14% 39.34% 432,037 

    German 2,257,485 7.33% 26.06% 165,411 

    Italian 2,257,485 10.02% 30.02% 226,163 

    Spanish 2,257,485 2.13% 14.43% 48,046 

    Russian 2,257,485 2.72% 16.28% 61,480 

Art movement    

    Medieval & Renaissance 2,257,485 2.61% 15.93% 36,182 

    Baroque 2,257,485 10.28% 30.37% 142,783 

    Rococo 2,257,485 2.52% 15.68% 35,030 

    Neoclassicism 2,257,485 1.12% 10.51% 15,508 

    Romanticism 2,257,485 3.67% 18.81% 50,983 

    Realism 2,257,485 5.36% 22.52% 74,421 

    Impressionism & Symbolism 2,257,485 8.52% 27.91% 118,240 

    Fauvism & Expressionism 2,257,485 6.59% 24.80% 91,456 

    Cubism, Futurism, & Constructivism 2,257,485 4.53% 20.80% 62,939 

    Dada & Surrealism 2,257,485 4.60% 20.95% 63,904 

    Abstract Expressionism 2,257,485 3.61% 18.65% 50,105 

    Pop Art 2,257,485 1.98% 13.95% 27,556 

    Minimalism & Contemporary 2,257,485 2.28% 14.93% 31,669 

Artwork Characteristics 

Attribution    

    Attributed 2,257,485 3.27% 17.79% 73,867 

    Studio 2,257,485 0.30% 5.48% 6,805 

    Circle 2,257,485 1.20% 10.88% 27,062 

    School 2,257,485 0.32% 5.65% 7,227 

    After 2,257,485 0.58% 7.59% 13,082 

    Style 2,257,485 1.40% 11.75% 31,635 

Authenticity    

    Signed 2,257,485 70.55% 45.58% 1,592,667 
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Variable N Mean S.D. Equal to One 

    Dated 2,257,485 35.32% 47.80% 797,356 

    Inscribed 2,257,485 13.16% 33.81% 297,166 

Medium     

    Oil 2,257,485 64.48% 47.86% 1,455,655 

    Watercolor 2,257,485 19.17% 39.37% 432,832 

    Drawing 2,257,485 16.35% 36.98% 368,998 

Size     

    Height (cm) 2,247,673 56.3 45.9 N/A 

    Width (cm) 2,242,967 58.4 50.3 N/A 

Topic     

    Abstract 2,257,485 2.60% 15.92% 58,733 

    Animals 2,257,485 4.81% 21.41% 108,673 

    Landscape 2,257,485 15.54% 36.22% 350,714 

    Seascape 2,257,485 4.24% 20.15% 95,758 

    Urbanscape 2,257,485 8.34% 27.64% 188,220 

    Nude 2,257,485 1.68% 12.84% 37,876 

    People 2,257,485 10.69% 30.90% 241,365 

    Self Portrait 2,257,485 0.37% 6.11% 8,452 

    Portrait 2,257,485 4.99% 21.77% 112,584 

    Religion 2,257,485 2.87% 16.70% 64,800 

    Still Life 2,257,485 5.68% 23.15% 128,315 

    Study 2,257,485 1.67% 12.80% 37,642 

    Other Topic 2,257,485 42.81% 49.48% 966,463 

Provenance Characteristics 

    Pedigree 2,257,485 14.02% 34.72% 316,551 

    Exhibition 2,257,485 4.50% 20.72% 101,486 

    Literature 2,257,485 4.73% 21.23% 106,787 

    Certification 2,257,485 2.15% 14.50% 48,496 

Transaction Characteristics 

Auction House    

    Sotheby’s London 2,257,485 7.04% 25.58% 158,862 

    Sotheby’s New York 2,257,485 5.46% 22.71% 123,162 

    Sotheby’s Other Branches 2,257,485 3.83% 19.20% 86,495 

    Christie’s London 2,257,485 5.40% 22.59% 121,798 

    Christie’s New York 2,257,485 4.03% 19.66% 90,890 

    Christie’s Other Branches 2,257,485 6.89% 25.33% 155,573 

    Bonhams London 2,257,485 0.88% 9.33% 19,808 

    Bonhams Other Branches 2,257,485 2.46% 15.49% 55,552 

    Phillips London 2,257,485 0.88% 9.32% 19,767 

    Phillips New York 2,257,485 0.35% 5.92% 7,936 

    Important American AH 2,257,485 2.57% 15.84% 58,114 

    Important European AH 2,257,485 11.61% 32.03% 262,038 

Month     

    January 2,257,485 3.46% 18.27% 78,029 

    February 2,257,485 5.04% 21.88% 113,784 

    March 2,257,485 9.00% 28.62% 203,170 

    April 2,257,485 8.23% 27.49% 185,847 

    May 2,257,485 12.65% 33.24% 285,551 

    June 2,257,485 13.12% 33.76% 296,150 

    July 2,257,485 4.89% 21.57% 110,421 

    August 2,257,485 1.80% 13.30% 40,657 

    September 2,257,485 5.14% 22.09% 116,093 

    October 2,257,485 9.36% 29.13% 211,310 

    November 2,257,485 15.63% 36.32% 352,903 

    December 2,257,485 11.68% 32.11% 263,570 

Hammer Price 

Variable N Mean S.D. Median 
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Variable N Mean S.D. Equal to One 

    Nominal in USD 2,227,674 46,696 543,362 3952 

    Real in USD 2,227,674 53117 564607 5133 
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Table 1.2 – Baseline Hedonic Regression 
This table presents the baseline hedonic regression results. Model (1) is estimated using OLS. The dependent 

variable is the natural log of hammer price (in 2007 USD). Column (1) reports the coefficients of the pricing 

model, Column (2) reports the standard errors (in parentheses), which are clustered at auction branch level, and 

Column (3) presents the price impact (i.e., the exponent of the estimated coefficient minus one). *, **, and *** 

indicate statistical significance at the 10%, 5%, and 1% levels, respectively. 

 (1) (2) (3) 

Dept. Var.: Ln(Price) Coefficient Standard Error Price Impact 

Artist Characteristics 

Deceased 0.1361*** (0.0216) 14.58% 

Artwork Characteristics 

Attribution    

    Attributed -0.7343*** (0.0322) -52.02% 

    Studio -0.7227*** (0.0543) -51.46% 

    Circle -0.9934*** (0.0592) -62.97% 

    School -1.3643*** (0.1116) -74.45% 

    After -1.7525*** (0.0684) -82.67% 

    Style -1.5497*** (0.0637) -78.77% 

Authenticity    

    Signed 0.1787*** (0.0189) 19.57% 

    Dated 0.1721*** (0.0075) 18.78% 

Inscribed -0.0083 (0.0096) -0.83% 

Medium    

    Oil 1.2089*** (0.0175) 235.01% 

    Watercolor 0.4498*** (0.0159) 56.80% 

Size    

    Height 0.0060*** (0.0002) 0.60% 

    Width 0.0054*** (0.0002) 0.54% 

    Height_Squared (×10-4) -0.0073*** (0.0008) -0.01% 

    Width_Squared (×10-4) -0.0059*** (0.0009) -0.01% 

Topic    

    Abstract 0.0087 (0.0200) 0.87% 

    Animals -0.0133 (0.0199) -1.32% 

     Landscape 0.0327 (0.0295) 3.32% 

    Seascape 0.0850*** (0.0190) 8.87% 

    Urbanscape 0.1357*** (0.0161) 14.53% 

    Nude -0.0739*** (0.0209) -7.12% 

    People 0.0246 (0.0159) 2.49% 

    Self Portrait 0.1894*** (0.0289) 20.85% 

    Portrait -0.1518*** (0.0161) -14.08% 

    Religion 0.0098 (0.0227) 0.98% 

    Still Life 0.1025*** (0.0238) 10.79% 

    Study -0.1606*** (0.0153) -14.84% 

    Other Topic 0.1025*** (0.0254) 10.78% 

Provenance Characteristics 

    Pedigree 0.3138*** (0.0181) 36.86% 

    Exhibition 0.4037*** (0.0130) 49.74% 

    Literature 0.4453*** (0.0139) 56.08% 

    Certification 0.1226*** (0.0304) 13.03% 

Transaction Characteristics 

Auction House    

    Sotheby’s London 0.6529*** (0.0259) 92.11% 

    Sotheby’s New York 0.6690*** (0.0353) 95.25% 

    Sotheby’s Other Branches 0.3495*** (0.0401) 41.84% 

    Christie’s London 0.6423*** (0.0271) 90.08% 

    Christie’s New York 0.5163*** (0.0291) 67.60% 

    Christie’s Other Branches 0.2057*** (0.0623) 22.84% 

    Bonhams London 0.3121*** (0.0279) 36.63% 
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 (1) (2) (3) 

Dept. Var.: Ln(Price) Coefficient Standard Error Price Impact 

    Bonhams Other Branches -0.0185 (0.0674) -1.83% 

    Phillips London 0.2326*** (0.0249) 26.19% 

    Phillips New York 0.3160*** (0.0269) 37.16% 

    Important American AH -0.1225*** (0.0335) -11.53% 

    Important European AH 0.1593*** (0.0343) 17.27% 

Month    

    February -0.0558 (0.0634) -5.43% 

    March 0.0522 (0.0661) 5.36% 

    April 0.1127** (0.0554) 11.93% 

    May 0.1840*** (0.0318) 20.20% 

    June 0.1469** (0.0736) 15.82% 

    July 0.0895 (0.0862) 9.36% 

    August -0.0336 (0.0640) -3.30% 

    September -0.0785 (0.0658) -7.54% 

    October 0.0299 (0.0559) 3.04% 

    November 0.1741*** (0.0443) 19.02% 

    December 0.1477** (0.0644) 15.92% 

    

Artist FE Yes   

Year FE Yes   

# of Obs. 2,163,281   

Adj. R-squared (adjusted) 0.7211   
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Table 1.3 – Art Returns and Risk 
This table gives an overview of art returns and risk based on auction prices (in 2007 USD). Panel A reports 

annualized geometric and arithmetic nominal returns, real returns, and repeat sale real returns. The nominal returns 

are calculated by means of the adjusted nominal hedonic indices (see section 1.2.1.1). Annualized real returns are 

calculated similarly but the auction prices were deflated using 2007 USD. The repeat sale real returns are 

calculated via Equations (7) are based on inflation-corrected auction prices (in 2007 USD). Panel B reports four 

subpanels of return matrixes comprising annualized nominal and real returns. The column year denotes the starting 

year (from 1 Jan.) of the holding period and the row denotes the ending year (until 31 Dec.). Panel C reports the 

(unsmoothed) volatility (for the unsmoothing methodology, see Equation (9)) of nominal and real returns as well 

as the volatility of repeat sale real returns. 

Panel A: Annualized Nominal, Real, and Repeat Sale Real Returns 

 Arithmetic Mean Return Geometric Mean Return  

Holding Period Nominal Real Repeat Sale Nominal Real Repeat Sale 

1958-2016 6.24% 2.49% 3.97% 5.00% 1.22% 1.88% 

1958-1986 11.05% 6.23% 7.88% 9.76% 4.78% 4.79% 

1987-2016 1.26% -1.38% -0.08% 0.29% -2.34% -1.04% 

Bubble Period        

1985-1990 18.10% 13.90% 12.97% 14.53% 10.24% 9.32% 

2003-2007 9.22% 6.16% 5.18% 8.72% 5.68% 4.37% 

Bust Period        

1991-1995 -2.17% -5.11% -5.02% -2.40% -5.35% -5.44% 

2008-2010 -2.40% -3.81% -2.09% -3.24% -4.81% -2.48% 

 

Panel B: Art Returns by Holding Period 

Nominal Return: Arithmetic Mean 

Till ↓ / From → 1958 1968 1978 1988 1998 2008 

1968 10.58%      

1978 10.60% 12.50%     

1988 12.22% 13.99% 16.79%    

1998 8.30% 8.29% 7.23% 1.42%   

2008 7.56% 7.38% 6.36% 2.80% 3.89%  

2016 6.24% 5.81% 4.57% 1.26% 1.13% -5.89% 

Nominal Return: Geometric Mean  

Till ↓ / From → 1958 1968 1978 1988 1998 2008 

1968 9.25%      

1978 9.27% 11.15%     

1988 10.91% 12.70% 15.76%    

1998 6.85% 6.78% 5.73% -0.08%   

2008 6.25% 6.06% 5.12% 1.65% 3.27%  

2016 5.00% 4.58% 3.44% 0.29% 0.58% -6.25% 

Real Return: Arithmetic Mean 

Till ↓ / From → 1958 1968 1978 1988 1998 2008 

1968 8.33%      

1978 6.42% 6.39%     

1988 7.40% 7.83% 10.28%    

1998 3.93% 3.13% 2.33% -1.84%   

2008 3.48% 2.77% 2.11% -0.26% 1.21%  

2016 2.49% 1.68% 0.86% -1.38% -1.03% -7.48% 

Real Return: Geometric Mean 

Till ↓ / From → 1958 1968 1978 1988 1998 2008 

1968 7.04%      

1978 5.02% 4.86%     

1988 5.94% 6.26% 8.92%    

1998 2.40% 1.53% 0.79% -3.33%   

2008 2.11% 1.38% 0.84% -1.41% 0.58%  

2016 1.22% 0.42% -0.27% -2.34% -1.58% -7.91% 
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Panel C: Art Return Volatility 

Volatility of: 1958-2016 1958-1986 1987-2016 

Nominal Return 16.32% 17.16% 14.00% 

Unsmoothed Nominal Return 21.88% 24.13% 17.72% 

Real Return 16.21% 17.79% 13.63% 

Unsmoothed Real Return 21.73% 24.62% 17.41% 

Repeat Sale Real Return 21.67% 26.93% 13.71% 
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Table 1.4 – Real Art Returns by Subsample and Holding Period 
This table presents annualized real art returns calculated by means of hedonic indices, for various subsamples and holding periods. The subsamples are split by price level (as 

to enable quantile regressions); by art medium; by art movement; by auction market location; by auction houses type; by artist nationalities; by market segment (local vs 

international market); and by artist career cycle. Regarding the holding period returns, the starting year commences on 1st of January and the end year ends on 31st of December. 

The Sharpe Ratio is calculated as excess real return (arithmetic mean real returns minus real risk-free rate) divided by the standard deviation of returns. The T-bill rates from 

the Federal Reserve Bank of St. Louis and are a proxy for the risk-free rate. 

 Arithmetic Mean Real Returns Geometric Mean Real Returns Sharpe Ratio 

 1958-2016 1958-1986 1987-2016 1958-2016 1958-1986 1987-2016 1958-2016 

Panel A: Price Levels (Quantile regressions) 

Price Quantile 5% (cheapest) 1.46% 4.21% -1.38% 0.10% 2.23% -2.06% 0.0355 

Price Quantile 25% 1.58% 4.36% -1.30% 0.32% 2.63% -2.01% 0.0443 

Price Quantile 50% 1.72% 4.56% -1.23% 0.53% 3.00% -1.97% 0.0543 

Price Quantile 75% 1.92% 4.87% -1.14% 0.74% 3.39% -1.93% 0.0672 

Price Quantile 95% (most expensive) 2.23% 5.39% -1.03% 1.00% 3.87% -1.88% 0.0852 

Panel B: Mediums (Hedonic Pricing) 

Oil painting 3.39% 7.27% -0.63% 2.12% 5.89% -1.65% 0.1516 

Watercolor 2.50% 6.15% -1.27% 1.41% 4.83% -2.01% 0.1068 

Drawing 2.10% 5.55% -1.48% 0.38% 3.03% -2.29% 0.0649 

Panel C: Art Movements (Hedonic Pricing) 

Medieval & Renaissance 3.32% 6.23% 0.31% 1.41% 3.55% -0.76% 0.1244 

Baroque 3.42% 7.60% -0.90% 2.00% 5.68% -1.67% 0.1432 

Rococo 4.40% 9.01% -0.37% 2.04% 5.52% -1.44% 0.1458 

Neoclassicism 7.48% 16.51% -1.87% 3.14% 9.42% -2.98% 0.1990 

Romanticism 3.35% 7.97% -1.43% 1.78% 5.88% -2.30% 0.1304 

Realism 3.20% 7.83% -1.58% 0.57% 3.68% -2.55% 0.0998 

Impressionism & Symbolism 3.47% 8.62% -1.85% 1.60% 6.12% -2.86% 0.1280 

Fauvism & Expressionism 3.68% 8.56% -1.37% 1.76% 5.98% -2.42% 0.1362 

Cubism, Futurism, & Constructivism 4.74% 8.94% 0.39% 2.87% 6.90% -1.14% 0.1894 

Dada & Surrealism 5.32% 10.66% -0.21% 3.08% 7.85% -1.63% 0.1958 

Abstract Expressionism 5.28% 8.43% 2.25% 2.63% 5.27% 0.14% 0.1819 

Pop Art 7.93% 13.94% 3.17% 1.42% 3.39% -0.12% 0.1809 

Minimalism & Contemporary 12.88% 27.24% 2.98% 5.43% 12.33% 0.92% 0.2583 
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 Arithmetic Mean Real Returns Geometric Mean Real Returns Sharpe Ratio 

Panel D: Auction Market Location (Hedonic Pricing) 1970-2016  1987-2016 1970-2016  1987-2016 1970-2016 

UK 3.26%  1.11% 1.88%  0.03% 0.1471 

US 0.72%  -0.96% -0.60%  -2.06% -0.0022 

Continental EU 0.20%  -2.06% -0.99%  -3.02% -0.0344 

France -0.13%  -2.84% -1.78%  -4.14% -0.0483 

Germany 0.09%  -1.78% -0.83%  -2.46% -0.0463 

Panel E: Auction House (Hedonic Pricing) 1970-2016  1987-2016 1970-2016  1987-2016 1970-2016 

Sotheby’s & Christie’s 2.91%  0.71% 1.67%  -0.30% 0.1317 

Bonhams & Phillips 4.14%  3.02% 2.67%  1.80% 0.1871 

Important American Auction House -0.72%  -1.70% -1.80%  -2.37% -0.0965 

Important European Auction House 0.58%  -1.65% -0.64%  -2.63% -0.0102 

Other Small Worldwide Auction House -0.11%  -2.33% -1.39%  -3.28% -0.0529 

Panel F: Artist Nationalities (Hedonic Pricing) 1958-2016 1958-1986 1987-2016 1958-2016 1958-1986 1987-2016 1958-2016 

American 4.38% 8.46% 0.16% 2.25% 5.47% -0.98% 0.1454 

Belgian 3.38% 7.96% -1.37% 1.93% 5.98% -2.09% 0.1370 

British 2.87% 5.76% -0.13% 1.64% 4.21% -0.94% 0.1243 

Dutch 3.30% 7.99% -1.54% 1.81% 5.93% -2.28% 0.1328 

Dutch & Belgian 3.31% 7.88% -1.41% 1.92% 5.99% -2.12% 0.1379 

French 2.59% 7.21% -2.18% 0.96% 5.37% -3.40% 0.0930 

German 3.76% 8.11% -0.75% 1.98% 5.55% -1.58% 0.1506 

Italian 3.76% 7.62% -0.24% 1.86% 5.10% -1.39% 0.1421 

Russian 7.31% 13.36% 1.05% 1.73% 4.66% -1.22% 0.1754 

Spanish 5.56% 10.76% 0.17% 2.20% 6.26% -1.83% 0.1732 

 

  



PRICING ART: RETURNS, TRUST, AND CRISES 

 

66 

 

 Arithmetic Mean Real Returns Geometric Mean Real Returns Sharpe Ratio 

Panel G: Market Segmentations (Local vs. International) (Hedonic Pricing) 

Definition 1: Whole Sample, Local = 1 if Artist Nationality Matches Sale Country 

 1958-2016 1958-1986 1987-2016 1958-2016 1958-1986 1987-2016 1958-2016 

Local 2.37% 5.97% -1.36% 1.31% 4.87% -2.24% 0.1002 

International 3.37% 7.22% -0.61% 1.93% 5.47% -1.61% 0.1415 

Definition 2: Since1970, Excluding American and British Artists 

 1970-2016  1987-2016 1970-2016  1987-2016 1970-2016 

Local 0.25%  -1.88% -0.97%  -2.86% -0.0316 

International 2.03%  -0.72% 0.83%  -1.69% 0.0793 

Definition 3: Since 1970, International = 1 if Auction Takes Place in Sotheby’s or Christie’s London or New York City 

 1970-2016  1987-2016 1970-2016  1987-2016 1970-2016 

Local 0.25%  -1.52% -0.86%  -2.42% -0.0329 

International 3.44%  1.12% 2.03%  -0.09% 0.1555 

Panel H: Artist Career Cycle (Hedonic Pricing) 

 1958-2016 1958-1986 1987-2016 1958-2016 1958-1986 1987-2016 1958-2016 

Early 3.36% 6.77% -0.17% 1.60% 4.56% -1.39% 0.1275 

Middle 3.57% 7.00% 0.03% 2.12% 5.45% -1.20% 0.1531 

Late 4.08% 7.59% 0.46% 2.60% 5.93% -0.73% 0.1809 
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Table 1.5 – Comparison of Art Investment Performance with Other Alternative and Financial Assets 
This table presents the comparison of the risk and returns of alternative investments, traditional financial assets, gold and real estate. Panel A reports the real arithmetic mean, 

nominal arithmetic returns, return volatility (real), and Sharpe ratio (excess real returns divided by their standard deviation) of alternative investments. Panel B reports the risk-

return characteristics of other financial assets. Panel C reports the pairwise correlation coefficients for art and financial assets. Panel D presents the optimal portfolio allocation 

of financial assets and paintings within the period of 1958-2016, and Panel E (F) presents the optimal allocation results in subperiod 1958-1986 (1987-2016). Panel G and Panel 

H present the optimal portfolio allocations within art schools and movements. Stamps returns (1958-2008) are from Dimson and Spaenjers (2011); Red Bordeaux Wine returns 

(1958-2012) are from Dimson, Rousseau, and Spaenjers (2015); Classic cars returns (1999-2016) are from Laurs and Renneboog (2019); Sculpture returns (1986-2013) are 

from Vosilov (2015); White Diamond returns (2000-2012) are from Renneboog and Spaenjers (2012) and Renneboog (2013); Violin returns (1981-2009) are from Graddy and 

Margolis (2011). Real returns of the S&P 500, FTSE 100, Global Government Bond (using 10-year bonds from the countries of Australia, Austria, Belgium, Canada Denmark, 

Finland, France, Germany, Ireland, Italy, Japan, Netherlands, New Zealand, South Africa, Spain, Sweden, UK and US and are weighted by GDP), Dow Jones Corporate Bond, 

US AAA 10-year Corporate Bond, Goldman Sachs Commodity (a composite index of 24 commodity sector returns, representing an unleveraged, long-only investment in 

commodity futures that is broadly diversified across the spectrum of commodities), and LME Gold are calculated based on Global Financial Data. US Housing real returns are 

from Shiller (2015). T-bill rates downloaded from the Federal Reserve Bank of St. Louis are a proxy for the risk-free rate. Numbers in bold in Panel C refer to statistical 

significance at the 5% level. SD stands for standard deviation. 

Panel A: Comparison of Investment Performance of Alternative Investments 

Asset Class Paintings Stamps Red Bordeaux Wines Classic cars Sculptures White Diamonds Fine Violins 

Period 1958-2016 1958-2008 1958-2012 1999-2016 1986-2013 2000-2012 1981-2009 

Real Returns 2.49% 5.60% 9.74% 3.69% 1.11% 5.23% 3.68% 

Nominal Returns 6.24% 12.00% 15.86% 5.95% 3.95% 7.82% 7.94% 

Volatility (real) 16.21% 15.01% 23.12% 10.22% 15.01% 10.96% 9.54% 

Sharpe Ratio (real) 0.10 0.27 0.38 0.39 0.02 0.51 0.17 

Panel B: Comparison of Investment Performance of Other Financial Assets 

Asset Class Paintings 
S&P 500 

Stock 

FTSE 100 

Stock 

Global 

Govt. Bond 

Dow Jones 

Corp. Bond 

US AAA 10-

Yr Corp. Bond 
Commodity Gold US Housing T-Bill 

Period 1958-2016 1958-2016 1979-2016 1958-2016 1958-2016 1958-2016 1970-2016 1958-2016 1958-2016 1958-2016 

Real Returns 2.49% 7.84% 3.73% 2.98% 4.49% 3.81% 1.34% 4.25% 0.73% 0.87% 

Nominal Returns 6.24% 11.72% 8.39% 6.74% 8.27% 7.57% 5.55% 8.39% 4.47% 4.62% 

Volatility (real) 16.21% 16.82% 13.82% 7.76% 9.17% 8.00% 21.66% 21.44% 4.61% 2.17% 

Sharpe Ratio (real) 0.10 0.42 0.19 0.30 0.43 0.42 0.03 0.15 -0.03 - 

Period 1958-1986 1958-1986 1979-1986 1958-1986 1958-1986 1958-1986 1970-1986 1958-1986 1958-1986 1958-1986 

Real Returns 6.23% 6.71% 6.68% 2.36% 3.64% 2.01% -1.82% 6.93% 0.42% 1.20% 

Nominal Returns 11.05% 11.62% 15.39% 7.15% 8.44% 6.77% 4.64% 12.55% 5.27% 6.05% 

Volatility (real) 17.80% 16.83% 9.36% 9.08% 11.57% 9.43% 17.87% 26.34% 3.13% 2.43% 

Sharpe Ratio (real) 0.28 0.34 0.47 0.15 0.24 0.10 -0.15 0.21 -0.20 - 

Period 1987-2016 1987-2016 1987-2016 1987-2016 1987-2016 1987-2016 1987-2016 1987-2016 1987-2016 1987-2016 
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Real Returns -1.38% 9.00% 2.82% 3.62% 5.37% 5.68% 3.31% 1.48% 1.05% 0.53% 

Nominal Returns 1.26% 11.83% 6.22% 6.32% 8.09% 8.40% 6.12% 4.09% 3.65% 3.14% 

Volatility (real) 13.63% 17.02% 14.95% 6.21% 5.84% 5.79% 23.79% 14.78% 5.80% 1.85% 

Sharpe Ratio (real) -0.14 0.50 0.15 0.49 0.82 0.92 0.11 0.06 0.08 - 

Panel C: Pairwise Correlation of Art and Financial Assets (1958-2016; in Real Terms) 

  Paintings Stamps 

Red 

Bordeaux 

Wines 

Cars 
Sculpt

ures 

White 

Diamonds 

Violin

s 

S&P 

500 

Stock 

FTSE 

100 

Stock 

Global 

Govt. 

Bond 

Dow 

Jones 

Corp 

Bond 

US 

AAA 

10-Yr 

Corp. 

Bond 

Comm

odity 
Gold 

US 

Housing 

T-

Bill 

Paintings 1                

Stamps -0.02 1               

Red Bordeaux 

Wines 
0.01 -0.04 1              

Classic cars 0.19 0.21 0.09 1             

Sculptures 0.69 -0.17 0.19 0.17 1            

White 

Diamonds 
0.70 -0.09 0.01 0.53 0.45 1           

Violins 0.04 -0.05 0.32 0.21 0.06 -0.45 1          

S&P 500 

Stock 
-0.11 -0.24 0.14 -0.03 0.18 0.05 -0.08 1         

FTSE 100 

Stock 
-0.03 -0.38 0.25 -0.03 0.23 0.17 -0.09 0.83 1        

Global Govt. 

Bond 
-0.10 -0.35 -0.02 -0.23 0.10 -0.23 -0.09 0.33 0.24 1       

Dow Jones 

Corporate 

Bond 

-0.23 -0.30 0.10 -0.52 -0.10 -0.85 -0.06 0.37 0.31 0.87 1      

US AAA 10-

Yr Corporate 

Bond 

-0.21 -0.32 0.03 -0.22 -0.20 -0.13 -0.18 0.22 0.10 0.80 0.89 1     

Goldman 

Sachs 

Commodity 

0.40 -0.03 0.27 -0.02 0.38 0.04 0.02 -0.04 0.21 -0.10 -0.17 -0.32 1    

Gold 0.32 0.31 -0.03 -0.23 0.24 0.35 -0.04 -0.25 -0.11 -0.10 -0.24 -0.28 0.45 1   

US Housing 0.09 0.08 0.12 0.26 0.21 -0.15 -0.12 0.17 0.19 0.11 0.05 0.05 0.03 -0.11 1  

T-Bill 0.03 -0.49 0.13 -0.06 -0.03 0.12 -0.05 0.22 0.22 0.43 0.49 0.54 -0.31 -0.48 -0.03 1 
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Panel D: Optimal Portfolio Allocations of Financial Assets (Including and Excluding Paintings; 1958-2016) 

  Without 

Paintings 

With 

Paintings 

Without 

Paintings 

With 

Paintings 

Without 

Paintings 

With 

Paintings 

Without 

Paintings 

With 

Paintings 

Without 

Paintings 

With 

Paintings 

Without 

Paintings 

With 

Paintings 

Paintings - 18.35% - 19.17% - 19.17% - 9.53% - 9.53% - 9.53% 

S&P 500 Stock 52.84% 42.51% 37.77% 28.13% 37.77% 28.13% 29.89% 26.68% 29.89% 26.68% 29.89% 26.68% 

Global Govn. Bond 47.16% 39.13% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

Dow Jones Corp. Bond - - 62.23% 52.70% 62.23% 52.70% 49.37% 47.21% 49.37% 47.21% 49.37% 47.21% 

T-Bill - - - - 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

Gold - - - - - - 20.74% 16.58% 20.74% 16.58% 20.74% 16.58% 

US Housing  - - - - - - - - 0.00% 0.00% 0.00% 0.00% 

Commodity - - - - - - - - - - 0.00% 0.00% 

Real Portfolio Returns 5.55% 4.96% 5.75% 5.05% 5.75% 5.05% 5.44% 5.15% 5.44% 5.15% 5.44% 5.15% 

Real Portfolio SD 10.59% 8.72% 9.89% 7.81% 9.89% 7.81% 7.78% 7.14% 7.78% 7.14% 7.78% 7.14% 

Return-Risk Ratio (real) 0.5237 0.5685 0.5818 0.6461 0.5818 0.6461 0.6993 0.7214 0.6993 0.7214 0.6993 0.7214 

Shape Ratio (real) 0.4416 0.4688 0.4939 0.5348 0.4939 0.5348 0.5876 0.5997 0.5876 0.5997 0.5876 0.5997 

Panel E: Optimal Portfolio Allocations of Financial Assets (Including and Excluding Paintings; 1958-1986) 

  Without 

Paintings 

With 

Paintings 

Without 

Paintings 

With 

Paintings 

Without 

Paintings 

With 

Paintings 

Without 

Paintings 

With 

Paintings 

Without 

Paintings 

With 

Paintings 

Without 

Paintings 

With 

Paintings 

Paintings - 43.04% - 38.67% - 38.67% - 23.28% - 23.28% - 23.28% 

S&P 500 Stock 94.53% 49.20% 69.06% 36.00% 69.06% 36.00% 41.86% 33.04% 41.86% 33.04% 41.86% 33.04% 

Global Govn. Bond 5.47% 7.76% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

Dow Jones Corp. Bond - - 30.94% 25.33% 30.94% 25.33% 30.29% 27.18% 30.29% 27.18% 30.29% 27.18% 

T-Bill - - - - 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

Gold - - - - - - 27.85% 16.50% 27.85% 16.50% 27.85% 16.50% 

US Housing  - - - - - - - - 0.00% 0.00% 0.00% 0.00% 

Commodity - - - - - - - - - - 0.00% 0.00% 

Real Portfolio Return 6.48% 6.17% 5.76% 5.75% 5.76% 5.75% 5.84% 5.80% 5.84% 5.80% 5.84% 5.80% 

Real Portfolio SD 15.82% 10.50% 13.29% 9.25% 13.29% 9.25% 9.43% 8.35% 9.43% 8.35% 9.43% 8.35% 

Return-Risk Ratio (real) 0.4093 0.5874 0.4336 0.6216 0.4336 0.6216 0.6196 0.6950 0.6196 0.6950 0.6196 0.6950 

Shape Ratio (real) 0.3337 0.4736 0.3437 0.4923 0.3437 0.4923 0.4929 0.5518 0.4929 0.5518 0.4929 0.5518 
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Panel F: Optimal Portfolio Allocations of Financial Assets (Including and Excluding Paintings; 1987-2016) 

  Without 

Paintings 

With 

Paintings 

Without 

Paintings 

With 

Paintings 

Without 

Paintings 

With 

Paintings 

Without 

Paintings 

With 

Paintings 

Without 

Paintings 

With 

Paintings 

Without 

Paintings 

With 

Paintings 

Paintings - 0.00% - 3.52% - 3.52% - 2.97% - 1.86% - 0.04% 

S&P 500 Stock 26.73% 26.73% 11.03% 10.32% 11.03% 10.32% 11.45% 10.78% 7.68% 7.42% 6.67% 6.67% 

Global Govn. Bond 73.27% 73.27% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

Dow Jones Corp. Bond - - 88.97% 86.16% 88.97% 86.16% 85.20% 83.51% 71.36% 70.90% 73.95% 73.94% 

T-Bill - - - - 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

Gold - - - - - - 3.35% 2.74% 3.78% 3.39% 0.86% 0.86% 

US Housing  - - - - - - - - 17.18% 16.44% 14.98% 14.97% 

Commodity - - - - - - - - - - 3.53% 3.52% 

Real Portfolio Return 5.06% 5.06% 5.77% 5.50% 5.77% 5.50% 5.65% 5.45% 4.76% 4.67% 4.86% 4.85% 

Real Portfolio SD 7.20% 7.20% 5.94% 5.62% 5.94% 5.62% 5.79% 5.55% 4.68% 4.58% 4.74% 4.74% 

Return-Risk Ratio (real) 0.7027 0.7027 0.9714 0.9793 0.9714 0.9793 0.9766 0.9827 1.0157 1.0195 1.0246 1.0246 

Shape Ratio (real) 0.6288 0.6288 0.8817 0.8847 0.8817 0.8847 0.8847 0.8867 0.9021 0.9033 0.9123 0.9123 

Panel G: Optimal Portfolio Allocations by Art Schools 

 Art Schools (1958-2016) 

Medieval & Renaissance 22.17% 13.63% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

Baroque 77.83% 44.82% 11.61% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

Rococo - 41.56% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 3.45% 

Neoclassicism - - 88.39% 62.51% 63.49% 56.87% 55.74% 39.42% 38.89% 45.33% 45.94% 33.67% 

Romanticism - - - 37.49% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

Realism - - - - 36.51% 17.77% 17.00% 13.12% 12.83% 0.00% 0.00% 0.00% 

Impressionism & Symbolism - - - - - 25.36% 20.43% 5.59% 5.77% 0.00% 0.00% 0.00% 

Fauvism & Expressionism - - - - - - 6.83% 0.00% 0.00% 0.00% 0.00% 0.00% 

Cubism, Futurism, & Constructivism - - - - - - - 41.87% 37.91% 0.00% 0.00% 0.00% 

Dada & Surrealism - - - - - - - - 4.60% 0.00% 0.00% 0.00% 

Abstract Expressionism - - - - - - - - - 54.67% 33.55% 26.56% 

Pop Art - - - - - - - - - - 20.52% 0.00% 

Minimalism & Contemporary - - - - - - - - - - - 36.32% 

Real Portfolio Return 3.40% 3.81% 7.01% 5.93% 5.92% 5.70% 5.67% 5.55% 5.56% 6.28% 6.84% 8.75% 

Real Portfolio SD 17.19% 18.90% 30.50% 24.29% 23.46% 22.24% 22.10% 20.62% 20.68% 22.02% 23.55% 25.48% 

Return-Risk Ratio (real) 0.1977 0.2018 0.2298 0.2441 0.2522 0.2563 0.2567 0.2690 0.2689 0.2852 0.2903 0.3436 

Sharpe Ratio (real) 0.1471 0.1558 0.2013 0.2083 0.2152 0.2173 0.2174 0.2269 0.2269 0.2457 0.2533 0.3094 
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Panel H: Optimal Allocations by Top Artists in Art Schools 

 Top Artists by Art Schools (1958-2016) 

Medieval & Renaissance 41.71% 40.48% 34.85% 27.40% 27.40% 27.40% 26.55% 26.55% 25.65% 25.37% 23.02% 21.16% 

Baroque 58.29% 52.54% 26.60% 17.15% 17.15% 17.15% 15.02% 15.02% 14.40% 8.14% 9.12% 7.01% 

Rococo - 6.98% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

Neoclassicism - - 38.55% 30.72% 30.72% 30.72% 29.45% 29.45% 29.04% 24.47% 24.02% 22.03% 

Romanticism - - - 24.73% 24.73% 24.73% 22.15% 22.15% 21.20% 11.77% 13.44% 3.72% 

Realism - - - - 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

Impressionism & Symbolism - - - - - 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

Fauvism & Expressionism - - - - - - 6.83% 6.83% 4.60% 4.40% 0.00% 0.00% 

Cubism, Futurism, & Constructivism - - - - - - - 0.00% 0.00% 0.00% 0.00% 0.00% 

Dada & Surrealism - - - - - - - - 5.10% 0.00% 0.00% 0.00% 

Abstract Expressionism - - - - - - - - - 25.83% 19.71% 24.40% 

Pop Art - - - - - - - - - - 10.70% 6.89% 

Minimalism & Contemporary - - - - - - - - - - - 14.79% 

Real Portfolio Return 13.82% 13.69% 14.45% 12.84% 12.84% 12.84% 12.66% 12.66% 12.48% 13.01% 13.10% 14.64% 

Real Portfolio SD 37.76% 37.34% 35.18% 29.99% 29.99% 29.99% 29.46% 29.46% 28.99% 29.06% 28.49% 31.08% 

Return-Risk Ratio (real) 0.3661 0.3667 0.4108 0.4283 0.4283 0.4283 0.4296 0.4296 0.4303 0.4476 0.4599 0.4712 

Sharpe Ratio (real) 0.3431 0.3434 0.3861 0.3993 0.3993 0.3993 0.4001 0.4001 0.4003 0.4177 0.4294 0.4432 
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Figures 

Figure 1.1 – Baseline Price Real Indices 
This figure presents the baseline and adjusted hedonic, and repeat sales price indices since 1957 detailed in 

Appendix Table A1.2. The initial index values are set at 100 in year 1957 for all three indices (see Equations (1)-

(5) in section 1.2.1.1). 

 

 

Figure 1.2 – Quantile Price Indices (Price Levels) 
This figure presents the art price indices since 1957 that result from the quantile regressions for the percentiles 

0.95, 0.75, 0.50, 0.25, and 0.05 We run a quantile variant of our adjacent-period hedonic regression model for 

every two-year period since 1957 for the following percentiles: 0.95, 0.75, 0.50, 0.25, and 0.05. The quantile 

hedonic price indices are then constructed by chain-linking the coefficients on the year dummies for the relevant 

quantiles. (For details, see Appendix Table A1.3). The Q95 index value in 1957 is set at 100; the initial index 

values of Q05, Q25, Q50, and Q75 indices are normalized based on the five-year average percentiles from 1957 

to 1961 relative to Q95 index. The price trends figure of which the initial index values are set at 100 in year 1957 

for all groups is presented in Online Appendix Figure OA1.2. 
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Figure 1.3 – Price Indices of by Medium (Price Levels) 
This figure presents the baseline hedonic art price indices of oil (and acrylic) paintings, watercolors (and 

gouaches), and drawings based on the model presented in Equation (1). The oil and acrylic painting index value 

in 1957 is set at 100; the initial index values of watercolor and drawing indices are normalized based on the five-

year average price from 1957 to 1961 relative to oil painting’s index. The price trends figure of which the initial 

index values are set at 100 in year 1957 for all groups is presented in Online Appendix Figure OA1.3. 

 
Figure 1.4 – Price Indices of Art Movements Since 1957 (Price Levels) 

This figure presents the art price indices of movements since 1957. We classify art movements into 5 groups: (1) 

Medieval & Renaissance, Baroque, Rococo; (2) Neoclassicism, Romanticism, Realism; and (3) Impressionism & 

Symbolism; (4) Fauvism & Expressionism, Cubism, Futurism, & Constructivism, Dada & Surrealism; (5) 

Abstract Expressionism, Pop, Minimalism & Contemporary. The initial index value of Medieval & Renaissance, 

Baroque, Rococo group is set at 100 in year 1957, and the initial indices values of other art movements groups 

are normalized by the average price of the period from 1957 to 1961 relative to the Medieval & Renaissance, 

Baroque, Rococo group’s. The price trends figure of which the initial index values are set at 100 in year 1957 for 

all groups is presented in Online Appendix Figure OA1.4. 
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Figure 1.5 – Price Indices of Auction Markets Since 1970 (Price Levels) 
This figure presents the art price indices of auction markets including UK, USA and European continent since 

1970. The initial index value for UK sales is set at 100 in 1970 and the initial indices values for US and Europe 

sales are normalized by the average prices from 1970 to 1974 relative to UK’s. The figure in which the initial 

indices values are set at 100 in year 1970 is presented in Online Appendix Figure OA1.5. 

 

 
Figure 1.6 – Price Indices of Auction Houses Since 1970 (Price Trends) 

This figure presents the art price indices of auction houses including (1) Sotheby’s and Christie’s (S&C); (2) 

Bonhams and Phillips (B&P); and (3) Important European Auction Houses (Important European AH); (4) 

Important American Auction Houses (Important American AH); (5) Other Small Worldwide Auction Houses 

(Other Small AH) since 1970. The initial indices values are set at 100 in year 1970. The figure in which the initial 

index value for S&C is set at 100 in 1970 and the initial indices values for other auction houses are normalized 

by the average prices from 1970 to 1974 relative to S&C’s is presented in Online Appendix Figure OA1.6.  
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Figure 1.7 – Price Indices of Artist Nationalities (Price Levels) 
This figure presents the art price indices of British, American; French, Italian, Dutch & Belgian artists since 1957. 

The initial index value for British artists is set at 100 in 1957 and the initial indices values are normalized by the 

average prices from 1957 to 1961 relative to British artists’. The figure in which the initial index values are set at 

100 in year 1957 for all groups is presented in Online Appendix Figure OA1.7. 

 
 

Figure 1.8a – Price Indices of Local and International Markets since 1957 (Price Trends) 
This figure presents the art price indices of local and international markets since 1957. A local market comprises 

the sales of work of an artist whose nationality coincides with the country of the sale. The initial indices values 

are set at 100 in year 1957. The figure in which the initial index value for local markets is set at 100 in 1957 and 

the initial index value for international markets is normalized by the average price from 1957 to 1961 relative to 

local markets’ is presented in Online Appendix Figure OA1.8a. 
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Figure 1.8b – Price Indices of Local and International Markets since 1970 (Price Trends) 
(Excluding British and American Artists) 

This figure presents the art price indices of local and international markets. A local market comprises the sales of 

work of an artist whose nationality coincides with the country of the sale (excluding British and American artists). 

The initial indices values are set at 100 in year 1970. The figure in which the initial index value for local markets 

is set at 100 in 1970 and the initial index value for international markets is normalized by the average price from 

1970 to 1974 relative to local markets’ is presented in Online Appendix Figure OA1.8b. 

 
 

Figure 1.8c – Price Indices of Local and International Markets since 1970 (Price Trends) 
(Sotheby’s & Christie’s London and New York Branches as International) 

This figure presents the art price indices of local and international markets since 1970. The observations are 

defined as International when the observations were sold at Sotheby’s London, Sotheby’s New York, Christie’s 

London or Christie’s New York; the observations are defined as Local otherwise. The initial indices values are 

set at 100 in year 1970. The figure in which the initial index value for local markets is set at 100 in 1970 and the 

initial index value for international markets is normalized by the average price from 1970 to 1974 relative to local 

markets’ is presented in Online Appendix Figure OA1.8c. 
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Figure 1.9a – Price Indices of Artist Career Cycle since 1957 (Price Trends) 
This figure presents the art price indices of artist career cycle since 1957. The observations are classified into three 

subsamples by the relative age when the artist created the paintings whereby the following classification is based 

on terciles of the active artist’s life (since the age of 18): (1) Early; (2) Middle; and (3) Late. The initial indices 

values are set at 100 in year 1957.  

 
 

Figure 1.9b – Price Indices of Artist Career Cycle since 1957 (Price Levels) 
This figure presents the art price indices of artist career cycle since 1957. The observations are classified into three 

subsamples by the relative age when the artist created the paintings whereby the following classification is based 

on terciles of the active artist’s life (since the age of 18): (1) Early; (2) Middle; and (3) Late. The initial index 

value for young-age group is set at 100 in 1957 and the initial indices values for other age groups are normalized 

by the average price from 1957 to 1961 relative to young-age group’s.  
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Appendix 

Table A1.1 – Variable Definitions 

Variable Definition 

Ln(Price) Ln(Price) is the natural logarithm of real hammer price (deflated in 2007 USD). 

Deceased Deceased is a dummy variable equal to one if the artist was deceased prior the sale of the 

auctioned lot. 

Height The height of a painting measured in centimeters. 

Width The width of a painting measured in centimeters. 

Oil Oil refers to the oil/acrylic painting category. 

Watercolors Watercolors refers to watercolors (or gouache). 

Drawing Drawing refers to the drawing category. 

Signed Signed is a dummy variable that equals one if the artwork bears physically identifiable 

signature(s) in various forms: full names, monograms, initials, countersignatures, and 

stamps. 

Dated Dated is a dummy variable that equals one if the artwork bears physically identifiable 

date(s). 

Inscribed Inscribed is a dummy variable that equals one if the artwork bears physically identifiable 

inscription(s). 

Attribution Attribution variables (Attributed, Studio, Circle, School, After, Style) are dummy variables 

equal to one if the auctioned object had been recognized and disclosed by the auction house 

at the following levels: 1) attributed to the artist, 2) from the studio of the artist, 3) from 

the circle of the artist, 4) from the school of the artist, 5) after the artist, or 6) in the style 

or manner of the artist. 

Pedigree Pedigree is a dummy variable equal to one if there is textual information in the auction 

catalogue about the pedigree information (past ownership, previous sales information, etc.) 

of the auctioned lot. 

Literature Literature is a dummy variable equal to one if there is textual information in the auction 

catalogue about literature covering the auctioned lot. 

Exhibition Exhibited is a dummy variable equal one if there is textual information in the auction 

catalogue about the exhibition history of the auctioned lot. 

Certification Certification is a dummy variable equal to one if there is textual information in the auction 

catalogue about authentication either in the form of a physical certificate or oral 

confirmation. 

Sotheby’s 

London 

Sotheby’s London is a dummy variable that equals one if the sale takes place at Sotheby’s 

London. 

Sotheby’s New 

York 

Sotheby’s New York is a dummy variable that equals one if the sale takes place at 

Sotheby’s New York. 

Sotheby’s Other 

Branches 

Sotheby’s Other Branches is a dummy variable that equals one if the sale takes place at 

one of Sotheby’s branches other than London and New York. 

Christie’s 

London 

Christie’s London is a dummy variable that equals one if the sale takes place at Christie’s 

London. 

Christie’s New 

York 

Christie’s New York is a dummy variable that equals one if the sale takes place at Christie’s 

New York. 

Christie’s Other 

Branches 

Christie’s Other Branches is a dummy variable that equals one if the sale takes place at one 

of Christie’s branches other than London or New York. 

Bonhams 

London 

Bonhams London is a dummy variable that equals one if the sale takes place at Bonhams 

London. 

Bonhams New 

York 

Bonhams New York is a dummy variable that equals one if the sale takes place at Bonhams 

New York. 

Bonhams Other 

Branches 

Bonhams Other Branches is a dummy variable that equals one if the sale takes place at one 

of Bonhams branches other than London or New York. 

Phillips London Phillips London is a dummy variable that equals one if the sale takes place at Phillips 

London. 

Phillips New 

York 

Phillips New York is a dummy variable that equals one if the sale takes place at Phillips 

New York. 
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Important 

American AH 

Important American AH is a dummy variable that equals one if the sale takes place at one 

of the following important American auction houses: Butterfields (until 2002), Swann 

Auction Galleries, Skinner, Doyle New York, Freeman’s, and Leslie Hindman. 

Important 

European AH 

Important European AH is a dummy variable that equals one if the sale takes place at one 

of the following important European auction houses: Lyon & Turnbull (Scotland), Francis 

Briest / Artcurial Briest (France), Ader, Picard & Tajan / Ader & Tajan / Tajan (France), 

Bruun Rasmussen (Denmark), Dorotheum (Austria), Koller (Switzerland), Lempertz 

(Germany), Neumeister (Germany), Finarte (Italy), Bukowskis (Sweden), Stockholms 

Auktionsverk (Sweden). 
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Table A1.2 – Art Indices and Real Returns 
This table presents the art price indices and real returns for the baseline hedonic regression model (Table 1.2). For 

each year, we report the estimated time dummy coefficient, the baseline hedonic price index and real return (Π 

and r), and the adjusted price index and real return, corrected for changes in price dispersion over time (Π* and 

r*, see section 1.2.1.1, Equations 4 and 5). This table also includes the repeat sale index and real arithmetic and 

geometric returns over the period 1957 to 2016. 

Year Coefficient 
Baseline Hedonic  

Index 

Baseline  

Return 

Adjusted 

Index 

Adjusted 

Return 

Repeat 

Sales Index 

Repeat 

Sales Return 

1957  100.00  100.00  100.00  

1958 -0.1410 86.85 -13.15% 81.28 -18.72% 58.09 -41.91% 

1959 0.1221 112.99 30.10% 108.19 33.11% 94.67 62.97% 

1960 0.1788 119.58 5.83% 112.87 4.32% 82.07 -13.31% 

1961 0.2217 124.82 4.38% 120.33 6.62% 153.49 87.02% 

1962 0.2519 128.65 3.07% 123.00 2.21% 127.58 -16.88% 

1963 0.5213 168.42 30.92% 155.04 26.05% 166.54 30.54% 

1964 0.2730 131.39 -21.99% 123.69 -20.22% 119.73 -28.11% 

1965 0.3932 148.17 12.77% 136.65 10.47% 148.66 24.16% 

1966 0.5554 174.26 17.61% 148.41 8.61% 163.31 9.86% 

1967 0.6695 195.33 12.09% 166.41 12.13% 164.19 0.54% 

1968 0.8747 239.82 22.78% 222.15 33.50% 208.67 27.09% 

1969 0.9323 254.03 5.93% 226.29 1.87% 228.08 9.30% 

1970 0.8084 224.43 -11.65% 193.06 -14.69% 174.94 -23.30% 

1971 1.0066 273.63 21.92% 230.33 19.30% 192.19 9.86% 

1972 1.1665 321.07 17.34% 276.89 20.22% 233.24 21.36% 

1973 1.4589 430.12 33.96% 366.65 32.42% 306.32 31.34% 

1974 1.3880 400.68 -6.84% 337.62 -7.92% 281.77 -8.02% 

1975 1.1501 315.85 -21.17% 262.10 -22.37% 219.13 -22.23% 

1976 1.0139 275.63 -12.73% 226.82 -13.46% 193.27 -11.80% 

1977 1.0217 277.79 0.78% 227.15 0.15% 190.79 -1.28% 

1978 1.1758 324.07 16.66% 267.17 17.61% 217.72 14.12% 

1979 1.2869 362.15 11.75% 293.97 10.03% 245.43 12.72% 

1980 1.3010 367.30 1.42% 296.00 0.69% 264.33 7.70% 

1981 1.1377 311.96 -15.07% 254.28 -14.09% 241.15 -8.77% 

1982 0.9202 250.98 -19.55% 202.66 -20.30% 206.51 -14.36% 

1983 0.9141 249.45 -0.61% 201.79 -0.43% 199.14 -3.57% 

1984 0.9382 255.54 2.44% 212.32 5.22% 208.91 4.91% 

1985 1.0164 276.32 8.13% 228.90 7.81% 242.21 15.94% 

1986 1.2368 344.46 24.66% 285.13 24.56% 285.40 17.83% 

1987 1.5707 481.00 39.64% 405.57 42.24% 407.39 42.75% 

1988 1.7767 591.03 22.88% 493.82 21.76% 492.64 20.93% 

1989 1.9904 731.85 23.83% 633.13 28.21% 638.76 29.66% 

1990 2.0470 774.46 5.82% 662.17 4.59% 671.04 5.05% 

1991 1.6449 518.05 -33.11% 410.82 -37.96% 413.37 -38.40% 

1992 1.5219 458.09 -11.57% 361.37 -12.04% 337.73 -18.30% 

1993 1.3547 387.56 -15.40% 309.40 -14.38% 294.63 -12.76% 

1994 1.3338 379.54 -2.07% 308.57 -0.27% 295.40 0.26% 

1995 1.3607 389.89 2.73% 315.80 2.34% 301.73 2.14% 

1996 1.3520 386.51 -0.87% 312.06 -1.18% 312.53 3.58% 

1997 1.2187 338.28 -12.48% 276.48 -11.40% 304.78 -2.48% 

1998 1.1514 316.26 -6.51% 254.44 -7.97% 308.11 1.09% 

1999 1.2141 336.73 6.47% 270.29 6.23% 336.91 9.35% 

2000 1.2060 334.01 -0.81% 271.62 0.49% 338.43 0.45% 

2001 1.1275 308.79 -7.55% 253.55 -6.65% 322.80 -4.62% 

2002 1.1691 321.91 4.25% 264.61 4.36% 329.52 2.08% 

2003 1.2761 358.26 11.29% 291.12 10.02% 383.91 16.50% 

2004 1.3783 396.82 10.76% 323.25 11.04% 420.12 9.43% 

2005 1.3831 398.72 0.48% 327.87 1.43% 428.81 2.07% 

2006 1.4521 427.21 7.14% 362.87 10.68% 522.49 21.85% 

2007 1.7381 568.65 33.11% 428.75 18.15% 571.35 9.35% 
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Year Coefficient 
Baseline Hedonic  

Index 

Baseline  

Return 

Adjusted 

Index 

Adjusted 

Return 

Repeat 

Sales Index 

Repeat 

Sales Return 

2008 1.6068 498.68 -12.30% 383.66 -10.52% 475.47 -16.78% 

2009 1.3720 394.32 -20.93% 296.42 -22.74% 413.39 -13.06% 

2010 1.4110 410.01 3.98% 309.76 4.50% 407.90 -1.33% 

2011 1.4518 427.08 4.16% 330.87 6.82% 441.00 8.11% 

2012 1.2931 364.41 -14.67% 280.05 -15.36% 374.87 -14.99% 

2013 1.2624 353.39 -3.02% 272.41 -2.73% 364.50 -2.77% 

2014 1.1504 315.95 -10.60% 247.34 -9.20% 341.38 -6.34% 

2015 1.0260 278.99 -11.70% 217.34 -12.13% 313.75 -8.09% 

2016 0.9905 269.26 -3.49% 204.30 -6.00% 300.44 -4.24% 

Arithmetic Mean Real Return: 2.90%  2.49%  3.97% 

Geometric Mean Real Return: 1.69%  1.22%  1.88% 

Volatility: 15.91%  16.21%  21.67% 

 



PRICING ART: RETURNS, TRUST, AND CRISES 

 

82 

 

Table A1.3 – Adjacent-period Art Index and Real Returns 
This table presents the art price indices and real arithmetic and geometric returns for the adjacent-period hedonic 

regressions. We run regressions for every two consecutive years and then chain-link the coefficients on time 

dummies for the full sample over the sample period 1957-2016 (column Baseline). We apply quantile regression 

for every two-year periods for the 0.05, 0.25, 0.50, 0.75, and 0.95 percentiles (columns Q05, Q25, Q50, Q75, 

Q95). We apply the adjacent-period method to ensure that the quantile regression coefficients pick up variation 

in the valuation of hedonic attributes across price levels and then link the coefficients on the time dummies for 

each quantile. We report the price index and real return (for methodology, see section 1.2.1.1).  

Year Baseline Q05 Q25 Q50 Q75 Q95 

1957 100.00 100.00 100.00 100.00 100.00 100.00 

1958 102.42 100.88 101.58 102.33 103.29 104.22 

1959 130.79 138.71 134.66 130.90 127.01 123.45 

1960 134.04 151.06 142.26 134.22 126.28 119.18 

1961 141.50 140.85 140.85 141.45 142.01 143.16 

1962 130.90 135.81 133.12 131.14 128.54 126.28 

1963 161.88 191.92 176.09 162.50 148.68 135.73 

1964 111.82 111.23 111.26 112.16 112.41 112.14 

1965 121.02 127.60 124.09 121.64 118.08 113.81 

1966 140.05 154.03 146.73 140.95 133.70 125.73 

1967 159.94 179.80 169.47 161.09 150.95 140.12 

1968 181.63 183.90 182.32 182.14 181.00 179.28 

1969 181.38 174.49 177.38 181.43 185.60 189.63 

1970 129.98 126.36 127.76 130.03 132.31 134.42 

1971 151.48 148.39 149.47 151.56 153.63 155.39 

1972 180.38 166.40 172.75 180.22 188.42 197.68 

1973 238.24 214.38 225.44 237.93 251.86 268.10 

1974 213.98 198.34 205.36 213.74 223.04 233.45 

1975 158.47 143.62 150.46 158.26 166.96 176.95 

1976 136.75 125.17 130.46 136.60 143.39 151.09 

1977 136.79 124.66 130.23 136.64 143.73 151.86 

1978 159.92 140.14 149.44 159.65 171.09 185.02 

1979 181.76 160.18 170.28 181.45 193.94 209.05 

1980 184.39 160.59 171.81 184.04 197.80 214.73 

1981 156.10 133.58 144.25 155.75 168.79 185.24 

1982 124.68 108.13 115.94 124.42 134.02 145.88 

1983 124.53 104.69 114.15 124.20 135.76 150.65 

1984 128.16 103.66 115.41 127.71 142.15 161.61 

1985 140.02 113.36 126.14 139.53 155.22 176.37 

1986 175.14 142.02 157.90 174.54 194.02 220.25 

1987 243.51 193.98 217.80 242.64 271.91 311.96 

1988 292.74 232.77 261.61 291.68 327.13 375.69 

1989 362.55 286.74 323.23 361.25 406.13 467.91 

1990 385.55 304.74 343.63 384.16 431.98 497.89 

1991 270.99 222.42 245.64 270.15 298.59 336.46 

1992 243.85 199.65 220.80 243.08 268.99 303.53 

1993 206.43 166.85 185.82 205.73 229.03 260.44 

1994 204.71 162.04 182.50 203.93 229.29 264.14 

1995 205.05 162.91 183.11 204.30 229.31 263.58 

1996 203.72 163.59 182.80 203.01 226.76 258.93 

1997 187.78 150.65 168.42 187.12 209.09 238.91 

1998 177.86 144.86 160.62 177.30 196.74 222.62 

1999 187.63 152.44 169.27 187.05 207.80 235.49 

2000 187.33 150.07 167.92 186.71 208.80 238.71 

2001 174.30 137.59 155.19 173.69 195.52 225.58 

2002 184.74 147.05 165.12 184.12 206.47 237.03 

2003 206.97 167.60 186.41 206.31 229.56 260.83 

2004 226.91 180.85 202.91 226.12 253.45 290.75 

2005 227.44 182.98 204.21 226.66 253.00 288.61 

2006 243.63 191.61 216.58 242.73 273.71 316.58 
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Year Baseline Q05 Q25 Q50 Q75 Q95 

2007 295.71 223.74 258.05 294.53 338.41 399.52 

2008 259.50 198.14 227.41 258.47 295.74 347.50 

2009 209.95 160.10 183.88 209.11 239.41 281.48 

2010 218.80 163.15 189.61 217.91 252.14 299.91 

2011 225.89 170.59 196.93 224.97 258.78 305.75 

2012 193.07 146.16 168.51 192.28 220.94 260.70 

2013 187.84 140.61 163.08 187.09 216.08 256.51 

2014 169.94 123.16 145.38 169.28 198.40 239.50 

2015 148.87 109.48 128.22 148.28 172.62 206.82 

2016 136.78 106.15 120.99 136.22 154.43 180.16 

Arithmetic Return: 1.72% 1.46% 1.58% 1.72% 1.92% 2.23% 

Geometric Return: 0.53% 0.10% 0.32% 0.53% 0.74% 1.00% 

Volatility: 15.52% 16.54% 15.89% 15.52% 15.48% 15.93% 
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Table A1.4 – Real Art Returns by Subsample in Bubble and Bust Periods 
This table presents annualized real art returns calculated by means of hedonic indices, for various subsamples in Bubble (1985-1990; 2003-2007) and Bust (1991-1995; 2008-

2010) Periods. The subsamples are split by price level (as to enable quantile regressions); by art medium; by art movement; by auction market location; by auction houses type; 

by artist nationalities; by market segment (local vs international market); and by artist career cycle. Regarding the holding period returns, the starting year commences on 1st of 

January and the end year ends on 31st of December. 

 Arithmetic Mean Real Returns Geometric Mean Real Returns 

 Bubble Periods Bust Periods Bubble Periods Bust Periods 

 1985-1990 2003-2007 1991-1995 2008-2010 1985-1990 2003-2007 1991-1995 2008-2010 

Panel A: Price Levels (Quantile regressions) 

Price Quantile 5% (cheapest) 14.05% 3.83% -5.72% -4.24% 11.89% 3.40% -5.96% -4.87% 

Price Quantile 25% 14.10% 4.56% -5.52% -4.05% 11.75% 4.06% -5.74% -4.68% 

Price Quantile 50% 14.14% 5.21% -5.34% -3.88% 11.64% 4.61% -5.55% -4.52% 

Price Quantile 75% 14.18% 5.89% -5.15% -3.70% 11.52% 5.20% -5.36% -4.35% 

Price Quantile 95% (most expensive) 14.25% 6.72% -4.91% -3.50% 11.37% 5.91% -5.10% -4.18% 

Panel B: Mediums (Hedonic Pricing) 

Oil painting 14.12% 10.05% -4.74% -6.93% 11.18% 8.78% -4.99% -7.53% 

Watercolor 13.30% 3.86% -6.59% 0.76% 10.54% 3.78% -6.78% -0.46% 

Drawing 13.84% 2.31% -6.89% 3.93% 11.03% 2.14% -7.22% 2.84% 

Panel C: Art Movements (Hedonic Pricing) 

Medieval & Renaissance 17.21% 3.95% -4.28% -0.85% 14.43% 2.53% -4.50% -1.49% 

Baroque 14.53% 2.28% -3.68% -4.69% 13.28% 1.55% -4.02% -5.38% 

Rococo 12.84% 5.36% -5.09% -3.34% 11.74% 4.48% -5.43% -5.19% 

Neoclassicism 12.68% 1.89% -1.95% -3.46% 10.28% 0.24% -2.49% -3.89% 

Romanticism 8.74% 5.91% -3.29% -6.39% 7.11% 4.27% -3.40% -7.35% 

Realism 10.92% 3.52% -3.72% -4.66% 8.11% 2.45% -3.92% -5.89% 

Impressionism & Symbolism 12.87% 1.70% -4.16% -2.94% 8.82% 0.60% -4.38% -3.44% 

Fauvism & Expressionism 15.33% 8.50% -4.45% -7.26% 10.79% 7.77% -4.88% -7.84% 

Cubism, Futurism, & Constructivism 19.54% 11.49% -7.87% -5.02% 13.75% 9.50% -8.00% -5.73% 

Dada & Surrealism 17.66% 9.25% -8.89% -0.51% 13.22% 7.38% -9.34% -0.80% 

Abstract Expressionism 20.02% 12.77% -9.66% 1.32% 13.33% 10.78% -10.17% -0.20% 

Pop Art 25.98% 15.33% -8.43% 5.43% 17.16% 10.89% -9.32% 1.95% 

Minimalism & Contemporary 20.99% 18.06% -9.02% -1.99% 15.41% 16.44% -10.02% -6.11% 
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 Arithmetic Mean Real Returns Geometric Mean Real Returns 

 Bubble Periods Bust Periods Bubble Periods Bust Periods 

 1985-1990 2003-2007 1991-1995 2008-2010 1985-1990 2003-2007 1991-1995 2008-2010 

Panel D: Auction Market Location (Hedonic Pricing) 

UK 14.84% 9.23% -3.32% -6.53% 12.08% 7.85% -3.67% -7.56% 

US 11.39% 6.91% -4.41% -5.90% 8.39% 5.42% -4.58% -6.69% 

Continental EU 15.53% 7.28% -6.88% -6.72% 11.97% 6.58% -7.20% -7.07% 

France 17.71% 5.65% -8.76% -6.89% 12.00% 4.98% -9.14% -7.45% 

Germany 13.03% 6.12% -6.82% -3.01% 11.97% 5.64% -7.19% -3.20% 

Panel E: Auction House (Hedonic Pricing) 

Sotheby’s & Christie’s 14.28% 8.15% -4.12% -1.51% 11.83% 7.04% -4.42% -3.30% 

Bonhams & Phillips 11.88% 3.20% -1.85% -8.23% 9.03% 2.74% -2.09% -8.90% 

Important American Auction House 8.41% -2.19% -4.16% 0.87% 6.96% -3.41% -4.44% 0.72% 

Important European Auction House 16.12% 7.90% -8.09% -1.55% 12.91% 7.09% -8.45% -2.10% 

Other Small Worldwide Auction House 12.93% 6.09% -6.63% -5.73% 9.09% 5.59% -6.86% -6.42% 

Panel F: Artist Nationalities (Hedonic Pricing) 

American 8.81% 9.08% -3.43% -6.70% 5.90% 6.97% -3.71% -7.23% 

Belgian 14.39% 4.26% -4.22% -7.17% 12.34% 3.61% -4.45% -7.48% 

British 12.31% 6.85% -3.38% -6.87% 10.64% 5.57% -3.73% -7.82% 

Dutch 14.68% 4.64% -3.87% -8.21% 12.83% 4.13% -4.05% -8.53% 

Dutch & Belgian 14.37% 4.60% -3.87% -7.75% 12.41% 4.10% -4.05% -8.05% 

French 16.05% 5.77% -7.52% -5.87% 11.00% 4.78% -7.74% -6.45% 

German 14.84% 7.37% -5.49% -3.46% 12.85% 6.51% -5.75% -3.79% 

Italian 20.29% 8.51% -6.20% -9.73% 17.35% 7.50% -6.62% -9.87% 

Russian 19.84% 19.58% -5.42% -7.28% 12.59% 17.77% -5.73% -9.53% 

Spanish 27.48% 10.62% -9.58% -6.71% 21.00% 8.22% -10.22% -7.18% 
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Table A1.5 – Pairwise Correlation of Art and Financial Assets in Sub-Periods 

Panel A: Pairwise Correlation of Art and Financial Assets (1958-1986; in Real Terms) 

  Paintings Stamps 

Red 

Bordeaux 

Wines 

S&P 500 

Stock 

Global 

Govt. 

Bond 

Dow 

Jones 

Corp 

Bond 

US 

AAA 

10-Yr 

Corp. 

Bond 

Commodity Gold 
US 

Housing 
T-Bill 

Paintings 1           

Stamps -0.06 1          

Red Bordeaux 

Wines 
-0.02 -0.06 1         

S&P 500 Stock -0.13 -0.16 0.19 1        

Global Govt. Bond -0.10 -0.36 0.05 0.36 1       

Dow Jones 

Corporate Bond 
-0.20 -0.30 0.15 0.42 0.93 1      

US AAA 10-Yr 

Corporate Bond 
-0.20 -0.39 0.17 0.39 0.94 0.97 1     

Goldman Sachs 

Commodity 
0.55 0.03 0.13 -0.33 -0.24 -0.29 -0.33 1    

Gold 0.38 0.28 -0.18 -0.27 -0.21 -0.31 -0.34 0.70 1   

US Housing 0.15 0.22 0.25 0.11 0.37 0.25 0.26 -0.21 -0.01 1  

T-Bill -0.08 -0.51 0.25 0.32 0.64 0.67 0.74 -0.38 -0.56 0.04 1 

 

  



CHAPTER 1. PRICING ART AND THE ART OF PRICING 

 

87 

 

Panel B: Pairwise Correlation of Art and Financial Assets (1987-2016; in Real Terms) 

  Paintings Stamps 

Red 

Bordeaux 

Wines 

Cars 
Sculpt

ures 

White 

Diamonds 

Violin

s 

S&P 

500 

Stock 

FTSE 

100 

Stock 

Global 

Govt. 

Bond 

Dow 

Jones 

Corp 

Bond 

US 

AAA 

10-Yr 

Corp. 

Bond 

Comm

odity 
Gold 

US 

Housing 

T-

Bill 

Paintings 1                

Stamps 0.01 1               

Red Bordeaux 

Wines 
0.01 -0.06 1              

Classic cars 0.19 0.21 0.09 1             

Sculptures 0.76 -0.17 0.24 0.17 1            

White 

Diamonds 
0.70 -0.09 0.01 0.53 0.45 1           

Violins -0.17 0.06 0.25 0.21 -0.05 -0.45 1          

S&P 500 

Stock 
-0.05 -0.49 0.10 -0.03 0.21 0.05 -0.15 1         

FTSE 100 

Stock 
-0.04 -0.43 0.22 -0.03 0.26 0.17 -0.13 0.87 1        

Global Govt. 

Bond 
-0.04 -0.29 -0.13 -0.23 0.13 -0.23 0.05 0.30 0.14 1       

Dow Jones 

Corporate 

Bond 

-0.26 -0.23 0.02 -0.52 -0.04 -0.85 0.23 0.31 0.24 0.71 1      

US AAA 10-

Yr Corporate 

Bond 

-0.08 0.12 -0.20 -0.22 -0.14 -0.13 0.04 -0.08 -0.12 0.48 0.67 1     

Goldman 

Sachs 

Commodity 

0.39 -0.09 0.44 -0.02 0.40 0.04 0.01 0.08 0.27 0.01 -0.10 -0.43 1    

Gold 0.13 0.43 0.31 -0.23 0.22 0.35 0.13 -0.21 -0.03 0.23 0.07 0.01 0.42 1   

US Housing 0.09 -0.04 0.03 0.26 0.22 -0.15 -0.19 0.21 0.19 -0.08 -0.16 -0.16 0.10 -0.23 1  

T-Bill 0.12 -0.38 -0.10 -0.06 -0.01 0.12 -0.20 0.13 0.08 0.08 0.12 0.28 -0.28 -0.41 -0.06 1 

 



PRICING ART: RETURNS, TRUST, AND CRISES 

 

88 

 

Online Appendix 

Table OA1.1 – Hedonic Regressions by Art Movements: Artist Nationalities 
This table presents the hedonic regression results of movements including artist nationality variables. Eq. (1) is estimated using OLS. The dependent variable is the natural log 

of deflated hammer price. This table includes the artist nationality variables (British; Dutch and Belgian; French; German; Italian; Spanish; Russian; American) and exclude 

the artist control variables. We run regressions on thirteen subsamples of movements: (1) Medieval & Renaissance; (2) Baroque; and (3) Rococo; (4) Neoclassicism; (5) 

Romanticism; (6) Realism; (7) Impressionism & Symbolism; (8) Fauvism & Expressionism; (9) Cubism, Futurism, & Constructivism; (10) Dada & Surrealism; (11) Abstract 

Expressionism; (12) Pop; (13) Minimalism & Contemporary. *, **, and *** indicate statistical significance at the 10%, 5%, and 1% levels, respectively. Standard errors are 

clustered at auction branch level and reported in parentheses. 

Panel A: Movements (1)-(7) 

 (1) (2) (3) (4) (5) (6) (7) 

Dept. Var.: Ln(Price) Medieval & Renaissance Baroque Rococo Neoclassicism Romanticism Realism Impressionism & Symbolism 

British 0.210 -0.256*** -0.058* -0.225*** -0.101*** -0.746*** -0.833*** 

 (0.297) (0.020) (0.034) (0.039) (0.021) (0.020) (0.021) 

Dutch_Belgian -0.008 0.312*** -0.491*** -0.545*** 0.173*** -0.650*** -0.150*** 

 (0.038) (0.016) (0.045) (0.057) (0.024) (0.022) (0.017) 

French 0.171*** 0.268*** 0.416*** 0.347*** 0.265*** 0.355*** 0.278*** 

 (0.054) (0.017) (0.029) (0.029) (0.018) (0.016) (0.012) 

German 0.137*** -0.181*** -0.173*** -0.014 0.056** 0.322*** -0.021 

 (0.047) (0.019) (0.041) (0.037) (0.023) (0.017) (0.022) 

Italian -0.159*** 0.195*** 0.596*** 0.402*** 0.068 0.068*** -0.108*** 

 (0.037) (0.016) (0.030) (0.035) (0.049) (0.024) (0.034) 

Spanish 0.064 0.325*** 1.189*** -0.022 0.668*** 0.618*** 0.313*** 

 (0.067) (0.025) (0.094) (0.135) (0.083) (0.042) (0.039) 

Russian  0.390 0.970* 0.612*** 0.954*** -0.147*** -0.579*** 

  (0.444) (0.555) (0.199) (0.041) (0.043) (0.027) 

American   -0.693*** -0.055 0.060*** -0.295*** -0.515*** 

   (0.236) (0.053) (0.021) (0.016) (0.017) 

        

Artist F.E. No No No No No No No 

Other Artist Characteristics Yes Yes Yes Yes Yes Yes Yes 

Artwork Characteristics Yes Yes Yes Yes Yes Yes Yes 

Provenance Characteristics Yes Yes Yes Yes Yes Yes Yes 

Transaction Characteristics Yes Yes Yes Yes Yes Yes Yes 

# of Obs. 35,103 141,204 34,575 15,165 50,434 73,762 117,077 

Adj. R-squared 0.433 0.445 0.461 0.451 0.409 0.472 0.501 
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Panel B: Movements (8)-(13) 

 (8) (9) (10) (11) (12) (13) 

Dept. Var.: Ln(Price) 
Fauvism & 

Expressionism 

Cubism, Futurism, 

& Constructivism 
Dada & Surrealism 

Abstract 

Expressionism 
Pop Minimalism & Contemporary 

British -0.772*** 0.398*** -0.106*** -0.849 -0.257*** -0.329*** 

 (0.041) (0.038) (0.026) (0.000) (0.044) (0.029) 

Dutch_Belgian -0.209*** 0.019 0.765*** 0.148 -0.579** -0.394*** 

 (0.020) (0.045) (0.025) (0.000) (0.291) (0.073) 

French -0.234*** 0.389*** 0.269*** 0.103 0.732*** 0.004 

 (0.014) (0.015) (0.014) (0.000) (0.038) (0.045) 

German 0.343*** 0.860*** 0.443*** 0.070 0.616*** -0.317*** 

 (0.014) (0.029) (0.018) (0.000) (0.036) (0.024) 

Italian 0.220*** 0.503*** 1.061*** 0.759 0.103*** -0.364*** 

 (0.024) (0.020) (0.027) (0.000) (0.035) (0.026) 

Spanish 0.487*** 2.055*** 1.416*** 0.439   

 (0.141) (0.022) (0.016) (0.000)   

Russian 0.738*** 0.339*** -0.332*** -1.102  -0.155 

 (0.023) (0.016) (0.019) (0.000)  (0.116) 

American -0.542*** -0.363*** -0.279*** -0.173 0.629*** -0.213*** 

 (0.017) (0.028) (0.020) (0.000) (0.034) (0.023) 

       

Artist F.E. No No No No No No 

Other Artist Characteristics Yes Yes Yes Yes Yes Yes 

Artwork Characteristics Yes Yes Yes Yes Yes Yes 

Provenance Characteristics Yes Yes Yes Yes Yes Yes 

Transaction Characteristics Yes Yes Yes Yes Yes Yes 

# of Obs. 90,839 62,254 63,156 49,651 27,106 31,023 

Adj. R-squared 0.538 0.574 0.596 0.537 0.592 0.548 
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Figure OA1.1– Accounting for Changes in Taste: Adjacent-period Hedonic Price Index  
This figure presents the baseline hedonic art price index since 1957 detailed in Appendix Table A1.2. The initial 

index value is set at 100 in year 1957 (see Equation (2) in section 1.2.1.1). 

 
 

 
Figure OA1.2 – Quantile Price Indices (Price Trends) 

This figure presents the art price indices since 1957 that result from the quantile regressions for the percentiles 

0.95, 0.75, 0.50, 0.25, and 0.05. The initial index values are set at 100 in year 1957 for all groups. The figure in 

which the Q95 index value in 1957 is set at 100 and the initial index values of Q05, Q25, Q50, and Q75 indices 

are normalized based on the five-year average percentiles from 1957 to 1961 relative to Q95 index is presented in 

Figure 1.2. 
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Figure OA1.3 – Price Indices by Medium since 1957 (Price Trends) 
This figure presents the art price indices of oil (and acrylic) paintings, watercolors (and gouaches and), and 

drawings based on the model presented in Equation (1). The initial index values are set at 100 in year 1957 for 

each medium. The case in of which the oil and acrylic painting index value in 1957 is set at 100 and the initial 

index values of watercolor and drawing indices are normalized based on the five-year average price from 1957 to 

1961 relative to oil painting’s index is presented in Figure 1.3. 

 
Figure OA1.4 – Price Indices of Art Movements Since 1957 (Price Trends) 

This figure presents the art price indices of clusters of art movements since 1957. We classify artists into 5 clusters: 

(1) Medieval & Renaissance, Baroque, Rococo; (2) Neoclassicism, Romanticism, Realism; and (3) Impressionism 

& Symbolism; (4) Fauvism & Expressionism, Cubism, Futurism, & Constructivism, Dada & Surrealism; (5) 

Abstract Expressionism, Pop, Minimalism & Contemporary. The initial values of all indices are set at 100 in year 

1957. The case in which the initial index value of Medieval & Renaissance, Baroque, Rococo group is set at 100 

in year 1957 and the initial indices values of other art movements groups are normalized by the average price of 

the period from 1957 to 1961 relative to the Medieval & Renaissance, Baroque, Rococo group’s is presented in 

Figure 1.4. 
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Figure OA1.5 – Price Indices of Auction Markets Since 1970 (Price Trends) 
This figure presents the art price indices of the auction markets of the UK, USA and Continental Europe since 

1970. The initial indices values are set at 100 in year 1970. The case in which the initial index value for UK sales 

is set at 100 in 1970 and the initial indices values for US and Europe sales are normalized by the average prices 

from 1970 to 1974 relative to UK’s is presented in Figure 1.5. 

 
 

Figure OA1.6 – Price Indices of Auction Houses Since 1970 (Price Levels) 
This figure presents the art price indices of auction houses including (1) Sotheby’s and Christie’s (S&C); (2) 

Bonhams and Phillips (B&P); and (3) Important European Auction Houses (Important European AH); (4) 

Important American Auction Houses (Important American AH); (5) Other Small Worldwide Auction Houses 

(Other Small AH) since 1970. The initial index value for S&C is set at 100 in 1970 and the initial indices values 

for other auction houses are normalized by the average prices from 1970 to 1974 relative to S&C’s. The case in 

which the initial indices values are set at 100 in year 1970 is presented in Figure 1.6. 
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Figure OA1.7 – Price Indices of Artist Nationalities (Price Trends) 
This figure presents the art price indices of British, American, French, Italian, Dutch & Belgian artists since 1957. 

The initial indices values are set at 100 in year 1957. The case in which the initial index value for British artists 

is set at 100 in 1957 and the initial indices values are normalized by the average prices from 1957 to 1961 relative 

to British artists’ is presented in Figure 1.7. 

 
 

Figure OA1.8a – Price Indices of Local and International Markets since 1957 (Price Levels) 
This figure presents the art price indices of local and international markets since 1957. The observations are 

defined as Local when the artist nationality is the same as the sale country. The observations are defined as 

International when the artist nationality is different from the sale country. The initial index value for local markets 

is set at 100 in 1957 and the initial index value for international markets is normalized by the average price from 

1957 to 1961 relative to local markets’. The case in which the initial indices values are set at 100 in year 1957 is 

presented in Figure 1.8a. 
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Figure OA1.8b – Price Indices of Local and International Markets since 1970 (Price Levels) 
(Excluding British and American Artists) 

This figure presents the art price indices of local and international markets excluding British and American artists 

since 1970. The observations are defined as Local when the artist nationality (excluding British and American 

artists) is the same as the sale country. The observations are defined as International when the artist nationality 

(excluding British and American artists) is different from the sale country. The initial index value for local markets 

is set at 100 in 1970 and the initial index value for international markets is normalized by the average price from 

1970 to 1974 relative to local markets’. The case in which the initial indices values are set at 100 in year 1957 is 

presented in Figure 1.8b. 

 

Figure OA1.8c – Price Indices of Local and International Markets since 1970 (Price Levels) 
(Sotheby’s & Christie’s London and New York Branches as International) 

This figure presents the art price indices of local and international markets (Sotheby’s & Christie’s London and 

New York branches as International) since 1970. The observations are defined as International when the 

observations were sold at Sotheby’s London, Sotheby’s New York, Christie’s London or Christie’s New York 

and the observations are defined as Local otherwise. The starting points of the indices are adjusted by the average 

price of the subsamples from 1970 to 1974. The case in which the initial indices values are set at 100 in year 1957 

is presented in Figure 1.8c. 

 

0

200

400

600

800

1000

1200

1
9

7
0

1
9

7
2

1
9

7
4

1
9

7
6

1
9

7
8

1
9

8
0

1
9

8
2

1
9

8
4

1
9

8
6

1
9

8
8

1
9

9
0

1
9

9
2

1
9

9
4

1
9

9
6

1
9

9
8

2
0

0
0

2
0

0
2

2
0

0
4

2
0

0
6

2
0

0
8

2
0

1
0

2
0

1
2

2
0

1
4

2
0

1
6

Local International

0

200

400

600

800

1000

1200

1
9

7
0

1
9

7
2

1
9

7
4

1
9

7
6

1
9

7
8

1
9

8
0

1
9

8
2

1
9

8
4

1
9

8
6

1
9

8
8

1
9

9
0

1
9

9
2

1
9

9
4

1
9

9
6

1
9

9
8

2
0

0
0

2
0

0
2

2
0

0
4

2
0

0
6

2
0

0
8

2
0

1
0

2
0

1
2

2
0

1
4

2
0

1
6

Local International



 

95 

 

 

Chapter 2 

In Art We Trust 

 

 

ABSTRACT 

While trust is the cornerstone in the functioning of any market, it is of particular importance in 

the markets that are unregulated, illiquid, and opaque, such as the art market. We therefore 

examine the role of authenticity, as captured by the provenance information, on the sales 

probability of auctioned paintings, their price formation and returns. Auction catalogues 

include four authenticity dimensions: pedigree, exhibition history, literature coverage, and 

certification. We find that provenance information increases sales probability by up to 4%, 

leads to price premiums up to 54%, and increases annualized returns by 5% to 16%. As high 

dimensional fixed effects may induce estimation concerns, we perform LASSO estimations. 

To address potential endogeneity problems between the provision of provenance and price 

expectations, we perform quasi-natural experiments in difference-in-differences (DiD) settings 

on auction houses’ provenance policy changes, and the discovery of fakes and forgeries. We 

also perform robustness tests on subsamples less affected by past prices such as those estate 

sales following the death of a collector.  
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2.1 Introduction 

Acquiring an asset requires not only an assessment of the risk-return trade-off, but also 

embeds an act of trust in the soundness of information reflecting fundamental value and in 

fairness of the overall (trading) system (Guiso, Sapienza, and Zingales, 2008; Sato, 2014). 

Trustworthy and reliable information reduces the information asymmetry between the trading 

parties. Equity and bond investors depend on annual reports, independent audit reports, credit 

ratings, analysts’ forecasts, information from financial intermediaries, etc. Reliable 

information is even more important for markets for alternative investments, such as art markets, 

which differ from financial markets in several aspects.  

In the first place, with exception of the market for prints, art objects offered for sale are 

unique pieces, the value of which is determined by the characteristics of the art object (such as 

topic, medium, artist reputation) but also by subjective non-monetary ownership utility 

(Renneboog and Spaenjers, 2013), and by the resale option value that is affected by demand 

factors (such as wealth concentration, equity market evolution, income inequality, or changes 

in art-collecting audiences) (Goetzman, Renneboog and Spaenjers, 2011; Lovo and Spaenjers, 

2018; Penasse, Renneboog and Scheinkman, 2021). This implies that pinpointing the 

‘fundamental’ value of an art object is much more difficult than in markets of standardized 

financial assets. Second, in contrast to the considerable amount of information generated about 

corporations with traded equity and debt, the art market is opaque, since for the majority of 

auctioned art, only sparse information is available such as the artist’s name, title, topic, 

medium, measurements, auction house, date of sale, and lot number, which are the variables 

traditionally employed in hedonic pricing regressions. Prices may also be slow to reflect 

changing valuations as the lack of short selling induces delays in the incorporation of negative 

information in prices. Third, the art market is illiquid. A decision to sell a painting may take 

long to be executed as the right type of auction may not be available for a specific type of art. 
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Fourth, the secondary art market comprises hundreds of intermediaries (auction houses, 

dealers) around the world and is not regulated. Problematic in the art world is also that fakes 

and forgeries are occasionally discovered, which may erode trust, reduce market participation 

and lead to lower valuations. It is rumored that up to 40% of the high-end modern art market 

consists of forgeries (Thompson, 2010).  

The art auction market is an important alternative financial market. High-net-worth 

individuals (HNWIs) hold on average 9% of their investment portfolios in art and other types 

of collectibles (such as Bordeaux wines, classic cars, superior watches, etc.). The total value of 

collectibles held by HNWIs is estimated at more than US$ 4 trillion (Deloitte, 2016). Art sales 

through auction houses and internet auctions have grown rapidly over the past two decades 

(Deloitte, 2014, 2016) and global art sales exceeded US$ 40 billion in 2015 and 2016 (Pownall, 

2017). The finance/economics literature has focused on the risk-return relationship of art (Mei 

and Moses, 2002; Renneboog and Spaenjers, 2013; Korteweg, Kräussl, and Verwijmeren, 

2016; Lovo and Spaenjers, 2018), its macro-economic market drivers (Goetzmann, 

Renneboog, and Spaenjers, 2011), sentiment and hype (Pénasse, Renneboog, and Spaenjers, 

2014), supply shocks (Pénasse, Renneboog, and Scheinkman, 2021) and behavioral anomalies 

such as anchoring (Beggs and Graddy, 2009; Graddy et al., 2015) or over-extrapolation 

(Pénasse, and Spaenjers, 2020). However, this broad literature has little to say on a fundamental 

question of art trade, how information disclosure and trust affect the market.  

In the art market, information on provenance is especially important as it may increase 

confidence in the authenticity of the art object offered for sale. This is particularly true if the 

provenance information offers details about an object’s pedigree (e.g. can the ownership chain 

uninterruptedly be traced back to the artist?), the literature (e.g. is the art object referenced in 

art history books or catalogues raisonnés?), exhibitions (has the object been exhibited by 

museums or galleries?), and certification (is there any evidence in the form of old photographs 
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of the art object, certificates by the artist, certified witness statements, etc.?). Pedigree refers to 

past ownership which ideally can be traced back to the primary market with sales by the artists 

themselves or their galleries. Pedigree also comprises inheritance information within the 

artists’ families and about collectors’ families. It can be regarded as the biography of a piece 

of art that lived through the decades, possibly even centuries, and records the owners down to 

the present day. Traceability may translate into trustworthiness. The pedigree dimension also 

includes comprehensive lists of specific types of people appearing in the ownership chain: e.g., 

nobility and royalty, wealthy business professionals, influential politicians, celebrities, 

sportspeople, and other prominent individuals. The second provenance category, exhibition 

history, documents previous exhibitions in museums, galleries, and art fairs. Prominent 

exhibitions can serve as a filter on authenticity as well as a quality indicator, since exhibitions 

are curated and are often accompanied by an exhibition catalogue that may include new 

research on the exhibited art, its artist, or style. Third, literature coverage may matter, which 

includes books, catalogues, and scholarly articles covering the art piece. The most important 

reference work is the catalogue raisonné, which includes all the known artworks by an artist. 

The fourth category, certification, provides physical or non-physical proof of authenticity 

issued by the artist, the artist’s close family, and art experts. 

We demonstrate that the sales probability, price levels, and returns are all significantly 

affected by the various dimensions of provenance. The sales probability increases by about 2% 

when the catalogue documents information on pedigree, by 4% for information on the 

exhibition history, and by 3% when the painting is mentioned in the literature. The effect on 

price is even more outspoken: Pedigree, exhibition background, references in the art literature, 

and the presence of certification drive prices up by 21%, 42%, 54%, and 14% respectively. The 

annualized repeat sales returns increase by respectively 11, 16, and 5 percentage points when 

the catalogue provides information on exhibitions, literature, and certification. In the models 
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yielding these results, we control for artwork characteristics (such as topic, measurements or 

medium), as well as artist, year, seasonality, and auction house branch fixed effects.  

As the estimated relations between provenance and sales probability, hammer prices, and 

returns may be affected by endogeneity, i.e., the decision to offer a painting for sale and the 

decision to provide detailed provenance information may depend on expected prices, we 

conduct five additional analyses to alleviate such concerns. First, we control for price 

anticipation effects on the provision of provenance by estimating a two-stage model. We 

capture the price expectations by collecting the high price estimate (and the price estimation 

range) and calculate deviations from expectations by regressing the high price estimate (and 

the price estimation range) on the hedonic variables in a first stage model. In a second stage 

model, we regress the hammer price on the provenance variables including the price estimates 

and the residuals from the first stage model as additional independent variables (section 2.3.3). 

Second, to address the effect of past prices on provenance provision, we regress, in a repeat 

sales setting, the provenance information not related to past prices (as captured by the residual 

of a first stage model regressing provenance on past prices), on the price of the second sale (in 

a second stage model) (section 2.3.4). Third, as a seller’s decision to offer a painting to an 

auction house as well as the auction house’s decision to provide provenance information may 

be affected by recent price evolutions (for similar paintings, e.g. by the same artist or school, 

or for the art market as a whole), we examine the impact of provenance on sales probability 

and hammer price for the subsample of sales for which we expect the above decisions to have 

been taken exogenously. For instance, such auction sales may result from estate sales after the 

owner’s death (section 2.4.1). Fourth, we exploit Christie’s provenance policy change in 2012 

in a Difference-in-Differences (DiD) setting (section 2.4.2) relative to Sotheby’s policy. Fifth, 

we examine, also in a DiD setting, the provenance effects on prices of paintings by artists of 

whom some (attributed) works were discovered to be fakes and forgeries. We then study 
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whether the provision of provenance stems from a possible contagion effect from the forgery 

on all of their art works (in terms of sales probability by auction house, prices and returns) 

(section 2.4.3). Virtually all the endogeneity tests corroborate our baseline results.  

The paper proceeds as follows. Section 2.2 describes methodology and data. Section 2.3 

documents empirical results. Section 2.4 reports further endogeneity tests and Section 2.5 

concludes. 

 

2.2 Data and Methodology 

2.2.1 Data and Variables 

While approximately half of the global art market is private and comprises a primary market 

(galleries selling the oeuvre of living artists) as well as part of the secondary market (private 

sales amongst collectors or organized by dealers), we can only study the public segment of the 

secondary market, namely the auction market organized by hundreds of auction houses around 

the world. This public market still comprises more than half of the global market and is also 

leading in terms of price setting by providing publicly available price benchmarks for the 

privately sold art. We focus on the market for oil paintings, watercolors, and drawings, which 

comprises the largest proportion of the fine art auction market. From the online database Blouin 

Art Sales Index, we collect all sales of paintings from 2007 to 2016. Our sample starts in 2007 

as information on provenance and buy-ins (i.e., items that do not reach the (undisclosed) 

reserve price and remain unsold) is of poor quality in earlier years. Our dataset includes 

1,812,807 transactions of which 1,195,640 objects (66%) were sold at auction by 608 auction 

houses (branches) all over the world. The paintings and drawings were created by about 

150,000 artists. The average (median) hammer price is USD 53,142 (USD 3,400) with a 

standard deviation of USD 638,181 – all real terms (2007 deflated). For each transaction, we 
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collect all the artist, artwork, and transaction characteristics such as artist name, title of the art 

object, medium (oil/acryl, watercolor, print), measurements (height and width), attribution, 

creation year, whether signed and/or dated by the artist, sold or unsold at auction, hammer 

price, auction lot number, low and high price estimates, auction date, auction house (branch), 

as well as detailed provenance information. We apply textual analysis to the provenance text 

in the auction catalogues in order to obtain 40 characteristics (see below) which we categorize 

into four dimensions: pedigree, exhibition, literature, and certification.  

 

2.2.1.1 Traditional Hedonic Variables 

We follow Renneboog and Spaenjers (2013) when including the traditional hedonic pricing 

variables as control variables in our regressions. 

Artist characteristics. We include artist fixed effects and a dead artist dummy (Deceased). 

The former captures each artist’s uniqueness and reputation; the latter captures that prices may 

increase after the death of an artist as a consequence of the supply shock (Pénasse, Renneboog, 

and Scheinkman, 2021). In our dataset, 76.7% of the auctioned paintings were from deceased 

artists.1 

Artwork characteristics. We consider a wide range of price-determining variables that 

capture the attribution, signature, medium, measurements, and topic of the work of art: 

- Attribution: We consider six levels of attribution that capture various degrees of 

uncertainty/closeness to a specific artist: Attributed (to), Studio (of), Circle (of), School 

(of), After, and (in the) Style (of) an artist. About 3.4% of the observations in our sample 

carry such an attribution. 

 
1 The descriptive statistics for the hedonic variables are given in Appendix Table A2.3. 
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- Signature: We include Signed, Dated, and Inscribed variables. 80.4% of artworks are 

signed, about 36.3% are dated, and 11.4% are inscribed. 

- Medium: The indicator variables Oil, Watercolor, and Drawing represent the mediums 

used. About 68.1% of the transactions are oil paintings, 20.5% are watercolors, and 

11.4% are drawings. 

- Measurements: The Height and Width are included in centimeters (in addition to the 

squared values Height_2 and Width_2). 

- Topic: As the aesthetic and financial appreciation can depend on a painting’s topic, we 

categorize the paintings based on the keyword analysis of the titles. We search for 

keywords in the seven languages most used in the art auction world (and its catalogues): 

English, Dutch, French, German, Italian, Spanish, and Portuguese. We partitioned the 

paintings in the following categories: Abstract, Animals, Landscape, Seascape, 

Cityscape, Nude, People, Self-Portrait, Portrait, Religion, Still Life, Study, and Other 

Topics. Untitled is used as the omitted benchmark in our regressions.  

Transaction characteristics. We include indicator variables capturing the timing of the 

sale, and the reputation and location of the auction house: 

- Year and month: We control for year effects as well as seasonality as the most important 

auction seasons are the spring (May and June) and the autumn (November and 

December). 

- Auction houses: We distinguish between different fine art auction houses based on 

reputation/size. In the case of Sotheby’s and Christie’s, we introduced dummy variables 

for their London, New York, and other branches (e.g., Sotheby’s London, Sotheby’s 

New York, and Sotheby’s Other Branches). For two other important British auction 

houses, Bonhams and Phillips, we distinguish between their London sales rooms and 

other branches (e.g., Bonhams London and Bonhams Other Branches). We also create 
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two dummies to account for the sales by important (large or middle sized) European 

and American auction houses (Auction European and Auction American)2.  

 

2.2.1.2 Provenance Variables 

About 4.2% of the observations in our database provide pedigree information, and the 

respective numbers for exhibitions, literature and certification amount to 3.7%, 4.0%, and 

3.9%3. 

Pedigree considers the history of past owners and thus refers to ownership chains. For 

example, a painting may have been in the collection of the artist’s family, prominent collectors, 

royal and noble families, wealthy families, CEOs, and celebrities. If an uninterrupted 

ownership chain between the artist and the current owner can be traced, the artwork has a higher 

probability of being authentic, possibly being auctioned at a premium. It is also possible that a 

‘glamour’ premium is paid for a painting once owned by a famous individual4. As such, 

‘ennobling’ provenance can turn an ordinary object into an extraordinary one. 

The ownership chain may also reveal whether the painting was acquired directly from the 

artist, from the artist’s family, from the sitter (the person depicted in the painting), or has 

uninterrupted information on the descent of the painting through the generations. All of the 

above emit a signal on the painting’s authenticity. Obviously, falsified provenance can never 

 
2 The classification details are given in Appendix Table A2.1. 

3 Details on the provenance dimensions are summarized in Appendix Table A2.4. 

4 Separating glamour effects and artistic quality is difficult; on the one hand ownership by a celebrity may induce 

a sales premium but the art object itself may be of high quality in that the celebrity may have been well advised 

(by art experts) when she/he originally purchased the work of art. As an example, the fact that a painting has been 

owned by Oprah Winfrey or by Elton John at one point in the painting’s history may be a selling point to potential 

buyers who feel sympathetic towards a ‘star’. But it is unclear whether, if a premium is paid, the premium reflects 

stardom in past ownership or the possibility that a star is able to pick quality art with high value growth potential 

as they are able for buy advice from the best art consultants. 
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be excluded, although one would expect that auction houses would carefully verify provenance 

information in order to avoid lawsuits and reputational loss in case they auction forged 

paintings. We also check whether paintings were sold throughout its history by one or more 

prominent auction houses or established dealers as it is likely that they more carefully collect 

and verify the provenance. In this respect, we considered both historic auction houses and 

dealers (that no longer exist following mergers or termination), as well as contemporary ones.  

In order to apply textual analysis on the pedigree dimension, we build a name list based on 

more than 150 databases5. The variables incorporated in the Pedigree are: 

- Past ownership: Prominent Collectors, Royalty/Nobility, Wealthy Families, CEOs, 

Influential People (Time 100), Celebrities, Famous Sportspeople, Corporate Collection, 

and Private Collection (Anonymous), all from around the world. For instance, for 

Royalty and Nobility we search for nobility titles in seven languages (English, Latin, 

Dutch, French, German, Italian, and Spanish). For the sportspeople, we collect the 

names of the best-paid ones as well as the world champions and superstars (in boxing, 

golf, basketball, tennis, soccer, football, baseball, racing, motorcycle, cricket, track, 

auto racing, mixed martial arts, motorsport and hockey). 

- Descent: purchased Directly from Artist6, From Artist’s Family7, or From Sitter8. We 

also report Other Descent Information9.  

 
5 The string searches and sources are reported in Appendix Table A2.2. 

6 E.g., “acquired directly from the artist by the present owner in 2002”; “courtesy of the artist”; “gift from the 

artist”. 

7 E.g., “by descent in the family of the artist until the late 1980s”; “descended within the family of the artist”; 

“purchased from the artist's family”. 

8 E.g., “from the sitter, by descent to the present owner”; “by descent in the sitter's family until 2010”;  

“by descent through the sitter's grandson, Montague Peregrine Albemarle, 12th Earl of Lindsey (1861-1938) to 

his daughter, the late Lady Muriel Barclay-Harvey (1893-1980)”. 

9 E.g., “by family descent for three generations”; “by descent in the family”. 
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- Past sale channel: Sold by Sotheby’s/Christie’s10, Sold by Bonhams/Phillips11, Sold by 

Historic Auction Houses (e.g. Dorotheum, Dowell's, Hôtel Drouot), Sold by Other 

Important Auction Houses12, and Sold by Prominent Dealers13. 

- Other collections: Other Pedigree Information (indicates that other pedigree 

information is available not falling in any of the above categories).  

Our first provenance dimension is Pedigree. For 256,560 paintings pedigree information is 

available in auction catalogues. The average pedigree text length amounts to 104 characters. 

Of all the paintings with pedigree information, 2.1% were once part of a prominent collection, 

2.4% were held by royal or noble collectors, 0.7% by (other) wealthy families, 0.06% by 

collectors who are also CEOs, 0.08% by ‘influential people’, 0.3% by celebrities and 

sportspeople14. The credibility of the authenticity increases when the ownership can be traced 

back to the artist or people close to the origin. We document that there is evidence for 10.5% 

of the paintings that an earlier owner purchased the painting directly from the artist; 5.3% of 

the paintings were acquired from the artist’s family, and 0.33% from the sitter. In 9.8%, the 

pedigree text gives additional information about ownership of descendants (not included in the 

categories above). When studying previous sales records, about 15.0% of the paintings with 

pedigree information were sold by Sotheby’s and Christie’s at one point in the painting’s 

history, 0.9% by Bonhams and Phillips, 1.3% by historically important auction houses, and 

5.8% by prominent dealers. 

 
10 E.g., “Christie's, London, 25 January 1991, lot 20”; “Sotheby's London, Russian Pictures, Icons and Russian 

Works of Art, 15 February 1984, Lot 106”. 

11 E.g., “Bonhams, London, 14 June 2005, lot 109”; “Phillips, London, 14 June 2000, lot 60”. 

12 See examples in Appendix Table A2.2. 

13 E.g., Georges Petit, Gagosian Gallery, Pierre Matisse, Sidney Janis and Leo Castelli. 

14 Precise definitions of these ownership categories (e.g. for nobility, celebrities, influential people) can be found 

in Appendix Table A2.2. 
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Our second provenance dimension is labelled Exhibition, which embeds information about 

the number and importance of exhibitions (by museums, at art fairs, in museums, by galleries, 

in culturally important cities). Past exhibitions may vet the painting because an exhibited 

painting is then often examined by experts and curators who reflect in an exhibition catalogue 

on the position of the painting within the total oeuvre of an artist or within an artistic school or 

era. Therefore, an often-exhibited painting may yield a premium at auctions. Our sample 

comprises 67,713 paintings with exhibition information. On average, a painting was exhibited 

twice. Among all the observations with exhibition information, about 6.2% were exhibited at 

least once at prominent exhibitions, 0.4% at prominent art fairs, 17.2% in prominent museums, 

29.9% at lesser-known museums, 74.1% in cultural cities, and 14.9% in galleries.15 

Our third provenance dimension is Literature. We consider whether artworks are included 

in catalogues raisonnés, which offer a comprehensive listing of all known artworks by the 

artists, are illustrated on the cover page of art books, are included in art books published by an 

authoritative press (e.g., a university press 16 ), or in any other publication. Our sample 

comprises 72,906 paintings with literature information with an average text length of 242 

characters and with on average 1.5 literature-related references of the painting. Among all the 

paintings with literature information, about 15.7% are mentioned in the catalogue raisonné; 

1.7% are even on the cover page of art books, 45.9% are illustrated in art books, and 1.2% are 

mentioned in art books published by an authoritative press. 

In the fourth dimension, Certification, we search for two aspects: (i) the person or agency 

who has issued the certification (this can be the artist herself, her family members, 

 
15 Prominent exhibitions include retrospectives, anniversary exhibitions (birth/death year of artists), biannual and 

triannual exhibitions. Prominent art fairs include TEFAF, Art Basel, Art Miami, Biennale, Frieze etc.; prominent 

museums include such as Getty, Louvre, and Museo del Prado, etc. Cultural cities include New York City, Paris, 

London, etc. The detailed keywords and sources are given in the Appendix Table A2.2.  

16 E.g., Oxford University Press and Cambridge University Press. The sources are in the Appendix Table A2.2.  
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associations 17 , experts, or other parties) and (ii) the form of the certification (physical 

certificate18 vs. non-physical confirmation such as an oral statement by the artist about the 

painting’s authenticity19). For 70,556 paintings certification information is mentioned in the 

provenance text. Among the paintings with certification information, 31.7% have physical 

certification issued by the artist, 6.2% by the artist’s family, 15.1% by the artist’s association, 

2.7% by experts, and 27.6% by other parties. In addition, about 5.3% of the observations are 

presented with non-physical certification by the artist, 2.2 % by the artist’s family, 4.5% by his 

association, 2.9% by experts, and 6.2% by other parties. The general Certification dummy has 

a correlation close to zero with the other main provenance dimensions (Pedigree, Exhibition, 

and Literature), which in turn exhibit moderate positive correlations between 0.35 and 0.45. 

Delving deeper into the more detailed variables within each of the four main dimensions, we 

find very low correlations, which suggests that all the detailed variables together need to be 

considered in order to have a reliable picture of the painting’s authenticity. 

 

2.2.2 Methodology 

2.2.2.1 Hedonic Linear Probability Regression 

To investigate the provenance effects, we estimate linear sales probability regressions with 

the dependent variable Soldi,t indicating whether an art object was sold (versus bought in), 

while controlling for a wide range of hedonic characteristics: 

 
17 E.g., the artist’s foundation, registry, etc. For detailed definitions, see Appendix Table A2.2. 

18 Examples are “a certification by the Picasso Administration will be given to the buyer”; “accompanied by a 

certificate of authenticity from the artist”; “accompanied with Solomon Gallery exhibition catalogue as well as 

letter written by the artist in 2002 following the purchase of the work”; “Registered in the artist's archive in Paris, 

no, 86170 SWF”. 

19 Examples are “verbally authenticated by Dr. Paul Vogt, Essen”; “verbally authenticated by the Ludwig von 

Hofmann Archive, Zurich”. 
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𝑆𝑜𝑙𝑑𝑖,𝑡 = 𝛼𝑖,𝑡 + ∑ 𝛽𝑝𝑃𝑒𝑑𝑖𝑔𝑟𝑒𝑒𝑝,𝑖,𝑡
𝑃
𝑝=1 + ∑ 𝛽𝑙𝐿𝑖𝑡𝑒𝑟𝑎𝑡𝑢𝑟𝑒𝑙,𝑖,𝑡

𝐿
𝑙=1 + ∑ 𝛽𝑒𝐸𝑥ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛𝑒,𝑖,𝑡

𝐸
𝑒=1   

                       + ∑ 𝛽𝑐𝐶𝑒𝑟𝑡𝑖𝑓𝑖𝑐𝑎𝑡𝑖𝑜𝑛𝑐,𝑖,𝑡
𝐶
𝑐=1 + ∑ 𝛽𝑚𝑋𝑚,𝑖,𝑡

𝑀
𝑚=1 + ∑ 𝛾𝑡𝐷𝑖,𝑡

𝑇
𝑡=1 + 𝜀𝑖,𝑡                (1) 

where Soldi,t equals one if the art object 𝑖 at time 𝑡 is sold and zero when bought in. The four 

provenance dimensions is represented by respectively: Pedigreep,i,t (with characteristic p of 

item i at time t), Literaturel,i,t (with literature characteristic l), Exhibitione,i,t (with exhibition 

characteristic e), and Certificationc,i,t (with certification characteristic c). The provenance 

dimensions are presented as dummy variables capturing if the artwork’s catalogue comprises 

any information on these respective dimensions, or the natural log of the number of characters 

used in the provenance text for each of these respective dimensions. Xm,i,t is the value of 

characteristic m of item i at time t. Di,t is a time indicator variable; the year in which the art 

object is offered for sale in an auction. The coefficients, p, l, e and c capture the relations 

of the provenance dimensions with the sales probability. The coefficients m reflect the shadow 

price of each of the 𝑚 characteristics, and the coefficients t reflect the time trend, which can 

be used to construct an art price index.  

 

2.2.2.2 Hedonic Pricing Regression 

To measure the impact of provenance information on hammer prices, we resort to a hedonic 

pricing model, which has the advantage (relative to a repeat sales approach) that all observed 

transactions are included. 20 We regress the natural logarithms of hammer prices (in 2007 real 

USD) on provenance, while controlling for a broad range of hedonic characteristics: 

𝐿𝑛(𝑃𝑖,𝑡) = 𝛼𝑖,𝑡 + ∑ 𝛽𝑝𝑃𝑒𝑑𝑖𝑔𝑟𝑒𝑒𝑝,𝑖,𝑡
𝑃
𝑝=1 + ∑ 𝛽𝑙𝐿𝑖𝑡𝑒𝑟𝑎𝑡𝑢𝑟𝑒𝑙,𝑖,𝑡

𝐿
𝑙=1 + ∑ 𝛽𝑒𝐸𝑥ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛𝑒,𝑖,𝑡

𝐸
𝑒=1   

 
20 Even over a long time period spanning decades, the number of repeat sales is limited to about merely 3-5% of 

the total sales as the average holding periods are extensive (e.g., by collectors) and some art objects never return 

to the market (e.g., art bought by museums or private collectors) (Renneboog and Spaenjers, 2013). 
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                               + ∑ 𝛽𝑐𝐶𝑒𝑟𝑡𝑖𝑓𝑖𝑐𝑎𝑡𝑖𝑜𝑛𝑐,𝑖,𝑡
𝐶
𝑐=1 + ∑ 𝛽𝑚𝑋𝑚,𝑖,𝑡

𝑀
𝑚=1 + ∑ 𝛾𝑡𝐷𝑖,𝑡

𝑇
𝑡=1 + 𝜀𝑖,𝑡         (2) 

where Pi,t represents the hammer price of art object 𝑖 at time 𝑡, and the rest of the control 

variables are defined in section 2.2.1. 

 

2.2.2.3 Repeat Sales Regression 

As we also intend to study art returns, we turn to a repeat sales analysis. Here we analyze 

whether incremental changes of provenance occurring between two sales impact returns. The 

dependent variable Returni,(1,2) in Equation (3) is the geometrically annualized return of the 

painting in the repeat sales transaction. We regress this return on (i) the changes in the 

provenance variables between the first and the second transaction, ΔProvenancea,i,(1-δ,2-δ) (with 

provenance dimension a of item i between two transactions; a standing for the various 

characteristics of each of the four provenance dimensions, Pedigree, Exhibition, Literature and 

Certification) while also controlling for the initial provenance predating the first sale 

Provenanceb,i,(1-δ,2-δ) (with provenance characteristic b of item i at time 1-δ); (ii) possible 

changes in sales channel (changes in auction house (branch)) (i.e., Auction House Upgrade is 

a dummy variable equal to one if the second sale auction house has a better reputation than the 

first one21), and (iii) the other hedonic variables and fixed effects as defined in section 2.2.1. 

In Equation (3), we include the same hedonic control variables Xm,i,2 and time control variables 

Di,2 as in Equations (1) and (2). The subscripts 1, 2, (1,2) and δ refer to the time of the first sale, 

the second sale, the holding period, and the time lag, respectively. The coefficients of interest 

are a, which reflect the incremental provenance effects on the returns: 

𝑅𝑒𝑡𝑢𝑟𝑛𝑖,(1,2) = 𝛼𝑖,(1,2) + ∑ 𝛽𝑎Δ𝑃𝑟𝑜𝑣𝑎𝑛𝑎𝑛𝑐𝑒𝑎,𝑖,(1−δ,2−δ)
𝐴
𝑎=1 + ∑ 𝛽𝑏𝑃𝑟𝑜𝑣𝑒𝑛𝑎𝑛𝑐𝑒𝑏,𝑖,1−δ

𝐵
𝑏=1         

                  + 𝛽𝑢𝐴𝑢𝑐𝑡𝑖𝑜𝑛 𝐻𝑜𝑢𝑠𝑒 𝑈𝑝𝑔𝑟𝑎𝑑𝑒𝑖,(1,2) + ∑ 𝛽𝑚𝑋𝑚,𝑖,2
𝑀
𝑚=1 + ∑ 𝛾𝑡𝐷𝑖,2

𝑇
𝑡=1 + 𝜀𝑖,(1,2)   (3) 

 
21 See Appendix Table A2.1 for details. 
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It should be noted that the provenance information (the auction catalogue) is available four 

to six weeks prior to the auction, which is highlighted by means of the δ in the above equation.22  

 

2.3 Empirical Results 

This section discusses the empirical results of the correlation between provenance 

information, on the one hand, and the sales probability, the hammer price (for our full sample), 

and the returns (for the repeat sample), on the other hand. We also provide robustness tests on 

subsamples and perform analyses by means of LASSO estimations to alleviate estimation 

concerns induced by high dimensional fixed effects. 

2.3.1 Provenance Effects and Sales Probability 

Is the probability that a painting offered for sale is actually sold (versus bought in) 

correlated with the provision of provenance? As the auction house provides a price estimate in 

the catalogue which can affect the sales outcome, we include the lower estimate (which is 

assumed to be at or close to the reserve price) in the linear probability Models 1 and 2 of Panel 

A of Table 2.1. A high reserve price increases the probability that the painting will not be sold 

(which occurs when the highest bid does not exceed the reserve price). We also control for a 

large set of hedonic variables detailed in subsection 2.2.1.1, as well as for the following fixed 

effects: Artist, Year, Month, and Auction House Branch Level. 23  Our sample comprises 

1,707,136 observations with full hedonic information available as well as low price estimates. 

The aggregated provenance dimensions Pedigree, Exhibition, Literature, and Certification 

are represented by either (i) an indicator variable capturing the provision of this type of 

information or (ii) the natural logarithm of the catalogue’s text length of each of these 

 
22 In all the above equations, the δ lag also applies in that all provenance information is available prior to the 

auction. By inserting δ, we emphasize that the change information affects changes in prices, hence returns.  

23 The parameter estimates of the full regression are provided in Table A2.5 and Table A2.6 of the Appendix. 
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dimensions. The provision of pedigree information goes hand in hand with a higher sales 

probability, which increases by 1.7% (Column (1) in Panel A of Table 2.1). Likewise, 

exhibition history and the appearance of a painting in the art (history) literature increase the 

sales probability by 3.8% and 2.5%, respectively. In contrast, the presence of a certificate does 

not seem to affect the sales probability (but affects prices; see below). As expected, the negative 

coefficient of the reserve price indicates that the artworks with higher reserve price is less likely 

to be sold. The specification that uses the provenance dimensions’ text length (column (2) in 

Panel A of Table 2.1) shows consistent and similar patterns with exception of a positive 

correlation for certification. It is important to note that these regressions should not be 

interpreted as causal relations. In fact, endogeneity (in the form of reverse causality) could very 

well be substantial since auction houses offer provenance information especially for paintings 

with an ex ante high probability of being sold or with the highest price potential (which could 

partially but not entirely be addressed by the inclusion of the price estimates). We will embark 

on a set of endogeneity tests in both sections 2.3 and 2.4, but first continue with a correlation 

analysis based on a more granular approach to the provenance information with Models (1) 

and (2) in Panel B of Table 2.1.  

In the pedigree dimension, past ownership by prominent collectors, royalty/ nobility, 

wealthy families, celebrities, and famous sportspeople are all correlated to increased sales 

probability by 5.2%, 6.6%, 8.6%, 3.7%, and 9.5%, respectively (column (1) in Panel B of Table 

2.1). If the painting was in the past part of a corporate collection, the current sales probability 

is 9.8% higher.  
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With regard to information on descent, when a painting was purchased directly from the 

artist, sales probability increases by 1.5%.24 We also examine whether the reputation of past 

sales channels also has an impact on current sales: if the painting was sold by a prominent 

dealer, the current sales probability is 3.8% higher, but when past sales were at one point 

executed by Sotheby’s or Christie’s, there is no positive effect on current sales probability 

(possibly because those paintings may at the time already have been sold at higher price levels). 

A past auction at Bonhams and Phillips (or other historically important auction houses) does 

not have any positive impact on prices. 

When a painting was part of prominent exhibitions, it will be sold more easily (the 

probability increases by 2.6%; Column (1) of Panel B in Table 2.1). If a painting was in the 

past exhibited in museums, the painting is now sold more easily; exhibitions in prominent 

museums increase this probability by 5.4% and by 1.8% in the case less prestigious museums. 

If the artwork was exhibited in cultural cities where possibly a more cultured audience of art 

lovers can be reached, we note an augmentation in the sales probability (by 1.9%). Past 

exhibitions by galleries also facilitates a sale (by 4.3%); but displaying the painting at 

prominent art fairs does not seem to matter. 

When a painting is mentioned in the art (history) literature, selling is expectedly easier: a 

mention in a catalogue raisonné, the depiction on the cover page of art books, and inclusion of 

an illustration in an art book augments the sales probability by 2.4%, 5.1%, and 2.1%, 

respectively. Physical certification by artists or their associations or foundations (e.g., the Andy 

Warhol Foundation and the Keith Haring Foundation) is important and affects sales: the 

 
24 If the painting was at one point directly purchased from the sitter or the sitter’s family, the sales probability is 

8.9% lower, which may be affected by the scarcity of such paintings in auctions. Also, such paintings (which was 

usually commissioned by the sitter) are of personal value for the sitter or his/her family and may be less appealing 

to people not related to the sitter’s family. 
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physical certificate issued by the artist herself increases the probability (by 6.0%) as does 

certification by an artist’s association (by 3.5%). Interestingly, if the painting is accompanied 

by non-physical certification (by the artist’s family, experts, etc.) the painting does not sell 

more easily, which suggests that non-physical certification does not remove possible doubts 

regarding the authenticity.  

 

2.3.2 Provenance Effects and Hammer Prices 

We turn to the relation between provenance and hammer prices in panels A and B of Table 

2.1, in the same vein as for sales probability. We first estimate Equation (2) for 1,111,220 

auction transactions for which we have complete information on all the hedonic characteristics 

presented in section 2.2.1.25 The provenance variables in columns (3) and (5) of Panel A of 

Table 2.1 are dummy and textual length variables (as defined in section 2.3.1), respectively. 

After controlling for all the traditional hedonic variables and fixed effects, we find that the 

presence of provenance information goes hand in hand with higher price levels (column (3)).26 

If information is made available on the painting’s pedigree, the price is 20.7% higher 

(exp(0.1885)-1); with an exhibition history, the price augments by 41.9%; literature drives the 

 
25 The sample size used to estimate the models of columns (3) and (5) is smaller than that of columns (1) and (2) 

because the sample for the latter models includes all paintings offered for sale (including those who were bought 

in). 

26 The models presented in panels A and B of Table 2.1 only show the parameter estimates of the variables 

capturing provenance details. The coefficients of the hedonic variables and fixed effects (included in Equation 

(2)) are given in Appendix Table A2.6. Those results are in line with past research (e.g., Renneboog and Spaenjers, 

2013): Artworks with attributions “style”, “after”, “school”, “circle”, “studio”, and “attributed” are priced at large 

discounts (relative to the price of an authenticated artist), while signed, dated, or inscribed works tend to have 

higher prices. Oil paintings and watercolors command higher prices than drawings. Furthermore, prices increase 

with size (measurements), up to the point that the work becomes too large, which is captured by the negative 

coefficients on the squared terms. In addition, portraits and studies are sold at a discount. Unsurprisingly, 

Sotheby’s London and Christie’s London sell artworks with highest prices, ceteris paribus. 
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price up by 53.5%, and with certification the price increases by 13.9%. Thus, art (history) 

literature sources and an exhibition history affect prices most. Models including the provenance 

text length yield qualitatively similar results (column (5) in Panel A). As mentioned before, the 

caveat on endogeneity applies, which we will address in sections 2.3 and 2.4. 

We dissect the four main dimensions of provenance into their detailed constituting elements 

and show the results in Panel B of Table 2.1. For the pedigree components, we observe that 

past ownership by prominent collectors, royalty/nobility, wealthy families, and famous 

sportspeople has a strong impact on current price levels. Paintings reach prices that are on 

average 24.4% (31.3%) higher if they had been held by prominent collectors (royalty/nobility). 

Past ownership by wealthy families or famous sportspeople correlates with current price 

premiums of 42.5% and 50.1%, respectively. When the auction catalogue reports that the 

painting was at one point purchased directly from the artist, the current hammer price is 13.8% 

higher; a past purchase directly from a sitter now augments the price by 11.3%; and any descent 

information (not included in the above categories) increases prices by 23.6%. Thus, 

information related to the past ownership chain (purchases from the artist(’s family), prominent 

collectors or famous owners) enhances the marketability of paintings and their hammer prices.  

In addition, past sales channels also affect auction prices: the fact that a past auction sale 

was made by Sotheby’s or Christie’s, Bonhams or Phillips, or by historically important auction 

houses (e.g., Dorotheum; Hôtel Drouot), may be perceived as (past) recognition of quality and 

authenticity which is mirrored in prices that are higher by 23.6%, 7.1%, 10.0%, respectively. 

The current price premium may thus reflect the (past) notoriety of these auction houses. 

Similarly, past sales by prominent dealers, are correlated with auction prices, which are on 

average 32.9% higher.  

Details about the second pillar - past exhibitions - are also strongly related with price levels 

as they may reflect the intrinsic quality of paintings. For instance, if the painting had been 
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included in prominent exhibitions, the auction price is 26.2% higher. Likewise, exhibitions 

organized by prominent museums or in important cultural cities enhance a painting’s exposure 

to a larger art-loving audience and is related to higher prices (by 58.9% and 24.2%, 

respectively).  

Likewise, it is important that a painting is named or depicted in the art literature: all aspects 

within the Literature dimension correlate with prices: the inclusion of the painting in the 

catalogue raisonné, being depicted on the cover page of or in art books, discussed in books 

published by authoritative (university) press are related with higher prices (with significant 

price premiums of 35.7%, 52.8%, 44.2%, and 41.2%, respectively).  

As before, certification also enhances trust: Panel B of Table 2.1 shows that all physical 

and non-physical (testimonial) certification positively correlates with prices (columns (2)). 

Certificates by experts have the biggest price impact (40.7%). In the case of a non-physical 

certification by the artist (e.g., when the provenance text refers to a testimonial of an oral 

statement by the artist) the price impact amounts to 32.5%.  

 

2.3.3 Price Expectations, Anchoring and Valuation Uncertainty 

In the above analysis, we have examined the correlation between provenance information, 

and marketability and prices. Still, the provision of provenance information may depend on 

price expectations. To partially address this endogeneity issue, we include in the regressions of 

Table 2.1 price anticipation effects. Auction houses usually offer a low and high estimate of 

the hammer price in the catalogue. The low estimate is usually regarded as being close to the 

seller’s (secret) reserve price and hence reflects the seller’s expected price below which he 

would not be willing to part with the painting. The high estimate may not only capture 

expectations but may also be set by the auction house to manipulate expected prices by creating 

an anchoring effect, which could drive hammer prices up (Graddy et al., 2015). The estimation 
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range ((High - Low Estimate) / Low Estimate) may capture the degree of anchoring or valuation 

uncertainty. To capture the effect of deviations from expectations, we estimate a two-stage 

model. In the first stage, the deviations from expectations are captured by the residuals of 

models with the high estimate 𝐿𝑛(𝐻𝑖𝑔ℎ 𝐸𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑖,𝑡)  (or the estimation range, 

𝐸𝑠𝑡𝑖𝑚𝑎𝑡𝑖𝑜𝑛 𝑅𝑎𝑛𝑔𝑒𝑖,𝑡) as the dependent variable and as independent variables all the hedonic 

variables and fixed effects included in Equation (1). In the second stage model (equivalent to 

Equation (2)), we then include the residuals of the first stage as an additional independent 

variable. The results of this exercise are presented in Appendix Table A2.7, from which we 

conclude that the residual high estimates and the residual estimation range have a positive and 

negative impact, respectively, on the hammer prices (as expected) and that our results on the 

provenance dimensions are upheld. 

 

2.3.4 Addressing Reverse Causality between Past Prices and Provenance Changes 

Reverse causality would entail that a painting of higher quality (higher past price) may 

attract more resources to research and document its provenance. In order to address this 

potential endogeneity between Past Prices and Provenance Changes, we run a two-stage model 

on the repeat sales sample27. Repeat sales are identified by matching the exact artist’s name, a 

painting’s measurements (length and width), title, medium, and presence of a signature and 

date. After eliminating paintings from the same artists and of about the same size, but with 

indiscriminate titles (‘landscape’, ‘view of the sea’, ‘portrait of a lady’), we obtain 6,647 repeat 

sales pairs, of which we are certain that they are real repeat sale transactions. 

 
27 We exclude between-sales periods of less than 180 days in order to avoid speculative transactions. As pointed 

out by Lovo and Spaenjers (2018) and Pénasse, Renneboog and Scheinkman (2021), a short holding period usually 

indicates that a ‘flipper’ (speculator) is able to purchase at a low price and quickly offers the object at a higher 

price. For this type of speculator, the selling decision may be more endogenous and are driven by recent prices 

for similar paintings. 
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First, we regress the changes in provenance, ΔProvenancea,i,(1-δ,2-δ), (a representing four 

provenance dimensions: Pedigree, Exhibition, Literature and Certification) on the past price 

of the painting (Ln(Pricei,1)), the log of the first sale’s hammer price in deflated USD. The 

control variables are Time Span (the number of days between the two sales), the initial 

provenance predating the first sale Provenanceb,i,1-δ (with provenance characteristic b of item i 

at time 1-δ), and all the hedonic control variables included in Equation (1) (such as Artist, Year, 

Month, and Auction House Branch Level (AH) fixed effects). The subscripts 1, 2, (1,2) and δ 

refer to the time of the first sale, the second sale, the holding period, and the time lag 

respectively, which are consistent with Equation (3). We hence estimate: 

Δ𝑃𝑟𝑜𝑣𝑒𝑛𝑎𝑛𝑐𝑒𝑎,𝑖,(1−δ,2−δ) = 𝛼𝑖,(1,2) + 𝛽𝑥𝐿𝑛(𝑃𝑟𝑖𝑐𝑒𝑖,1)+𝛽𝑠𝑇𝑖𝑚𝑒 𝑆𝑝𝑎𝑛𝑖,(1,2) 

                           + ∑ 𝛽𝑏𝑃𝑟𝑜𝑣𝑒𝑛𝑎𝑛𝑐𝑒𝑏,𝑖,1−δ
𝐵
𝑏=1 + ∑ 𝛽𝑚𝑋𝑚,𝑖,𝑡

𝑀
𝑚=1 + ∑ 𝛾𝑡𝐷𝑖,𝑡

𝑇
𝑡=1 + 𝜖𝑖,(1,2)   (4) 

In a second model, we regress the dependent variable Ln(Price2) of the second sale on the 

residuals from provenance dimensions ε(ΔProvenance), which represents ε(ΔPedigree), 

ε(ΔExhibition), ε(ΔLiterature) and ε(ΔCertification) of Equation (4), with the same control 

variables as in Equation (3):  

𝐿𝑛(𝑃𝑟𝑖𝑐𝑒𝑖,2) = 𝛼𝑖,2 + ∑ 𝛽𝑎
𝐴
𝑎=1 𝜖(Δ𝑃𝑟𝑜𝑣𝑎𝑛𝑎𝑛𝑐𝑒𝑎,𝑖,(1−δ,2−δ)) + 𝛽𝑥𝐿𝑛(𝑃𝑟𝑖𝑐𝑒𝑖,1) 

+ 𝛽𝑠𝑇𝑖𝑚𝑒 𝑆𝑝𝑎𝑛𝑖,(1,2) + ∑ 𝛽𝑏𝑃𝑟𝑜𝑣𝑒𝑛𝑎𝑛𝑐𝑒𝑏,𝑖,1−δ
𝐵
𝑏=1 + ∑ 𝛽𝑚𝑋𝑚,𝑖,2

𝑀
𝑚=1 + ∑ 𝛾𝑡𝐷𝑖,2

𝑇
𝑡=1 + 𝜀𝑖,2  (5) 

We report the results of the estimations of Equations (4) and (5) in Panels A and B of Table 

2.2, respectively. For the changes in the four dimensions of provenance, we use two 

specifications: (i) dummy variables capturing the change and (ii) changes in the textual length 

of this provenance dimension. In the first specification, the indicator variable equals one when 

new provenance information is provided over the holding period, and otherwise is zero. For 

the changes in provenance length, we take the natural logarithms of the difference between 

corresponding text character length of the two sales. Panel A of Table 2.2 shows that the past 
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price Ln(Price1) has no statistically significant impact on the decision to offer more Pedigree 

information (Models (1) and (5)), but a higher past price induces the provision of more 

information on Exhibition, Literature, and Certification (Models (2) to (4)) and increases the 

amount of information (text length) offered on Literature and Certification in between the two 

sales (Models (7) and (8)). However, the economic effects are minimal. When for instance, we 

take Δ𝐿𝑖𝑡𝑒𝑟𝑎𝑡𝑢𝑟𝑒 in Models (3) and (7), we observe that when a painting’s past price has 

doubled, we ceteris paribus see an increase by merely 2% in the probability that Literature 

information is provided in the period between the first auction transaction and the publication 

of the catalogue of the second auction and by 11.6% in the Literature text length. As the 

average character length of Literature amounts to about 242 characters, a doubling of the past 

price would only lead to a four-word increase in the literature information (242 × 11.59% = 27 

characters). These results may attenuate reverse causality concerns somewhat as the possibility 

that past prices drive the effort to do new provenance research seems rather limited. It should 

be noted that we control for many fixed effects (including auction house branch) but also for 

the time span in between the two transactions because a longer holding period gives a larger 

opportunity to generate more provenance information as well as to collect additional 

information).  

To further alleviate concerns about reverse causality, we include in the pricing model of 

the second transaction the residuals from Equation (4), which capture provenance information 

that is not predicted by past prices, as independent variables in Equation (5) (Panel B, Table 

2.2). The unpredicted information of Exhibition, Literature and Certification is significantly 

positively related to the price of the second sale in all four models. The specification with 

changes in text length, show positive correlations for Pedigree, Exhibition and Literature. In 

sum, the results from Panel B imply that art prices are affected by the provenance information 

but not by the provenance information that is provided or augmented following high past prices 
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in previous transactions (as the provenance information unpredicted by past prices can predict 

the future prices). 

 

2.3.5 Provenance Effects and Returns for Repeat Sales Transactions 

To investigate the relation between provenance and returns, we turn to the return model of 

Section 2.2.2.3 (Equation (3)) and the repeat sales sample used in section 2.3.4. The dependent 

variable is the annualized geometric returns of the painting in the repeat sales transaction, 

which we regress on the changes in the provenance while also controlling for the initial 

provenance predating the first sale. Columns (1) to (4) of Table 2.3 are based on the full repeat 

sales sample, while columns (5) to (8) are based on the subsample where the repeated sales 

take place at the same auction house branch to alleviate concerns about policy discrepancies 

among auction houses (or branches within the same auction house) in the provision of 

provenance information. For changes in provenance, we have two specifications: (i) indicator 

variables capturing whether a change occurred from no information to an insertion of 

provenance information (the reverse case does not occur) and (ii) changes in the provenance 

text’s character-length.28 

Table 2.3 shows that changes in information related to the Exhibition and Literature 

dimensions have a material impact on annual Returns. If a painting has no exhibition history 

prior to the first sale but is exhibited during the holding period, the annualized returns rise by 

16.5 percentage points (Column (3)). Likewise, when there was no information on the painting 

in the (art history) literature was not present prior to the first sale but was subsequently present, 

prior to the second sale, the annualized return rises by 14.9% (Column (3)). An extension of 

the catalogue text on the exhibition history of the painting also positively affects returns 

 
28 We only show the analysis on the four provenance dimensions in Table 2.3, but also provide an analysis with 

detailed provenance elements in Appendix Table A2.8. 
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(columns (2) and (4)). Columns (3) and (4) show that the initial provenance dimensions (e.g., 

Pedigree1), disclosed prior to the first transaction of the repeat sale, have no statistically 

significant impact on the subsequent returns. This implies that this information was already 

priced at the first auction and that only additional information affects the second sale and hence 

returns. We have also controlled for a price effect that runs through the ‘upgrade’ of the auction 

house which captured that the second transaction is made at a more prestigious auction house 

than the previous one. Higher hammer prices are reached, reflecting that more prestigious 

auction houses may reach a wealthier clientele and may provide a ‘quality stamp’ to auctioned 

painting. We also want to eliminate the effect of idiosyncratic provenance provision policies 

of auction houses by limiting the repeat sales sample to the transactions that took place in the 

same auction house (branch). We observe that the provision of more information highlighting 

the role of the painting in the literature and its exhibition history both have a stronger economic 

impact on returns (columns (7) and (8) of Table 2.3). 

 

2.3.6 Robustness Tests 

2.3.6.1 Subsample of Artworks with Provenance Information 

One potential concern is that for the majority of the auctioned paintings no provenance 

information is provided in catalogues and only traditional hedonic variables are provided 

(artist’s name, title, measurements, medium, lot number, auction house (branch), and 

transaction date). We therefore restrict our sample to only those observations with available 

provenance information and replicate the baseline results for the full sample as presented in 

Table 2.1. The findings are consistent with our baseline results; Pedigree, Exhibition, 

Literature and Certification are qualitatively and statistically similar in the sales probability 

and price regressions (Appendix Table A2.9). 
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2.3.6.2 LASSO Estimation 

A methodological concern may be that we estimated high dimensional fixed effects models, 

which could result in a decrease in predictive power for each added variable. We therefore 

verify our results by means of the Least Absolute Shrinkage and Selection Operator (LASSO) 

estimation, which enables us to examine which of the many variables (we have more than one 

hundred thousand fixed effects – about 10% of the total number of observations as we include 

for instance artists fixed effects) are the most important ones for purposes of prediction 

(Belloni, Chernozhukov, and Hansen, 2014). Effectively, this method chooses a simpler model 

with fewer variables, reduces over-fitting, increases out-of-sample prediction, and generates a 

more efficient algorithm. The LASSO results for the hedonic sales probability and price 

regressions indicate that the statistical significance of the provenance variables remains upheld 

(Appendix Table A2.10). In fact, the economic significance of the provenance variables 

becomes even larger relative to the baseline results of Table 2.1. It should be noted however 

that the LASSO method is mainly designed for prediction such that drawing inferences from 

model parameters could still be problematic in the sense that when some of the parameter 

estimates are set to zero, an omitted variable bias could arise (which is the cost one pays for a 

reduction in variance). Therefore, we only apply this method as a robustness test to verify 

whether the provenance factors are of prime importance in relation to sales probability and 

auction pricing. 

 

2.4 Further Endogeneity Issues 

In the introduction, we formulated concerns about potential endogeneity issues. First, the 

sale decisions may be endogenous in that sellers may offer a painting for sale to an auction 

house after having observed recent prices for similar paintings (of the same artist, same school, 

or in general in the entire market). We attempt to address this endogeneity concern by means 
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of a subsample analysis for auction sessions that comprise sales decisions that we expect to be 

made exogenously (section 2.4.1). These are auction sales from estates whereby the previous 

owner deceased. The heirs may be forced to sell in order to pay the inheritance tax29, or may 

not be able to afford or are not interested in the upkeep of an estate including art inheritance. 

So, the decision to offer art for auction in the period after the decease of the collector may not 

be (or less) endogenous.  

A second endogeneity concern may emerge when the provision of provenance information 

is driven by past prices of a painting (or of similar paintings). For a painting expected to attract 

a high price, more resources can be made available to research and document its provenance. 

In order to rule out (or at least attenuate the possibility of) the endogeneity concerns, we 

perform four analyses: (i) In section 2.3.3, we control for price anticipation effects (for the full 

sample of transactions) by regressing the high price estimate (and the price estimation range) 

on the hedonic variables in the first stage model and, subsequently in a second stage model, by 

regressing the hammer price on the residuals from the first stage and the provenance variables. 

We find that our baseline results on the provenance dimensions are upheld when controlling 

the residual high estimates and the residual estimation range in the second stage regressions. 

(ii) In section 2.3.4, to address the potential reverse causality between past prices and 

provenance changes, we rely on a repeat sales sample and regress the hammer price of the 

second sale on the unpredicted incremental changes of provenance information (captured by 

the residual from regressing the incremental changes of provenance between two sales on the 

price of the first sale) that arose before the second sale, in order to exclude the effect of the 

price from the first sale on the provenance information. The results show that the provenance 

information unpredicted by past prices can predict the future prices and indicate that art prices 

 
29 In some countries (e.g., UK), it is possible that the fiscal authorities accept the donation of art to public museums 

as payment of inheritance tax.  
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are not affected by the provenance information provided or augmented following high past 

prices in previous transactions. There are two additional tests in section 2.4: (iii) We exploit 

Christie’s change in provenance policy in 2012 in a Difference-in-Differences (DiD) setting 

and use the provenance policy by Sotheby’s (which is regarded as having similar reputation 

and quality) as a control (section 2.4.2); (v) In a DiD setting, we examine the provenance effects 

on the artworks made by artists of whom works were faked or forged (section 2.4.3). 

 

2.4.1 Exogenous Sales Decisions 

We explore a subsample of what we expect to be ‘exogenous’ sales. These sales may not 

be affected (or at least be less affected) by past price trends as we select sales related to the 

four-Ds (divorce, debt, death, and disaster). To do so, we searched in the auction session titles: 

“Estate”, “Property of”, “Legacy”, “Bequest”, “Heritage”, “Gift”, “Endowment”, “Charity” in 

singular and plural forms and “Late” plus a person’s name. An example of such an auction is 

titled: “The property of the late M.H.D. McAlpine: Paintings, Ceramics, Silver, Works of Art 

and Furniture”. This way we obtained 37,851 paintings of which 25,904 (68.4 %) were sold. 

Admittedly, this subsample choice cannot completely exclude endogeneity because, while 

death may be exogeneous, the sales decision by the heir may still be stalled. Still, we expect 

that endogeneity concerns are somewhat lower for this subsample. 

The results in Table 2.4 demonstrate that the provenance dimensions Pedigree and 

Exhibition are significantly positively correlated with the sales probability, and respectively 

indicate a 3.7% and 7.9% higher sales probability than for paintings lacking this kind of 

documentation. Including the reserve price proxy (lowest estimate) shows that a high reserve 

makes a sale more difficult. When we turn to the price regressions in Table 2.4, we observe 

that the provenance dimensions Pedigree, Exhibition, and Literature are significantly 

positively associated with a higher price level of paintings with a price impact of 18.1% 



PRICING ART: RETURNS, TRUST, AND CRISES 

 

124 

 

(exp(0.1659)-1), 51.0% and 66.3%, respectively. By exploiting (what we expect to be more) 

exogenous sales decisions that may be less affected by unobservable price-trend related 

motivations of the sellers, we show that the impact of provenance factors on the sales 

probability and price level is upheld. These findings are consistent with our full sample results 

(Table 2.1), and show even larger economic magnitudes. 

 

2.4.2 Provenance Policy Change 

As disclosed in the Opinion & Order of “Waren v. Christie’s Inc. 2018” court case, 

Christie’s confirmed during the Interrogatory Responses that it had amended its provenance 

policy in 2012 and required all consignors to provide detailed provenance information.30 This 

change to Christie’s disclosure policy on provenance was applied to all art types offered for 

auction (or private sale) at all of its branches. We treat this policy change as a quasi-natural 

experiment using a difference-in-differences (DiD) setting by contrasting the “shock’s” impact 

on Christie’s sales (treated sample) with Sotheby’s sales (which serves as control sample). The 

latter is often considered Christie’s ‘twin’ auction house, as both auction houses are similar in 

terms of auction history, reputation, quality of auction lots offered, branch locations, 

international clientele, the networks of sellers and buyers, and valuation expertise. Over the 

period 2007 to 2016, 198,076 paintings were sold through Christie’s and Sotheby’s, which 

represents 17.8% of our sample. In Table 2.5, the generic Provenance variable and its four 

main dimensions equal one if any information on provenance, pedigree, exhibition, literature, 

 
30 See Opinion & Order of Waren v. Christie’s Inc. 16cv1386 signed by Judge William H. Pauley, III on 5/31/2018 

at Southern District of New York, U.S. Christie’s amended its provenance policy in 2012 such that “…consignors 

were required to submit verifiable documentation to substantiate the Provenance and Country of Origin (PCOO) 

Form. Verifiable documentation could include receipts, invoices, inheritance documents, insurance listings, 

photographs, letters, or any other source that the clients can provide above and beyond their own testimony.”  

Source: https://law.justia.com/cases/federal/district-courts/new-york/nysdce/1:2016cv01386/453955/112/ 
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and certification is provided. The variables of interests are the interaction terms of Treated with 

the above provenance terms, which we expect to be positive not only because of the mere 

provision of provenance information (which we test) but also because of the provision of higher 

quality provenance (which we cannot test). We find that sales with provenance information by 

Christie’s since 2013 earn a DiD premium (Models (1) to (5) in Table 2.5). This suggests that 

the provision of provenance creates trust and is reflected in the hammer prices. In particular, 

Model (6) shows that information on pedigree, exhibitions and certification affect hammer 

prices, and that the certification, which comprises the physical and logged oral authenticity 

confirmation, has the largest price impact. An average sale with mandatory certification 

reporting sold through Christie’s since 2013 enjoys a premium of 37.1% (exp(0.3157)-1), 

compared to the average sale through Sotheby’s. 

We follow Roberts and Whited (2013) by running a series of placebo tests to confirm the 

validity of the above quasi-natural experiment on a subsample of sales sold via Christie’s and 

Sotheby’s during the pre-policy-change period (namely from the beginning of 2007 to the end 

of 2011) and set the placebo-policy change in the beginning of the years 2008, 2009, 2010, and 

2011. We then repeat the regressions of Table 2.5 and find that Treated interacted with 

respectively Pedigree, Literature, Exhibition, and Certification are not statistically significant 

(not tabulated). 

 

2.4.3 Discoveries of Fakes and Forged Paintings 

The art markets offer a hospitable environment for forgeries, which has a detrimental effect 

on the trustworthiness of this market. Large numbers of fake and forged paintings are rumored 
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to circulate. According to a former director of MOMA, up to 40% of the high-end art market 

may consist of forged art (Thompson, 2010).31  

This may undermine the art world’s confidence in the authenticity of paintings, and hence 

distort price formation and depress value. In this respect, provenance is a prominent factor 

underlying the proper functioning of the art market – although provenance may also be subject 

to forgery. The discovery of a fake painting may negatively affect the prices of the paintings 

by the forged artist, and could shift transactions to the most trustworthy intermediaries who 

could offer an insurance (a guarantee to take forged paintings back). To investigate the impact 

of the discoveries of fakes/forgeries on the price of artworks through the effect of the 

provenance dimensions, we collect the disclosure dates of fakes and forgery cases from three 

primary sources: the specialized art journals Artsjournal.com and Artnews.com, and the 

general news database Factiva, which includes the worldwide press in 28 languages. For each 

article that we retrieve on this topic, we collect the event date of the discovery, title of the fake 

or forged painting, name of the artist, name of the forger (if available), title of the original 

painting, and the auction house(s) involved in the case. We take the fraud discovery date as the 

first date that the rumor, motivated suspicion, proof, or ruling by a judge was mentioned in the 

press. We only retain the cases that were ultimately confirmed as fakes or forgeries. In this 

manner, we identified 54 fraud cases related to paintings in our sample period32.  

 
31 Bocart and Oosterlinck (2011) show that fraud discoveries shift the market towards intermediaries with higher 

reputation (e.g. Christie’s and Sotheby’s). Given that the high-end auction houses provide insurance in that they 

offer to repurchase an art object if it has been shown after the auction to be a counterfeit, they have a strong 

interest to collect detailed and reliable provenance information. Thus, the provision of provenance protects an 

auction house not only against claims and court cases, but also helps the intermediary to build a reputation of 

trustworthiness. 

32 The sample of fake and forgery cases can be found in Appendix Table A2.11. 
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Equation (6) presents the DiD regression in which Treated equals one for the paintings of 

artists of whom one or more paintings were discovered as being faked or forged and whose 

paintings were offered for sale in an auction at a date after the date of the discovery. Provenance 

is a dummy variable capturing if the painting contains information on provenance (and on its 

dimensions). The control variables are the hedonic variables and fixed effects consistent with 

Equation (1): 

𝐿𝑛(𝑃𝑟𝑖𝑐𝑒𝑖,𝑡) = 𝛼𝑖,𝑡 + 𝛽r𝑇𝑟𝑒𝑎𝑡𝑒𝑑𝑖,𝑡 + 𝛽k𝑇𝑟𝑒𝑎𝑡𝑒𝑑𝑖,𝑡 × ∑ 𝑃𝑟𝑜𝑣𝑒𝑛𝑎𝑛𝑐𝑒𝑎,𝑖,𝑡
𝐴
𝑎=1      

                                 + ∑ 𝛽𝑎𝑃𝑟𝑜𝑣𝑒𝑛𝑎𝑛𝑐𝑒𝑎,𝑖,𝑡
𝐴
𝑎=1 + ∑ 𝛽𝑚𝑋𝑚,𝑖,𝑡

𝑀
𝑚=1 + ∑ 𝛾𝑡𝐷𝑖,𝑡

𝑇
𝑡=1 + 𝜀𝑖,𝑡        (6) 

The variable of interest is the interaction term Treated and Provenance. We expect a 

negative coefficient Treated, because after a fake is discovered for a particular artist, doubts 

about the authenticity of all of this artist’s paintings may arise, which may translate into lower 

prices for his/her paintings without provenance information. The provision of provenance 

information may undo or reduce the negative effect of the discovery because in case of mistrust, 

additional information as an authenticity signal is vital to restore confidence, which is why we 

expect a positive coefficient of the interaction term Treated × Provenance. 

The results in column (1) of Table 2.6 reveal a sharp decline in the prices of paintings 

without provenance information by artists whose paintings have been forged (the parameter 

estimate of Treated is -0.2670, which represents a 23.4% price decline (exp(-0.2670)-1). The 

provision of provenance has a significantly positive impact on the hammer price subsequent to 

the discoveries of fakes/forgeries (in column (1), Treated × Provenance = 0.7054), which 

results in a net positive price impact of 55.0% (exp(-0.2670+0.7054)-1) for the paintings with 

provenance of the affected artists. The provision of provenance thus more than compensates 

the negative impact of the discovery of a forged painting. The price increase may also reflect a 

‘supply shock’ as the number of authentic paintings (with strong and reliable provenance) may 

be scarcer.  
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Column (2) of Table 2.6 disentangles provenance into its four dimensions and depicts a 

similar and consistent result: there is a negative price impact on auctioned paintings of artists 

whose work is forged as soon as the media reports rumors or proof of forgeries and fakes. From 

that moment on, provenance information on pedigree, exhibitions, and literature becomes more 

important and undoes and even more than compensates the negative price effect of forgeries.  

Since most of the artists affected by fraud in our databases were active in the 20th century 

(the vast majority were born between 1880 and 1940), we restrict our sample to these affected 

artists as well as the unaffected ones born in the same time span and therefore productive in 

the same era. We show that columns (3) and (4) of Table 2.6 yield very similar results. 

In addition, we examine the impact of provenance information on the sales probability of 

(non-forged) paintings after the discovery of fakes and forgeries of paintings of a specific artist. 

We expect a positive coefficient for the interaction term Treated × Provenance, as a painting 

by an affected artist that is offered for sale with provision of provenance information may sell 

more easily. We confirm that provenance has a significant positive impact on sales probability 

(Appendix Table A2.12). Higher bids arise in times of mistrust for items containing provenance 

information. 

 

2.5 Conclusion 

Trust is key for any type of market, but particularly so for illiquid, opaque, and largely 

unregulated markets, such as the art market. A lack of trust undermines sales and prices, which 

is worsened when it is rumored that fakes and forgeries circulate in the art market. Therefore, 

guarantees about the authenticity of an art object are pivotal in creating trust, and the provision 

of provenance can be a (partial) solution by emitting a signal about the art’s authenticity. 

Provenance comprises records of ownership or pedigree, exhibition history, literature 
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coverage, and certification, all of which capture the artwork’s authenticity and could enhance 

trustworthiness of the object offered for sale. For example, if there is evidence that a painting 

was purchased from the artists or his family, or from a first buyer who has held the painting in 

his family for generations, from famous collectors, and there are corroborating documents, the 

potential buyers caution will be attenuated. 

We investigate the impact of providing detailed provenance information, measured by 

hundreds of variables resulting from textual analysis on the auction catalogues, along with the 

set of traditional art value determinants, on the sales probability, hammer prices, and returns of 

about two million paintings and works on paper. We find that provenance information 

provision increases the sales probability by 2% to 4%, leads to a price premium of 14% to 54%, 

and increases the annualized returns by 5 to 16 percentage points after controlling for artwork 

and transactions characteristics (such as topic, signature, medium, measurements), as well as 

artist, time, and auction house branch fixed effects.  

To address the potential endogeneity concern in the sales decision, we examine subsamples 

of ‘exogenous’ sales which we expect to be less affected by past price trends (e.g., sales 

following the death of collectors). A second type of endogeneity is embedded in the decision 

to offer provenance, which may be affected by recent price increases of the painting (in case 

of a repeat sales) or of similar paintings (e.g. by the same artists or school), as well as by higher 

expected prices as proxied by price estimates. To address the concern of reverse causality in 

the relationship between past prices and changes in provenance, we run a two-staged regression 

on repeat sales to control for changes in provenance induced by past high prices, exploit 

Christie’s policy change in the provision of provenance information as a quasi-natural 

experiment in a Dif-in-Dif setting, and also study the provenance effects for artists affected by 

the discoveries of fakes and forgeries. These attempts to address endogeneities yield results 

similar to the results of our baseline models. In conclusion, provenance information is an 
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important factor corroborating an art work’s authenticity and creating trust in art markets as 

reflected in sales, prices, and returns.  
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Tables 

 
Table 2.1 – Provenance Effects on Sales Probability and Hammer Price 

This table presents the relation between Provenance, and Sales Probability and Hammer Price. The dependent 

variables are: (1) Sold[0,1], which takes one if the painting is successfully sold (and zero when bought in) , and 

(2) Ln(Price), the natural logarithm of the real hammer price in real (2007) USD. In Panel A, columns (1) and (3), 

Pedigree, Exhibition, Literature, and Certification are dummy variables capturing if the artwork’s catalogue 

comprises any information on these respective dimensions. In Panel A, columns (2) and (5), these four provenance 

variables stand for the natural log of the number of characters used in the provenance text for each of these 

respective dimensions. Column (4) in Panel A reports the corresponding price impact (relative price change) of 

column (3) calculated as 𝑒𝑥𝑝(𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡)– 1. Panel B has a similar setup but the independent 

variables are the detailed elements that constitute Pedigree, Exhibition, Literature, and Certification are included 

(for definitions, see Appendix Table A2.1). In both panels, Ln(Reserve Price) is proxied by the log of the low 

price estimate (in real USD). All regressions in both panels include Hedonic Controls (detailed in Appendix Table 

A2.3), and Artist, Year, Month, and Auction House Branch Level (AH) Fixed Effects. *, **, and *** indicate 

statistical significance at the 10%, 5%, and 1% levels, respectively. Standard errors (S.E.) are reported in 

parentheses and clustered at the auction branch level. 

Panel A: Provenance Effects on Sales Probability and Hammer Price 

Dept. Var.: Sold[0,1] Ln(Price) 

 (1) (2) (3) (4) (5) 

Provenance as: Indicator Text Length Indicator Price Impact Text Length 

Pedigree 0.0173*** 0.0044*** 0.1885*** 20.74% 0.0531*** 

 (0.0062) (0.0014) (0.0170)  (0.0045) 

Exhibition 0.0379*** 0.0079*** 0.3499*** 41.89% 0.0734*** 

 (0.0041) (0.0008) (0.0208)  (0.0041) 

Literature 0.0250*** 0.0056*** 0.4288*** 53.54% 0.0869*** 

 (0.0063) (0.0011) (0.0336)  (0.0063) 

Certification 0.0102 0.0115*** 0.1297*** 13.85% 0.0614*** 

 (0.0133) (0.0033) (0.0226)  (0.0100) 

Ln(Reserve Price) -0.0661*** -0.0668***    

 (0.0036) (0.0036)    

      

Artist FE Yes Yes Yes  Yes 

Year FE Yes Yes Yes  Yes 

Month FE Yes Yes Yes  Yes 

Auct. House Branch FE Yes Yes Yes  Yes 

Hedonic Controls Yes Yes Yes  Yes 

# of Obs. 1,707,136 1,707,136 1,111,220  1,111,220 

R-squared 0.1750 0.1752 0.7805  0.7817 
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Panel B: Detailed Provenance Effects on Sales Probability and Hammer Price 

Dept. Var.: Sold [0,1] Ln(Price) 

 (1) (2) (3) 

Provenance as: Indicator Indicator Price Impact 

Ln(Reserve Price) -0.0665***   

 (0.0036)   

Pedigree    

Past Ownership    

Prominent Collectors 0.0524*** 0.2183*** 24.40% 

 (0.0113) (0.0405)  

Royalty / Nobility 0.0656*** 0.2724*** 31.31% 

 (0.0148) (0.0262)  

Wealthy Families 0.0855*** 0.3538*** 42.45% 

 (0.0232) (0.0479)  

CEOs -0.0101 0.1479 15.94% 

 (0.0343) (0.1021)  

Influential People (Time100) -0.0167 0.0841 8.77% 

 (0.0372) (0.0842)  

Celebrities 0.0372** 0.1288 13.75% 

 (0.0170) (0.1308)  

Famous Sportspeople 0.0948*** 0.4062*** 50.11% 

 (0.0289) (0.1358)  

Corporate Collection 0.0976*** 0.1038** 10.94% 

 (0.0376) (0.0482)  

Private Collection (Anonymous) -0.0051 0.1793*** 19.64% 

 (0.0084) (0.0222)  

Descent    

Directly from Artist 0.0145*** 0.1296*** 13.84% 

 (0.0056) (0.0142)  

From Artist Family -0.0027 0.0070 0.70% 

 (0.0049) (0.0239)  

From Sitter -0.0892*** 0.1068** 11.27% 

 (0.0185) (0.0515)  

Other Descent Information 0.0288*** 0.2121*** 23.63% 

 (0.0045) (0.0190)  

Past Sales Channel    

Sold by Sotheby’s or Christie’s -0.0060 0.2121*** 23.63% 

 (0.0042) (0.0243)  

Sold by Bonhams or Phillips -0.0277* 0.0687* 7.11% 

 (0.0147) (0.0387)  

Sold by Historic Auction Houses -0.0164** 0.0957*** 10.04% 

 (0.0072) (0.0363)  

Sold by Other Important Auction 

Houses 

-0.0133 -0.0463 -4.52% 

 (0.0083) (0.0393)  

Sold by Prominent Dealers 0.0377*** 0.2842*** 32.87% 

 (0.0064) (0.0378)  

Other Collections    

Other Pedigree Information 0.0274*** 0.1323*** 14.15% 

 (0.0058) (0.0133)  

Exhibition    

Prominent Exhibition 0.0263*** 0.2327*** 26.20% 

 (0.0081) (0.0247)  

Prominent Art Fair 0.0015 -0.0055 -0.55% 

 (0.0298) (0.0648)  

Prominent Museum 0.0543*** 0.4631*** 58.90% 
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Dept. Var.: Sold [0,1] Ln(Price) 

 (1) (2) (3) 

Provenance as: Indicator Indicator Price Impact 

 (0.0083) (0.0331)  

Other Museum 0.0176*** 0.1878*** 20.66% 

 (0.0042) (0.0147)  

Cultural City 0.0192*** 0.2165*** 24.17% 

 (0.0034) (0.0147)  

Gallery Exhibition 0.0430*** 0.2535*** 28.85% 

 (0.0077) (0.0220)  

Literature    

Catalogue Raisonné 0.0236** 0.3056*** 35.74% 

 (0.0095) (0.0448)  

Cover Page 0.0509*** 0.4237*** 52.76% 

 (0.0143) (0.0513)  

Illustration 0.0207*** 0.3660*** 44.20% 

 (0.0079) (0.0366)  

Authoritative Press 0.0130 0.3450*** 41.20% 

 (0.0183) (0.0876)  

Other Literature 0.0149* 0.3186*** 37.52% 

 (0.0081) (0.0252)  

Certification by    

Artist (Physical) 0.0599*** 0.0828*** 8.63% 

 (0.0172) (0.0262)  

Artist Family (Physical) -0.0166 0.0674* 6.97% 

 (0.0152) (0.0385)  

Association (Physical) 0.0348** 0.1199*** 12.74% 

 (0.0148) (0.0410)  

Expert (Physical) -0.0169 0.3416*** 40.72% 

 (0.0179) (0.0517)  

Other People (Physical) 0.0011 0.1148*** 12.16% 

 (0.0129) (0.0302)  

Artist (Non-Physical) 0.0348 0.2810*** 32.45% 

 (0.0224) (0.0287)  

Artist Family (Non-Physical) -0.0312* 0.0039 0.39% 

 (0.0171) (0.0597)  

Association (Non-Physical) -0.0381 0.1889*** 20.79% 

 (0.0240) (0.0352)  

Expert (Non-Physical) -0.0292 0.1654*** 17.99% 

 (0.0211) (0.0482)  

Other People (Non-Physical) -0.0206 0.1340*** 14.34% 

 (0.0136) (0.0393)  

Artist FE Yes Yes  

Year FE Yes Yes  

Month FE Yes Yes  

Auct. House Branch FE Yes Yes  

Hedonic Variables Yes Yes  

# of Obs. 1,707,136 1,111,220  

R-squared 0.1755 0.7819  
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Table 2.2 – Addressing Endogeneity in the relation between Past Prices – Provenance Changes 
This table shows models addressing endogeneity concerns in the relation Past Price and Provenance Changes. The dependent variables ΔPedigree, ΔExhibition, ΔLiterature 

and ΔCertification in Panel A are the changes in the information related to these provenance dimensions between the first and second sales of each repeat sales pair. The changes 

are captured by (i) dummy variables equal one when new provenance information arises between the first and second sale, and are zero otherwise or (ii) changes in the textual 

length of each dimension. Ln(Price1) is the natural log of the first sale hammer prices in real USD. Time Span is the number of days between the two sales. All regressions 

include initial pedigree, exhibition, literature, and certification information provided just prior to the first transaction of the repeat sales pair. In Panel B, ε(ΔPedigree), 

ε(ΔExhibition), ε(ΔLiterature) and ε(ΔCertification) are the corresponding residuals from the regressions in Panel A. All regressions include Hedonic Controls (see Appendix 

Table A2.3), and Artist, Year, Month, and Auction House Branch Level (AH) Fixed Effects. *, **, and *** indicate statistical significance at the 10%, 5%, and 1% levels, 

respectively. Standard errors (S.E.) are reported in parentheses and clustered at the auction branch level. 

Panel A: The Impact of First Sale Price on the Provenance Changes  

 Changes in provenance provision (Dummy variables) Changes in the text length of provenance information 

 (1) (2) (3) (4) (5) (6) (7) (8) 

Dept. Var.: ΔPedigree ΔExhibition ΔLiterature ΔCertification ΔPedigree ΔExhibition ΔLiterature ΔCertification 

Ln(Price1) -0.0001 0.0109* 0.0226*** 0.0098** 0.0407 0.0479 0.1159*** 0.0407* 

 (0.0084) (0.0056) (0.0071) (0.0050) (0.0443) (0.0349) (0.0392) (0.0220) 

Time Span 0.0001** -0.0001 0.0001 0.0001** 0.0002*** 0.0001* 0.0001*** 0.0002** 

 (0.0001) (0.0001) (0.0001) (0.0001) (0.0001) (0.0001) (0.0001) (0.0001) 

         

Pedigree1 Yes Yes Yes Yes Yes Yes Yes Yes 

Exhibition1 Yes Yes Yes Yes Yes Yes Yes Yes 

Literature1 Yes Yes Yes Yes Yes Yes Yes Yes 

Certification1 Yes Yes Yes Yes Yes Yes Yes Yes 

Artist FE Yes Yes Yes Yes Yes Yes Yes Yes 

Year FE Yes Yes Yes Yes Yes Yes Yes Yes 

Month FE Yes Yes Yes Yes Yes Yes Yes Yes 

Hedonic Controls Yes Yes Yes Yes Yes Yes Yes Yes 

Auct. House FE Yes Yes Yes Yes Yes Yes Yes Yes 

# of Obs. 6,612 6,612 6,612 6,612 6,612 6,612 6,612 6,612 

R-squared 0.6578 0.4311 0.3773 0.4291 0.6327 0.3286 0.3267 0.3764 
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Panel B: Second Sale Price and Unpredicted Provenance Changes 

 Changes in Provenance (Dummies) Changes in Text Length 

 (1) (2) (3) (4) 

Dept. Var.: Ln(Price2) Ln(Price2) Ln(Price2) Ln(Price2) 

ε(ΔPedigree) 0.0329 0.0322 0.0213** 0.0213** 

 (0.0410) (0.0413) (0.0083) (0.0084) 

ε(ΔExhibition) 0.1050** 0.1050** 0.0206* 0.0203** 

 (0.0512) (0.0508) (0.0110) (0.0101) 

ε(ΔLiterature) 0.1479*** 0.1462*** 0.0270*** 0.0266*** 

 (0.0273) (0.0270) (0.0058) (0.0056) 

ε(ΔCertification) 0.0504** 0.0502** 0.0011 0.0012 

 (0.0235) (0.0242) (0.0054) (0.0054) 

Ln(Price1) 0.6233*** 0.6183*** 0.6229*** 0.6164*** 

 (0.0556) (0.0559) (0.0557) (0.0561) 

Time Span -0.0001*** -0.0001*** -0.0001*** -0.0001*** 

 (0.0001) (0.0001) (0.0001) (0.0001) 

     

Pedigree1 Yes Yes Yes Yes 

Exhibition1 Yes Yes Yes Yes 

Literature1 Yes Yes Yes Yes 

Certification1 Yes Yes Yes Yes 

Artist FE Yes Yes Yes Yes 

Year FE Yes Yes Yes Yes 

Month FE Yes Yes Yes Yes 

Hedonic Controls Yes Yes Yes Yes 

Auct. House FE Yes Yes Yes Yes 

# of Obs. 6,346 6,346 6,346 6,346 

R-squared 0.9504 0.9506 0.9505 0.9506 
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Table 2.3 – Provenance Effects and Returns for Repeat Sales Transactions 
This table presents regressions based on the repeat sales (RS) sample. The dependent variable Return is the 

geometrically annualized return; we report results for the full RS sample (Models (1) to (4)) and the RS 

transactions that took place in the same auction house (branch) (Model (5) to (8)). ΔPedigree, ΔExhibition, 

ΔLiterature and ΔCertification are the changes in provenance information in between the two sales. They are 

defined as either (i) a change from no provenance information (pedigree, exhibition, literature, and certification) 

at the first sale to available information at the second sale or (ii) a change in textual length of provenance 

information (by dimension) from the first sale to the second sale. Auction House Upgrade equals one when a 

second sale moves up from a small auction house to a medium or big auction house or when a second sale moves 

from a medium auction house to a large one. All regressions include the hedonic controls that are presented in 

Appendix Table A2.3, and Artist, Year, Month, and Auction House Branch Level (AH) Fixed Effects. *, **, 

and *** indicate statistical significance at the 10%, 5%, and 1% levels, respectively. Standard errors (S.E.) are 

reported in parentheses and clustered at the auction branch level. 

Dept. Var.: 

Return 

Full RS Sample RS Sample with Transactions in the Same 

Auction House 

 (1) (2) (3) (4) (5) (6) (7) (8) 

Provenance 

as: 

Indicator Text 

Length 

Indicator Text 

Length 

Indicator Text 

Length 

Indicator Text 

Length 

ΔPedigree -0.1123 0.0032 -0.0489 0.0065 -0.4264 0.0014 -0.1382 0.0160 

 (0.1064) (0.0199) (0.1474) (0.0218) (0.3403) (0.0634) (0.4136) (0.0691) 

ΔExhibition 0.1401** 0.0246** 0.1646** 0.0250** 0.1865* 0.0341 0.2761* 0.0548** 

 (0.0621) (0.0125) (0.0715) (0.0123) (0.0960) (0.0253) (0.1468) (0.0273) 

ΔLiterature 0.1206* 0.0173 0.1487** 0.0176 0.2332*** 0.0437** 0.2706*** 0.0413* 

 (0.0692) (0.0138) (0.0627) (0.0134) (0.0748) (0.0214) (0.0713) (0.0223) 

ΔCertification 0.0853 0.0062 0.0010 -0.0006 0.1299* -0.0013 0.0227 -0.0054 

 (0.0850) (0.0200) (0.0607) (0.0185) (0.0673) (0.0271) (0.0612) (0.0235) 

Pedigree1   0.0985 0.0374   0.6753 0.1977 

   (0.2082) (0.0407)   (0.5931) (0.1282) 

Exhibition1   0.0555 -0.0070   0.1232 -0.0019 

   (0.0711) (0.0133)   (0.2382) (0.0408) 

Literature1   0.0847 -0.0010   0.1619 0.0062 

   (0.0700) (0.0166)   (0.1221) (0.0232) 

Certification1   -0.1658 -0.0655*   -0.1784* -

0.1153** 

   (0.1152) (0.0390)   (0.0943) (0.0554) 

Auction 

House 

Upgrade 

0.3462*** 0.2931** 0.3888*** 0.3886***     

 (0.1075) (0.1220) (0.1218) (0.1181)     

         

Artist FE Yes Yes Yes Yes Yes Yes Yes Yes 

Year FE Yes Yes Yes Yes Yes Yes Yes Yes 

Month FE Yes Yes Yes Yes Yes Yes Yes Yes 

Auct. House 

Branch FE 

Yes Yes Yes Yes Yes Yes Yes Yes 

Hedonic 

Controls 

Yes Yes Yes Yes Yes Yes Yes Yes 

# of Obs. 6,647 6,647 6,647 6,647 4,236 4,236 4,236 4,236 

R-squared 0.3361 0.3357 0.3366 0.3364 0.3919 0.3907 0.3940 0.3947 



PRICING ART: RETURNS, TRUST, AND CRISES 

 

138 

 

Table 2.4 – Exogenous Sales Decisions 
This table presents the models relating provenance effects to the sales probability or hammer price for a subsample 

of transactions of which the sales decision may be taken more exogenously (less dependent on past prices). The 

sample employed includes sales retained when their auction title refers to ‘Estate Sale’, ‘Property of’, ‘Legacy’, 

‘Bequest’, ‘Heritage’, ‘Gift’, ‘Endowment’, or ‘Charity’ (in singular or plural) or contains ‘Late’ plus a person’s 

name. The dependent variables are: (i) Sold[0,1] that equals one if the auction lot is successfully sold, and (ii) 

Ln(Price), which is the natural log of deflated hammer price in real USD. Pedigree, Exhibition, Literature, and 

Certification are defined in Appendix Table A2.1. In columns (1) and (3), the provenance variables equal one if 

a painting has corresponding provenance information (by provenance dimension) and zero otherwise. In columns 

(2) and (4), the provenance variables are the natural log of text character length. Ln(Reserve Price) is proxied by 

the log of the low price estimate. All regressions include Hedonic Controls (see Appendix Table A2.3), and Artist, 

Year, Month, and Auction House Branch Level (AH) Fixed Effects. *, **, and *** indicate statistical significance 

at the 10%, 5%, and 1% levels, respectively. 

Dept. Var.: Sold[0,1] Ln(Price) 

 (1) (2) (3) (4) 

Provenance as: Indicator Text Length Indicator Text Length 

Pedigree 0.0368** 0.0104** 0.1659*** 0.0439*** 

 (0.0180) (0.0044) (0.0513) (0.0125) 

Exhibition 0.0791*** 0.0158*** 0.4118*** 0.0866*** 

 (0.0277) (0.0055) (0.0910) (0.0180) 

Literature 0.0347 0.0073 0.5084*** 0.1082*** 

 (0.0232) (0.0049) (0.1180) (0.0274) 

Certification 0.0470 0.0091 0.1366 0.0211 

 (0.0302) (0.0116) (0.1016) (0.0164) 

Ln(Reserve Price) -0.1221*** -0.1231***   

 (0.0146) (0.0145)   

     

Artist FE Yes Yes Yes Yes 

Year FE Yes Yes Yes Yes 

Month FE Yes Yes Yes Yes 

Hedonic Controls Yes Yes Yes Yes 

Auct. House FE Yes Yes Yes Yes 

# of Obs. 26,733 26,733 16,527 16,527 

R-squared 0.4369 0.4371 0.8499 0.8509 
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Table 2.5 – Christie’s Provenance Policy Change 
This table presents the Difference-in-Differences (DiD) results exploiting the Christie’s Provenance Policy Shock 

in 2012. The dependent variable is Ln(Price), the natural logarithm of deflated hammer price in USD. The sample 

consists of all sales by Christie’s and Sotheby’s. Treated is a dummy that equals one when a sale takes place 

through Christie’s since 2013. Provenance, Pedigree, Exhibition, Literature, and Certification equal one if the 

catalogue provides information on provenance and its dimensions. All regressions include Hedonic Controls (see 

Appendix Table A2.3), and Artist, Year, Month, and Auction House Branch Level (AH) Fixed Effects. *, **, and 

*** indicate statistical significance at the 10%, 5%, and 1% levels, respectively. 
 (1) (2) (3) (4) (5) (6) 

Dept. Var:   Ln(Price) Ln(Price) Ln(Price) Ln(Price) Ln(Price) Ln(Price) 

       

Treated -0.0165 -0.0026 0.0547*** 0.0260*** 0.0478*** -0.0019 

 (0.0132) (0.0128) (0.0102) (0.0100) (0.0098) (0.0126) 

Treated × Provenance  0.1179***      

 (0.0125)      

Treated × Pedigree   0.1017***    0.0805*** 

  (0.0122)    (0.0125) 

Treated × Exhibition   0.0904***   0.0481*** 

   (0.0136)   (0.0151) 

Treated × Literature    0.0753***  0.0145 

    (0.0133)  (0.0150) 

Treated × Certification     0.3581*** 0.3157*** 

     (0.0805) (0.0781) 

Provenance 0.2897***      

 (0.0061)      

Pedigree  0.2574***    0.1729*** 

  (0.0061)    (0.0061) 

Exhibition   0.4454***   0.3061*** 

   (0.0070)   (0.0073) 

Literature    0.5407***  0.4185*** 

    (0.0072)  (0.0075) 

Certification     -0.1225*** -0.0743*** 

     (0.0253) (0.0246) 

       

Artist FE Yes Yes Yes Yes Yes Yes 

Year FE Yes Yes Yes Yes Yes Yes 

Month FE Yes Yes Yes Yes Yes Yes 

Hedonic Controls Yes Yes Yes Yes Yes Yes 

Auct. House FE Yes Yes Yes Yes Yes Yes 

# of Obs. 198,076 198,076 198,076 198,076 198,076 198,076 

R-squared 0.7715 0.7708 0.7745 0.7765 0.7677 0.7708 
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Table 2.6 – Provenance Effects on Hammer Price after the Discovery of Fakes and Forgeries 
This table presents the Difference-in-Differences (DiD) estimators related to the discoveries of faked or forged 

paintings. The dependent variable is the natural logarithm of deflated hammer price in USD. 𝑇𝑟𝑒𝑎𝑡𝑒𝑑 equals one 

if the auction date of a specific artist’s painting falls after the date of the discovery of fakes/forgeries for this artist. 

Provenance, Pedigree, Exhibition, Literature and Certification are dummy variables equal to one if the painting 

contains any such information it the auction catalogue. The control variables are discussed in section 2.2. Full 

sample results are presented in columns (1) and (2) and results for the subsample of artists active in 20th century 

are in columns (3) and (4). *, **, and *** indicate statistical significance at the 10%, 5%, and 1% levels, 

respectively. Standard errors (S.E.) are reported in parentheses and clustered at the auction branch level.  

 Full sample Artists active in 20th century 

 (1) (2) (3) (4) 

Dept. Var.: Ln(Price) Ln(Price) Ln(Price) Ln(Price) 

Treated -0.2670** -0.1977* -0.2747** -0.2023 

 (0.1168) (0.1142) (0.1267) (0.1262) 

Treated × Provenance  0.7054***  0.7115***  

 (0.0895)  (0.1017)  

Treated × Pedigree   0.3520***  0.3459*** 

  (0.0926)  (0.0988) 

Treated × Exhibition  0.2215**  0.2652*** 

  (0.0915)  (0.0729) 

Treated × Literature  0.3529***  0.3253*** 

  (0.1024)  (0.1245) 

Treated × Certification  0.0656  0.0163 

  (0.2314)  (0.2626) 

Provenance 0.2715***  0.2526***  

 (0.0201)  (0.0228)  

Pedigree  0.1863***  0.1995*** 

  (0.0171)  (0.0210) 

Exhibition  0.3450***  0.3300*** 

  (0.0193)  (0.0253) 

Literature  0.4178***  0.4131*** 

  (0.0318)  (0.0351) 

Certification  0.1302***  0.1117*** 

  (0.0227)  (0.0247) 

     

Artist FE Yes Yes Yes Yes 

Year FE Yes Yes Yes Yes 

Month FE Yes Yes Yes Yes 

Hedonic Controls Yes Yes Yes Yes 

Auct. House FE Yes Yes Yes Yes 

# of Obs. 1,111,220 1,111,220 548,684 548,684 

R-squared 0.7773 0.7807 0.7963 0.7996 
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Appendix 

 
Table A2.1 – Variable Definitions 

Auction European  Auction European: The category includes important auction houses in Europe: Lyon & 

Turnbull (Scotland), Francis Briest / Artcurial Briest (France), Ader, Picard & Tajan / 

Ader & Tajan / Tajan (France), Bruun Rasmussen (Denmark), Dorotheum (Austria), 

Koller (Switzerland), Lempertz (Germany), Neumeister (Germany), Finarte (Italy), 

Bukowskis (Sweden), and Stockholms Auktionsverk (Sweden). 

Auction American Auction American: The category includes important auction houses in United States: 

Butterfields (until 2002), Swann Auction Galleries, Skinner, Doyle New York, 

Freeman’s, and Leslie Hindman. 

Auction House 

Upgrade 

Auction House Upgrade is a dummy variable equal to one when a second sale (in a 

repeat sale) ‘moves up’ from a small auction house to a sub-top or large prominent 

auction house, or when it ‘moves up’ from medium-sized one to a large prominent one.  

Large prominent auction houses include all the branches of Christie’s and Sotheby’s; 

the sub-top auction houses include all branches of Bonhams and Phillips, or other 

important European and US auction hoses which we grouped as Other Important 

European Auction Houses, Other Important American Auction Houses (see the 

classification above). Small auction houses include all the unclassified auction houses. 

Pedigree 

(Past ownership) 

 

Prominent Collectors, Royalty/Nobility, Wealthy Families, CEOs, Influential People 

(Time 100), Celebrities, and Famous Sportspeople are dummy variables equal to one if 

the painting has been in the collections of those respective types of collectors. 

Pedigree 

(Descent) 

 

Directly from Artist, From Artist Family, and From Sitter are dummy variables and 

equal one if the artworks are acquired directly from the above categories, respectively. 

Other Descent Information equals one if the artwork’s pedigree information contains 

any descent information. 

Pedigree 

(Past sales) 

 

Sold by Sotheby’s or Christie’s, Sold by Bonhams or Phillips, Sold by Historic Auction 

Houses, Sold by Other Important Auction Houses, and Sold by Prominent Dealers are 

dummy variables equal to one if the painting was sold in the past at the auction house 

(types)/dealer, respectively. 

Pedigree 

(Other) 

 

Corporate Collection and Private Collection (Anonymous) are dummy variables equal 

to one if the artwork was at one point in corporate and private collections, respectively. 

Other Pedigree Information is a dummy variable equals to one if the painting includes 

pedigree information not in any of the above pedigree categories. 

Exhibition Prominent Exhibition, Prominent Art Fair, Prominent Museum, Other Museum, 

Cultural City, and Gallery Exhibition are dummy variables equal to one if the artwork 

was at one point exhibited in the above types of exhibitions / fairs / museums / cities / 

galleries, respectively. 

Literature Catalogue Raisonné, Cover Page (of an art history book), Illustration (in an art history 

book), and Authoritative Press are dummy variables equal to one if the artworks are 

illustrated in the above ways, respectively. Other Literature is a dummy variable and 

equals one if the artwork’s catalogue information refers to information in other types of 

publication. 

Certification Artist (Physical), Artist Family (Physical), (artists’) Association (Physical), Expert 

(Physical), and Other People (Physical) are dummy variables equal to one if the artwork 

is auctions with physical certification issued by the above sources, respectively. Artist 

(Non-Physical), Artist Family (Non-Physical), Association (Non-Physical), Expert 

(Non-Physical), and Other People (Non-Physical) are dummy variables and equal one 

if the artworks are auctioned with non-physical certification issued by the above 

sources, respectively. 
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Table A2.2 – String Searches and Sources 
Panel A: Pedigree 

Past ownership 

- Prominent Collectors:  

Sources: various lists from Artnet World’s Top Art Collectors 1990-2017; Artnet 20 of the World’s 

Most Innovative Art Collectors; Forbes Top Billionaire Art Collectors; Grove Art Online; art 

collectors from 18th century to 21st century in Wikipedia ; 3885 names63 in total.  

- Royalty / Nobility:  

Sources: textual analysis by searching the royal and noble ranks in seven languages (English, Latin, 

Dutch, French, German, Italian, and Spanish); Including Imperial titles, High royal titles, Royal titles, 

Princely, ducal, and other sovereign titles, Tribal titles, Religious titles, Other sovereigns, royalty, 

peers, and major nobility, Minor nobility, gentry, and other aristocracy from various areas, cultures 

and countries in history from Wikipedia64; 364 ranks and titles in total. 

- Wealthy Families:  

Sources: Forbes World’s Billionaires 1987-2017; Contemporary Wealthiest Family List from 

Wikipedia65; 8479 names in total. 

- CEOs:  

Sources: various sources including Chief Executive CEOs of the Year 1986-2017; Chief Executive 

CEO1000 Tracker Full List; Forbes Most Powerful People 2007-2016 (CEO, Founder, Cofounder, 

Chairman, Executive Vice President, Co-Chief Investment Officer, Chief Investment Officer, Director-

General, etc.); Forbes America's Top 20 Favorite Bosses; Forbes World's 10 Most Powerful CEOs 

2016; Industry Week 10 Most Popular Manufacturing CEOs; Industry Week CEO Of the Year 2004; 

Industry Week CEO of the Century; Time Magazine Person of the Year (1991, 1997, 1999, 2005, 

2010); Cable News Network (CNN) Top 25 Influential business leaders 2005; Ernst & Young 

Entrepreneur of the Year Award; 2001-2017; Atlantic Business CEO of the Year 2005-2017; The 

Finance Monthly CEO Awards 2016-2017; Harvard Business Review Best-Performing CEOs in the 

World 2010-2017; The New York Times Equilar 200 2016; Barron’s World’s Best CEOs 2016; Time 

Person of the Year (1991, 1997, 1999, 2005, 2010); Fortune 25 most powerful people in business; 

Wikipedia CEOs of notable companies66, etc.; 2703 names in total. 

- Influential People (Time 100):  

Sources: Time 100 lists of Titans, Pioneers, Artists, Leaders and Icons 2004- 2017 and Time 100 

Persons of the 20 Century; 3519 names in total. 

- Celebrities:  

Sources: IMDb Top 1000 Actors/actresses/directors/producers; Forbes World’s Highest-Paid 

Celebrities 1999-2017 (including actors, actresses, comedians, models, musicians, vocalists, directors, 

producers, filmmaker, TV Personalities); Forbes World's Highest-Paid TV Show Hosts 2016; British 

television personalities in Wikipedia67; American television talk show hosts in Wikipedia68; 6255 

names in total. 

- Famous Sportspeople:  

Sources: Forbes World’s Highest-Paid Sportspeople 2012-2017 (including Boxing, Golf, Basketball, 

Tennis, Soccer, Football, Baseball, Racing, Motorcycle, Cricket, Track, Auto Racing, Mixed Martial 

Arts, etc.); World champions and superstars of sports including Golf, Basketball, Tennis, 

Soccer/Football, Baseball, Motorsport, Cricket and Hockey; 4872 names in total. 

Golf: Official World Golf Ranking Top 100 2003-2017; ESPN Golf World Rankings Top 100 2017; 

U.S. Open champions 1895-2017; The Open Championship 1860-2017; Masters Tournament 

champions 1934-2017; PGA Championship 1916-2017. 

Basketball: NBA All-stars; Hall of Fame. 

 
63 We create various name patterns for all the names in our lists; e.g. with fully spelled out first name, with 

initials, with and without middle names.  
64 See https://en.wikipedia.org/wiki/Royal_and_noble_ranks 
65 See https://en.wikipedia.org/wiki/List_of_wealthiest_families 
66 See https://en.wikipedia.org/wiki/List_of_chief_executive_officers 
67 See https://en.wikipedia.org/wiki/Category:British_television_personalities 
68 See https://en.wikipedia.org/wiki/Category:American_television_talk_show_hosts 
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Tennis: Association of Tennis Professionals Rankings Top 100; Women's Tennis Association) 

Rankings Top 100; Australian Open champions 1969-2017; French Open champions 

1891-2017; Wimbledon champions 1877-2017; US Open champions 1881-2017; 

Grand Slam related tennis records. 

Soccer: FIFA 100; English International Football Magazine the Greatest Players of the 20th 

century; World Soccer Magazine World Player of the Year 1982-2016; the Guardian 

Top 100 Footballers 2013-2016; the Guardian World Cup's Top 100 Footballers of 

All Time. 

Baseball: Baseball Hall of Fame 1936-2017. 

Motorsport: Formula One World Drivers' Champions 1950-2017; Formula Two Champions 

1967-2012; 500cc/MotoGP Motorcycle World Champions 1949-2017; Motorsport 

Drivers Current Standings Top 32. 

Cricket: ICC ODI Championship Batsmen Top 100; Historical Test Cricket Rankings 1877-

2016; Current Test Rankings Top 10; Current ODI Rankings Top 10; Current T20I 

Rankings Top 10. 

Hockey: The Hockey News Top 100 National Hockey League Players of All-Time; NHL Top 

200 Rankings 2017-2018; ESPN Top 300 Fantasy Hockey Rankings 2017-2018. 

- Corporate Collection: 

String search: corporate collection. 

- Private Collection (Anonymous): 

String search examples: private collection. 

Descent 

- Directly from Artist: 

String search examples: from artist; from the artist; directly from artist; directly from the artist; by 

artist; by the artist; gift(s) (courtesy / donation(s) / goodwill(s) / bequest(s) / endowment(s) / present(s)) 

of (the) artist. 

- From Artist Family: 

String search examples: by descent (by inheritance / estate / legacy / inherited / descended / collection) 

from artist (the artist / by artist / by the artist / of artists / of the artist / from painter / from the painters); 

artist's (artist`s / artist’s / artist‘s) + family (son / daughter / wife / husband / partner / spouse / girlfriend 

/ boyfriend / widow / brother / sister / sibling / cousin / grandson / granddaughter / uncle / aunt / 

nephew / niece / heirs / heir / grandnephew / grandniece). 

- From Sitter: 

String search examples: sitters; sitter; from sitter; from the sitter; from sitters; from the sitters. 

- Other Descent Information: 

String search examples: descent; descended; inheritance; inherited. 

Past sales 

- Sold by Sotheby’s or Christie’s: 

String search examples: Christie; Sotheby. 

- Sold by Bonhams or Phillips: 

String search examples: Bonhams; Phillips. 

- Sold by Historic Auction Houses:  

Sources: Getty Provenance Index 

String search examples: Achenbach; Anderson & Garland; Thomas Dodd; F. Dörling; Dorotheum; 

Dowell's; Hôtel Drouot; Galerie Fischer; Edward Foster & Son; Messrs Foster; Frederik Muller & 

Co.; John Gerard; Gerard-Tasset-Juge; Gilhofer & Ranschburg; Goesin-Verhaeghe; Pierre François; 

Paul Graupe; Heinrich Hahn; Hugo Helbing; Galerie Helbing; Internationales Kunst Auktionshaus; 

George Jones; Albert Kende; S. Kende; Thomas King; August Klipstein; Galerie Kornfeld; Knight 

Frank & Rutley; W. S. Kündig; Hans W. Lange; Langford; Mathias Lempertz; Heinrich Lempertz; 

Gallery Lempertz Contempora; Venator & Hanstein; Kunsthaus Lempertz; Leo Spik; Rudolph Lepke; 

Bignell Marle; P. L. Mastraeten; Franz A. Menna; Corneille Moor; Morrison Mcchlery; Max Perl; 

Thomas Philipe; Harry Phillips; Mr. Prestage; Puttick & Simpson; William Richardson; George Henry 

Robins; Henry J. Robins; Robinson & Foster; Robert Saunders; Hodgson & Co; Saunders & Hodgson; 

Philippus Van Der Schley; James Webber Southgate; George Squibb; Squibb & Son; Rushworth, 

Abbott & Co; George Stanley; J. A. Stargardt; William Stewart; E. J. Terlinck; ; De Vries; Adolf 
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Weinmüller; Munich Auction House; Benjamin Wheatley; Willis's Rooms; Winstanley & Sons; 

Puttick & Simpson; Stewart, Wheatley & Adlard; Wheatley & Adlard. 

- Sold by Other Important Auction Houses:  

String search examples: Butterfields; Lyon & Turnbull; Francis Briest; Artcurial Briest; Tajan; Bruun 

Rasmussen; Dorotheum; Koller; Lempertz; Neumeister; Finarte; Bukowskis; Stockholms 

Auktionsverk; Swann Auction Galleries; Swann Galleries; Skinner; Doyle New York; Freeman's; 

Freeman`s; Freeman’s; Leslie Hindman. 

- Sold by Prominent Dealers: 

Sources: Artnet 100 best galleries, Forbes contemporary dealers, and Grove Art Online famous 

historic dealers; 233 names in total. 

 
Panel B: Exhibition 

- Prominent Exhibition:  

String search examples: retrospective; rétrospective; anniversary; anniversaire; biennale; triennale; 

biannual; biennial; triannual; triennial. 

- Prominent Art Fair:  

Sources: Artnet; Artprice 

String search examples: ARCO Madrid; Armory Show New York; Art Basel; Art Basel HK; Art Basel 

Miami Beach; Art Cologne; Art Miami; Art Santa Fe; ARTISSIMA; Documenta Kassel; FIAC Paris; 

Frieze London; Frieze New York; India Art Fair; PAN Amsterdam; TEFAF Maastricht; TEFAF New 

York; Venice Biennale; BRAFA Brussels. 

- Prominent Museum:  

Sources: most important museums of paintings in important art cities from National Geographic, 

Wikipedia, Reuters, and The Telegraph; 517 museums in total. 

- Other Museum: 

String search examples: museum; musée; museo; museu; museums; musea; museen; musées; museos; 

museus; musei. 

- Cultural City: 

Sources: European Capital of Culture69; UN City 2016; City Mayors EU 500; City Mayors World 300 

and other cultural cities (defined by locations with considerable amount of museums, galleries and 

auction houses) around the world; City names in English, French and original languages; 236 cities in 

total. 

 

Panel C: Literature 

- Catalogue Raisonné: 

String search examples: catalogue/catalogue raisonne; catalogue/catalogue raisonné. 

- Cover Page: 

String search examples: cover. 

- Illustration: 

String search examples: illustration; illustrated; cover; images; image; photos; photo. 

- Authoritative Press:  

Sources: 280 notable university presses from Wikipedia70 and World’s 57 largest book publishers from 

Publishers Weekly Magazine. 

 

Panel D: Certification 

- Certification: 

String search examples: echtheitsbestätigung; gutachten; essay(s); assessment(s); opinion(s); 

appraisal(s); expert(s); expertise(s); report(s); mail(s); photo-certificate(s); photocopy; photocopies; 

issued; verified; witnessed; authenticity; authentication. 

- Forms-physical: 

String search examples: photocertificate(s); report; written; handwritten; photocopy; photocopies; 

photo(s); photograaphy; photographic; photograph; foto(s); foto's; photogrpahy; fotografische; 

fotographie; fotografie; fotografie; fotografien; photography; photographique; photographie(s). 

 
69 See https://en.wikipedia.org/wiki/European_Capital_of_Culture 
70 See https://en.wikipedia.org/wiki/List_of_university_presses 
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- Issuers-artist: 

String search examples: issued (verified / witnessed / certificates / certificate / certificate + signed / 

certified / authenticity / authenticity signed / authentication / authentication signed / authenticated / 

identified / identification / confirmed / confirmation / confirmatory information / registered / 

registration / registration card / registered / recorded / documentation / letter(s) / photo(s) / photo(s) 

signed / photograph(s) / photograph(s) signed) + by artist (by the artist / from artist / from the artist / 

of artist / of the artist). 

- Issuers-artist family: 

String search examples: son; daughter; wife; husband; partner; spouse; girlfriend; boyfriend; widow; 

brother; sister; sibling; cousin; grandson; granddaughter; uncle; aunt; nephew; niece; family; 

descendants; descendant; biographer; pupils; pupil; students; student. 

- Issuers-association: 

String search examples: authentication; board; estate; foundation(s); fundament; stiftung; fondation; 

fundación; fundação; fondazione; association; vereniging; verband; asociación; associação; 

associazione; committee; commissie; ausschuss. 

- Issuers-expert: 

String search examples: Dr; Prof; curator(s); custodian(s); professor(s); doctor(s); director(s); 

expert(s); expertise(s); professoren; professore; professoressa; professeur(s); professore(s); professori; 

profesor. 
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Table A2.3 – Descriptive Statistics of Hedonic Variables 
This table presents the descriptive statistics of the hedonic variables. Deceased equals one in case the artist is dead 

at the time of the sale. The attribution dummies Attributed, Studio, Circle, School, After, and Style equal one if the 

auction catalogue identifies the work as “attributed to” the artist, from his “studio”, from his “circle”, from the 

artist’s “school”, “after” the artist, or “in the style of” the artist, respectively. The dummies Signed, Dated, and 

Inscribed take the value one if the work carries a signature, is dated, or is inscribed, respectively. The medium 

dummies Oil, Watercolor, and Drawing indicate whether the work is an oil painting, a watercolor, or a drawing. 

The variables Height and Width measure the height and the width of the work in centimeters. The month dummies 

indicate the sales month (January is the benchmark). The auction house branch dummies equal one in case of a 

sale at, respectively, Sotheby’s London, Sotheby’s New York, Sotheby’s Other Branches, Christie’s London, 

Christie’s New York, Christie’s Other Branches, Bonhams London, Bonhams Other Branches, Phillips London, 

and Phillips Other Branches. Auction European and Auction American are dummy variables equal to one if the 

sale takes place at a large Continental European or a large American auction house, respectively (see Appendix 

Table A2.1). Pedigree, Exhibition, Literature, and Certification equal one if the artwork has any information on 

these dimensions, respectively. Pedigree (Text Length), Exhibition (Text Length), Literature (Text Length) and 

Certification (Text Length) measure the number of characters of the text for these dimensions. Exhibition (Number 

Count) and Literature (Number Count) count the number of exhibitions and the number of the cases for which 

information on a painting is given in the literature. For each variable, we report the number of observations (N), 

the mean, the standard deviation (S.D.), the minimum, and the maximum. 

  N Mean S.D. Min Max 

Artist Characteristics 

  Deceased 1,812,807 76.68% 42.28% 0 1 

Artwork Characteristics 

Attribution Dummies       

  Attributed 1,812,807 2.75% 16.35% 0 1 

  Studio 1,812,807 0.12% 3.44% 0 1 

  Circle 1,812,807 0.25% 4.95% 0 1 

  School 1,812,807 0.02% 1.42% 0 1 

  After 1,812,807 0.20% 4.52% 0 1 

  Style 1,812,807 0.04% 2.10% 0 1 

Signature Dummies         

  Signed 1,812,807 80.41% 39.69% 0 1 

  Dated 1,812,807 36.28% 48.08% 0 1 

  Inscribed 1,812,807 11.38% 31.76% 0 1 

Medium Dummies         

  Oil 1,812,807 68.13% 46.60% 0 1 

  Watercolor 1,812,807 20.48% 40.35% 0 1 

  Drawing 1,812,807 11.39% 31.77% 0 1 

Measurement Variables       

  Height (cm) 1,812,807 59.46 51.14 11.00 200.00 

  Width (cm) 1,806,082 61.33 73.86 11.40 215.00 

Topic Dummies         

  Abstract 1,812,807 2.33% 15.08% 0 1 

  Animals 1,812,807 4.74% 21.25% 0 1 

  Landscape 1,812,807 14.92% 35.63% 0 1 

  Seascape 1,812,807 4.26% 20.18% 0 1 

  Cityscape 1,812,807 8.77% 28.28% 0 1 

  Nude 1,812,807 1.37% 11.61% 0 1 

  People 1,812,807 8.41% 27.76% 0 1 

  Self Portrait 1,812,807 0.33% 5.72% 0 1 

  Portrait 1,812,807 3.56% 18.53% 0 1 

  Religion 1,812,807 1.99% 13.96% 0 1 

  Still Life 1,812,807 5.84% 23.45% 0 1 
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  N Mean S.D. Min Max 

  Study 1,812,807 1.28% 11.26% 0 1 

  Untitled 1,812,807 6.44% 24.54% 0 1 

      

Transaction Characteristics 

Month         

  January 1,812,807 3.77% 19.05% 0 1 

  February 1,812,807 5.16% 22.12% 0 1 

  March 1,812,807 8.69% 28.17% 0 1 

  April 1,812,807 7.74% 26.73% 0 1 

  May 1,812,807 11.83% 32.30% 0 1 

  June 1,812,807 13.01% 33.64% 0 1 

  July 1,812,807 4.24% 20.15% 0 1 

  August 1,812,807 2.21% 14.70% 0 1 

  September 1,812,807 6.76% 25.11% 0 1 

  October 1,812,807 9.77% 29.68% 0 1 

  November 1,812,807 14.56% 35.27% 0 1 

  December 1,812,807 12.26% 32.80% 0 1 

Auction House         

  Sotheby’s London 1,812,807 2.24% 14.81% 0 1 

  Sotheby’s New York 1,812,807 2.36% 15.18% 0 1 

  Sotheby’s Other Branches 1,812,807 2.03% 14.10% 0 1 

  Christie’s London 1,812,807 1.53% 12.27% 0 1 

  Christie’s New York 1,812,807 2.36% 15.19% 0 1 

  Christie’s Other Branches 1,812,807 5.01% 21.82% 0 1 

  Bonhams London 1,812,807 1.03% 10.11% 0 1 

  Bonhams Other Branches 1,812,807 4.38% 20.47% 0 1 

  Phillips London 1,812,807 0.26% 5.14% 0 1 

  Phillips Other Branches 1,812,807 0.36% 6.00% 0 1 

  Auction American 1,812,807 3.16% 17.49% 0 1 

  Auction European 1,812,807 11.82% 32.28% 0 1 

Provenance Information 

  Pedigree 1,812,807 14.20% 34.90% 0 1 

  Exhibition 1,812,807 3.74% 19.00% 0 1 

  Literature 1,812,807 4.02% 19.60% 0 1 

  Certification 1,812,807 3.89% 19.30% 0 1 
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Table A2.4 – Descriptive Statistics on Provenance  
This table presents the descriptive statistics of the provenance variables. Pedigree (Text Length) stands for the 

number of characters. Prominent Collectors, Royalty / Nobility, Wealthy Families, CEOs, Influential People (Time 

100), Celebrities, and Famous Sportspeople are indicator variables equal one if the artwork has been in the 

collections of those types of collectors, respectively. Corporate Collection and Private Collection (Anonymous) 

equal one if the artwork was at one point part of corporate and private collections, respectively. Directly from 

Artist, From Artist Family, and From Sitter equal one if the paintings were acquired directly from the above 

respective categories. Descent equals one if the artwork’s pedigree information contains any descendance 

information (not included in the above categories). Sold by Sotheby’s or Christie’s, Sold by Bonhams or Phillips, 

Sold by Historic Auction Houses, Sold by Other Important Auction Houses, and Sold by Prominent Dealers equal 

one if the artwork was once sold via the respective channels. Other Pedigree Information equals one if the 

artworks have other unclassified pedigree information. Exhibition (Text Length) is the number of characters of 

exhibition information, and Exhibition (Number Count) is the number of past exhibitions by the painting. 

Prominent Exhibition, Prominent Art Fair, Prominent Museum, Other Museum, Cultural City, and Gallery 

Exhibition equal one if the painting was at one point exhibited in the above types of 

exhibitions/museums/fairs/cities, respectively. Literature (Text Length) is the number of characters on literature 

information, and Literature (number count) is the number of times that the painting is referred to in the art 

literature. Catalogue Raisonné, Cover Page (of an art history book), Illustration (in an art history book), and 

Authoritative Press equal one if the artwork was illustrated in the above ways, respectively. Other Literature 

equals one if the catalogue information refers to other literature information not included in the above categories. 

Certification (Text Length) is the number of characters related to certification. Artist (Physical), Artist Family 

(Physical), (artists’) Association (Physical), Expert (Physical), and Other People (Physical) equal one if the 

painting has a physical certification (e.g. “photo certificate of authenticity by artist”) issued by the above sources, 

respectively. Artist (Non-Physical), Artist Family (Non-Physical), Association (Non-Physical), Expert (Non-

Physical), and Other People (Non-Physical) equal one if the painting has non-physical certification (e.g. “the 

authenticity was orally confirmed by Paul Vogt, Essen”) issued by the above sources, respectively. Variables with 

“Number Count” are count variables. For each variable, we report the number of observations (N), the conditional 

mean, the standard deviation (S.D.), the minimum, and the maximum. 

  N Mean S.D. Min Max 

Pedigree 

Pedigree (Text Length) 256,560 103.99 152.79 0 9,034 

Owned by:       

Prominent Collectors 256,560 2.07% 14.20% 0 1 

Royalty / Nobility 256,560 2.39% 15.30% 0 1 

Wealthy Families 256,560 0.68% 8.22% 0 1 

CEOs 256,560 0.06% 2.45% 0 1 

Influential People (Time 100) 256,560 0.08% 2.89% 0 1 

Celebrities 256,560 0.20% 4.46% 0 1 

Famous Sportspeople 256,560 0.12% 3.52% 0 1 

Corporate Collection 256,560 0.16% 4.01% 0 1 

Private Collection (Anonymous) 256,560 26.00% 43.80% 0 1 

Descent:      

Directly from Artist 256,560 10.51% 30.67% 0 1 

From Artist Family 256,560 5.29% 22.39% 0 1 

From Sitter 256,560 0.33% 5.76% 0 1 

Other Descent Information 256,560 9.81% 29.75% 0 1 

Past Sales Channel:      

Sold by Sotheby’s or Christie’s 256,560 14.96% 35.67% 0 1 

Sold by Bonhams or Phillips 256,560 0.90% 9.42% 0 1 

Sold by Historic Auction Houses 256,560 1.33% 11.46% 0 1 

Sold by Other Important Auction Houses 256,560 1.30% 11.30% 0 1 

Sold by Prominent Dealers 256,560 5.75% 23.29% 0 1 

Other Collections:      

Other Pedigree Information 256,560 42.48% 49.43% 0 1 

Number Count by Painting:       

Prominent Collectors (Number Count) 256,560 0.0213 0.1690 0 8 
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  N Mean S.D. Min Max 

Descent (Number Count) 256,560 0.1090 0.3610 0 11 

Sold by Sotheby’s or Christie’s (Number Count) 256,560 0.1780 0.4660 0 12 

Sold by Bonhams or Phillips (Number Count) 256,560 0.0092 0.0983 0 5 

Sold by Other Important Auction Houses 

(Number Count) 
256,560 0.0137 0.1230 0 3 

Sold by Historic Auction Houses (Number Count) 256,560 0.0150 0.1370 0 5 

Sold by Prominent Dealers (Number Count) 256,560 0.0624 0.2640 0 6 

Exhibition 

Exhibition (Text Length) 67,713 208.87 283.31 1 6,828 

Exhibition (Number Count)  67,713 1.9760 2.6480 0 46 

Prominent Exhibition 67,713 6.20% 24.10% 0 1 

Prominent Art Fair 67,713 0.39% 6.20% 0 1 

Prominent Museum 67,713 17.20% 37.80% 0 1 

Other Museum 67,713 29.90% 45.80% 0 1 

Cultural City 67,713 74.10% 43.80% 0 1 

Gallery Exhibition 67,713 14.90% 35.60% 0 1 

Number Count by Painting:      

Prominent Exhibition (Number Count) 67,713 0.0708 0.3050 0 18 

Prominent Art Fair (Number Count) 67,713 0.0041 0.0674 0 4 

Prominent Museum (Number Count) 67,713 0.2730 0.7860 0 20 

Other Museum (Number Count) 67,713 0.2992 0.4579 0 1 

Cultural City (Number Count) 67,713 1.5740 2.1210 0 41 

Literature  

Literature (Text Length) 72,906 241.79 388.37 0 22,413 

Literature (Number Count) 72,906 1.5300 2.3970 0 150 

Catalogue Raisonné 72,906 15.70% 36.40% 0 1 

Cover Page 72,906 1.66% 12.80% 0 1 

Illustration 72,906 45.90% 49.80% 0 1 

Authoritative Press 72,906 1.15% 10.60% 0 1 

Other Literature 72,906 48.10% 50.00% 0 1 

Number Count by Painting:       

Catalogue Raisonné (Number Count) 72,906 0.1690 0.4100 0 6 

Cover Page (Number Count) 72,906 0.0181 0.1490 0 6 

Illustration (Number Count) 72,906 0.8450 1.6170 0 89 

Authoritative Press (Number Count) 72,906 0.0122 0.1180 0 4 

Certification 

Certification (Text Length) 70,556 66.90 63.35 6 4,101 

Certification by:       

Artist (Physical) 70,556 31.70% 46.50% 0 1 

Artist Family (Physical) 70,556 6.16% 24.00% 0 1 

Association (Physical) 70,556 15.10% 35.80% 0 1 

Expert (Physical) 70,556 2.72% 16.30% 0 1 

Other People (Physical) 70,556 27.60% 44.70% 0 1 

Artist (Non-Physical) 70,556 5.31% 22.40% 0 1 

Artist Family (Non-Physical) 70,556 2.20% 14.70% 0 1 

Association (Non-Physical) 70,556 4.45% 20.60% 0 1 

Expert (Non-Physical) 70,556 2.88% 16.70% 0 1 

Other People (Non-Physical) 70,556 6.15% 24.00% 0 1 
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Table A2.5 – Provenance Effects on the Sales Probability 
This table presents the baseline hedonic linear probability regression results (Models (1) and (2)). Models (3) and 

(4) is estimated by means of OLS. The dependent variable is the sale results (sold / unsold), the independent 

variables are given in Equation (1). In column (1), Provenance equals one if an artwork has any provenance 

information (pedigree, exhibition, literature, or certification). In column (2), Pedigree, Exhibition, Literature, and 

Certification are dummy variables capturing whether the artwork is accompanied by any such information. 

Column (3) uses the natural log of text length related to the information on pedigree, exhibition, literature, and 

certification information. Column (4) uses the count variables for exhibition and literature, and dummy variables 

for pedigree and certification. *, **, and *** indicate statistical significance at the 10%, 5%, and 1% levels, 

respectively. Standard errors (S.E.) are reported in parentheses and clustered at the auction branch level. 

Dept. Var.: Sold[0,1] 

 (1) (2) (3) (4) 

Provenance as: Indicator Indicator Text Length Number Count 

Provenance Information 

Provenance 0.0239***    

 (0.0055)    

Pedigree  0.0173*** 0.0044*** 0.0211*** 

  (0.0062) (0.0014) (0.0062) 

Exhibition  0.0379*** 0.0079*** 0.0098*** 

  (0.0041) (0.0008) (0.0009) 

Literature  0.0250*** 0.0056*** 0.0092*** 

  (0.0063) (0.0011) (0.0013) 

Certification  0.0102 0.0115*** 0.0104 

  (0.0133) (0.0033) (0.0133) 

Artist Characteristics 

Deceased 0.0262*** 0.0265*** 0.0267*** 0.0266*** 

 (0.0059) (0.0059) (0.0059) (0.0059) 

Artwork Characteristics 

Attribution     

Attributed -0.0991*** -0.0991*** -0.0988*** -0.0995*** 

 (0.0073) (0.0074) (0.0074) (0.0073) 

Studio -0.1044*** -0.1020*** -0.1015*** -0.1019*** 

 (0.0117) (0.0116) (0.0115) (0.0116) 

Circle -0.1683*** -0.1646*** -0.1633*** -0.1649*** 

 (0.0145) (0.0149) (0.0150) (0.0148) 

School -0.1631*** -0.1603*** -0.1588*** -0.1586*** 

 (0.0369) (0.0372) (0.0373) (0.0373) 

After -0.2075*** -0.2033*** -0.2028*** -0.2028*** 

 (0.0169) (0.0167) (0.0165) (0.0167) 

Style -0.1443*** -0.1411*** -0.1394*** -0.1408*** 

 (0.0226) (0.0229) (0.0230) (0.0228) 

Signature     

Signed 0.0311*** 0.0314*** 0.0313*** 0.0313*** 

 (0.0067) (0.0067) (0.0066) (0.0067) 

Dated 0.0285*** 0.0286*** 0.0284*** 0.0286*** 

 (0.0029) (0.0029) (0.0028) (0.0029) 

Inscribed 0.0125*** 0.0127*** 0.0121*** 0.0128*** 

 (0.0047) (0.0046) (0.0046) (0.0046) 

Medium     

Oil 0.1406*** 0.1404*** 0.1411*** 0.1404*** 

 (0.0079) (0.0080) (0.0079) (0.0079) 

Watercolor 0.0567*** 0.0565*** 0.0569*** 0.0564*** 

 (0.0058) (0.0058) (0.0057) (0.0057) 

Measurements     

Height 0.0003*** 0.0003*** 0.0003*** 0.0003*** 

 (0.0001) (0.0001) (0.0001) (0.0001) 

Width 0.0003*** 0.0002*** 0.0003*** 0.0003*** 
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Dept. Var.: Sold[0,1] 

 (1) (2) (3) (4) 

Provenance as: Indicator Indicator Text Length Number Count 

 (0.0001) (0.0001) (0.0001) (0.0001) 

Height_2 -0.0001*** -0.0001*** -0.0001*** -0.0001*** 

 (0.0001) (0.0001) (0.0001) (0.0001) 

Width_2 -0.0001*** -0.0001*** -0.0001*** -0.0001*** 

 (0.0001) (0.0001) (0.0001) (0.0001) 

Topic     

Abstract 0.0014 0.0013 0.0014 0.0010 

 (0.0080) (0.0081) (0.0081) (0.0081) 

Animals 0.0098* 0.0096 0.0095 0.0097 

 (0.0059) (0.0059) (0.0060) (0.0059) 

Landscape 0.0098 0.0096 0.0096 0.0098 

 (0.0079) (0.0080) (0.0081) (0.0080) 

Seascape 0.0313*** 0.0311*** 0.0310*** 0.0313*** 

 (0.0057) (0.0058) (0.0058) (0.0057) 

Urbanscape 0.0295*** 0.0292*** 0.0291*** 0.0294*** 

 (0.0051) (0.0051) (0.0052) (0.0051) 

Nude 0.0133* 0.0133* 0.0132* 0.0133* 

 (0.0068) (0.0069) (0.0070) (0.0069) 

People 0.0038 0.0035 0.0035 0.0037 

 (0.0056) (0.0056) (0.0057) (0.0056) 

Self Portrait 0.0397*** 0.0384*** 0.0380*** 0.0389*** 

 (0.0124) (0.0125) (0.0125) (0.0125) 

Portrait -0.0318*** -0.0320*** -0.0321*** -0.0320*** 

 (0.0054) (0.0055) (0.0055) (0.0055) 

Religion 0.0072 0.0069 0.0065 0.0071 

 (0.0059) (0.0060) (0.0060) (0.0060) 

Still Life 0.0092 0.0090 0.0090 0.0092 

 (0.0073) (0.0074) (0.0075) (0.0074) 

Study -0.0005 -0.0002 -0.0006 -0.0001 

 (0.0058) (0.0058) (0.0059) (0.0058) 

Other Topic 0.0214*** 0.0209*** 0.0208*** 0.0212*** 

 (0.0073) (0.0074) (0.0074) (0.0073) 

Transaction Characteristics 

Auction House     

Sotheby’s London 0.1139*** 0.1087*** 0.1076*** 0.1105*** 

 (0.0119) (0.0112) (0.0111) (0.0113) 

Sotheby’s New York 0.1215*** 0.1175*** 0.1162*** 0.1184*** 

 (0.0119) (0.0114) (0.0114) (0.0114) 

Sotheby’s Other Branches 0.1099*** 0.1069*** 0.1075*** 0.1087*** 

 (0.0202) (0.0197) (0.0196) (0.0197) 

Christie’s London 0.1486*** 0.1384*** 0.1366*** 0.1408*** 

 (0.0127) (0.0119) (0.0118) (0.0120) 

Christie’s New York 0.1735*** 0.1665*** 0.1655*** 0.1677*** 

 (0.0112) (0.0107) (0.0106) (0.0107) 

Christie’s Other Branches 0.1214*** 0.1182*** 0.1178*** 0.1201*** 

 (0.0177) (0.0168) (0.0167) (0.0171) 

Bonhams London -0.0129 -0.0149 -0.0155 -0.0139 

 (0.0108) (0.0106) (0.0106) (0.0106) 

Bonhams Other Branches -0.0567*** -0.0579*** -0.0585*** -0.0576*** 

 (0.0139) (0.0137) (0.0137) (0.0138) 

Phillips London 0.0660*** 0.0599*** 0.0605*** 0.0618*** 

 (0.0172) (0.0170) (0.0169) (0.0170) 

Phillips Other Branches 0.0799*** 0.0732*** 0.0736*** 0.0754*** 
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Dept. Var.: Sold[0,1] 

 (1) (2) (3) (4) 

Provenance as: Indicator Indicator Text Length Number Count 

 (0.0153) (0.0145) (0.0143) (0.0146) 

Auction American 0.0861*** 0.0858*** 0.0859*** 0.0856*** 

 (0.0112) (0.0111) (0.0111) (0.0111) 

Auction European -0.0130 -0.0127 -0.0126 -0.0126 

 (0.0185) (0.0186) (0.0186) (0.0186) 

Reserve Price -0.0649*** -0.0661*** -0.0668*** -0.0662*** 

 (0.0036) (0.0036) (0.0036) (0.0035) 

     

Artist FE Yes Yes Yes Yes 

Year FE Yes Yes Yes Yes 

Month FE Yes Yes Yes Yes 

# of Obs. 1,707,136 1,707,136 1,707,136 1,707,136 

R-squared 0.1747 0.1750 0.1752 0.1750 
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Table A2.6– Provenance Effects on Hammer Price 
This table presents the baseline hedonic price regression results (Equation (2)). The dependent variable is the 

natural log of deflated hammer price in USD. In column (1), provenance variables are dummy variables capturing 

whether or not the artworks include any information on Pedigree, Exhibition, Literature, and Certification, 

respectively. Column (2) includes the natural log of text length of information on Pedigree, Exhibition, Literature, 

and Certification. Column (3) includes count variables for exhibition and literature, and dummy variables for 

pedigree and certification. *, **, and *** indicate statistical significance at the 10%, 5%, and 1% levels, 

respectively. Standard errors (S.E.) are reported in parentheses and clustered at the auction branch level.  

Dept. Var: Ln(Price) 

 (1) (2) (3) 

Provenance as: Indicator Text Length Number Count 

Provenance Information 

Pedigree 0.1885*** 0.0531*** 0.2379*** 

 (0.0170) (0.0045) (0.0194) 

Exhibition 0.3499*** 0.0734*** 0.1043*** 

 (0.0208) (0.0041) (0.0066) 

Literature 0.4288*** 0.0869*** 0.1266*** 

 (0.0336) (0.0063) (0.0054) 

Certification 0.1297*** 0.0614*** 0.1305*** 

 (0.0226) (0.0100) (0.0220) 

Artist Characteristics 

Deceased 0.1900*** 0.1916*** 0.1912*** 

 (0.0211) (0.0211) (0.0210) 

Artwork Characteristics 

Attribution    

Attributed -0.8278*** -0.8207*** -0.8339*** 

 (0.0360) (0.0357) (0.0362) 

Studio -0.7771*** -0.7638*** -0.7775*** 

 (0.0930) (0.0893) (0.0960) 

Circle -0.9265*** -0.9042*** -0.9337*** 

 (0.0980) (0.0928) (0.0976) 

School -0.9362*** -0.9096*** -0.9087*** 

 (0.1010) (0.0964) (0.0977) 

After -1.5346*** -1.5103*** -1.5307*** 

 (0.1212) (0.1136) (0.1217) 

Style -1.3193*** -1.2851*** -1.3213*** 

 (0.1053) (0.0994) (0.1044) 

Signature    

Signed 0.0746** 0.0746** 0.0737** 

 (0.0309) (0.0302) (0.0311) 

Dated 0.1602*** 0.1584*** 0.1588*** 

 (0.0133) (0.0131) (0.0134) 

Inscribed 0.0337*** 0.0307*** 0.0351*** 

 (0.0111) (0.0112) (0.0112) 

Medium    

Oil 1.3427*** 1.3368*** 1.3422*** 

 (0.0296) (0.0288) (0.0292) 

Watercolor 0.5227*** 0.5205*** 0.5207*** 

 (0.0310) (0.0305) (0.0307) 

Measurements    

Height 0.0056*** 0.0056*** 0.0056*** 

 (0.0003) (0.0003) (0.0003) 

Width 0.0049*** 0.0049*** 0.0049*** 

 (0.0003) (0.0003) (0.0003) 

Height_2 -0.0001*** -0.0001*** -0.0001*** 

 (0.0001) (0.0001) (0.0001) 
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Dept. Var: Ln(Price) 

 (1) (2) (3) 

Provenance as: Indicator Text Length Number Count 

Width_2 -0.0001*** -0.0001*** -0.0001*** 

 (0.0001) (0.0001) (0.0001) 

Topic    

Abstract 0.0341 0.0334 0.0302 

 (0.0334) (0.0338) (0.0334) 

Animals 0.0303 0.0298 0.0325 

 (0.0350) (0.0354) (0.0348) 

Landscape 0.0805 0.0800 0.0825 

 (0.0534) (0.0538) (0.0532) 

Seascape 0.1165*** 0.1159*** 0.1194*** 

 (0.0326) (0.0328) (0.0324) 

Urbanscape 0.1679*** 0.1667*** 0.1701*** 

 (0.0288) (0.0291) (0.0287) 

Nude 0.0086 0.0094 0.0102 

 (0.0340) (0.0343) (0.0338) 

People 0.0489* 0.0482 0.0510* 

 (0.0292) (0.0295) (0.0291) 

Self Portrait 0.2407*** 0.2353*** 0.2494*** 

 (0.0433) (0.0436) (0.0438) 

Portrait -0.1370*** -0.1366*** -0.1349*** 

 (0.0278) (0.0280) (0.0276) 

Religion 0.0825*** 0.0801*** 0.0856*** 

 (0.0306) (0.0309) (0.0306) 

Still Life 0.0847** 0.0838* 0.0875** 

 (0.0431) (0.0434) (0.0429) 

Study -0.1375*** -0.1374*** -0.1354*** 

 (0.0262) (0.0264) (0.0262) 

Other Topic 0.1497*** 0.1486*** 0.1535*** 

 (0.0453) (0.0458) (0.0451) 

Transaction Characteristics 

Auction House    

Sotheby’s London 0.9789*** 0.9438*** 1.0046*** 

 (0.0389) (0.0398) (0.0367) 

Sotheby’s New York 0.7814*** 0.7450*** 0.7952*** 

 (0.0459) (0.0466) (0.0440) 

Sotheby’s Other Branches 0.5620*** 0.5517*** 0.5885*** 

 (0.0486) (0.0468) (0.0488) 

Christie’s London 0.9361*** 0.8892*** 0.9625*** 

 (0.0421) (0.0431) (0.0379) 

Christie’s New York 0.4944*** 0.4579*** 0.5081*** 

 (0.0358) (0.0372) (0.0337) 

Christie’s Other Branches 0.3139*** 0.2973*** 0.3392*** 

 (0.0383) (0.0365) (0.0420) 

Bonhams London 0.6413*** 0.6224*** 0.6517*** 

 (0.0276) (0.0277) (0.0271) 

Bonhams Other Branches 0.0447 0.0338 0.0489 

 (0.0627) (0.0625) (0.0634) 

Phillips London 0.4901*** 0.4865*** 0.5115*** 

 (0.0757) (0.0757) (0.0767) 

Phillips Other Branches 0.4337*** 0.4230*** 0.4611*** 

 (0.1366) (0.1323) (0.1368) 

Auction American -0.0966** -0.0968** -0.0987** 

 (0.0388) (0.0391) (0.0387) 
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Dept. Var: Ln(Price) 

 (1) (2) (3) 

Provenance as: Indicator Text Length Number Count 

Auction European 0.2168*** 0.2161*** 0.2170*** 

 (0.0484) (0.0483) (0.0484) 

    

Artist FE Yes Yes Yes 

Year FE Yes Yes Yes 

Month FE Yes Yes Yes 

# of Obs. 1,111,220 1,111,220 1,111,220 

R-squared 0.7805 0.7817 0.7807 
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Table A2.7 – Provenance Effects on Hammer Price Controlling for Price Expectations and 

Anchoring 
This table presents the relation between provenance on hammer price controlling for the residual high estimates 

and residual estimation range ((High - Low Estimate) / Low Estimate). These residuals are uncorrelated with the 

hedonics variables and fixed effects in the pricing model. The residual high estimate (or, residual estimation range) 

is the residual from Ln(High Estimatei,t) (or, Estimation Rangei,t) = 𝛼𝑖,𝑡 + ∑ 𝛽𝑎Δ𝑃𝑟𝑜𝑣𝑎𝑛𝑎𝑛𝑐𝑒𝑎,𝑖,𝑡
𝐴
𝑎=1 +

∑ 𝛽𝑚𝑋𝑚,𝑖,𝑡
𝑀
𝑚=1 + ∑ 𝛾𝑡𝐷𝑖,𝑡

𝑇
𝑡=1 + 𝜀𝑖,𝑡 All regressions include hedonic controls (see Appendix Table A2.3), Artist, 

Year, Month, and Auction House Branch Level (AH) Fixed Effects. *, **, and *** indicate statistical significance 

at the 10%, 5%, and 1% levels, respectively. Standard errors (S.E.) are reported in parentheses and clustered at 

auction branch level.  

 

Dept. Var:  

(1) 

Ln(Price) 

(2) 

Ln(Price) 

(3) 

Ln(Price) 

Pedigree 0.1856*** 0.1873*** 0.1856*** 

 (0.0094) (0.0173) (0.0094) 

Exhibition 0.3504*** 0.3504*** 0.3505*** 

 (0.0056) (0.0214) (0.0056) 

Literature 0.4281*** 0.4268*** 0.4281*** 

 (0.0127) (0.0339) (0.0127) 

Certification 0.1274*** 0.1294*** 0.1274*** 

 (0.0169) (0.0229) (0.0169) 

Residuals High Estimate 0.8804***  0.8809*** 

 (0.0084)  (0.0083) 

Residuals Estimation Range  -0.0015* -0.0056*** 

  (0.0008) (0.0010) 

    

Artist FE Yes Yes Yes 

Year FE Yes Yes Yes 

Month FE Yes Yes Yes 

Hedonic Controls Yes Yes Yes 

Auct. House FE Yes Yes Yes 

# of Obs. 985,877 1,075,955 985,877 

R-squared 0.9221 0.7832 0.9222 
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Table A2.8 – Provenance Effects for the Repeat Sales Sample 
This table presents the baseline OLS return regression results of repeat sales (Equation. (3)). The dependent 

variable is the annualized return of the repeat sales. Auction House Upgrade equals one if the artwork is sold at a 

larger/more reputable auction house at the second sale relative to the auction house at the first sale. The definitions 

of provenance variables can be found in the Appendix Table A2.1. *, **, and *** indicate statistical significance 

at the 10%, 5%, and 1% levels, respectively. Standard errors (S.E.) are reported in parentheses and clustered at 

the auction branch level. 

 Full sample Same Auction houses 

 (1) (2) 

Dept. Var.: Return Return 

Changes Prominent Collectors 0.3156** 0.7381* 

 (0.1514) (0.3886) 

Changes Prominent Dealers 0.4603 1.2009*** 

 (0.4585) (0.4357) 

Changes Museum 0.2085*** 0.6230** 

 (0.0722) (0.2921) 

Changes Gallery Exhibition 0.2866* 0.2700 

 (0.1693) (0.3226) 

Changes Other Literature 0.1425 0.2916*** 

 (0.0883) (0.0956) 

   

Auction House Upgrade 0.3914***  

 (0.1202)  

   

Artist FE Yes Yes 

Year FE Yes Yes 

Month FE Yes Yes 

Auct. House FE Yes Yes 

Hedonic Controls Yes Yes 

Initial Provenance Yes Yes 

# of Obs. 6,647 4,236 

R-squared 0.3397 0.3997 
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Table A2.9 – Subsample of Paintings Including Provenance Information 
This table presents OLS regressions of provenance on the sales probability and hammer prices for the subsample 

of paintings that contain provenance information. The dependent variables are: (i) Sold[0,1], which equals one if 

the auction lot is successfully sold, and (ii) Ln(Price), which is the natural logarithm of deflated hammer price in 

USD. In columns (1) and (3), Pedigree, Exhibition, Literature, and Certification are dummy variables if the 

artworks have any information on these provenance dimensions, respectively. In columns (2) and (4), Pedigree, 

Exhibition, Literature, and Certification are the corresponding natural logarithm of text character length. 

Ln(Reserve Price) is proxied by the natural logarithm of the low estimate in USD. All regressions include Hedonic 

Controls (see Appendix Table A2.3), and Artist, Year, Month, and Auction House Branch Level (AH) Fixed 

Effects. *, **, and *** indicate statistical significance at the 10%, 5%, and 1% levels, respectively. Standard errors 

(S.E.) are reported in parentheses and clustered at the auction branch level. 
Dept. Var.: Sold [0,1] Ln(Price) 

 (1) (2) (3) (4) 

Provenance as: Indicator Text Length Indicator Text Length 

Pedigree 0.0210** 0.0078*** 0.2018*** 0.0655*** 

 (0.0085) (0.0021) (0.0218) (0.0065) 

Exhibition 0.0393*** 0.0086*** 0.3365*** 0.0730*** 

 (0.0043) (0.0009) (0.0143) (0.0029) 

Literature 0.0298*** 0.0071*** 0.4207*** 0.0876*** 

 (0.0050) (0.0010) (0.0260) (0.0053) 

Certification -0.0237* -0.0002 0.1745*** 0.0522*** 

 (0.0126) (0.0039) (0.0336) (0.0096) 

Ln(Reserve Price) -0.0548*** -0.0571***   

 (0.0039) (0.0038)   

     

Artist FE Yes Yes Yes Yes 

Year FE Yes Yes Yes Yes 

Month FE Yes Yes Yes Yes 

Auct. House FE Yes Yes Yes Yes 

Hedonic Controls Yes Yes Yes Yes 

# of Obs. 316,138 316,138 227,970 227,970 

R-squared 0.1792 0.1795 0.8250 0.8282 

 
  



CHAPTER 2. IN ART WE TRUST 

 

 

159 

 

Table A2.10 – LASSO Results of Provenance Effects on Sales Probability and Hammer Price 
This table presents LASSO results of the provenance effects on sales probability and hammer prices. The 

dependent variables are: (i) Sold[0,1], which equals one if the auction lot was successfully sold, and (ii) Ln(Price), 

which is the natural logarithm of deflated hammer price in USD. Pedigree, Exhibition, Literature, and 

Certification are dummy variables if the artworks have any information on this provenance dimension, 

respectively. Columns (1) and (4), columns (2) and (5), and columns (3) and (6) use subsamples of paintings by 

the artists whose number of sales in our sample period are above 100, 200 and 500, respectively. All regressions 

include Hedonic Controls (see Appendix Table A2.3), as well as Artist, Year, Month, and Auction House Branch 

Level (AH) Fixed Effects. *, **, and *** indicate statistical significance at the 10%, 5%, and 1% levels, 

respectively. Standard errors (S.E.) are reported in parentheses and clustered at the auction branch level. 
Dept. Var.: Sold[0,1] Ln[Price] 

 (1) (2) (3) (4) (5) (6) 

Subsample: #100 #200 #500 #100 #200 #500 

Pedigree 0.0249*** 0.0364*** 0.0391*** 0.7164*** 0.7152*** 0.6718*** 

 (0.0041) (0.0049) (0.0070) (0.0149) (0.0175) (0.0254) 

Exhibition 0.0196*** 0.0184*** 0.0122** 0.7389*** 0.7681*** 0.8063*** 

 (0.0028) (0.0034) (0.0049) (0.0105) (0.0130) (0.0186) 

Literature 0.0098*** 0.0108*** 0.0146*** 0.9519*** 1.0061*** 0.9819*** 

 (0.0029) (0.0035) (0.0050) (0.0110) (0.0135) (0.0187) 

Certification -0.0948*** -0.0923*** -0.1029*** 0.1202*** 0.1350*** 0.0011 

 (0.0047) (0.0055) (0.0075) (0.0167) (0.0190) (0.0264) 

       

Artist FE Yes Yes Yes Yes Yes Yes 

Year FE Yes Yes Yes Yes Yes Yes 

Month FE Yes Yes Yes Yes Yes Yes 

Auct. House FE Yes Yes Yes Yes Yes Yes 

Hedonic Controls Yes Yes Yes Yes Yes Yes 

Reserve price Yes Yes Yes No No No 

# of Obs. 185,492 127,175 58,984 135,303 93,129 43,545 
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Table A2.11 – Fake and Forgery Cases 
This table presents the cases of discoveries of fakes cases. We collect the disclosure dates of fakes and forgery cases from these data sources: the specialized art journals 

Artsjournal.com and Artnews.com, and the general news database Factiva. In each article on the topic, we collect the event date of the discovery, title of the fake or forged 

painting, name of the artist, name of the forger (if available), etc. We take fraud discovery date as the first date that the rumor, motivated suspicion, proof, or ruling by a judge 

was mentioned in the press. We only retain the cases that were ultimately confirmed as fakes or forgeries. We identify 54 fraud cases related to paintings in our sample period 

of 2007 to 2016. 

Artist attributed Forger Discovery date Fake*/Forged** painting 

Gottfried Lindauer Anonymous 10/2015 Hamiora Maioha** 

Francisco de Goya Anonymous 02/2015 Retrato de don Antonio María Esquivel (Portrait of Antonio María Esquivel)** 

Emile-Othon Friesz Wolfgang Beltracchi 12/2014 La Ciotat** 

Albert Tucker Anonymous 07/2014 Faun and Parrot** 

Marc Chagall Anonymous 02/2014 Nude** 

Huang Yongyu Anonymous 10/2013 Flower-and-Bird* 

Clyfford Still Pei-Shen Qian 12/2011 Untitled (1949)** 

Mark Rothko Pei-Shen Qian 12/2011 -** 

Willem de Kooning Pei-Shen Qian 12/2011 -** 

Barnett Newman Pei-Shen Qian 12/2011 -** 

Franz Kline Pei-Shen Qian 12/2011 -** 

Jackson Pollock Pei-Shen Qian 08/2011 Untitled (1950)** 

Richard Diebenkorn Pei-Shen Qian 08/2011 -** 

Robert Motherwell8, Pei-Shen Qian 08/2011 Spanish Elegy** 

Louis Marcoussis Wolfgang Beltracchi 11/2010 Kleines kubistiches Stilleben (Small Cubiste Still-life), Paris** 

Max Pechstein Wolfgang Beltracchi 11/2010 Seine Paris** 

Pablo Picasso Wolfgang Beltracchi 11/2010 -** 

Heinrich Campendonk Wolfgang Beltracchi 10/2010 Rotes Bild mit Pferden (Red painting with Horses)* 

Heinrich Campendonk Wolfgang Beltracchi 10/2010 Madchen mit Schwan (Girl with a Swan)** 

André Derain Wolfgang Beltracchi 10/2010 Collioure** 

Heinrich Campendonk Wolfgang Beltracchi 10/2010 Kleines Bild mit Pferden (Landscape with Horses)** 

Max Ernst Wolfgang Beltracchi 10/2010 Kleine Weiße Landschaft (Small White Landscape)** 

Fernand Léger Wolfgang Beltracchi 10/2010 Kubistisches Stilleben** 
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Artist attributed Forger Discovery date Fake*/Forged** painting 

Max Pechstein Wolfgang Beltracchi 10/2010 Frauenakt** 

Max Ernst Wolfgang Beltracchi 10/2010 La Horde* 

Louis Marcoussis Wolfgang Beltracchi 10/2010 Portrait d’Alfred Fletchtheim** 

André Derain Wolfgang Beltracchi 10/2010 Boote in Collioure (Boats in Collioure)* 

Max Ernst Wolfgang Beltracchi 10/2010 La Mer** 

Heinrich Nauen Wolfgang Beltracchi 10/2010 Herbstwald (Autumn Forest)** 

Heinrich Campendonk Wolfgang Beltracchi 10/2010 Zwei figuren in Landschaft (Two Figures in a Landscape)** 

Georges Braque Wolfgang Beltracchi 10/2010 Guitare le compotier (Le Journal)** 

Max Ernst Wolfgang Beltracchi 10/2010 Waldbild (Forest Painting)** 

Carlo Mense Wolfgang Beltracchi 10/2010 Kleine Ansicht Waidmarkt (Small view of the Waidmarkt)** 

Hans Purrmann Wolfgang Beltracchi 10/2010 Sudliche Landschafte (Southern Landscape)** 

Raoul Dufy Wolfgang Beltracchi 10/2010 Le Havre** 

Max Ernst Wolfgang Beltracchi 10/2010 Tremblement de Terre** 

Heinrich Campendonk Wolfgang Beltracchi 10/2010 Else Laske-Schule Gewidment (Dedicated to Else Laske-Schule)** 

Max Ernst Wolfgang Beltracchi 10/2010 Oiseaux** 

Max Ernst Wolfgang Beltracchi 10/2010 La Foret** 

Max Ernst Wolfgang Beltracchi 10/2010 Vogel in Winterlandschaft (Bird in a Winter Landscape)** 

Heinrich Campendonk Wolfgang Beltracchi 10/2010 Liegender Akt mit Forsch (Reclining Nude with Frog)** 

André Derain Wolfgang Beltracchi 10/2010 Matisse Peignant** 

Raoul Dufy Wolfgang Beltracchi 10/2010 Gebaud im Wald (Building in a Forest)** 

Georges Braque Wolfgang Beltracchi 10/2010 Guitare le Compotier** 

Georges Braque Wolfgang Beltracchi 10/2010 Souvenirs d’Anvers** 

Heinrich Campendonk Wolfgang Beltracchi 10/2010 Katze in Berglandschaft (Cat in a Mountain Landscape)** 

Louis Marcoussis Wolfgang Beltracchi 10/2010 Stilleben Composition Cubiste (14th July) (Still-life Cubist Composition)** 

Brett Whiteley Peter Gant and Mohamed Aman Siddique 07/2010 Big Blue Lavender Bay** 

Brett Whiteley  Peter Gant and Mohamed Aman Siddique 07/2010 Orange Lavender Bay** 

Brett Whiteley Peter Gant and Mohamed Aman Siddique 07/2010 Through the Window** 



PRICING ART: RETURNS, TRUST, AND CRISES 

 

162 

 

Artist attributed Forger Discovery date Fake*/Forged** painting 

Boris Kustodiev Anonymous 05/2009 Odalisque* 

Charles Blackman, Peter Gant 11/2008 -* 

Robert Dickerson Peter Gant 11/2008 -** 

Rover Thomas Pamela and Ivan Liberto 10/2007 -** 
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Table A2.12 – Impact on Sales Probability after Discoveries of Fakes 

This table presents the DiD estimators for the discoveries of fakes cases. The dependent variable is the outcome 

of the sale (sold or unsold). 𝑇𝑟𝑒𝑎𝑡𝑒𝑑 equals one if the auction date falls after the date of fake discovery for artists 

whose paintings have been forged. Provenance (Pedigree, Exhibition, Literature and Certification) is the dummy 

variable equaling 1 if the paintings contain any of the above types of provenance information. As controls, all 

hedonic variables discussed in section 2.2.1 are included. In columns (1) – (5), the interaction terms of Treated 

with each provenance dimension (Provenance, Pedigree, Exhibition, Literature and Certification) are presented 

separately, while in column (6), all these interactions are combined. *, **, and *** indicate statistical significance 

at the 10%, 5%, and 1% levels, respectively. Standard errors (S.E.) are reported in parentheses and clustered at 

the auction branch level. 

 (1) (2) (3) (4) (5) (6) 

Dept. Var.: Sold[0,1] Sold[0,1] Sold[0,1] Sold[0,1] Sold[0,1] Sold[0,1] 

Treated -0.0319 -0.0247 -0.0094 -0.0204 0.0004 -0.0233 

 (0.0262) (0.0248) (0.0205) (0.0208) (0.0191) (0.0249) 

Treated × Provenance 0.0514**      

 (0.0234)      

Treated × Pedigree  0.0466**    0.0089 

  (0.0212)    (0.0219) 

Treated × Exibition    0.0364**   0.0017 

   (0.0145)   (0.0120) 

Treated × Literature     0.0666***  0.0617*** 

    (0.0182)  (0.0187) 

Treated ×Certification     -0.0214 -0.0021 

     (0.0331) (0.0358) 

Provenance 0.0235***      

 (0.0055)      

Pedigree  0.0242***    0.0172*** 

  (0.0063)    (0.0062) 

Exihibition   0.0496***   0.0379*** 

   (0.0053)   (0.0041) 

Literature    0.0402***  0.0236*** 

    (0.0065)  (0.0062) 

Certification     0.0085 0.0104 

     (0.0135) (0.0134) 

Ln(Reserve Price) -0.0650*** -0.0647*** -0.0652*** -0.0652*** -0.0641*** -0.0662*** 

 (0.0036) (0.0036) (0.0036) (0.0036) (0.0035) (0.0036) 

       

Artist FE Yes Yes Yes Yes Yes Yes 

Year FE Yes Yes Yes Yes Yes Yes 

Month FE Yes Yes Yes Yes Yes Yes 

Hedonic Controls Yes Yes Yes Yes Yes Yes 

# of Obs. 1,707,136 1,707,136 1,707,136 1,707,136 1,707,136 1,707,136 

R-squared 0.1747 0.1747 0.1748 0.1747 0.1745 0.1750 
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Chapter 3 

Art in Times of Crisis 

 

 

ABSTRACT 

Art is often presented as an investment of last resort or a potential safe haven in times of 

political or financial distress. Yet despite this assertion no study focuses on the performance of 

art markets in times of crises. This paper fills this gap; by means of historical auction archives, 

we trace the long-term performance of the UK art market with a special focus on periods of 

crisis (the world wars, economic recessions, inflationary periods, changes in monetary policy). 

By constructing the price index from 1908 to 2016, we show that the British art price index 

expanded more than seven-fold over the century. We further classify the crises into economic 

& financial crises, systemic crises, and war crises. The results show that art outperformed the 

equity in war times, which can be regarded as a hedge against uncertainties. However, in 

economic and financial cries the art market underperformed the equity market. We also provide 

cross sectional details in time of crises by size, movements, liquidity, price quantiles, and artist 

nationality. 
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3.1 Introduction 

In January 2021, Sandro Botticelli’s Young Man Holding a Roundel, one of the most 

significant portraits of any period within art history ever to appear at auction, was hammered 

at a record price of USD 80 million (about USD 92 million including the commission) at 

Sotheby’s New York. The Botticelli was being sold by the estate of the late real estate billionaire 

Sheldon Solow, who had bought the painting at Christie’s London in 1982 for just GBP 810,000 

(USD 1.1 million). Prior to its sale, doubts were raised about the willingness of global art 

collectors to invest in art amidst the coronavirus pandemic and considering the high equity 

market volatility. To stimulate demand from collectors and potential bidders, Sotheby’s spent 

four months on a marketing campaign, displaying the painting around the world. This resulted 

in a new auction record for this Renaissance painter and the hammer price was also the highest 

price paid for an old master since Leonardo da Vinci’s Salvator Mundi sold for USD 450 

million in 2017. The auction was live-streamed from New York and lasted less than five 

minutes with only two competitors bidding for the painting. While this example suggests that 

even in times of crisis, here the global covid pandemic, very large returns can be obtained, we 

ask the question whether art is in general a good investment in times of crisis. 

Despite the growing popularity of art as an alternative asset class, the role of art as a safe 

haven or simply as an investment in times of crisis has rarely been studied over the long term. 

This is mainly due to the lack of art market data availability for long periods of time. We try to 

resolve this limitation and (hand-)collect historical auction records from various (even hand-

written) sources in order to investigate the long-term performance of art markets and its 

determinants from the early 20th century onwards. We focus on the British (mainly London) art 

market which was the most important market for the larger part of that century and still remains 

one of the dominant ones to this date. The 20th century is characterized by many crises from 
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political ones to economic and financial disturbances, each of which may have left their mark 

on the risk and return of the art market (segments). 

The development of the art market per se crucially depended on the emergence of mass 

demand, and the evolution of mechanisms for selling works of art either directly by the artists 

(or their representative galleries) or via intermediaries such as dealers and auctioneers (Hook, 

2017). Over the past centuries, new art movements arose, first selling on the primary market 

through galleries, and subsequently, as demand grew through the secondary market comprising 

both a private market (through dealers) and a (public) auction market. In the second half of the 

fifteenth century, primary markets for paintings arose as a derivative of the market for 

commissioned art work in places such as Bruges and Florence. As markets emerged in the 

sixteenth century with non-commissioned art work on offer, dealers and agents emerged as 

specialized art professionals, for instance in Antwerp which turned into one of the main 

European centers of art production (Vermeylen, 1999; Vermeylen, 2010). In the seventeenth 

century, art collecting became a more visible activity and professional intermediaries, 

especially dealers, dominated the art market (Jonckheere and Vermeylen, 2011). Regular 

auctions of paintings were held by the Amsterdam Orphan Chamber in the early decades of the 

seventeenth century, while the first auctions of which we possess printed catalogues with rules 

were held in London later in that century (De Marchi and Van Miegroet, 2006). While the 

seventeenth century was the era of the dealer, the eighteenth century was the century of the 

auctioneer. The most reputable auction houses, e.g. Sotheby’s (London), Christie’s (London) 

were founded in 1744 and 1766, respectively. During the closing years of the eighteenth century, 

two other auction houses were founded in London: Bonham’s in 1793 and Phillips in 1796, 

whose businesses also persist till the present day. 

The art markets of the twentieth century were defined by the two world wars, the triumph 
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of modern and contemporary art, as well as the chase for record prices and the rise of the 

internet by the end of the century. The growth of modern art markets reflects the cultural of 

societies, but the evolution of art prices also follows the concentration of wealth and economic 

development. As such, the evolution of the art market has gone hand in hand with an increasing 

interest in art as an investment because art has a dual nature as it not only yields an ‘aesthetic 

divided’ derived from the ownership of these ‘passion’ investments or collectibles but it is also 

expected to be a store of value and even yield positive real returns (Renneboog and Spaenjers, 

2013). Given the low correlation of alternative investments such as art with traditional financial 

assets (equities, bonds, commodities), investing in art can lead to an expansion of the efficient 

portfolio frontier (Li, Ma, and Renneboog, 2021). Consequently, art can take on a role as an 

investment diversification vehicle and a hedge against inflation.  

In order to investigate how the art prices, returns, and volume evolve in acute crises and 

the intermittent quiet periods, we follow the chronology usually adopted in economic history 

by distinguishing between the Pre-World War I period (1907-1913), World War I (1914-1918), 

the Interwar Period & Great Depression (1919-1939), World War II (1939-1945), the Bretton 

Woods Period (1944-1973), and the Post-Bretton Woods Era (1974-onwards) which includes 

the Great Recession (2008-2010).We assess the relations between, on the one hand, the art 

market and, on the other, macroeconomic indicators (such as changes in GDP, national debt, 

inflation, exchange rates, term structure, and income inequality), financial markets (equity, 

bond, and treasury bill markets), and other alternative investments markets (such as gold, 

housing). We focus on crises and how art markets react specifically to wartime shocks, financial 

crises, and systemic troubles.  

This paper is organized as follows: Section 3.2 reviews the literature, Section 3.3 describes 

methodology and data, Section 3.4 documents the evolution of art prices since the early 
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twentieth century. Section 3.5 reports empirical results on art returns and crises and Section 3.6 

provides the conclusion. 

 

3.2 The Literature  

The idea to invest in art – with the intention to generate a financial return - dates at least to 

the beginning of the 20th century with the creation in 1904 of, La Peau de l’Ours, to the best 

of our knowledge, the first fine art fund (Horowitz, 2011). The view by some collectors on art 

an investable asset class and salient mentions of record-breaking prices at auction have 

prompted scholars to analyse whether investing in art is financially worthwhile. The finance 

literature has focused mostly on the risk-return relationship of art (Goetzmann, 1993; Frey and 

Eichenberger, 1995; Mei and Moses, 2002; Renneboog and Spaenjers, 2013; Korteweg, 

Kräussl, and Verwijmeren, 2015; Lovo and Spaenjers, 2018), its macro-economic market 

drivers (Goetzmann, Renneboog, and Spaenjers, 2011), sentiment and hype (Pénasse, 

Renneboog, and Spaenjers, 2014), gender biases (Adams, Kräussl, Navone, and Verwijmeren, 

2017; Bocart, Gertsberg, and Pownall, 2017; Cameron, Goetzmann, and Nozari, 2019), art 

market bubbles (Pénasse and Renneboog, 2021), artists’ death as a supply shocks (Pénasse, 

Renneboog, and Scheinkman, 2021), and behavioural anomalies such as anchoring (Beggs and 

Graddy, 2009).  

A large body of literature reveals consistent results on the procyclical relationship between 

the art market evolution and the performance of other asset markets. Goetzmann (1993) 

demonstrate that the art indices are positively correlated with equity markets over the period 

1715 to 1986. Hiraki et al. (2009) document that Japanese demand for art from the mid-1980s, 

which was instigated by a boom in the Japanese property market, strongly positively affected 
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international – and especially French - art prices, culminating in the largest bubble to date, 

which deflated in the early 1990s. Pénasse and Renneboog (2021) examine the role of demand 

fundamentals and speculative trading in art price dynamics. They show that price run-ups are 

followed by predictable busts and rationalize this finding by means of a model in which 

extrapolative beliefs fuel speculative bubbles.  

Mandel (2009) argues that art serves a dual purpose for the investor as it combines both 

investment characteristics and consumption features that yield an aesthetic dividend and, in 

some cases, a ‘conspicuous consumption’ dividend if owning an artwork enables investors to 

show off and enhance their social status. These various functions of art – investment, 

consumption good, and status object – induces heterogeneity in the beliefs about the value of 

a piece of art (Lovo and Spaenjers, 2018; Pénasse, Renneboog and Scheinkman, 2021). It is 

the right tail of the beliefs distribution that drives prices upwards as the left tail, which captures 

pessimism, has less impact because short selling of art is not possible. Goetzmann, Renneboog, 

and Spaenjers (2011) investigate how equity returns and the personal income of the wealthiest 

part of the population determine the price of art. They find cointegrating relationships between 

top incomes and art prices, which supports the Veblenian view of art as an instrument of social 

competition among the very rich. 

Despite this large literature and the common assertion that art may be viewed as a safe-

haven investment, the performance of the art market in times of crises has hardly been 

investigated. The evolution of the art market in occupied countries during World War II 

represents an exception. Euwe (2009), Euwe and Oosterlinck (2017), Oosterlinck (2017) and 

David et al. (2017) analyse the Belgian, Dutch and French markets and report a trading boom 

in the art market during this war. Oosterlinck (2017) shows that the Parisian art market largely 

outperformed stocks and bonds (in terms of risk-return trade-off). He attributes this boom to 
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several intrinsic characteristics of artworks: art may have been an inflation hedge, could be 

legally sold in occupied France (unlike gold and foreign currencies), and could have been sold 

discretely or resold abroad. In this context, art could have acted as a safe haven in times of 

crises and at any time when concerns about discretion were high. Yet, this conclusion derived 

for art trading during World War II may not be generalized as previous studies focus solely on 

occupied countries such that the art market may be entirely different for non-occupied countries. 

Furthermore, the dynamics of art prices during other wars may be different (see David, 2016 

for WWI), nor would they apply to other types of crisis such as economic recessions and 

financial upheaval. 

In a nutshell, due to the limited data availability of the historical art time series, the relations 

between art markets and macroeconomic factors are rarely studied. The role of art as an 

investment is times of political and economic crises remains unclear. In this paper, we use 

micro-level auction observations and analyse the performance of art markets during times of 

war, at monetary policy changes, and over various crises. To the best of our knowledge, this 

paper is the first to focus on art markets in the long run with a large sample of cross-sectional 

details focusing on major crises. 

 

3.3 Data and Methodology 

3.3.1 Data 

3.3.1.1 Art Data Sources 

Two sources have been used to construct the data series predating the 1960s: Art Prices 

Current and Christie’s Auctioneers’ Book. The former was first published by Fine Art Trade 

Journal in London in 1908 and the series covered auction records from 1907 until 1973. This 
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book series was initially dedicated to the British art auction markets and later expanded to the 

global auction records in 1932 (although the coverage of the British market is more extensive). 

It tracked paintings, drawings and engravings sold at major British auction houses (among 

which the most prominent were Christie’s, Sotheby’s, and Puttick & Simpson) as well as 

auction houses overseas (such as Parke-Bernet Galleries, and Hôtel Drouot). As there were no 

publications between 1917 and 1920, we bridged the gap by collecting the catalogues in 

Christie’s Auctioneers’ Book at the Christie’s Archives in London. The potential bias based on 

the use of different sources is however likely to be limited as Christie’s was in those days 

responsible for more than 90% of the UK art auctions in Art Prices Current. 

Both Art Prices Current and Christie’s Auctioneers’ Book systematically provide 

descriptions of both the auctions and the artworks sold. Each catalogue includes the name of 

the artist, the title of the auctioned art work, its dimensions, hammer price, the presence of a 

signature or a date, the auction house, the auction date and title, and sometimes, but only rarely, 

the name of the buyer. Some limited provenance information on past sales and exhibitions may 

be reported. We encode all the historical records with artist, artwork and transaction 

information, and focus on the market for oil paintings and works on paper (i.e., watercolors 

and drawings), which account for a substantial proportion (over 70%) of all art transactions. 

We add to the Art Prices Current dataset that covers 225,814 auction observations over the 

period 1907-1960, 28,142 observations for the missing years from the Christie’s Auctioneers’ 

Book. We exclude all lots consisting of multiple items (e.g. a set of paintings) as no price 

information on the constituting paintings is provided. For the period stretching from 1961 to 
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2016, we use the Hislop‘s Art Sales Index and the Blouin database71,72. The long time window 

and denseness of our datasets enable us to draw a more complete picture of the evolution of art 

prices in the UK and the growth of modern art auction markets.73 

Our dataset consists of 616,844 sales in UK auction houses: 436,959 (70.84%) are oil and 

acryl paintings (which we will parsimoniously call henceforth ‘oils’), 92,085 (14.93%) are 

watercolours and gouaches, and 87,800 (14.23%) are drawings. Since the observations are 

sparse before 1930s for watercolours and drawings, we will only use oil paintings in our main 

analysis.74 To address the impact of inflation, the nominal prices are converted into real 2016 

prices by means of the inflation rate from Office of National Statistics75. The sales activity in 

the UK is on average about 3,200 paintings are sold per year prior to 1960, and since the 1980s, 

the average augmented to about 5,000.76 By eyeballing the sales time series, a number of major 

crisis can be readily observed (sometimes with a lag): WWI, WWII, the financial crisis at the 

end of the 1980s (after which the art bubble burst), the bursting of the dot.com bubble (2000), 

and the great recession (starting in 2008).  

 

 
71 For the emerging new artists active in the twenty-first century, we exclude the artists who are only auctioned 

very rarely and require that the artists included in the Blouin dataset have a market of at least 50 transactions.  

72 The Blouin database gives either the hammer prices or the premium price, which is the hammer price plus a 

commission averaging 15%, paid by the buyer. Given that the actual percentage of the commission is not available, 

we divide the premium price by 1.15 as an approximation of the hammer price. The hammer price is then deflated 

by UK CPI taking 2016 as the basis year. 

73 The concatenation of databases is visible in 1961, which will we correct for in the regression analysis. The 

return in 1961 is set as missing in the return analysis as a robustness check and the results remain similar (not 

tabulated).  

74 The results of full sample (including oil paintings, watercolors and drawings) are included in the Online 

Appendix Table OA3.1 as a robustness check. 

75 https://www.ons.gov.uk 

76 As Art Prices Current only started the records in November 1907 (758 transactions in total in 1907), we use the 

sample since 1908 to construct the price indices and returns in our main analysis. 
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3.3.1.2 Macroeconomic and Financial Data 

We obtain macroeconomic time series for the UK from various sources, including the 

Maddison Project Database, the Barro-Ursua Macroeconomic Data, the Jordà-Schularick-

Taylor Macro-history Database, Global Financial Data, the World Inequality Database, and the 

Dimson-Marsh-Staunton Global Returns Dataset. For robustness checks, we collect similar 

time series from a wide variety of sources listed in Online Appendix Table OA3.3: 

- The Maddison Project Database 77  compiled by Angus Maddison and currently 

extended and updated by Jutta Bolt and Jan Luiten van Zanden , comprises estimations 

of the GDP and population sizes for the past two millennia. We use the GDP data.  

- The Barro-Ursua Macroeconomic Data78 was constructed by Robert Barro and José 

Ursúa to support a broad research agenda focused on the study of macroeconomic rare 

disasters, long-run volatility, long-run trends, growth properties, and their asset pricing 

implications. It includes GDP, consumption and population series of 42 countries. We 

obtain GDP and consumption data from this source. 

- The Jordà-Schularick-Taylor Macro-history Database 79 , was constructed by Òscar 

Jordà, Moritz Schularick, and Alan Taylor. The database combines information from 

various sources and spliced series to create long-run datasets spanning the 1870–2016 

period and is the most extensive long-run macro-financial dataset to date. The database 

covers 17 advanced economies since 1870 and comprises 45 annual real and nominal 

variables, among which financial variables such as bank credit to the non-financial 

private sector, mortgage lending and long-term returns on housing, equities, bonds and 

 
77 https://www.rug.nl/ggdc/historicaldevelopment/maddison/?lang=en 

78 https://scholar.harvard.edu/barro/publications/barro-ursua-macroeconomic-data 

79 http://www.macrohistory.net/data/ 
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bills. We gather both macroeconomic series (such as GDP, money, exchange rates, 

imports and exports, government revenues and expenditure, credits) and financial series 

(equities, bills, bonds, etc.). 

- Global Financial Data 80  contains historical financial and economic data on 200 

countries, includes long-term historical indices on stock markets; total return data on 

stocks, bonds, and bills; interest rates; exchange rates; inflation rates; bond indices; 

commodity indices and prices. We obtain commodity series and financial series 

(equities, bills, bonds, etc.) from this database. 

- The World Inequality Database81 provides the historical evolution of the distribution of 

income and wealth. We use the net personal wealth in 99.9th to 100th percentiles as a 

proxy for inequality. 

- The Dimson-Marsh-Staunton Global Returns Dataset offers long-run global asset 

returns on stocks, bonds, bills, inflation, currencies, GDP growth and population growth 

for 22 countries since 1900. We will use its bond and equity series. 

 

3.3.2 Methodology 

3.3.2.1 The Hedonic Pricing Model 

Unlike financial assets, artworks are characterized by their uniqueness. Their 

heterogeneous characteristics makes constructing indexes a complex task. To overcome the 

heterogeneity problem, repeat sales (for limited samples of round trips) and hedonic regressions 

(for the full sample of unique and repeated sales) are the main methods applied to construct 

indexes of artworks. The repeat sales method tracks the prices of an artwork that sold at 

 
80 http://www.globalfinancialdata.com/ 

81 https://wid.world/ 
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different moments in time. This approach has been widely used in e.g. real-estate related 

analysis and alternative investments such as those in artworks (Baumol, 1986; Goetzmann, 

1993; Pesando, 1993; Mei and Moses, 2002). The method controls for the uniqueness of each 

painting and the returns of the repeat sales are regarded as investment returns in the literature. 

Despite its intuitive appeal, the repeat sales method suffers from a series of drawbacks such as 

dramatically shrinking the sample size and sample selection biases as only a small percentage 

of artworks is resold in the market and many artworks may not appear in the market twice, for 

instance when they are bought by museums or collectors (Ginsburgh et al., 2006). Even over 

long time windows, the repeat sales only amount to a fraction of the total transactions (e.g. 

about 4% in Renneboog and Spaenjers (2013)). Some paintings may come or return to the art 

market for reasons imposed on the owner by the 4 Ds (death, debt, divorce and disaster). If 

paintings have a short holding period, it may then be hard to recuperate transaction costs (which 

amount to about 20% for a round trip). Speculative transactions can still be lucrative in case an 

artist quickly rises to notoriety or when the art market (or some of its segments) booms. Repeat 

sales may also include a bias in that the paintings returning to the auction market may be special 

- perhaps of higher quality. Also, when works of an artist fall out of fashion and hence his 

oeuvre does not come back on the art market, the collectors’ loss related to reduced 

marketability is not recorded. For these reasons, a hedonic model is frequently used where 

assets have unique characteristics and markets are illiquid. The (log of the) price of the artwork 

is regressed on a set of attributes, which yield their shadow prices (Renneboog and Spaenjers, 

2013; Oosterlinck, 2017). The main advantage of this methodology is that information on all 

observed transactions is taken into account and one can hence work with very large samples, 

even close to the population of auctioned art works. We will estimate the following hedonic 

model:  
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ln(Pit) = α + ∑ βmXmit

M

m=1

+ ∑ γtDit

T

t=1

+ εit     (1), 

where 𝑃𝑖𝑡 t represents the price of art object 𝑖 at time 𝑡, 𝑋𝑚𝑖𝑡is the value of characteristic m of 

item 𝑖 at time 𝑡, and 𝐷𝑖𝑡 is a time dummy variable that equals one if object i is sold in period 𝑡 

(and is zero otherwise). The coefficients 𝛽𝑚  are the shadow prices of each of the m 

characteristics, and the coefficients 𝛾𝑡 reflect the time trend that is used to construct an art price 

index. If we denote the coefficient before year t as 𝛾𝑡 then the hedonic index for year t is: Π𝑡 ≡

exp(𝛾�̂�) × 100 (2), with the time dummy coefficient set to 0 for the first, left-out period. This 

gives an estimated return in year t of: 𝑟𝑡 ≡
Π𝑡

Π𝑡−1
− 1 (3). 

The above index may lead to an overestimation of returns because, according to Jensen’s 

inequality in the case of a concave function, the expectation of the log function at one point is 

higher than the log of the expectation. Therefore, following Triplett (2004), Silver and Heravi 

(2007), and Renneboog and Spaenjers (2013), we assume that the hedonic regression residuals 

are normally distributed in each period, and define the adjusted index as follows: 

Π𝑡
∗ ≡ exp (𝛾�̂� +

1

2
(�̂�𝑡

2 − �̂�0
2)) × 100     (4), 

where �̂�𝑡 and �̂�0 are the estimated variances of the residuals of observations in periods t and 0, 

respectively. The adjusted return estimate in year t is then defined as: 𝑟𝑡
∗ ≡

Π𝑡
∗

Π𝑡−1
∗ − 1 (5). 

Hedonic Variables 

We include the traits and characteristics of the artist, painting, and transaction in the above 

model. 

The artist traits comprise:  

- Artist: Artist fixed effects capture each artist’s uniqueness and reputation. 

- Deceased: This dummy variable equals one if the sale occurs after the artist’s death, 

and captures the effect that the prices are affected by the possible supply shock of an 
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artist’s death (Pénasse, Renneboog, and Scheinkman, 2021). 

- Movement: We classify the artists according to the following art movements: Medieval 

& Renaissance; Baroque; Rococo; Neoclassicism; Romanticism; Realism; 

Impressionism & Symbolism; Fauvism & Expressionism; Cubism, Futurism & 

Constructivism; Dada & Surrealism; Abstract Expressionism; Pop; Minimalism & 

Contemporary. Not every artist can be classified into a school; only about 42.3% of the 

artists are allocated according to the Grove Dictionary of Art/Oxford Art Online. 

In relation to the artworks’ characteristics, we consider a wide range of price-determining 

variables that capture attribution, authenticity, medium, size, and topic of the artwork: 

- Attribution: Six levels of attribution are used in the auction world: Attributed (to), 

Studio (of), Circle (of), School (of), After, and (in the) Style (of). Studio/Circle/School 

mainly appears for those schools of art at times when artists often collaborated or 

worked with pupils (e.g. in the baroque period). ‘Attributed to’ appears throughout art 

history and captures art historians doubts about the real authorship of an artwork. 

- Authenticity: We include variables that capture whether the painting is Signed, Dated, 

or Inscribed (e.g. an inscription in the list). 

- Medium: We distinguish between Oil (and acryl) paintings, Watercolors (and 

gouaches), and Drawings. 

- Size: The height and width in centimeters are captured by Height and Width (and we 

also include the squared values Height Squared and Width Squared as there is a natural 

size limit to an artwork for the average collector). 

- Topic: As the subject matter can affect the aesthetic appreciation of art objects, we 

categorize the paintings/drawing by topic based on the keywords of the artworks’ titles. 

The textual analysis of the titles is executed in the six languages that are most often 
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used in the art auction world and art history (English, Dutch, French, German, Italian, 

and Spanish) 82 . We identify 13 topic categories: Abstract, Animals, Landscape, 

Seascape, Urbanscape, Nude, People, Self Portrait, Portrait, Religion, Still Life, Study, 

and Other Topics. 

- Provenance: We capture whether information on pedigree, exhibition, literature, and 

authentication related to the artwork is available in the auction catalogue. 

The transaction characteristics are captured by indicator variables denoting the timing of 

the sale, and the reputation and location of the auction house (at the branch level): 

- Year and month: We control time effects and seasonality. In the auction world, the 

spring (in May and June) and fall auctions (in November and December) are the busiest 

and most important of the year. 

- Auction houses: We distinguish among different fine art auction houses: Sotheby’s, 

Christie’s, and the other (smaller) auction houses.  

Detailed definitions are provided in Appendix Table A3.1 and an overview of the 

descriptive statistics of the above hedonic variables is given in Appendix Table A3.2. With 

regard to the physical evidence confirming or supporting oils painting’s’ authenticity, we 

document that 37% are signed, 22% are dated, and 8% are inscribed. An average painting in 

our sample is 64 cm in height and 68 cm in width. 37% of paintings don't have a clear topic 

that can be determined by means of textual analysis on titles. The most common non-abstract 

topics are landscapes (18%) and scenes with people (17%). The spring (June/July) and the fall 

(November/December) seasons account for about 50% of the yearly sales. Sotheby’s and 

 
82 For our other string searches in the six languages, we compile a set of keywords (and their synonyms), all of 

which are verified by native speakers. The details of the string searches are listed in the Online Appendix Table 

OA3.4. 
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Christie’s (C&S) are the most prominent auction houses and handled respectively 27% and 48% 

of the art transactions in our sample.83 The results from the hedonic regression for the complete 

sample and for subsamples based on the various time periods are given in Appendix Table 

A3.3. We note that most explanatory variables are strongly statistically significant in virtually 

all models. For the oil paintings sample over the whole period, the model explains more than 

71% of the price variation (the adjusted R-squared is lower during the wars and the interbellum, 

at 40%-50%). 

 

3.3.2.2 Return Unsmoothing 

By means of the coefficients of the year fixed effects (Eq. (1)), we derive the art price index 

series. Underestimating the true volatility may be a problem for less liquid assets, such as art, 

due to the lack of a continuous auction market. The first differences in index levels may hence 

suffer from autocorrelation. To adjust for the smoothing present in the return series, we apply 

an unsmoothing methodology, as in Geltner (1993) and Dimson and Spaenjers (2011). If we 

assume that all items are reappraised at the end of each period, the observed (smoothed) return 

in period 𝑡, 𝑅𝑡, can be expressed as a weighted average of the true (unsmoothed) return in 

period 𝑡 , 𝑅𝑡
𝑢 , and the smoothed return in the previous period, 𝑅𝑡−1 : 𝑅𝑡 = (1 − 𝛼)𝑅𝑡

𝑢 +

𝛼𝑅𝑡−1  (6).  The appraisal smoothing factor 𝛼  is a fraction between 0 and 1 and is the 

autocorrelation coefficients84. Eq. 6 can be inverted to obtain the unsmoothed return series 

 
83 The descriptive statistics of full sample (including oil paintings, watercolors and drawings) are very similar to 

those of the oil paintings. 

84  Assuming that the smoothed series follows an AR(1) process, we can set the coefficient α equal to the 

autocorrelation coefficient at lag 1. This newly constructed series will then have a first-order autocorrelation that 

is very close to zero. In our sample, autocorrelation coefficient at lag 1 for the unadjusted index is 0.1402, and for 

the adjusted index is 0.0654. 
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𝑅𝑡
𝑢 from the observed returns 𝑅𝑡 and 𝑅𝑡−1: 𝑅𝑡

𝑢 =
𝑅𝑡−𝛼𝑅𝑡−1

1−𝛼
   (7). We then obtain the adjusted 

standard deviation from the unsmoothed returns 𝑅𝑡
𝑢. 

 

3.4 The Evolution of Art Prices over Time 

Over the course of a century, the art price level, depicted in Figure 3.1 (and listed in Table 

3.1), increased in real terms more than seven-fold (from 100 in 1908 to 707 in 201685 ), 

reflecting the growing importance of the London art market. The art markets remained rather 

stable until the end of the 1950s, and the main increase started in the mid-1950s. By 1960, the 

index had only reached a value of 98, signifying that over the first 60 years of our time window 

the increase of the art market index was very limited. Since then, a massive augmentation in 

prices occurred, consistent with the observations by Rush (1961). The art price level continued 

to grow until 1973, when it hit a first peak (at 464) but then suffered from the oil crisis which 

induced a crash of more than 30% over the subsequent two years (the index went down towards 

295 in 1975). The price levels kept regressively declining until 1982 reaching a bottom of 243, 

at almost half of its peak level a decade earlier. From 1982, an unprecedented surge in art prices 

took place until 1990 when a climax of 855 was reached, at which point the bubble burst with 

art prices falling by more than 30% in 1991. Prices kept declining to about half the peak index 

value by 1998 (at 439). Subsequently, art surged in the period prior to the Great Recession (up 

to 2007) when it peaked at the highest index point of the century (at 839). In the aftermath of 

the financial crisis and in subsequent years (until 2016), the trend in art market prices was 

generally negative. In the following section, we will relate the art price movements depicted in 

Figure 3.1 to the main political, financial and economic events. As the increase experienced 

 
85 We use the adjusted index and returns of oil paintings in our main analysis. 
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over the second half of the century dwarfs the price changes from the first half, it may be hard 

to assess price movement on the basis of Figure 3.1, which is why we turn to Figures 3.2 and 

3.3, which display the art index as was as the volume over the first and second halves of our 

time window. 

 

3.4.1 Pre-War Period (1907-1913) 

During the gold standard period, the economies of the economically most advanced 

countries were characterized by fixed exchange rates and large movements of capital. More 

importantly, and as pointed out by Fletcher and Helmreich (2011), London was a global 

financial center as well as a center for global commodity exchange. London was also the capital 

of an empire that extended across vast parts of the globe, and as such a hub for international 

trade. British commodities and services were massively exported and marketed throughout the 

Empire (Floud and Johnson, 2010). This generated a massive influx of capital on the London 

financial market, which seems reflected in the art price index that increased from 1908 to 1910 

(reaching an index level of 112). This movement is quite similar to the one observed in France 

for example where the influx of foreign capital, particularly coming from American newcomers 

on the market, led art prices to a higher level (David, 2016; Seligman, 1961: 30). At the time, 

demand for artworks was indeed high in the United States with important collectors (such as 

Pierpont Morgan, P.A.B. Widener, Benjamin Altman, and Henry Clay Frick) vying to get the 

artworks they coveted. For example, at the beginning of the century, American collectors paid 

more than £100,000 for a Van Dyck and a Raphael (Reitlinger, 1961: 181). These sales were 

made by art dealers who at the time still held a more preeminent role than auction houses 

(Watson, 1992: 164). However, in this time period, the augmenting art prices levels also 

reflected the gradually growing importance of auction houses on the art market. Christie’s and 
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Sotheby’s then became two of the most prominent players on the market. Watson (1992: 164) 

pinpoints this change to 1908 when Sotheby’s was sold to Sir Anderson Montague-Barlow. The 

years preceding the war have often been presented as extremely good. Reitlinger (1961: 202) 

describes 1913 as an “annus mirabilis”, which is confirmed by Watson (1992: 168) who also 

considers 1928 and 1989 as exceptional years for the art market. David (2016) observes that 

the French art index does indeed peak in 1913, and this was, according to our results, also the 

case for the British market. 

 

3.4.2 World War I (1914-1918) 

The outbreak of the war on 28 July 1914 changed the dynamics of the art market. The index 

fell rapidly and reached a first minimum in 1915 (index at 55); art markets did not recover in a 

devastated Europe and a second minimum appeared in the wake of the war, in 1921 (index at 

31). Contrary to France, where the outbreak of the war brought auctions almost to a halt, 

auction houses in the UK closed only for a short period of time, namely at the war’s onset. 

Sotheby’s stopped sales until the end of 1914 and Christie’s business experienced a slump 

following the commencement of the war but resumed sales aimed at raising funds for the war 

effort (Watson, 1992: 199). By the spring of 1915, sales also were back on track at Christie’s. 

In general, the market remained active during the war, as shown in Figure 3.2. In terms of sales, 

the number of artworks sold dropped in 1914 but reached numbers comparable to the prewar 

level in 1916. Prices for contemporary works and for portraits notably dropped and many artists 

struggled to make ends meet (Stephenson, 2012). The war, of course, disrupted international 

trade, but the United Kingdom was nonetheless not cut off from the international art market as 

the United States remained an important buyer during the war (Reitlinger, 1961: 219). The most 

important long-run economic effect of the war was the destruction in 1914 of the gold standard, 
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the international monetary equilibrium, which had allowed globalization to reach 

unprecedented levels (Harley, 2010). 

 

3.4.3 The Interwar Period and the Great Depression (1919-1939) 

Our index shows a decline following the war, consistent with the slump of 1920 mentioned 

by the art dealer Agnew’s (Agnew, 1967: 48). By contrast, the market for contemporary works 

seems to have experienced a short-lived boom (Stephenson, 2012: 60), which coincided with 

an export boom immediately after the war accompanied by continuous inflation (Harley, 2010). 

The economic boom, supported by American lending and monetary expansion, came to an 

abrupt end in 1921 when the Federal Reserve took measures to curb inflation and bring real 

prices of goods and services down towards pre-war levels. In Britain, the Bank of England 

started a regime of tight money in order to return to the gold standard, at prewar levels 

(Eichengreen, 1995). The return to gold took place in April 1925, much earlier than other 

European countries. Over this whole period characterized by discussions about the return to 

the gold standard and the value of the Pound Sterling at a level that was overvalued, the art 

index of Figure 3.2 encounters a massive increase until 1929 reaching a value of 115 86 . 

According to Fletcher and Helmreich (2011), this reflects an increase in conspicuous 

consumption, triggered by the development of new ways of buying and selling consumption 

goods. Watson (1992: 204) relates the increase in the art sales to the rise in prosperity following 

the war, but also to an increasing American interest for visual arts. Agnew (1967: 48) tracks the 

increase in wealth to the war itself pointing at the fortunes that had been made at the time. 

 
86  Note that this strong increase did not take place across all art movements. Many galleries dedicated to 

contemporary artists were forced to close as soon as 1923 (Stephenson, 2012: 63). They only recovered in 1926 

but were then hit by the Great Depression. 
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According to Seligman (1961: 177) the “New York art market had never been more active than 

in the mid-twenties”. Despite the collapse of the comparative advantage of Britain’s old export 

industries during the interwar period, London kept its position of global financial centre as well 

as an art trading centre (Harley, 2010). 

The economic expansion came to an abrupt end with the 1929 stock market crash and the 

subsequent Great Depression. The art market was hit hard by the financial crises as the index 

drastically plunged from 1929 to reach a minimum in 1932 (when the index was halved to a 

value of 34). According to Reitlinger (1961: 207) the effects of the economic and financial 

crash became noticeable in art prices after November 1929, an observation consistent with our 

results. The crash marked the end of the competition between millionaires to acquire art and 

also affected transaction volume as in 1929 there was a fall in the number of artworks put up 

for sale (from 3,285 to 2,569 in our sample)87, although auction volume had already started to 

decline as of 1927. This sharp decline was not limited to auction houses but was also felt by art 

dealers such as for example Agnew’s (Watson, 1992: 227). The high-end of the market suffered, 

with paintings auctioned for at least 1,400 guineas falling from 130 in 1927 to 63 in 1930 and 

13 in 1931 (Reitlinger, 1961: 209). The market for modern art was not spared and experienced 

a downfall already in 1930 with sales few and far between (Stephenson, 2012: 63). Business 

for major art dealers also almost came to a halt with only high-end pictures finding buyers 

(Agnew, 1967: 51). The situation was bad in Europe but according to Seligman (1961: 168) 

even worse in the United States. Rush (1961) relies on the repeated sales of a dozen works 

from the Billings Collection by the American Art Association to compute the price decline in 

the US between 1926 and 1934 and finds a staggering downswing of 74%. Disentangling 

 
87 Reitlinger (1961: 209) highlights the same pattern. 
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changes in taste and the effects of the Great Depression is however hard in view of the limited 

number of works he considered. 

In September 1931, Great Britain was forced out of the Gold Standard. Despite the 

advantage brought about by the devaluation of the British Pound, the art market only started to 

recover by 1933, reaching an index value of 39 (Figure 3.2). The following years the art index 

hovered around 40 ending at a value of 34 at the outbreak of WWII in 1939. This art price 

decline during the Great Depression probably also reflects the contraction in global trade 

(Kindleberger, 1973) and the restriction imposed on currency exports prevailing in many 

countries at the time. Despite this strong contraction, Faith (1985: 36) suggests that the Great 

Depression also had positive effects for the art market as it created “a feeling that works of art 

had a certain defensive worth, that they lost their value less than stocks and shares”88. Seligman 

(1961:166-168) describes the different reactions he witnessed: several art collectors tried to 

renege on the deals they had made with him, one collector filed for personal bankruptcy and 

another collector who owed him large sums committed suicide. In contrast, Seligman (1961: 

167) also mentions collectors whose art investments retained their value or even improved 

during the crisis: one of his clients told him after having purchased a painting “My stocks are 

bringing me nothing, my rental properties are eating themselves up […] My works of art are 

the only assets I own which I know will still have a value and the only investment worth making 

just now”. 

 

3.4.4 World War II (1939-1945) 

The outbreak of the war strongly affected the art transaction volume with the number of 

 
88 Faith (1986: 36) further mentions the anecdote related to an American banker, George Blumenthal, who 

considered a 30% loss on his artworks hardly an issue since he had lost 75% on his financial securities. 
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paintings auctioned falling from 3,691 in 1938 to 2,559 in 1939 and amounting to merely 1,460 

in 1940. Reitlinger also noted this decrease in activity (1961: 219), but his assertion that prices 

remained steady during the Phoney War (Oct 1939 to April 1940) is contradicted by our index 

which falls by 25%: from 40 in 1938 to 34 in 1939 and further to 30 in 1940. The price fall at 

the outbreak of the war is also observed in France (Oosterlinck, 2017). Nicholas (1995: 86-87) 

notes the low level of transaction activity during this period, after which prices began an 

upward movement. Bernier (1977: 145) suggests the art market activity resumed strongly in 

1942, subsequent to the heaviest bombings of Britain by the German air force and the stalemate 

of the German army in Stalingrad. Reitlinger (1961: 209) attributes a sustained level of art 

transactions to the Allied landings in Italy, which was seen as a signal that the occupation of 

Continental Europe would come to an end. Watson (1992: 267-268) stresses the role played by 

refugees to the UK who brought along art objects, which boosted the art trade. Agnew (1967: 

54) suggests that the inability to buy other real goods and the psychological need to 

momentarily be able to forget the war played an important role: “they [the buyers] found an 

escape from the dreariness of wartime conditions in visiting the small exhibition of modern 

and old pictures which we held in the front gallery”. Over the course of the Second World War 

the market recovered with the index reaching 75 in 1945. By 1945 the evolution of the art 

market had left the finances of Sotheby’s in an extraordinarily healthy situation (Watson, 1992: 

272). Also in The Netherlands, the art market experienced an impressive boom (Euwe 2008; 

Euwe and Oosterlinck, 2017), as was the case in occupied Belgium (David and Oosterlinck, 

2015; David et al., 2017). The price evolution in the UK contrasts somehow with price 

movements in occupied France where a strong price increase during the occupation led to a 

peak in 1942 (French art prices increased threefold in real terms between 1937 and 1942) 

followed by a gradual decline (Oosterlinck, 2017). 
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3.4.5 Bretton Woods (1944-1973) 

The end of World War II led to the creation of a new monetary system in Western Europe. 

In July 1944, representatives of 45 countries met to discuss the creation of a post-war monetary 

system that would restore stability (Toniolo and Clement, 2005). The Bretton Woods agreement 

provided for the establishment of an adjustable peg, which very quickly turned into a system 

of fixed exchange rates (Bordo, 1993). Gold and the US Dollar became the numeraire for 

international payments as the United States stood ready to exchange dollar for gold at a fixed 

parity. The privileged position enjoyed by the dollar became known, following the expression 

of the French Finance Minister at the time, Valéry Giscard d’Estaing, as the ‘exorbitant 

privilege’ (Eichengreen, 2011). Economic development following the war, gradually ensured 

that the stock of foreign held dollars exceeded the US reserves thus threatening the stability of 

the system. This led to speculative attacks against the dollar in the 1960s. This in turn forced 

the US in 1971 to momentarily suspend the conversion of dollars into gold and to negotiate a 

devaluation of the dollar. In December 1971, this devaluation occurred with, in parallel, a 

change in the conversion rules. The pressure on the dollar remained nonetheless forcing a 

second devaluation in 1973, and the end of the system when the dollar, and many other 

currencies, began to float in March of that year (Eichengreen, 2011). 

Over the course of the aftermath of the war, the art price index decreased to a new low of 

54 in 1949. Strong declines of prices and volume following the war have also been observed 

in France (Oosterlinck, 2017) and in Belgium (David and Oosterlinck, 2015). These declines 

have been attributed to several factors such as the fear of monetary reforms or the resale of 

artworks which had been bought as hedge against inflation. As for the United Kingdom, the 

period was characterized by high uncertainty regarding the value of the GBP with runs on the 
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currency and a devaluation in 1949 (Cairncross and Eichengreen, 1983; Newton, 1984; Schenk, 

2010; and Naef, 2016). Contemporaneous actors argued that the currency fluctuations induced 

higher volatility in the art market89, with lower-quality artworks being most affected by this 

uncertainty. In 1950, The Economist presented the London art market as the world’s leading art 

center90: the structure of the London art market, characterized by dealers with large inventories, 

rendered prices in London more competitive than anywhere else. Prices increased again from 

1953 onwards, which may be linked to the lift of currency restrictions (Watson, 1992: 280). By 

1955, prices on the London market were again aligned with the ones observed in Paris and New 

York91. In just a decade the index moved from a value of 52 (in 1953) to 247 (in 1963). Another 

important reason behind this rise may lie in the lower transaction costs (commission rates) 

applied in London compared to Paris or New York (Faith, 1985: 51). Seligman (1961: 239) 

argues that because imports were restricted in England and France, but exports authorized 

within limits, the art market became mostly a national affair in these countries and augmented 

the importance of New York as an international art market. In his view, fears of inflation and 

currency devaluation drove the prices up as local collectors competed to acquire artworks. The 

Economist stressed the price rise for Old Masters in contrast to the decline in fashion of British 

portraits92. 

Price increases in this time period may also reflect changes in the way sales were conducted 

or sales of important collections. Before World War II, sales were essentially conducted by a 

limited number of dealers with auctions houses playing a more limited role. Important dealers 

had offices in several major cities such as Paris, London, or New York, whereas auction houses 

 
89 “The London Art Market”, The Economist, 2 December 1950, pp. 929-931. 

90 Idem. 

91 “Bull in a Picture Shop”, The Economist, 5 March 1955, pp. 788-790. 

92 “Any Old Master?”, The Economist, 30 July 1955, pp. 370-371. 
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acted mostly locally. This changed after the war when auction houses gradually obtained a 

more central position in the art market to eventually become leaders of the international market 

during the 1960s (Cooper, 1985: 9 and 95). In 1956, in a context of stiff competition with a 

dealer, Sotheby’s (London) accepted for the first time to set a guaranteed price in order to be 

allowed to auction a Poussin (Faith, 1985: 53). The years 1957 and 1958 were marked by four 

exceptional sales in terms of revenues (the sales of Biddle, William Weinberg, Lucy, and 

Goldschmidt collections). These and other auctions still signaled the importance of London as 

a place to sell exceptional pieces (Watson, 1992: 317). The art index experienced a fall to a low 

of 176 in 1964 only to recover and reach a height of 338 in 1969 (Figure 3.1). A reason for the 

decline in 1964 was the fact that an investigative journalist discovered and exposed an active 

bidding ring (Faith, 1986: 137), which in all likelihood temporarily reduced the faith in the 

auction system. In addition, starting in 1964 the GBP suffered from speculative attacks, leading 

to its devaluation in November 1967 (Bordo et al., 2009). The sharp reduction in value may 

have led to an increase in foreign demand for artworks sold in London. Faith (1986: 141) 

presents this devaluation as “a crucial event in determining attitudes towards art-as-investment” 

because, according to him, prices reacted very positively to the devaluation. The important sale 

in 1965 of part of Sir Francis’ collection for a total £1,170,529 which established a new record 

for Britain, may also have reversed the decline to an increasing price trend (Watson, 1992: 331). 

The 1960s were also characterized by Sotheby’s willingness to popularize the appeal of 

artworks to a broader public (Burnham, 1975; Cooper, 1985). This change in strategy was the 

logical consequence of a simple statistic: 60 percent of artworks sold for less than a 100£. The 

number of buyers who could afford this sum was large and it therefore made sense to try to 

convince them to collect. Sotheby’s therefore gave gradually more importance to the 100£ lots 

(Burnham, 1975: 193-194). Furthermore, part of the 1960s boom may in fact also be induced 
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by the exploitation of a tax loophole in the UK at the time: for the assessment of death duty, 

artworks deemed of museum quality were not taken into account to compute the marginal tax 

rate (Faith, 1986: 141). For the rich, investing in top art would thus substantially lower 

inheritance taxes. As to The Economist, the price in this period followed the devaluation of the 

GBP as well as the desire to invest in alternative investments93. The negative price shock in 

1970 may find its explanation in the closing of the inheritance tax loophole94 as well as the 

major decline of the equity markets in Wall Street (and to a lesser extent in London). 1970 saw 

an art market decline and a large number of highly publicized buy-ins (Faith, 1986: 145) 

reflected the limited appetite for works of art. In spite of the sharp fall of the index in 1970, it 

recovered rapidly to reach a new art price peak in 1973 (with an index value of 464 in Figure 

3.1). The movement of our art index is in line with Faith’s observation (1986: 169): “the first 

three years of the decade saw an unparalleled boom in art”, which he considered to be mainly 

driven by European paintings (and Chinese ceramics). In this period, Japanese collectors 

started buying on the art auction market and they did so extravagantly thanks to the strength of 

their currency (Burnham, 1975: 203). According to Bernier (1977: 332) Japanese collectors 

bought 80% of the lots sold in an impressionist sale held at Christie’s at the end of March 1973. 

From the early 1970s, the first art investment funds were created (e.g. Artemis in 1970 and 

 
93 “Arts Brief. The Market Goes Boom”, The Economist, 28 October 1972, p. 104. 

94 Roy Jenkins, the Chancellor of the Exchequer stated that “At present, exempt works of art are left out of account 

when the estate is assessed, and if they are later sold they are charged at the rate already calculated on the general 

estate. This rate in some cases is very much lower than the rate that would apply if the works of art had been 

included in the general estate. In an extreme case, a substantial purchase, shortly before death and with a view to 

its subsequent sale, can be a major means of avoidance. In future, qualifying works of art will remain exempt if 

retained in the beneficiary's possession; but the exemption allowed for any work of art will be cancelled if it is 

sold within three years of the death. If it is sold later than that, the rate of duty on it will be calculated by adding 

the proceeds of sale to the general estate plus the value of other works of art sold in the three years after the death. 

This will in no way make more difficult the position of a family which wishes to maintain intact an outstanding 

collection. But the pursuit of art for loophole's sake will become less worthwhile.” 
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Modarco in 1971). These actors were backed by bankers, Baron L. Lambert and E. de 

Rothschild in the former case, and two Swiss banks in the latter95. Art investment funds had 

existed before, with the famous La Peau de l’Ours active in France at the beginning of the 20th 

century, but the difference with the new art funds was the scale and the means available to buy 

art.96 

 

3.4.6 Post-Bretton Woods Era (1974-2016) 

The demise of the Bretton Woods system was characterized by a return to floating 

currencies. The art market experienced a dramatic drop at the beginning of the period falling 

from 464 in 1973 to just 283 in 1977 (Figure 3.1) (with only a short-lived recovery97), only to 

drop further ending at a low 243 in 1982. Faith (1986: 169 and 174) argues that the art price 

decline is triggered by the first oil shock of 1973, which then significantly weighed on prices 

for several years (1974-1975). This observation is confirmed by our prices index (Figure 3.1). 

Burnham (1975: 208) also mentions the dramatic effect of the oil crisis on art. She argues that 

the crisis affected not only major art collectors but also the buyers of more modestly priced art. 

Bernier (1977: 337) suggests that sellers continued to revise their reserve prices – the minimum 

price below which a bid is not accepted and the painting is thus not sold – downwards. Even 

so, a substantial proportion of auctioned artworks (close to 50%) were ‘bought in’. In view of 

their diminishing revenues, Sotheby’s and Christie’s decided to increase the transaction costs 

 
95 ‘Se laisser tenter par les actions d'Artemis : un mariage exceptionnel entre des experts en art et des hommes 

d'affaires’, Le Soir, 30 November 1990 ; Art People, The New York Times, 1 July 1977. 

96 According to contemporaneous actors, such as Burnham (1975), Modarco intended to play a major role and 

sustain the art market itself. 

97 Attributed by The Economist to inflation (“You Can’t go Wrong with Old Masters”, The Economist, 28 July 

1979, p. 26). 
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and introduced a buyer’s premium in the fall of 197598. The slump in prices affected almost all 

artistic movements, even impressionism that had up till then been viewed as immune to 

downward price corrections.99,100 The main reason for the art price decreases was a high interest 

rate period reflecting poor economic environment, culminating in the 1980-82 recession 

(Watson, 1992: 370). 

The 1980s were marked by a strong rise in prices. In just eight years, from 1982 to 1990, 

the index experienced almost a fourfold increase, moving from a low of 243 in 1982 to 855 in 

1990. The massive rise in prices on the art market coincided with a strong boom in the world’s 

equity markets (Watson, 1992: 382) and the mounting inflation could also have contributed to 

investing in art as an inflation hedge.101 In addition, auction houses facilitated buying art by 

offering financial services (e.g. Sotheby’s in 1988; Horowitz, 2011: 8; Graddy and Hamilton, 

2017). In this decade, new records in prices for paintings were broken nine times (Spaenjers et 

al., 2015; Renneboog, 2019). To set this into perspective, the first new record of the decade, 

established in 1980, replaced one dating from 1970 and the record from 1990 would last until 

2002. (Post)Impressionist paintings, and more specifically paintings by Vincent Van Gogh, 

broke three of these records. Hiraki et al. (2009) demonstrate the influence played by Japanese 

collectors on international prices and their central role in the development of a bubble for 

impressionist and post-impressionist art. 

 
98 “Auction Houses Profits Down, Charges Up”, The Economist, 7 June 1975, pp. 49-50. 

99 “Unimpressionists”, The Economist, 5 June 1976, p. 95. 

100 A major sale held by Christie’s New York in May 1981 (the Cristallina auction) ended in disaster (with many 

artworks attracting no bids at all and even more failing to reach the reserve price). Several economic reasons have 

been suggested to explain the lacklustre performance of the auction, but the trial which followed the auction 

highlighted the fact that Christie’s had not followed its own policy of not agreeing to reserve prices higher than 

presale estimates. Cristallina s. A. V. Christie, Manson & Woods International, Inc., 117 A.D.2d 284, N.Y. 

Supreme Court, App. Div. (1986). 

101 “Top and Bottom of the Art Market”, The Economist, 28 October 1989, p. 125. 
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The spectacular increase in prices during the 1980s is captured by our index (Figures 3.1 

(and 3.3)) which shows the bursting of the art bubble in 1990-1991 and the subsequent 

continued price fall towards a low of 439 in 1998. Hook (2014: 330) points at the high interest 

rates prevailing at the time to explain the dismal art performance. This downward episode was 

followed by a strong increase in the index, which culminated in a new record high art index 

level of 839 in 2007. Art prices then fell sharply reaching an index value of 618 in 2009, 

experienced a short-lived increase in 2010 (672) only to drop further towards a low point of 

520 in 2015. The financial crisis and subsequence recession (often called the Great Recession) 

explains part of the decline in prices, although some stress the resilience of art markets during 

this crisis as the art market decline was more modest than the fall of the equity markets (Hook, 

2014: 330). According to Thompson (2017: 198), the decline in art prices occurred with a five 

to seven months lag to the equity market crash because of auction house guarantees which had 

been set before the crisis.102 The same author suggests that prices for high quality contemporary 

works declined by 10 to 15 percent between 2007 and 2009, the middle third declined by 40% 

and the bottom end by 50%. Our data confirm this observation; we also find that the high-end 

market (highest price quartile of our sample) declines less during the great recession than the 

low-end market (bottom price quartile). In spite of the substantial art market decline, some 

exceptional auctions took place. For instance, in 2009, the auction of the exquisite collection 

of Yves Saint-Laurent’s estate far exceeded expectations, leading François de Ricqlès, Vice 

 
102 Goetzman et al. (2011) document that in general the art market lags the equity market by about half a year. 

They find that a positive correlation with equity capital gains but not with dividend payout.  
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President of Christie’s France to declare “Art has risen above the current world crisis”103,104 

Examples of auction successes should not overshadow the losses experienced by market 

participants and many galleries were forced to close (Horowitz, 2011; Thompson, 2017). Still, 

Russian, Chinese, Indian art experienced a strong rise in art sales as well as prices in the UK 

between 2001 and 2006 (Renneboog and Spaenjers, 2010; Horowitz, 2011: 13). The recent 

period also witnessed strong price increases in emerging markets, which are (by definition) not 

captured by our index. During the 21st century the British market gradually lost ground to the 

Chinese one; western auction houses opened branches in Hong Kong and subsequently on 

mainland China. In 2010, for the first time, China became the second largest player in the world. 

Since then the second position has alternated between China and the UK (McAndrew, 2019), 

although the Chinese art market growth may have to be discounted because it has suffered from 

fake bidding and insolvent bidders not honoring their bids. For the high-end of the market, New 

York has surpassed London; auction records are twice more often broken in New York than in 

London (Thompson, 2017: 74). The low prices and stabilized volume numbers observed at the 

end of our sample are consistent with the observations from the two main auction houses; both 

Sotheby’s and Christie’s reported decline in sales and prices in 2015 (Thompson, 2017: 61). 

 
103  https://hobbydocbox.com/amp/70082050-Painting/The-collection-of-yves-saint-laurent-and-pierre-berge-

realises-million-million-443-1-million.html 

104 Although it was not uncommon in the 19th century that artists auctioned their own work directly (Saint-

Raymond, 2018), the primary market over the past century was predominantly confined to gallery sales. The 

secondary market comprises the art auction market and the secondary (private) market of galleries and dealers. 

The exception of an artist selling through auction was Damien Hirst who staged in 2008 at Sotheby’s an auction 

of his own works entitled “Beautiful Inside My Head Forever” (Protz, 2012). The auction could just preempt the 

amplification of the financial crisis because at the very moment of the auction, Lehman Brothers collapsed. While 

the Hirst auction exceeded the total estimated of £65 million by 70% (Protz, 2012: 84), the relations with his 

representing galleries (Gagosian and White Cube) were damaged and the prices of Hirst work seriously fell over 

the following decade. “Compared to other contemporary art stars who were also market darlings at the forefront 

of the auction boom that peaked around 2007, the correction to Hirst’s prices was more severe and prolonged in 

the years following the market bubble burst” (Artnews, 19 April 2017). 

https://news.artnet.com/market/art-market-analysis-richard-prince-vs-christopher-wool-at-auction-15857
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3.5 Art Returns and Crises 

The above real price index for the British art market enables us to calculate its return and 

risk. Table 3.1 lists the hedonic coefficients of year dummies, the price indices, returns and 

volume changes from 1908 onwards. Table 3.2 provides an overview showing that the 

arithmetic annual real return over the whole sample period of 110 years amounts to 3.60% in 

Panel A (equivalent to an annual nominal return of 7.57%) and risk to 20.09% (Panel C). We 

observe that the positive pre-WWI returns are wiped out in the war period when returns turn 

negative (Panel A). During the interbellum, real returns barely exceeded inflation. Maybe 

unexpectedly, art returns during WWII were high (with modest volatility) and hence seem to 

have been a strong inflation hedge. Oosterlinck (2017) shows that during WWII when gold, 

foreign securities and foreign currencies were unavailable on a legal market in Occupied France. 

artworks outperformed other investment opportunities including equities, bonds, and black-

market gold and foreign currencies. In wartime, especially in occupied countries, investment 

opportunities were sharply restricted and investors need to look beyond the traditional financial 

markets. Illegal activities and the risk of being forced to flee the country increased the appeal 

of discreet assets such as art. Returns continue their strong momentum during the Bretton 

Woods period (with an arithmetic annual real return of 9.13%), but disappoint with an annual 

real average of merely 1.22% in the post Bretton Woods period (after 1974). The latter period 

is characterized by two large bubbles which burst in 1991 and in 2008 coinciding with major 

stock market crises. Table 3.2 also exhibits the real stock returns by period as well as the growth 

in real GDP and in real consumption per capita. During WWI, art investments outperformed 

stock returns in terms of the rate of returns (Panel A) and the Sharpe ratio (Panel C). 
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Summarizing, art markets outperformed equity markets in war times whereas the inverse 

occurred in periods of financial distress. WWII created a strong boom in the UK art market, in 

line with the French one. In Panel E of Table 3.2, we show that art returns are positively (but 

modestly) correlated with those of equities (0.20) and real estate (0.29), whereas we observe 

correlations close to zero with gold (-0.03), corporate bonds (0.01), and government bonds (-

0.12). 

To investigate the performance of art in crises, we classify the main crises over the past 

century into financial, systemic and geo-political (or war) crises, an overview of which is 

provided in Table 3.3. The economic crises (almost always coinciding with financial declines) 

are defined as the occurrence of two successive quarters of negative economic growth 

(measured by seasonally adjusted quarter-on-quarter real GDP). We observe eight economic 

and financial crises in the timeframe of our paper: Post–WWI Recession (1919-1921), Great 

Depression (1930-1931), 1956 Recession (1956Q2-1956Q3), 1961 Recession (1961Q3-

1961Q4), Mid-1970s Recessions (1973Q3-1974Q1; 1975Q2-1975Q3), Early 1980s Recession 

(1980Q1-1981Q1), Early 1990s Recession (1990Q3-1991Q3) and the Great Recession 

(2008Q2-2009Q2). In addition, we consider the systemic crises identified by Schularick and 

Taylor (2012) as events during which a country’s banking sector experiences bank runs, sharp 

increases in default rates accompanied by large losses of capital that result in public 

intervention, bankruptcy, or forced merger of financial institutions. There are three systemic 

shocks: 1974, 1991 and 2007, which largely overlap with the economic and financial crises. 

The other important type of crises comprises the war periods: including World War I (1914Q3-

1918Q4) and World War II (1939Q3-1945Q3).  

 



CHAPTER 3. ART IN TIMES OF CRISIS 

 

197 

 

3.5.1 Art in Times of Economic and Financial Crises 

We start with the economic and financial crises and run regressions relating real art returns 

and changes of sales volume to crisis identifiers while controlling for macro-economic 

variables (i.e., changes in GDP, equity market returns, and changes in income inequality). In 

Panel A of Table 3.4, we observe that the art returns are sensitive to financial crises as they fall 

by on average 13.0% in real terms by semester, even when controlling for seasonality (the 

biannual returns are either measured over the first or the second half of the year) (column (1)), 

lagged equity returns, and income inequality (column (3)). Likewise, systemic crises depress 

returns by about a biannual 16.8% (Column (2)) or 12.6% when controlling for equity 

movements and income inequality (column (4)). The results show that the magnitude of the 

impact of economic/financial and systematic crises on art returns is similar. After controlling 

for changes of GDP, the negative impact on art returns turns smaller, about 8.2% per semester 

(more than 17.1% annually; column (5)). Panel B of Table 3.4 shows the impact of crises on 

volume changes. Unlike the case of real art returns, the negative impact of economic and 

financial crises on transaction volumes is not statistically significant. During these crises, the 

price level of art usually goes down as the buyers may experience negative wealth shocks and 

suffer from reduced purchasing power. Likewise, sellers may be forced to sell art in bad times 

for liquidity reasons and may be forced to accept lower prices. Auction houses try to keep 

maximising the number of items offered for auction in order to remain profitable. 

We also investigate the impact of economic and financial crises on subsamples by 

subperiod, by sales liquidity, by movements, by price level, and by artist nationality. Splitting 

the sample into subsample periods 1907-1960 and 1961-2016 in Panel C, we note that the 

impact of financial crises on art has a strong negative impact on returns and that this impact is 

somewhat higher in the former period. We then classify transactions based on the sales liquidity 
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of the artists’ oeuvre; liquid (illiquid) sales refer to paintings of which the artist on average has 

five or more (less than five) auctioned transactions per year. We document in Panel D that the 

negative impact of economic and financial crises is more pronounced for non-liquid sales (e.g., 

a decline of about 15.9% per semester; column (4)) than for liquid sales (a declines of about 

13.7%; column (1)). We show that art movements have different in crisis-sensitivities (it should 

be noted that not all art schools were traded yet when different types of crises emerged). In 

Panel E, we show that crises affect earlier art movements - the old Masters (Medieval & 

Renaissance; Baroque; Rococo), (early) 18th century art (Neoclassicism; Romanticism; 

Realism), and Impressionism & Symbolism- but that the influence is small on the combination 

of art movements that we loosely label as Modernism (Fauvism & Expressionism; Cubism, 

Futurism, & Constructivism; Dada & Surrealism) and on an aggregate movement that includes 

Abstract Expressionism, Pop, Minimalism & Contemporary. In Panel F, we consider how 

economic and financial crises affect art returns in high-end and low-end markets, stratified by 

the 10th, 25th, 50th, 75th, and 90th price percentiles. The results show that the high-end markets 

(e.g., top 10% in columns (1) and (3)) experience much larger declines than the low-end 

markets (e.g., bottom 10% in columns (2) and (4)). This may not surprise as the high-end 

market surges during boom periods, but then again is not crisis-resilient. Panel G presents the 

impact of crises on subsamples created by artist nationality. We document that paintings by 

local (British) artists decline less than those by foreign ones (from the Low 

Countries/Belgium/the Netherlands, France, Italy and other countries – not tabulated). 

 

3.5.2 Art in War Times 

The story of art in war times seems more complicated than that in economic and financial 

crises. We investigate art returns and volume changes in World War I and the Post World War 
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I Recession Period (Panel A of Table 3.5), and World War II (Panel B). We consider the returns 

of several subsamples created based on art movements, an oeuvre’s liquidity, price quantiles, a 

classification based on artist nationality, and painting size. At the beginning of World War I, 

the art market experienced a large decline by -24.39% in 1914 and -32.36% in 1915, and the 

transaction volumes went in a similar direction with a decline by -36.07% in 1914 and -43.02% 

in 1915. The market recovered fast in 1916 with a return of 20.62% and a volume increase of 

99.08%. In 1917, the market remained stable with a return of 19.22% and a volume increase 

of 27.08%. The market declined again in 1918 when the war was close to the end and remained 

strongly negative in the Post World War I Recession Period. In Panel B (World War II), we 

note that the art market declined by -14.28% in 1939 and -13.57% in 1940, but recovered in 

1941 and remained positive till the end of the war in 1945, which is in line with the French art 

market in those years (Oosterlinck, 2017). 

With regard to the subsamples based on art movements, the returns of Impressionism & 

Symbolism were much more volatile in both World War I and World War than those of the Old 

Masters (Medieval & Renaissance; Baroque; Rococo) and Early 18th Century Paintings 

(Neoclassicism; Romanticism; Realism). Our subsample based on the liquidity of artists’ 

oeuvres shows that there was no big difference in World War I for ‘liquid’ and ‘less-liquid’ 

paintings. However, during World War II, the returns of less-liquid paintings declined more 

than those of liquid paintings. In relation to market segments based on price levels, the high-

end markets declined more at the start of World War I than the low-end markets (e.g., returns 

of the top 10% priced paintings declined by -30.3% whereas the bottom 10% declined by 

merely -7.8% in 1914). At the outbreak of World War II, the returns of the high-end market 

were lower than those of the low-end market, but the over the course of the war, the high-end 

market generated positive returns. We also study how local (versus foreign) artists fare on the 
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art markets during the wards. Opposite to the economic and financial crises when the returns 

of local (British) artists declined less than those of foreign ones, the paintings by local artists 

were not more resilient during war crises than foreign artists’ work. 

Oosterlinck (2017) proposes the concept of discretion as the ability to store a large amount 

of value in small and easily transportable goods. The discretion offered by artworks makes art 

a wartime investment as prices boom with the surge in demand for portable and easy-to-hide 

(discreet) assets such as artworks. In Table 3.5, we demonstrate that large paintings declined 

more or increased less in value than small paintings at the beginning of World War I and of 

World War II, which can be explained by the portability of small paintings by refugees105. Once 

the outcome of WWII became predictable (end of 1942), the relation inverses. In Table 3.6, we 

further examine how the pricing of a painting’s optimal size evolves over time by means of the 

measurement coefficients (Height, Height Squared, Width, Width Squared, Size and Size 

Squared) obtained from hedonic price regressions106. We note that the coefficients of height 

and width are positive but that the coefficients of the squared terms are negative, which 

indicates that prices increase with size, up to the point that the work becomes too large to easily 

sell and then declines in value. We can derive the optimal height, width, and size from the 

coefficients of the size term and size squared term107. Table 3.6 shows that the optimal width, 

height, and size is lower during the war periods (Panel A-D). Panel D shows that the painting’s 

 
105 The painting is classified as small (large) paintings if the size of the painting is below (above) the size median. 

106 The coefficients of the measurements result from several hedonic models (see section 3.3.2.1). For the data in 

Panel A, we included Height and Height Squared in the hedonic regression; For Panel B, we included Width and 

Width Squared ; For Panel C, we included Height, Height Squared, Width and Width Squared; and for Panel D, 

we included Size and Size Squared in a hedonic regression. 

107 In the hedonic pricing regressions, we exclude observations with measurements below the 1st percentile or 

above the 99th percentile. The optimal size in terms of pricing can be calculated as -0.5×coefficient of measurement 

divided by coefficient of measurement squared term, which is the maximum point in the quadratic function when 

the squared term is negative. 
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optimal size during WWI was lower than during the interbellum (when size increased by 8.3%), 

and then declined again by 22.8% in WWII (the smallest optimal size measured over the entire 

century). 

 

3.6 Conclusion  

In this paper, we have provided a detailed overview of the evolution of the British art market 

over more than a century, covering the Pre-War Period (1907-1913), World War I (1914-1918), 

the Interwar Period and the Great Depression (1919-1939), World War II (1939-1945), the 

Bretton Woods Period (1944-1973) and the Post-Bretton Woods Era (1974-2016). From 1907 

to 2016, the British art price index expanded more than seven-fold in real terms. The motives 

for purchasing art may thus vary over time with the changes of economic and political 

conditions. Over the whole sample period of 110 years, the arithmetic annual real return 

amounts to 3.60% and risk to 20.09%. This strong appreciation is however a modern 

phenomenon since our index was below its original value up till 1958. This does not mean 

however that the market experienced no major changes during this period, as shown by our 

analysis on the impact of wars and crises on the market value of paintings.  

We have classified crises into economic and financial crises, systemic problems, and geo-

political (war) crises. We have analyzed the performance of art in each crisis and provide 

subsample analyses of paintings by size, art movement, degree of an oeuvre’s liquidity, price-

based art quantile, and artist nationality. We provide more insights on art as an investment or 

as a (inflation) hedge in times of crisis. Our results indicate that the art market performs poorly 

in times of economic and financial crises. During these periods, returns are even lower than for 

equity, suggesting that artworks hardly qualify as safe haven investments. By contrast, the art 

market seems to behave in a more positive way in times of war. Art returns during WWII were 
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high (with modest volatility). The art market strongly outperformed equity investments during 

war times, such that art could be regarded as a hedge against strong uncertainty. In wartime, 

investment opportunities were restricted and under such circumstances art can be an appealing 

alternative investment. Our results also suggest that returns are affected by the perception of 

the war outcome. The onset of the war is characterized by negative returns, but once the victory 

is in sight the rally may be spectacular. Our analysis thus shows that the performance of the art 

market is heavily context dependent. 
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Figures  

Figure 3.1 – Price Indices: 1908-2016 
This figure presents price indices of British Art Markets from 1908 to 2016. The price indices are constructed by means of a hedonic price regression. ‘adjusted’ index stands 

for the adjustment for Jensen’s inequality (as discussed in the Data and Methodology section). As the historical data source Art Prices Current started in November 1907, there 

are only 761 auction observations available in total in 1907. To avoid the sample bias in 1907, we use the auction records from 1908 onwards. 
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Figure 3.2 – Price and Volume: 1908-1960 
This figure presents the price index and volume of British Art Markets from 1908 to 1960. The left axis presents the price index level and the right axis presents the number of 

sales. The price index is constructed using a hedonic price regression (as discussed in the Data and Methodology section). As the historical data source Art Prices Current 

started the records in November 1907, there are only 761 auction observations available in total in 1907. To avoid the sample bias in 1907, we use the auction records from 

1908 onwards. 
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Figure 3.3 – Price and Volume: 1961-2016 
This figure presents the price index and volume of British Art Markets from 1961 to 2015. The left axis presents the price index level and the right axis presents the number of 

sales. The price index is constructed using a hedonic price regression (as discussed in the Data and Methodology section). 
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Tables 

Table 3.1 – Art Price Indices, Returns and Volume Changes 
This table presents the art price indices and real returns (oil paintings) for the baseline hedonic regression model. For each year, we report the estimated time dummy coefficient, 

the unadjusted price index and real return (Π and r), and the price index and real return that are adjusted for changes in price dispersion over time (Π* and r*, see methodology 

section 3.3.2.1).  

Year Coefficient 
Robust 

Std. Err. 

Unadjusted 

Index 

Unadjusted 

Return 

Adjusted 

Index 

Adjusted 

Return 
Volume 

Volume 

Change 

1908   100  100  4308  

1909 0.0281 0.0100 103 2.85% 115 15.24% 4002 -7.10% 

1910 0.1040 0.0152 111 7.89% 112 -2.78% 4404 10.04% 

1911 -0.0577 0.0771 94 -14.93% 96 -14.31% 5227 18.69% 

1912 -0.0757 0.0995 93 -1.78% 95 -1.50% 5023 -3.90% 

1913 0.0512 0.0516 105 13.53% 108 13.70% 5087 1.27% 

1914 -0.2049 0.0421 81 -22.59% 81 -24.39% 3252 -36.07% 

1915 -0.3831 0.0566 68 -16.32% 55 -32.36% 1853 -43.02% 

1916 -0.2575 0.0765 77 13.38% 66 20.62% 3689 99.08% 

1917 -0.0899 0.0180 91 18.25% 79 19.22% 4688 27.08% 

1918 -0.1977 0.0076 82 -10.22% 70 -11.81% 3798 -18.98% 

1919 -0.3365 0.0215 71 -12.96% 66 -5.43% 5214 37.28% 

1920 -0.5556 0.0062 57 -19.68% 52 -21.80% 4917 -5.70% 

1921 -0.9960 0.0110 37 -35.62% 31 -40.46% 2685 -45.39% 

1922 -0.9891 0.1083 37 0.69% 35 13.43% 4396 63.72% 

1923 -0.6953 0.0210 50 34.15% 48 38.06% 4335 -1.39% 

1924 -0.6132 0.0182 54 8.56% 48 -0.46% 4353 0.42% 

1925 -0.3550 0.0557 70 29.46% 60 26.25% 4344 -0.21% 

1926 -0.3497 0.0315 70 0.53% 59 -1.76% 3609 -16.92% 

1927 -0.0904 0.0277 91 29.60% 82 38.50% 4232 17.26% 

1928 0.0053 0.0386 101 10.04% 96 16.67% 3721 -12.07% 

1929 0.1625 0.0271 118 17.02% 115 19.75% 3285 -11.72% 

1930 -0.0119 0.0189 99 -16.00% 95 -17.06% 2569 -21.80% 
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Year Coefficient 
Robust 

Std. Err. 

Unadjusted 

Index 

Unadjusted 

Return 

Adjusted 

Index 

Adjusted 

Return 
Volume 

Volume 

Change 

1931 -0.8341 0.0264 43 -56.05% 35 -62.87% 3260 26.90% 

1932 -0.8794 0.0945 42 -4.43% 34 -3.31% 2315 -28.99% 

1933 -0.6764 0.0413 51 22.51% 39 14.52% 2372 2.46% 

1934 -0.8027 0.0636 45 -11.86% 38 -3.76% 3647 53.75% 

1935 -0.8046 0.0511 45 -0.19% 40 5.61% 3487 -4.39% 

1936 -0.7425 0.0531 48 6.41% 37 -7.58% 3706 6.28% 

1937 -0.7012 0.0390 50 4.22% 44 19.28% 4746 28.06% 

1938 -0.7692 0.1188 46 -6.57% 40 -8.81% 3691 -22.23% 

1939 -0.9213 0.0623 40 -14.11% 34 -14.28% 2559 -30.67% 

1940 -1.0124 0.0985 36 -8.71% 30 -13.57% 1460 -42.95% 

1941 -0.9514 0.1430 39 6.29% 34 13.23% 1322 -9.45% 

1942 -0.7253 0.1203 48 25.37% 39 15.76% 2367 79.05% 

1943 -0.2226 0.0886 80 65.32% 62 58.64% 1417 -40.14% 

1944 -0.0920 0.1012 91 13.95% 67 7.97% 1486 4.87% 

1945 0.0040 0.0752 100 10.08% 75 13.11% 2069 39.23% 

1946 -0.0079 0.0573 99 -1.18% 77 2.08% 3231 56.16% 

1947 -0.0752 0.0500 93 -6.51% 68 -10.93% 2228 -31.04% 

1948 -0.1420 0.0430 87 -6.46% 67 -1.80% 1997 -10.37% 

1949 -0.3174 0.0533 73 -16.09% 54 -19.08% 1874 -6.16% 

1950 -0.2375 0.0581 79 8.32% 58 7.18% 1794 -4.27% 

1951 -0.1505 0.0814 86 9.09% 66 13.16% 2086 16.28% 

1952 -0.2454 0.0723 78 -9.05% 56 -15.63% 1919 -8.01% 

1953 -0.3869 0.0930 68 -13.19% 52 -7.30% 1998 4.12% 

1954 -0.2916 0.0657 75 10.00% 56 8.12% 2035 1.85% 

1955 -0.1912 0.0530 83 10.56% 64 15.31% 2310 13.51% 

1956 -0.1071 0.0407 90 8.77% 68 5.41% 2160 -6.49% 

1957 -0.1084 0.0353 90 -0.13% 69 2.16% 2517 16.53% 

1958 -0.0475 0.0651 95 6.28% 76 10.17% 3181 26.38% 
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Year Coefficient 
Robust 

Std. Err. 

Unadjusted 

Index 

Unadjusted 

Return 

Adjusted 

Index 

Adjusted 

Return 
Volume 

Volume 

Change 

1959 0.1373 0.0394 115 20.30% 93 21.35% 3512 10.41% 

1960 0.2400 0.0298 127 10.82% 98 6.30% 3966 12.93% 

1961 0.6447 0.0924 191 49.89% 167 69.79% 1153 -70.93% 

1962 0.5851 0.1496 180 -5.79% 157 -6.24% 1624 40.85% 

1963 1.0795 0.0626 294 63.95% 247 57.76% 685 -57.82% 

1964 0.7069 0.0744 203 -31.11% 176 -28.79% 1685 145.99% 

1965 0.8286 0.0849 229 12.94% 207 17.74% 2202 30.68% 

1966 0.8898 0.0730 243 6.31% 192 -7.38% 2023 -8.13% 

1967 1.0049 0.1144 273 12.20% 213 10.68% 1993 -1.48% 

1968 1.3054 0.1646 369 35.05% 311 46.17% 2335 17.16% 

1969 1.3990 0.1226 405 9.81% 338 8.80% 2284 -2.18% 

1970 1.0595 0.0621 288 -28.79% 233 -30.95% 2223 -2.67% 

1971 1.2660 0.0723 355 22.94% 296 26.89% 2874 29.28% 

1972 1.3936 0.0658 403 13.61% 334 12.72% 3581 24.60% 

1973 1.6932 0.0709 544 34.93% 464 39.10% 4601 28.48% 

1974 1.4919 0.0763 445 -18.23% 358 -22.95% 4322 -6.06% 

1975 1.2973 0.0856 366 -17.68% 295 -17.63% 3563 -17.56% 

1976 1.3095 0.0727 370 1.23% 303 2.73% 3765 5.67% 

1977 1.2504 0.0729 349 -5.74% 283 -6.64% 4063 7.92% 

1978 1.2878 0.0726 362 3.81% 303 7.03% 4500 10.76% 

1979 1.3606 0.0528 390 7.55% 325 7.31% 4039 -10.24% 

1980 1.2880 0.0558 363 -7.00% 301 -7.18% 4157 2.92% 

1981 1.2416 0.0734 346 -4.53% 287 -4.70% 4020 -3.30% 

1982 1.0882 0.0705 297 -14.22% 243 -15.35% 3574 -11.09% 

1983 1.2589 0.0666 352 18.61% 289 19.03% 4576 28.04% 

1984 1.3992 0.0647 405 15.06% 335 15.78% 6043 32.06% 

1985 1.5767 0.0667 484 19.42% 397 18.58% 6280 3.92% 

1986 1.6643 0.0841 528 9.16% 436 9.66% 6207 -1.16% 
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Year Coefficient 
Robust 

Std. Err. 

Unadjusted 

Index 

Unadjusted 

Return 

Adjusted 

Index 

Adjusted 

Return 
Volume 

Volume 

Change 

1987 1.8492 0.1043 635 20.31% 522 19.84% 7029 13.24% 

1988 2.0562 0.0920 782 23.00% 620 18.80% 7029 0.00% 

1989 2.3222 0.1193 1020 30.47% 843 35.84% 7594 8.04% 

1990 2.3846 0.0928 1085 6.44% 855 1.51% 5664 -25.41% 

1991 1.9575 0.0894 708 -34.76% 536 -37.34% 4515 -20.29% 

1992 1.9055 0.0704 672 -5.07% 512 -4.55% 4420 -2.10% 

1993 1.8211 0.0754 618 -8.09% 476 -6.86% 4874 10.27% 

1994 1.8592 0.0800 642 3.88% 490 2.88% 5264 8.00% 

1995 1.8493 0.0641 636 -0.99% 487 -0.55% 5837 10.89% 

1996 1.8989 0.0758 668 5.09% 519 6.51% 5802 -0.60% 

1997 1.7737 0.0598 589 -11.77% 472 -9.14% 5962 2.76% 

1998 1.6960 0.0634 545 -7.48% 439 -6.84% 6238 4.63% 

1999 1.8015 0.0663 606 11.13% 498 13.29% 6270 0.51% 

2000 1.9290 0.0842 688 13.60% 576 15.77% 5197 -17.11% 

2001 1.8924 0.0713 664 -3.59% 549 -4.66% 4885 -6.00% 

2002 1.9232 0.0906 684 3.13% 587 6.81% 3803 -22.15% 

2003 1.9486 0.1035 702 2.57% 602 2.64% 3890 2.29% 

2004 1.9796 0.1105 724 3.15% 605 0.51% 4050 4.11% 

2005 1.9879 0.1455 730 0.83% 632 4.43% 4758 17.48% 

2006 2.1334 0.1318 844 15.66% 753 19.13% 4800 0.88% 

2007 2.3195 0.1529 1017 20.45% 839 11.42% 10110 110.63% 

2008 2.2303 0.1457 930 -8.53% 740 -11.82% 8605 -14.89% 

2009 2.0752 0.1244 797 -14.37% 618 -16.51% 6506 -24.39% 

2010 2.1343 0.1275 845 6.09% 672 8.69% 7062 8.55% 

2011 2.0764 0.1492 798 -5.63% 668 -0.55% 7293 3.27% 

2012 1.9846 0.1596 728 -8.77% 587 -12.13% 7186 -1.47% 

2013 1.9462 0.1550 700 -3.77% 574 -2.11% 7439 3.52% 

2014 1.8853 0.1780 659 -5.91% 564 -1.83% 7891 6.08% 
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Year Coefficient 
Robust 

Std. Err. 

Unadjusted 

Index 

Unadjusted 

Return 

Adjusted 

Index 

Adjusted 

Return 
Volume 

Volume 

Change 

2015 1.8111 0.1815 612 -7.15% 520 -7.78% 7277 -7.78% 

2016 2.0210 0.1909 755 23.36% 707 35.99% 876  
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Table 3.2 – Returns and Risks of Art  
This table presents the real returns and risks of British art markets (oil paintings), stock markets, GDP per capital growth, and consumption per capita growth in each time 

period (according to the classification in Section 3.4). Panel A provides the summary of arithmetic mean real returns and Panel B gives the summary of geometric mean real 

returns. Panel C lists volatility of real return. The stock return series are obtained from U.K. FTSE All-Share Return Index in Global Financial Data. The CPI and Real GDP 

per capital series are from Jordà-Schularick-Taylor Macro-history Database. Real Consumption per capita series are from Barro-Ursua Macroeconomic Data. The calculations 

of adjusted return and the unsmoothed volatility can be found in section 3.3.2 Methodology. In panel D, the aarithmetic returns are used to calculate the Sharpe Ratio and the 

risk-free rate in the Sharpe Ratio is U.K. 3-month Treasury Bill Yield from Global Financial Data. In Panel E, Art is the return series from adjusted art index; Gold return is 

obtained from London Gold Price (GBP/Oz.) in Global Financial Data; Housing return series is from House price index in Jordà-Schularick-Taylor Macro-history Database; 

Equity series is equity capital gain from Jordà-Schularick-Taylor Macro-history Database; Government Bond series is 10-year Government Bond total return from Global 

Financial Data; Corporate Bond is corporate bond yield from Global Financial Data. Numbers in bold in Panel E refer to statistical significance at the 5% level. 

Panel A: Arithmetic Mean Real Return  

Period 
Art  

(Unadjusted) 

Art  

(Adjusted) 

Stock 

 

GDP 

Growth 

Consumption 

Growth 

Inflation 

1908-1913 (Pre-war) 1.51% 2.07% 0.31% 2.40% 1.19% 0.82% 

1914-1918 (WWI) -3.50% -5.74% -8.78% 1.54% -3.29% 15.50% 

1919-1938 (Interbellum) -0.01% 0.94% 8.48% 1.16% 2.02% -0.66% 

1939-1945 (WWII) 14.03% 11.55% 8.61% 1.92% -1.34% 6.63% 

1944-1973 (Bretton Woods) 8.38% 9.13% 5.24% 1.69% 2.55% 4.63% 

1974-2016 (Post-Bretton Woods) 1.13% 1.22% 10.35% 2.00% 2.11% 5.21% 

1908-1945 2.38% 2.20% 5.07% 1.52% 0.56% 3.10% 

1908-1960 2.30% 2.26% 6.41% 1.53% 1.10% 3.52% 

1946-2016 3.93% 4.34% 8.22% 2.05% 2.25% 5.03% 

1961-2016 4.42% 4.86% 7.82% 2.18% 2.19% 5.16% 

1908-2016 3.39% 3.60% 7.13% 1.87% 1.63% 4.36% 

Panel B: Geometric Mean Real Return 

Period Art 

(Unadjusted) 

Art 

(Adjusted) 

Stock GDP 

Growth 

Consumption 

Growth 

Inflation 

1908-1913 (Pre-war) 1.03% 1.46% 0.30% 2.40% 1.18% 0.81% 

1914-1918 (WWI) -4.86% -8.29% -9.51% 1.50% -3.39% 15.14% 

1919-1938 (Interbellum) -2.82% -2.74% 6.65% 1.03% 1.98% -0.84% 

1939-1945 (WWII) 11.68% 9.45% 7.54% 1.78% -1.45% 6.51% 

1944-1973 (Bretton Woods) 6.59% 6.96% 2.45% 1.65% 2.52% 4.60% 
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1974-2016 (Post-Bretton Woods) 0.28% 0.27% 8.62% 1.96% 2.08% 5.09% 

1908-1945 0.01% -0.76% 3.61% 1.42% 0.48% 2.79% 

1908-1960 0.46% -0.03% 4.91% 1.45% 1.03% 3.29% 

1946-2016 2.62% 2.80% 5.95% 2.02% 2.22% 4.95% 

1961-2016 2.90% 3.07% 5.34% 2.15% 2.16% 5.06% 

1908-2016 1.71% 1.55% 5.13% 1.81% 1.58% 4.20% 

Panel C: Volatility of Real Return 

Period 
Art 

(Unadjusted) 

Art 

(Unadjusted; Unsmoothed) 

Art 

(Adjusted) 

Art 

(Adjusted; Unsmoothed) 

Stock 

1908-1913 (Pre-war) 10.82% 14.95% 12.38% 12.34% 1.68% 

1914-1918 (WWI) 18.25% 21.62% 24.55% 26.38% 12.70% 

1919-1938 (Interbellum) 22.20% 25.05% 24.72% 26.16% 21.05% 

1939-1945 (WWII) 26.28% 28.90% 24.33% 25.53% 16.10% 

1944-1973 (Bretton Woods) 20.19% 24.44% 22.61% 24.64% 22.94% 

1974-2016 (Post-Bretton Woods) 13.06% 14.75% 13.69% 14.49% 20.81% 

1908-1945 21.44% 24.39% 23.06% 24.62% 18.28% 

1908-1960 18.84% 21.34% 20.30% 21.59% 18.58% 

1946-2016 16.85% 19.83% 18.46% 19.87% 22.01% 

1961-2016 18.25% 21.57% 19.99% 21.55% 22.78% 

1908-2016 18.48% 21.38% 20.09% 21.52% 20.76% 

Panel D: Sharpe Ratio 

Period 
Art 

(Unadjusted) 

Art 

(Unadjusted; Unsmoothed) 

Art 

(Adjusted) 

Art 

(Adjusted; Unsmoothed) 

Stock 

1908-1913 (Pre-war) -6.18% -4.47% -0.90% -0.90% -110.86% 

1914-1918 (WWI) 30.99% 26.16% 13.90% 12.94% 2.93% 

1919-1938 (Interbellum) -17.54% -15.55% -11.92% -11.26% 21.83% 

1939-1945 (WWII) 64.91% 59.04% 59.94% 57.12% 72.34% 

1944-1973 (Bretton Woods) 42.83% 35.38% 41.54% 38.11% 23.99% 

1974-2016 (Post-Bretton Woods) 0.86% 0.76% 1.47% 1.39% 44.86% 

1908-1945 7.99% 7.03% 6.63% 6.22% 24.10% 
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1908-1960 11.50% 10.15% 10.50% 9.88% 33.76% 

1946-2016 20.26% 17.22% 20.74% 19.27% 35.03% 

1961-2016 18.85% 15.95% 19.39% 17.99% 29.99% 

1908-2016 15.29% 13.21% 15.10% 14.10% 31.62% 

Panel E: Correlations of Art with Other Assets 
 Art Gold Housing Equity Government Bond Corporate Bond 

Art 1      

Gold -0.0399 1     

Housing 0.2872 0.2431 1    

Equity 0.1951 -0.1943 0.0149 1   

Government Bond -0.1198 -0.0002 -0.0362 0.4174 1  

Corporate Bond 0.0154 0.2253 0.1720 0.1486 0.6012 1 
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Table 3.3 – Crises Classification 
This table presents the classification of crises: Economic and Financial Crises, Systemic Shocks and War Crises. 

The Economic and Financial Crises are defined as two successive quarters of negative economic growth, as 

measured by the seasonally adjusted quarter-on-quarter figures for real GDP. The systemic crises are identified by 

Schularick and Taylor (2012) as events during which a country’s banking sector experiences bank runs, sharp 

increases in default rates accompanied by large losses of capital that result in public intervention, bankruptcy, or 

forced merger of financial institutions. 

Crises Event Date Duration (years) 

Economic and Financial 

Crises 

Post–WWI Recession 1919-1921 3 

Great Depression 1930-1931 2 

1956 Recession 1956Q2-1956Q3 0.5 (2 quarters) 

1961 Recession 1961Q3-1961Q4 0.5 (2 quarters) 

Mid-1970s Recessions 1973Q3-1974Q1 0.75 (3 quarters) 

1975Q2-1975Q3 0.5 (2 quarters) 

Early 1980s Recession 1980Q1-1981Q1 1.25 (5 quarters) 

Early 1990s Recession 1990Q3-1991Q3 1.25 (5 quarters) 

Great Recession 2008Q2-2009Q2 1.25 (5 quarters) 

Systemic Shocks 
 

1974, 1991, 2007 
 

War Crises World War I 1914Q3-1918Q4 4.25 

World War II 1939Q3-1945Q3 6 
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Table 3.4 – Art in Economic and Financial Crises 
This table presents six panels with OLS regressions of the impact of crises on art returns. The dependent variables 

are real art returns (biannual series) and transaction volume changes. The independent variables in Panel A and 

Panel B are crises dummies (Economic & Financial Crises and Systemic Shocks); In Panel C to Panel G, the 

independent variables Crises represent dummies of economic & financial crises. The crises dummy equal one if 

there are crises in the period and zero otherwise. The regression is formulated as Artt=α+βDcrises+εt. Panel A and 

Panel B show art returns and volume changes in economic &financial crises and systemic shocks. Panel C shows 

the art return regressions of sub-periods 1907-1960 and 1961-2016 in economic & financial crises. Panel D 

presents art return regressions of subsamples of liquid and non-liquid sales. The liquid (non-liquid) subsample 

includes paintings of the artists who sold more (less) than 5 painting per period. In Panel E, we show subsamples 

of five categories of art: (i) Old Master: Medieval & Renaissance; Baroque; Rococo; (ii) Early 18 th Century 

Paintings: Neoclassicism; Romanticism; Realism; (iii) Impress. & Sym.: Impressionism & Symbolism; (iv) 

Modernism: Fauvism & Expressionism; Cubism, Futurism, & Constructivism; Dada & Surrealism; (v) Abstract 

& Contemp: Abstract Expressionism; Pop; Minimalism & Contemporary. Panel F presents the impact of economic 

& financial crises on art returns in high-end and low-end markets stratified by the 10th, 25th, 50th, 75th, and 90th 

price percentiles. Panel G presents the impact of economic & financial crises on subsamples of nationality group 

of artists. Equity is equity capital gain series from Jordà-Schularick-Taylor Macro-history Database; GDP is the 

real GDP per capita growth from Jordà-Schularick-Taylor Macro-history Database; Inequality is the changes of 

net personal wealth in 99.9th to 100th percentiles from World Inequality Database. *, **, and *** indicate statistical 

significance at the 10%, 5%, and 1% levels, respectively. Robust t-statistics are reported in parentheses. 

Panel A: Art Returns in Economic & Financial Crises and Systemic Shocks 

Dep. Var.: Real return (1) (2) (3) (4) (5) (6) 

Economic & Financial Crises -0.1369***   -0.1297***   -0.0816**   

 (-4.6113)   (-3.4950)   (-2.4794)   

Systemic Shocks   -0.1676***   -0.1262**   -0.0876* 

   (-4.8187)   (-2.3284)   (-1.7282) 

       

Seasonality YES YES YES YES YES YES 

Equity (t-1) NO NO YES YES YES YES 

Inequality NO NO YES YES YES YES 

GDP NO NO NO NO YES YES 

Observations 214 214 165 165 165 165 

R-squared 0.1105 0.0805 0.1099 0.0816 0.1241 0.1161 

Panel B: Art Volume Changes in Economic & Financial Crises and Systemic Shocks 

Dep. Var.: Volume Change (1) (2) (3) (4) (5) (6) 

Economic & Financial Crises -0.0647   -0.0698   0.0676   

 (-0.5113)   (-0.6550)   (0.6664)   

Systemic Shocks   -0.1320   -0.0651   0.0122 

   (-0.6710)   (-0.2531)   (0.0467) 

       

Seasonality YES YES YES YES YES YES 

Equity (t-1) NO NO YES YES YES YES 

Inequality NO NO YES YES YES YES 

GDP NO NO NO NO YES YES 

# of Obs. 214 214 165 165 165 165 

R-squared 0.0690 0.0689 0.0514 0.0509 0.0550 0.0546 

Panel C: Art Returns in Economic & Financial Crises – Sub-periods 1907-1960 and 1961-2016 

Dep. Var.: Real return (1) (2) (3) (4) (5) (6) 

1907 – 1960 1961 – 2016 

Crises -0.1546*** -0.1270** -0.1279** -0.1116*** -0.0911*** -0.1302** 

 (-3.2823) (-2.6014) (-2.2337) (-3.4150) (-2.7206) (-2.3427) 

       

Seasonality YES YES YES YES YES YES 

Equity (t-1) NO YES YES NO YES YES 
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Dep. Var.: Real return (1) (2) (3) (4) (5) (6) 

1907 – 1960 1961 – 2016 

Inequality NO NO YES NO NO YES 

# of Obs. 104 103 83 110 110 82 

Adj. R-squared 0.0748 0.0948 0.1348 0.1732 0.1780 0.1315 

Panel D: Art Returns of Liquid Sales and Non-Liquid Sales in Economic & Financial Crises 

Dep. Var.: Real return (1) (2) (3) (4) (5) (6) 

Liquid Sales Non liquid Sales 

Crises -0.1365*** -0.1096* -0.0277 -0.1590*** -0.1470*** -0.0877** 

 (-2.8559) (-1.8498) (-0.4822) (-4.0564) (-3.0840) (-2.1748) 

       

Seasonality YES YES YES YES YES YES 

Equity (t-1) NO YES YES NO YES YES 

Inequality NO YES YES NO YES YES 

GDP NO NO YES NO NO YES 

# of Obs. 214 165 165 214 165 165 

Adj. R-squared 0.7718 0.7542 0.7655 0.7509 0.7242 0.7280 

Panel E: Art Returns of Movements in Economic & Financial Crises 

Dep. Var.: Real return (1) (2) (3) (4) (5) 

Old Masters Early 18th C. Impress. & Sym.  Modernism Abstract & Contemp 

Crises -0.1781** -0.1892*** -0.2856* -0.0100 0.0062 

 (-2.3061) (-2.8715) (-1.7361) (-0.0443) (0.0222) 

      

Seasonality YES YES YES YES YES 

Equity (t-1) YES YES YES YES YES 

Inequality YES YES YES YES YES 

# of Obs. 165 165 159 81 81 

Adj. R-squared 0.6893 0.6082 0.2216 0.7819 0.4110 

Panel F: Art Returns of High-End and Low-End Markets in Economic & Financial Crises  

 (1) (2) (3) (4) (5) (6) (7) (8) 

 90th–100th 

Percentile 

0th–10th 

Percentile 

90th–100th 

Percentile 

0th–10th 

Percentile 

75th–100th 

Percentile 

50th–75th 

Percentile 

25th–50th 

Percentile 

0th–25th 

Percentile 

Crises -0.1906*** -0.1094*** -0.2070*** -0.1308*** -0.1778*** -0.1638*** -0.1390*** -0.1172*** 

 (-2.8373) (-3.1511) (-2.9454) (-3.0310) (-3.7970) (-2.7655) (-2.9297) (-3.3114) 

         

Seasonality YES YES YES YES YES YES YES YES 

Equity (t-1) NO NO YES YES NO NO NO NO 

Inequality NO NO YES YES NO NO NO NO 

# of Obs. 214 214 165 165 214 214 214 214 

R-squared 0.0748 0.0177 0.2197 0.0228 0.2469 0.0319 0.0623 0.0611 

Panel G: Art Returns of Artists’ Nationality in Economic & Financial Crises 

 (1) (2) (3) (4) (5) 

 British Non-British Dutch & Belgian French Italian 

Crises -0.1293** -0.1860*** -0.2439*** -0.2497** -0.3498*** 

 (-2.0895) (-2.7932) (-3.6255) (-2.4877) (-4.3084) 

      

Seasonality YES YES YES YES YES 

Equity (t-1) YES YES YES YES YES 

Inequality YES YES YES YES YES 

# of Obs. 165 165 165 165 165 

R-squared 0.5384 0.7386 0.0743 0.0507 0.0386 
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Table 3.5 – Art in War Times 
This table presents the art returns and volume changes in World War I and the Post World War I Recession Period 

(Panel A), and World War II (Panel B). We consider the returns of several subsamples based on a painting’s size, 

art movements, artists’ oeuvres’ liquidity, price quantiles, and artist’s nationality. For the size subsample, a 

painting is classified as a small (large) painting if its size is below (above) the size median. For the Movements 

subsample, we consider three categories of art: (i) Old Master: Medieval & Renaissance; Baroque; Rococo; (ii) 

Early 18th Century Paintings: Neoclassicism; Romanticism; Realism; (iii) Impress. & Sym.: Impressionism & 

Symbolism. For the liquidity subsample, the liquid (non-liquid) sales include paintings of the artists who sold 

more (less) than 5 paintings per year. For the price quantiles subsample, we consider 90th, 75th, 50th, 25th and 10th 

percentiles. For the nationality subsample, we consider British and Non-British artists (and show for the latter 

category the artists from the Low Countries/Belgium/Netherlands, France and Italy). 

Panel A: Art Returns in World War I 

Returns World War I Post World War I Recession 

 1914 1915 1916 1917 1918 1919 1920 1921 

Overall Returns and Volume Changes:    

Return -24.39% -32.36% 20.62% 19.22% -11.81% -5.43% -21.80% -40.46% 

Volume Changes -36.07% -43.02% 99.08% 27.08% -18.98% 37.28% -5.70% -45.39% 

Returns for the Movements:    

Old Masters -21.49% -23.13% -1.00% 29.82% -12.54% -4.50% -25.77% -38.55% 

Early 18th C. -22.35% -48.16% 14.57% 26.87% -2.37% -23.74% 14.11% -54.25% 

Impress. & Sym. -56.79% 146.95% -26.73% -36.24% 20.44% 37.99% -29.53% -3.25% 

Returns for the subsample (Il)Liquid Paintings:    

Liquid Sales -20.07% -20.48% 16.96% 24.38% -20.94% -13.73% -17.54% -23.85% 

Non-liquid Sales -21.13% -13.17% 8.49% 9.01% 5.03% -11.11% -21.94% -42.56% 

Returns by Price Quantile:    

90th–100th Percentile  -30.29% -46.05% 7.44% 33.55% -9.32% 7.68% -31.42% -50.88% 

75th–100th Percentile -26.13% -37.62% 12.77% 27.05% -10.12% -0.96% -27.36% -43.71% 

50th–75th Percentile -21.43% -23.13% 13.71% 25.06% -6.37% -10.18% -27.58% -33.46% 

25th–50th Percentile -18.73% -16.42% 13.25% 18.61% 1.40% -13.37% -26.56% -29.41% 

0th–25th Percentile -17.49% -6.84% 8.45% 7.19% 9.35% -17.04% -20.43% -26.96% 

0th–10th Percentile  -7.77% -12.21% 1.20% 10.11% 3.86% -6.27% -21.82% -15.58% 

Returns by Artist Nationality:    

British -38.47% -38.08% 44.51% 17.57% -11.43% -17.79% -12.55% -36.73% 

Non-British -15.89% -20.64% -4.81% 31.23% -4.13% -9.59% -28.64% -39.16% 

Belgian -19.66% -27.54% -0.02% 87.42% -20.26% -18.18% -14.51% -50.54% 

Dutch 1.85% -3.80% -22.08% 42.30% -17.08% -5.64% -31.09% -34.88% 

French -12.03% -49.95% 25.97% 16.35% 19.23% -15.95% -34.59% -47.80% 

Italian -18.57% -7.70% -21.05% 7.82% 7.07% 8.89% -31.88% -48.07% 

Returns by Painting’s Size:    

Small Paintings -9.62% -3.98% 4.85% 11.15% -13.46% -9.64% -8.58% -33.85% 

Large Paintings -29.64% -23.42% 18.79% 27.27% -8.88% -14.50% -25.30% -36.85% 
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Panel B: Art Returns in World War II 

Returns 1939 1940 1941 1942 1943 1944 1945 

Overall Returns and Volume Changes: 

Return -14.28% -13.57% 13.23% 15.76% 58.64% 7.97% 13.11% 

Volume Changes -30.67% -42.95% -9.45% 79.05% -40.14% 4.87% 39.23% 

Returns by Art Movements: 

Old Masters -11.57% -14.79% 10.52% 9.75% 66.20% 34.45% 1.61% 

Early 18th C. -12.80% -17.88% 32.31% 11.18% 22.02% 63.39% -4.59% 

Impress. & Sym. -16.56% -27.31% 137.26% 60.64% -61.21% -23.28% 113.19% 

Returns by subsample (Il)Liquid Paintings: 

Liquid Sales -9.87% -1.08% 6.46% 17.63% 38.59% 26.55% 7.85% 

Non-liquid Sales -13.32% -13.54% 8.40% 24.17% 79.91% 6.12% 13.25% 

Returns by Price Quantile: 

90th–100th Percentile  -7.63% -37.22% 42.65% 3.22% 19.94% 16.25% 2.83% 

75th–100th Percentile -15.00% -21.81% 21.49% 3.36% 45.70% 8.43% 8.58% 

50th–75th Percentile -11.35% -10.43% -4.78% 29.55% 58.20% 9.09% 15.49% 

25th–50th Percentile -10.31% -12.74% -3.82% 36.00% 80.53% 10.85% 17.81% 

0th–25th Percentile -8.30% -8.32% -6.16% 8.30% 169.37% 4.23% 13.66% 

0th–10th Percentile -6.06% -4.75% -10.43% -8.09% 218.45% -22.18% 18.72% 

Returns by Artist Nationality: 

British -12.34% -7.84% 18.95% 24.18% 41.12% 12.98% 1.35% 

Non-British -10.17% -16.95% 12.47% 10.02% 72.96% 26.15% 4.89% 

Belgian -9.04% -36.26% 4.61% 54.56% 49.59% 7.99% 27.34% 

Dutch -23.14% -16.55% 12.92% 2.30% 77.87% 48.81% -4.34% 

French -22.89% 2.15% 3.59% 70.11% 28.01% 17.99% 12.41% 

Italian 8.10% -2.46% 31.05% -35.24% 131.08% -3.54% 13.16% 

Returns by Painting’s Size: 

Small Paintings -14.53% -4.94% 8.15% 23.86% 44.61% 15.81% 8.48% 

Large Paintings -15.32% -10.07% 2.00% 28.49% 74.46% 18.40% 8.11% 
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Table 3.6 – Optimal Painting Size over Time 
The measurement coefficients (Height, Height Squared, Width, Width Squared, Size and Size Squared) are obtained from hedonic price regressions (see section 3.3.2.1). For the 

data in Panel A, we included Height and Height Squared in a hedonic regression; for Panel B, we included Width and Width Squared; in Panel C, we combined Height, Height 

Squared, Width and Width Squared; and for Panel D, we included Size and Size Squared in the hedonic regression. We exclude from our sample the observations with 

measurements below the 1% percentile or above the 99% percentile. The optimal measurements in terms of pricing are calculated as -

coefficient(measurement)/(2*coefficient(measurement squared term)), which is the maximum point in the quadratic function. Optimal height and optimal width are in 

centimetres; optimal size is in square centimetre. 
 Whole Period 1907-1913 1914-1918 1919-1939 1939-1945 1944-1973 1974-2016 

Panel A: Optimal Height 

Coefficient Height (× 10−2) 1.9635 2.6386 2.1129 1.5434 1.2020 1.3270 2.3238 

Coefficient Height Squared (× 10−4) -0.5546 -0.8051 -0.6543 -0.4845 -0.4252 -0.4230 -0.6396 

Optimal Height (cm) 177 164 161 159 141 157 182 

Panel B: Optimal Width 

Coefficient Width (× 10−2) 1.7826 2.3252 2.0693 1.4016 1.1058 1.1817 2.0896 

Coefficient Width Squared (× 10−4) -0.4663 -0.6346 -0.6239 -0.3949 -0.3610 -0.3334 -0.5271 

Optimal Width (cm) 191 183 166 177 153 177 198 

Panel C: Optimal Height and Width 

Coefficient Height (× 10−2) 0.9506 1.2651 0.8981 0.7036 0.5073 0.5834 1.1918 

Coefficient Width (× 10−2) 1.0622 1.3901 1.4312 0.8922 0.7513 0.7965 1.1745 

Coefficient Height Squared (× 10−4) -0.2730 -0.3820 -0.2872 -0.2236 -0.2099 -0.2114 -0.3412 

Coefficient Width Squared (× 10−4) -0.2739 -0.3890 -0.4550 -0.2598 -0.2339 -0.2241 -0.2741 

Optimal Height (cm) 174 166 156 157 121 138 175 

Optimal Width (cm) 194 179 157 172 161 178 214 

Panel D: Optimal Size 

Coefficient Size (× 10−4) 1.1513 1.4645 1.1330 0.7671 0.5925 0.6598 1.4430 

Coefficient Size Squared (× 10−8) -0.2400 -0.3100 -0.2400 -0.1500 -0.1500 -0.1300 -0.3100 

Optimal Size (cm2) 23985 23620 23604 25568 19750 25377 23275 
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Appendix  

Table A3.1 – Hedonic Variable Definitions 
This table presents the definitions of variables in hedonic regressions. 

Variable Definition 

Ln(Price) Ln(Price) is the natural logarithm of deflated hammer price in GBP. 

Height The height of a painting measured in centimeters. 

Height Squared The squared term of variable Height. 

Width The width of a painting measured in centimeters. 

Width Squared The squared term of variable Width. 

Oil Oil refers to the Oil/Acryl Painting category based on the medium of a painting. 

Watercolor Watercolor refers to the Watercolor (or gouache) category based on the medium of a 

painting. 

Drawing Drawing refers to the Colored Drawing category based on the medium of a painting. 

Signed Signed is a dummy variable that equals one if the artwork bears physically identifiable 

signature(s) in various forms: full names, monograms, initials, countersignatures, and 

stamps. 

Dated Dated is a dummy variable that equals one if the artwork bears physically identifiable 

date(s). 

Inscribed Inscribed is a dummy variable that equals one if the artwork bears physically 

identifiable inscription(s). 

Attribution Attribution variables (Attributed, Studio, Circle, School, After, Style) are dummy 

variables equal to one if the auctioned object had been recognized and disclosed by 

the auction house at the following levels: 1) attributed to the artist, 2) from the studio 

of the artist, 3) from the circle of the artist, 4) from the school of the artist, 5) after the 

artist, or 6) in the style or manner of the artist. 

Provenance Provenance is a dummy variable that equals one if there is textual information in the 

catalogue about the provenance information (past ownership, previous sales 

information, exhibition records, literature coverage, etc.) of the auctioned lot. 

Deceased Deceased is a dummy variable that equals one if the artist is dead before the sale of 

the auctioned lot. 

Sotheby’s  Sotheby’s is a dummy variable that equals one if the sale takes place at Sotheby’s 

London. 

Christie’s  Christie’s is a dummy variable that equals one if the sale takes place at Christie’s 

London. 

Year Year variables are dummies to control time effect of auctions and the coefficients of 

year dummies are used to construct an art price index. 

Month Month variables are dummies to control the seasonality of auctions. In the auction 

world, the spring (in May and June) and fall auctions (in November and December) 

are the busiest and most important of the year. 
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Table A3.2 – Descriptive Statistics of the Hedonic Variables 
This table presents the descriptive statistics of the hedonic variables. Panel A presents the statistics of the full 

sample including oil paintings, watercolours and drawings; Panel B presents the sample of oil paintings. Deceased 

equals one in case the artist is deceased at the time of the sale. The attribution dummies Attributed, Studio, Circle, 

School, After, and Style equal one if the auction catalogue identifies the work as “attributed to” the artist, from his 

“studio”, from his “circle”, from the artist’s “school”, “after” the artist, or “in the style of” the artist, respectively. 

The dummies Signed, Dated, and Inscribed take the value one if the work carries a signature, is dated, or is 

inscribed, respectively. The medium dummies Oil, Watercolour, and Drawing indicate whether the work is an oil 

(or acryl) painting, a watercolour (or gouache), or a drawing. The variables Height and Width measure the height 

and the width of the work in centimetres (winsorized at the 1 and 99%). The month dummies indicate the sales 

month. Sotheby’s and Christie’s equal one in case of a sale is made in those auction houses, respectively. 

Provenance equals one if the artwork contains any provenance information. For each variable, we report the 

number of observations (N), the mean, the standard deviation (S.D.), the minimum, and the maximum. 

Panel A: Full Sample 

  N Mean S.D. Min Max 

Artwork Characteristics 

Attribution Dummies 

  Attributed 616,844 0.0236 0.1518 0 1 

  Studio 616,844 0.0042 0.0647 0 1 

  Circle 616,844 0.0213 0.1443 0 1 

  School 616,844 0.0029 0.0536 0 1 

  After 616,844 0.0115 0.1068 0 1 

  Style 616,844 0.0293 0.1686 0 1 

Signature Dummies 

  Signed 616,844 0.4208 0.4937 0 1 

  Dated 616,844 0.2519 0.4341 0 1 

  Inscribed 616,844 0.1212 0.3263 0 1 

Medium Dummies 

  Oil 616,844 0.7084 0.4545 0 1 

  Watercolour 616,844 0.1493 0.3564 0 1 

  Drawing 616,844 0.1423 0.3494 0 1 

Measurement Variables 

  Height 605,779 55.06 39.42 10.16 200.00 

  Width 604,944 59.03 43.00 10.16 198.70 

Topic Dummies 

  Abstract 616,844 0.0083 0.0906 0 1 

  Animals 616,844 0.0632 0.2433 0 1 

  Landscape 616,844 0.1705 0.3761 0 1 

  Seascape 616,844 0.0476 0.2129 0 1 

  Urbanscape 616,844 0.1086 0.3111 0 1 

  Nude 616,844 0.0116 0.1069 0 1 

  People 616,844 0.1556 0.3625 0 1 

  Self Portrait 616,844 0.0023 0.0482 0 1 

  Portrait 616,844 0.0781 0.2683 0 1 

  Religion 616,844 0.0509 0.2198 0 1 

  Still Life 616,844 0.0561 0.2300 0 1 

  Study 616,844 0.0198 0.1393 0 1 

  Untitled 616,844 0.0124 0.1107 0 1 

  Other Topic 616,844 0.3917 0.4881 0 1 

Provenance  

  Provenance 616,844 0.1591 0.3658 0 1 

Transaction Characteristics 
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  N Mean S.D. Min Max 

Month 

  January 616,844 0.0258 0.1585 0 1 

  February 616,844 0.0794 0.2704 0 1 

  March 616,844 0.1036 0.3047 0 1 

  April 616,844 0.0911 0.2877 0 1 

  May 616,844 0.0833 0.2763 0 1 

  June 616,844 0.1399 0.3469 0 1 

  July 616,844 0.1387 0.3456 0 1 

  August 616,844 0.0125 0.1109 0 1 

  September 616,844 0.0273 0.1630 0 1 

  October 616,844 0.0685 0.2526 0 1 

  November 616,844 0.1134 0.3171 0 1 

  December 616,844 0.1165 0.3209 0 1 

Auction House 

  Sotheby’s  616,844 0.2954 0.4562 0 1 

  Christie’s  616,844 0.4341 0.4956 0 1 

 

Panel B: Oil Paintings 

  N Mean S.D. Min Max 

Artwork Characteristics 

Attribution Dummies  
  Attributed 436,959 0.0244 0.1543 0 1 

  Studio 436,959 0.0055 0.0742 0 1 

  Circle 436,959 0.0277 0.1640 0 1 

  School 436,959 0.0037 0.0611 0 1 

  After 436,959 0.0156 0.1238 0 1 

  Style 436,959 0.0402 0.1963 0 1 

Signature Dummies  

  Signed 436,959 0.3718 0.4833 0 1 

  Dated 436,959 0.2218 0.4154 0 1 

  Inscribed 436,959 0.0829 0.2757 0 1 

Measurement Variables 

  Height 428,518 63.79 41.21 12.70 210.82 

  Width 428,061 68.27 45.39 12.70 210.82 

Topic Dummies 

  Abstract 436,959 0.0053 0.0724 0 1 

  Animals 436,959 0.0683 0.2522 0 1 

  Landscape 436,959 0.1834 0.3870 0 1 

  Seascape 436,959 0.0495 0.2170 0 1 

  Urbanscape 436,959 0.1051 0.3066 0 1 

  Nude 436,959 0.0051 0.0714 0 1 

  People 436,959 0.1670 0.3730 0 1 

  Self Portrait 436,959 0.0017 0.0415 0 1 

  Portrait 436,959 0.0925 0.2898 0 1 

  Religion 436,959 0.0599 0.2373 0 1 

  Still Life 436,959 0.0673 0.2505 0 1 

  Study 436,959 0.0096 0.0974 0 1 

  Untitled 436,959 0.0084 0.0910 0 1 

  Other Topic 436,959 0.3729 0.4836 0 1 

Provenance 
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  N Mean S.D. Min Max 

  Provenance 436,959 0.1424 0.3494 0 1 

Transaction Characteristics 

Month 

  January 436,959 0.0267 0.1612 0 1 

  February 436,959 0.0855 0.2796 0 1 

  March 436,959 0.1016 0.3021 0 1 

  April 436,959 0.0950 0.2932 0 1 

  May 436,959 0.0922 0.2893 0 1 

  June 436,959 0.1367 0.3435 0 1 

  July 436,959 0.1386 0.3455 0 1 

  August 436,959 0.0126 0.1117 0 1 

  September 436,959 0.0231 0.1503 0 1 

  October 436,959 0.0658 0.2479 0 1 

  November 436,959 0.1053 0.3069 0 1 

  December 436,959 0.1170 0.3214 0 1 

Auction House 

  Sotheby’s  436,959 0.2744 0.4462 0 1 

  Christie’s  436,959 0.4831 0.4997 0 1 
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Table A3.3 – Hedonic Price Regressions by Periods (Oil Paintings) 
This table presents the baseline hedonic price regression results. Eq. (1) is estimated using OLS. The dependent variable is the natural log of deflated hammer price in GBP. 

The definitions of independent variables are discussed in Data and Methodology Section. Column (1) shows the results using the oil paintings’ sample over the whole period. 

Columns (2)-(7) show results for the subsamples by period: Pre-War period (1908-1913), World War I (1914-1918), Interwar Period & Great Depression (1919-1939), World 

War II (1939-1945), Bretton Woods Period (1944-1973) and Post-Bretton Woods Era (1974-2016, respectively. FE stands for fixed effects. *, **, and *** indicate statistical 

significance at the 10%, 5%, and 1% levels, respectively. Standard errors (S.E.) are reported in parentheses and clustered at the auction branch level.  

Dept.Var: (1) (2) (3) (4) (5) (6) (7) 

Ln(Price) Whole Period 1908-1913 1914-1918 1919-1939 1939-1945 1944-1973 1974-2016 

Artwork Characteristics 

Authenticity Dummies 

Signed 0.1436*** 0.6160 0.5912** 0.3466** 0.3048*** 0.2056*** 0.2118*** 

 (0.0153) (0.2319) (0.0834) (0.1540) (0.0932) (0.0119) (0.0170) 

Dated 0.2270*** 0.3253*** 0.2229*** 0.2895*** 0.1634*** 0.1829*** 0.1870*** 

 (0.0168) (0.0141) (0.0131) (0.0026) (0.0209) (0.0079) (0.0050) 

Size Variables        

Height 0.0062*** 0.0072*** 0.0074*** 0.0049*** 0.0022* 0.0030*** 0.0075*** 

 (0.0005) (0.0002) (0.0004) (0.0001) (0.0012) (0.0004) (0.0005) 

Width 0.0043*** 0.0131*** 0.0121*** 0.0076*** 0.0063*** 0.0050*** 0.0048*** 

 (0.0002) (0.0001) (0.0004) (0.0003) (0.0019) (0.0004) (0.0003) 

Height Squared -0.0533*** -0.0636*** -0.1820*** -0.0810*** -0.0100 -0.0357*** -0.0628*** 

(×10-4) (0.0039) (0.0006) (0.0119) (0.0080) (0.0589) (0.0102) (0.0052) 

Width Squared 0.0168*** -0.3070*** -0.3178*** -0.1811*** -0.1524* -0.0517*** 0.0199*** 

(×10-4) (0.0015) (0.0047) (0.0137) (0.0082) (0.0736) (0.0023) (0.0022) 

Attribution Dummies 

Attributed -0.6084*** -1.2997**  -0.8192*** -0.8390*** -0.5187*** -0.6630*** 

 (0.0466) (0.2433)  (0.0085) (0.0610) (0.0744) (0.0306) 

Studio -0.4705***   1.8759*** -0.4269*** -0.0830 -0.6969*** 

 (0.1764)   (0.0442) (0.0353) (0.2165) (0.1369) 

Circle -0.7280*** 0.3655***  1.0272*** -0.2986*** -0.1200 -0.8700*** 

 (0.1454) (0.0140)  (0.0304) (0.0500) (0.0802) (0.1082) 

School -0.4751*** -0.4635*** -0.3663*** -0.2924*** -0.1157** -0.4506*** -0.9373*** 

 (0.0721) (0.0374) (0.0025) (0.0516) (0.0481) (0.0853) (0.1238) 

After -1.3656*** -1.6504*** -1.6446*** -1.0707*** -0.5286* -1.0010*** -1.5817*** 

 (0.1575) (0.0404) (0.0197) (0.2197) (0.2923) (0.1450) (0.1603) 

Style -1.1855*** -0.5084*** -1.0396*** 1.2170*** -2.0337*** -0.8277*** -1.3737*** 

 (0.1611) (0.0213) (0.0028) (0.0946) (0.0623) (0.1103) (0.1262) 
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Dept.Var: (1) (2) (3) (4) (5) (6) (7) 

Ln(Price) Whole Period 1908-1913 1914-1918 1919-1939 1939-1945 1944-1973 1974-2016 

Topic Dummies 

Abstract -0.0662* -0.6160** 0.0910** 0.5509** 0.1350 0.0682 -0.1199*** 

 (0.0343) (0.0655) (0.0152) (0.2544) (0.8070) (0.0952) (0.0247) 

Animals -0.0201 -0.0468*** 0.0958*** 0.0813*** -0.0425 0.1037** -0.1102*** 

 (0.0394) (0.0037) (0.0086) (0.0068) (0.0912) (0.0461) (0.0152) 

Landscape 0.0146 -0.0540** 0.1705*** 0.1776*** -0.0481 0.0784*** -0.0813*** 

 (0.0456) (0.0061) (0.0019) (0.0056) (0.0301) (0.0278) (0.0063) 

Seascape 0.0167 -0.0725** 0.1222** 0.1088*** -0.0733*** 0.1019*** -0.0233** 

 (0.0253) (0.0085) (0.0151) (0.0028) (0.0193) (0.0351) (0.0097) 

Urbanscape 0.1448*** 0.0788*** 0.2564*** 0.2748*** 0.1918*** 0.2004*** 0.0670*** 

 (0.0353) (0.0073) (0.0032) (0.0033) (0.0276) (0.0181) (0.0128) 

Nude -0.0833*** -0.6748 0.6537*** 0.0644 -0.2171* -0.1435*** -0.0977*** 

 (0.0225) (0.7140) (0.0095) (0.1426) (0.1181) (0.0243) (0.0258) 

People 0.0462 0.0821*** 0.1701** 0.1516*** 0.0215 0.1033*** -0.0337*** 

 (0.0345) (0.0077) (0.0180) (0.0042) (0.0232) (0.0254) (0.0059) 

Self_Portrait 0.2118***   -0.0419 0.0129 0.1822 0.1873*** 

 (0.0435)   (0.4837) (0.2988) (0.2562) (0.0428) 

Portrait -0.1300* 0.0900* 0.2574*** 0.2399*** 0.0202 -0.1192*** -0.2175*** 

 (0.0728) (0.0290) (0.0093) (0.0234) (0.0449) (0.0367) (0.0129) 

Religion -0.0340 -0.0121 -0.0436** 0.0465*** 0.0371 0.0125 -0.0951*** 

 (0.0277) (0.0169) (0.0072) (0.0125) (0.0522) (0.0354) (0.0140) 

Still_Life 0.1304*** 0.1362*** 0.1689*** 0.3245*** 0.1368*** 0.2354*** 0.0427*** 

 (0.0433) (0.0020) (0.0131) (0.0065) (0.0183) (0.0303) (0.0122) 

Study -0.2280*** -0.5531** -0.5564*** -0.1224*** -0.0549 -0.1145 -0.2434*** 

 (0.0189) (0.0692) (0.0174) (0.0327) (0.1880) (0.1103) (0.0150) 

Untitled -0.1660***     -0.0778 -0.1669*** 

 (0.0229)     (0.0867) (0.0197) 

Provenance 

Provenance 0.5465*** 1.0440*** 0.5924*** 0.7471*** 0.4295*** 0.4402*** 0.4488*** 

 (0.0619) (0.0263) (0.0062) (0.0175) (0.0480) (0.0183) (0.0546) 

Transaction Characteristics 

Auction House        

Sotheby’s 0.7458*** -0.0422 0.3818 0.3134*** -0.1965** 0.1990* 0.6958*** 

 (0.0841) (0.0346) (0.1719) (0.0774) (0.0715) (0.1005) (0.0755) 
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Dept.Var: (1) (2) (3) (4) (5) (6) (7) 

Ln(Price) Whole Period 1908-1913 1914-1918 1919-1939 1939-1945 1944-1973 1974-2016 

Christie’s 0.7873*** 0.8855*** 1.1040*** 0.4696*** 0.1067 0.1821* 0.7243*** 

 (0.0823) (0.0511) (0.0474) (0.0813) (0.0681) (0.0968) (0.0794) 

Month        

February 0.1300*** 0.4385*** 0.2274*** -0.0145*** 0.0061 0.0014 0.0959 

 (0.0280) (0.0144) (0.0033) (0.0036) (0.0938) (0.1090) (0.0610) 

March 0.2385*** 0.3778*** 0.2943*** -0.0646*** -0.0220 0.1918 0.2831*** 

 (0.0731) (0.0237) (0.0060) (0.0029) (0.0335) (0.1580) (0.0714) 

April 0.3002*** 0.4142*** 0.3224*** -0.0155* -0.0505 0.0665 0.3336*** 

 (0.0701) (0.0097) (0.0052) (0.0074) (0.0602) (0.1366) (0.0900) 

May 0.3218*** 0.6543*** 0.4186*** 0.2268*** 0.0605 0.0654 0.2041*** 

 (0.0368) (0.0019) (0.0037) (0.0167) (0.0377) (0.0700) (0.0454) 

June 0.3970*** 0.8135*** 0.4262*** 0.1173*** 0.0393 0.2791* 0.3740*** 

 (0.0424) (0.0124) (0.0154) (0.0045) (0.0397) (0.1417) (0.0690) 

July 0.4023*** 0.5638** 0.3860*** 0.1277*** 0.0064 0.2091 0.4204*** 

 (0.0561) (0.0661) (0.0247) (0.0038) (0.0548) (0.1422) (0.0837) 

August 0.0592  0.1886 -0.0520*** -0.0934 -0.1371 0.1565* 

 (0.0806)  (0.2572) (0.0170) (0.0887) (0.1640) (0.0899) 

September 0.0533    0.2926* 0.0757 0.0892* 

 (0.0525)    (0.1498) (0.1657) (0.0476) 

October 0.1489***   0.2383 0.1425 0.1438 0.1248** 

 (0.0379)   (0.1715) (0.1070) (0.1242) (0.0590) 

November 0.3677*** 0.3165*** 0.5263*** -0.0049 0.2055** 0.2867** 0.4067*** 

 (0.0759) (0.0147) (0.0043) (0.0312) (0.0761) (0.1333) (0.0860) 

December 0.4319*** 0.3295*** 0.4501*** 0.0463 0.1171** 0.2618 0.4680*** 

 (0.0983) (0.0070) (0.0028) (0.0274) (0.0523) (0.1905) (0.0814) 

        

Artist FE YES YES YES YES YES YES YES 

Year FE YES YES YES YES YES YES YES 

# of Obs. 417,338 24,308 13,723 68,411 10,114 63,840 233,371 

Adj. R-squared 0.7053 0.5014 0.4658 0.4128 0.4078 0.6303 0.7340 
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Online Appendix 

Figure OA3.1 – Price Indices of Art Movements: 1908-1960 
This figure presents the price indices of art movements from 1908 to 1960, including (i) Old Masters (Medieval & Renaissance; Baroque; Rococo); (ii) Early 18th Century 

Paintings (Neoclassicism; Romanticism; Realism); (iii) Impressionism & Symbolism. As the historical data source Art Prices Current started the records in November 1907, 

there are only 761 auction observations available in total in 1907. To avoid the sample bias in 1907, we use the auction records from 1908 onwards in our main analysis. 
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Figure OA3.2 – Price Indices of Art Movements: 1961-2016 
This figure presents the price indices of art movements from 1961 to 2016, including (i) Old Masters (Medieval & Renaissance; Baroque; Rococo); (ii) Early 18th Century 

Paintings (Neoclassicism; Romanticism; Realism); (iii) Impressionism & Symbolism; (iv) Modernism (Fauvism & Expressionism; Cubism, Futurism, & Constructivism; Dada 

& Surrealism); (v) Abstract & Contemporary (Abstract Expressionism; Pop; Minimalism & Contemporary). 
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Table OA3.1 – Hedonic Price Regressions 1908-2016 
This table presents the baseline hedonic price regression results from Eq. (1), which is estimated using OLS. The 

dependent variable is the natural log of deflated hammer price in GBP. The definitions of independent variables 

are discussed in the Data and Methodology Section. Panel A uses the full sample including oil paintings, 

watercolours and drawings; Panel B uses the sample of oil paintings. Column (1) show the baseline results using 

the whole sample. Columns (2)-(4) show results for the subsamples of sales in London, in Christie’s & Sotheby’s, 

in Christie’s, respectively. FE stands for fixed effects. *, **, and *** indicate statistical significance at the 10%, 

5%, and 1% levels, respectively. Standard errors (S.E.) are reported in parentheses and clustered at the auction 

branch level. 

Panel A: Full Sample 

 (1) (2) (3) (4) 

Dept. Var: Ln(Price) Baseline London Sales Christie’s & 

Sotheby’s  

Christie’s  

Artwork Characteristics 

Authenticity Dummies 

Signed 0.1776*** 0.2176*** 0.2242*** 0.2580*** 

 (0.0145) (0.0050) (0.0052) (0.0080) 

Dated 0.2037*** 0.2060*** 0.2090*** 0.2102*** 

 (0.0170) (0.0048) (0.0050) (0.0070) 

Size Variables     

Height 0.0064*** 0.0063*** 0.0063*** 0.0058*** 

 (0.0006) (0.0002) (0.0002) (0.0007) 

Width 0.0047*** 0.0057*** 0.0057*** 0.0080*** 

 (0.0002) (0.0005) (0.0005) (0.0005) 

Height Squared -0.0537*** -0.0559*** -0.0544*** -0.0783** 

(×10-4) (0.0082) (0.0078) (0.0076) (0.0318) 

Width Squared 0.0163*** -0.0234 -0.0222 -0.1139*** 

(×10-4) (0.0036) (0.0169) (0.0160) (0.0185) 

Attribution Dummies 

Attributed -0.5643*** -0.5529*** -0.5532*** -0.5209*** 

 (0.0546) (0.0118) (0.0132) (0.0215) 

Studio -0.4418** -0.6196*** -0.6920*** -0.6695*** 

 (0.1953) (0.0219) (0.0247) (0.0435) 

Circle -0.6638*** -0.8693*** -0.9001*** -0.9002*** 

 (0.1703) (0.0110) (0.0129) (0.0182) 

School -0.5388*** -0.5536*** -0.5580*** -0.4899*** 

 (0.1018) (0.0356) (0.0361) (0.0553) 

After -1.3715*** -1.5653*** -1.6006*** -1.5948*** 

 (0.1881) (0.0195) (0.0217) (0.0358) 

Style -1.1216*** -1.3015*** -1.2956*** -1.3194*** 

 (0.1858) (0.0116) (0.0127) (0.0207) 

Medium Dummies 

Oil 0.8802*** 0.8413*** 0.8192*** 0.6543*** 

 (0.1574) (0.0075) (0.0075) (0.0105) 

Watercolor 0.1635 0.1080*** 0.0916*** -0.0596*** 

 (0.1357) (0.0070) (0.0074) (0.0116) 

Topic Dummies 

Abstract -0.0898*** -0.0690*** -0.0674*** -0.0355 

 (0.0201) (0.0176) (0.0185) (0.0329) 

Animals -0.0268 -0.0067 -0.0028 0.0116 

 (0.0356) (0.0074) (0.0077) (0.0098) 

Landscape 0.0029 0.0278*** 0.0378*** 0.0587*** 

 (0.0417) (0.0049) (0.0052) (0.0069) 

Seascape 0.0173 0.0303*** 0.0334*** 0.0490*** 

 (0.0210) (0.0080) (0.0084) (0.0113) 

Urbanscape 0.1201*** 0.1398*** 0.1492*** 0.1613*** 
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 (1) (2) (3) (4) 

Dept. Var: Ln(Price) Baseline London Sales Christie’s & 

Sotheby’s  

Christie’s  

 (0.0306) (0.0057) (0.0059) (0.0079) 

Nude -0.1614*** -0.1653*** -0.1584*** -0.1551*** 

 (0.0182) (0.0154) (0.0163) (0.0271) 

People 0.0144 0.0359*** 0.0422*** 0.0671*** 

 (0.0331) (0.0053) (0.0055) (0.0073) 

Self_Portrait 0.2182*** 0.2260*** 0.2186*** 0.1645** 

 (0.0273) (0.0368) (0.0388) (0.0652) 

Portrait -0.1093* -0.1096*** -0.1033*** -0.0324*** 

 (0.0629) (0.0084) (0.0088) (0.0118) 

Religion -0.0614** -0.0706*** -0.0665*** -0.0423*** 

 (0.0263) (0.0090) (0.0094) (0.0127) 

Still_Life 0.1491*** 0.1880*** 0.1922*** 0.1918*** 

 (0.0382) (0.0085) (0.0089) (0.0127) 

Study -0.2382*** -0.2438*** -0.2484*** -0.2892*** 

 (0.0242) (0.0129) (0.0138) (0.0211) 

Untitled -0.1977*** -0.2354*** -0.2380*** -0.2844*** 

 (0.0298) (0.0152) (0.0160) (0.0253) 

Provenance 

Provenance 0.5252*** 0.4236*** 0.4031*** 0.4427*** 

 (0.0642) (0.0065) (0.0070) (0.0106) 

Transaction Characteristics 

Auction House     

Sotheby’s  0.7727*** 0.5008*** -0.0465***  

 (0.0880) (0.0063) (0.0037)  

Christie’s  0.8194*** 0.5468***   

 (0.0870) (0.0064)   

Month     

February 0.1181*** 0.1409*** 0.1515*** 0.1208*** 

 (0.0336) (0.0114) (0.0123) (0.0149) 

March 0.1987*** 0.2483*** 0.2520*** 0.1745*** 

 (0.0637) (0.0111) (0.0121) (0.0146) 

April 0.2602*** 0.3061*** 0.3143*** 0.2482*** 

 (0.0567) (0.0113) (0.0123) (0.0151) 

May 0.2716*** 0.3201*** 0.3275*** 0.3056*** 

 (0.0501) (0.0115) (0.0125) (0.0151) 

June 0.3729*** 0.4179*** 0.4283*** 0.3469*** 

 (0.0512) (0.0110) (0.0120) (0.0145) 

July 0.3767*** 0.4283*** 0.4369*** 0.3688*** 

 (0.0540) (0.0110) (0.0120) (0.0146) 

August 0.0663 0.0568*** 0.0556*** -0.0897*** 

 (0.0730) (0.0187) (0.0202) (0.0308) 

September 0.0459 -0.0309* -0.0122 0.0196 

 (0.0373) (0.0168) (0.0193) (0.0311) 

October 0.1065*** 0.1292*** 0.1353*** 0.1377*** 

 (0.0334) (0.0117) (0.0128) (0.0163) 

November 0.3425*** 0.3970*** 0.4064*** 0.3089*** 

 (0.0698) (0.0110) (0.0121) (0.0149) 

December 0.3800*** 0.4412*** 0.4478*** 0.3087*** 

 (0.0868) (0.0111) (0.0121) (0.0148) 

     

Artist FE YES YES YES YES 

Year FE YES YES YES YES 

# of Obs. 593,565 466,562 429,125 250,245 
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 (1) (2) (3) (4) 

Dept. Var: Ln(Price) Baseline London Sales Christie’s & 

Sotheby’s  

Christie’s  

Adj. R-squared 0.6763 0.6939 0.7006 0.6929 

 

Panel B: Oil Paintings 

 (1) (2) (3) (4) 

Dept. Var: Ln(Price) Baseline London Sales Christie’s & 

Sotheby’s 

Christie’s 

Artwork Characteristics 

Authenticity Dummies     

Signed 0.1436*** 0.1946*** 0.2008*** 0.2441*** 

 (0.0153) (0.0063) (0.0065) (0.0097) 

Dated 0.2270*** 0.2210*** 0.2229*** 0.2299*** 

 (0.0168) (0.0060) (0.0062) (0.0083) 

Size Variables     

Height 0.0062*** 0.0058*** 0.0057*** 0.0051*** 

 (0.0005) (0.0002) (0.0002) (0.0006) 

Width 0.0043*** 0.0051*** 0.0051*** 0.0074*** 

 (0.0002) (0.0004) (0.0003) (0.0005) 

Height Squared -0.0533*** -0.0463*** -0.0459*** -0.0567** 

(×10-4) (0.0039) (0.0054) (0.0055) (0.0252) 

Width Squared 0.0168*** -0.0190 -0.0178 -0.1067*** 

(×10-4) (0.0015) (0.0119) (0.0113) (0.0180) 

Attribution Dummies     

Attributed -0.6084*** -0.5936*** -0.5990*** -0.5820*** 

 (0.0466) (0.0139) (0.0155) (0.0255) 

Studio -0.4705*** -0.6646*** -0.7403*** -0.7100*** 

 (0.1764) (0.0227) (0.0257) (0.0474) 

Circle -0.7280*** -0.9499*** -0.9704*** -0.9861*** 

 (0.1454) (0.0120) (0.0141) (0.0206) 

School -0.4751*** -0.4748*** -0.4768*** -0.4323*** 

 (0.0721) (0.0370) (0.0375) (0.0573) 

After -1.3656*** -1.5589*** -1.5881*** -1.5523*** 

 (0.1575) (0.0196) (0.0219) (0.0360) 

Style -1.1855*** -1.3832*** -1.3784*** -1.4049*** 

 (0.1611) (0.0123) (0.0135) (0.0221) 

Topic Dummies     

Abstract -0.0662* -0.0188 -0.0153 -0.0134 

 (0.0343) (0.0272) (0.0287) (0.0501) 

Animals -0.0201 -0.0006 0.0044 0.0181* 

 (0.0394) (0.0084) (0.0088) (0.0107) 

Landscape 0.0146 0.0386*** 0.0454*** 0.0663*** 

 (0.0456) (0.0057) (0.0059) (0.0077) 

Seascape 0.0167 0.0314*** 0.0337*** 0.0483*** 

 (0.0253) (0.0093) (0.0096) (0.0125) 

Urbanscape 0.1448*** 0.1665*** 0.1756*** 0.1812*** 

 (0.0353) (0.0069) (0.0072) (0.0093) 

Nude -0.0833*** -0.0492* -0.0417 -0.0237 

 (0.0225) (0.0256) (0.0268) (0.0432) 

People 0.0462 0.0710*** 0.0803*** 0.0982*** 

 (0.0345) (0.0061) (0.0063) (0.0081) 

Self_Portrait 0.2118*** 0.2352*** 0.2284*** 0.1181 

 (0.0435) (0.0515) (0.0552) (0.0902) 

Portrait -0.1300* -0.1277*** -0.1221*** -0.0429*** 
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 (1) (2) (3) (4) 

Dept. Var: Ln(Price) Baseline London Sales Christie’s & 

Sotheby’s 

Christie’s 

 (0.0728) (0.0095) (0.0100) (0.0128) 

Religion -0.0340 -0.0377*** -0.0330*** -0.0178 

 (0.0277) (0.0101) (0.0106) (0.0138) 

Still_Life 0.1304*** 0.1713*** 0.1767*** 0.1811*** 

 (0.0433) (0.0095) (0.0099) (0.0136) 

Study -0.2280*** -0.2147*** -0.2064*** -0.1854*** 

 (0.0189) (0.0221) (0.0237) (0.0326) 

Untitled -0.1660*** -0.1691*** -0.1676*** -0.2227*** 

 (0.0229) (0.0227) (0.0239) (0.0375) 

Provenance     

Provenance 0.5465*** 0.4353*** 0.4321*** 0.4781*** 

 (0.0619) (0.0080) (0.0085) (0.0126) 

Transaction Characteristics 

Auction House     

Sotheby’s 0.7458*** 0.4653*** -0.0435***  

 (0.0841) (0.0077) (0.0045)  

Christie’s 0.7873*** 0.5094***   

 (0.0823) (0.0077)   

Month     

February 0.1300*** 0.1244*** 0.1334*** 0.1281*** 

 (0.0280) (0.0126) (0.0134) (0.0157) 

March 0.2385*** 0.2549*** 0.2600*** 0.1980*** 

 (0.0731) (0.0125) (0.0133) (0.0156) 

April 0.3002*** 0.3088*** 0.3171*** 0.2708*** 

 (0.0701) (0.0127) (0.0135) (0.0160) 

May 0.3218*** 0.3411*** 0.3446*** 0.3460*** 

 (0.0368) (0.0129) (0.0137) (0.0160) 

June 0.3970*** 0.4064*** 0.4159*** 0.3720*** 

 (0.0424) (0.0124) (0.0132) (0.0155) 

July 0.4023*** 0.4203*** 0.4273*** 0.3747*** 

 (0.0561) (0.0124) (0.0132) (0.0156) 

August 0.0592 0.0120 0.0125 -0.1225*** 

 (0.0806) (0.0207) (0.0221) (0.0322) 

September 0.0533 -0.0549*** -0.0638*** -0.0421 

 (0.0525) (0.0211) (0.0242) (0.0389) 

October 0.1489*** 0.1361*** 0.1400*** 0.1417*** 

 (0.0379) (0.0132) (0.0142) (0.0177) 

November 0.3677*** 0.3971*** 0.4032*** 0.3387*** 

 (0.0759) (0.0126) (0.0134) (0.0161) 

December 0.4319*** 0.4438*** 0.4429*** 0.3276*** 

 (0.0983) (0.0125) (0.0133) (0.0158) 

     

Artist FE YES YES YES YES 

Year FE YES YES YES YES 

# of Obs. 417,338 337,457 312,950 195,528 

Adj. R-squared 0.7053 0.7272 0.7332 0.7162 
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Table OA3.2 – Hedonic Regressions on Art Movements 
This table presents the results of hedonic price regressions of movements subsamples. In Panel A, we classify 

thirteen movements: (1) Medieval & Renaissance; (2) Baroque; (3) Rococo; (4) Neoclassicism; (5) Romanticism; 

(6) Realism; (7) Impressionism & Symbolism; (8) Fauvism & Expressionism; (9) Cubism, Futurism & 

Constructivism; (10) Dada & Surrealism; (11) Abstract Expressionism; (12) Pop; (13) Minimalism & 

Contemporary. In Panel B, we combine the movements into five categories: (i) Old Masters (Medieval & 

Renaissance, Baroque, Rococo); (ii) Early 18th Century Painting (Neoclassicism, Romanticism, Realism); (iii) 

Impress. & Sym. (Impressionism & Symbolism); (iv) Modernism (Fauvism & Expressionism, Cubism, Futurism 

& Constructivism, Dada & Surrealism); (v) Abstract & Contemp. (Abstract Expressionism, Pop, Minimalism & 

Contemporary). FE stands for fixed effects. *, **, and *** indicate statistical significance at the 10%, 5%, and 1% 

levels, respectively. Standard errors (S.E.) are reported in parentheses and clustered at the auction branch level. 

Panel A: Thirteen Art Movements 

Dept.Var: (1) (2) (3) (4) (5) (6) (7) 

Ln(Price) Whole Period 1908-1913 1914-1918 1919-1939 1939-1945 1944-1973 1974-2016 

        

Mediev/Rennais 0.6300*** 0.0183 0.0058 0.3363*** 0.3779*** 0.5981*** 0.8012*** 

 (0.0116) (0.0717) (0.0837) (0.0282) (0.0574) (0.0229) (0.0152) 

Baroque 0.2166*** -0.4726*** -0.2519*** -0.0703*** -0.0562* 0.1915*** 0.3630*** 

 (0.0060) (0.0366) (0.0437) (0.0163) (0.0340) (0.0122) (0.0077) 

Rococo 0.4944*** 0.0518 0.0421 0.3584*** 0.3390*** 0.5682*** 0.5118*** 

 (0.0110) (0.0604) (0.0680) (0.0276) (0.0614) (0.0222) (0.0143) 

Neoclass 0.1658*** -0.9944*** -0.1659 -0.0227 -0.0265 0.1939*** 0.3196*** 

 (0.0189) (0.1081) (0.1212) (0.0476) (0.1198) (0.0410) (0.0241) 

Romant 0.4016*** 0.5246*** 0.4145*** 0.6410*** 0.4245*** 0.3935*** 0.2807*** 

 (0.0129) (0.0648) (0.0908) (0.0398) (0.0813) (0.0258) (0.0153) 

Reaisml 0.0960*** 0.9137*** 0.1939** 0.1753*** -0.1504* 0.2990*** -0.0357** 

 (0.0129) (0.0656) (0.0877) (0.0398) (0.0805) (0.0304) (0.0152) 

Impress/Sym 0.9904*** 0.3705*** 0.5407*** 0.5030*** 0.6326*** 1.0759*** 1.0151*** 

 (0.0126) (0.1021) (0.1482) (0.0523) (0.0656) (0.0265) (0.0152) 

Fauv/Expres 1.1806***     1.1507*** 1.2027*** 

 (0.0157)     (0.0304) (0.0182) 

Cub/Futur/Cons 0.8594***     0.6719*** 0.9010*** 

 (0.0207)     (0.0501) (0.0226) 

Dada/Surreal 1.0912***     0.9596*** 1.1118*** 

 (0.0208)     (0.0554) (0.0223) 

AbstactExpres 0.2383***     0.1899* 0.2051*** 

 (0.0182)     (0.0978) (0.0186) 

Pop 0.8390***     0.7589*** 0.8094*** 

 (0.0315)     (0.1763) (0.0320) 

Minim./Contemp 0.5674***     0.5956** 0.5135*** 

 (0.0268)     (0.2323) (0.0273) 

        

Artist FE NO NO NO NO NO NO NO 

Year FE YES YES YES YES YES YES YES 

Month FE YES YES YES YES YES YES YES 

Auction House FE YES YES YES YES YES YES YES 

Hedonic Controls YES YES YES YES YES YES YES 

# of Obs. 303,620 9,400 5,424 34,026 6,166 50,032 201,524 

Adj. R-squared 0.5247 0.2530 0.2014 0.2032 0.1834 0.4106 0.5037 
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Panel B: Five Groups of Movements 

Dept.Var: (1) (2) (3) (4) (5) (6) (7) 

Ln(Price) Whole 

Period 

1907-

1913 

1914-

1918 

1919-

1939 

1939-

1945 

1944-

1973 

1974-

2016 

        

Old Masters 0.4536*** 0.2521*** 0.2391*** 0.3496*** 0.3461*** 0.3582*** 0.5291*** 

 (0.0052) (0.0245) (0.0284) (0.0112) (0.0241) (0.0097) (0.0077) 

Early 18th C. 0.3597*** 0.9689*** 0.5861*** 0.6063*** 0.3853*** 0.3947*** 0.2491*** 

 (0.0086) (0.0472) (0.0585) (0.0257) (0.0546) (0.0187) (0.0104) 

Impress & Sym. 1.1211*** 0.8000*** 0.8696*** 0.7240*** 0.8701*** 1.1502*** 1.1319*** 

 (0.0124) (0.1001) (0.1461) (0.0521) (0.0561) (0.0263) (0.0150) 

Modernism 1.2851***     1.1447*** 1.2893*** 

 (0.0117)     (0.0255) (0.0131) 

Abstract & 

 Contemp 

0.6468***     0.4309*** 0.5501*** 

 (0.0151)     (0.0841) (0.0155) 

        

Artist FE NO NO NO NO NO NO NO 

Year FE YES YES YES YES YES YES YES 

Month FE YES YES YES YES YES YES YES 

Auction House FE YES YES YES YES YES YES YES 

Hedonic Controls YES YES YES YES YES YES YES 

# of Obs. 426,439 26,952 16,107 74,110 11,933 68,017 235,088 

Adj. R-squared 0.5525 0.1760 0.1644 0.1795 0.2082 0.4617 0.5095 
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Table OA3.3 – Definitions and Sources of Macroeconomic and Financial Data 
In the source column, Maddison refers to Maddison Project Database; Barro-Ursua refers to Barro-Ursua Macroeconomic Data; JST refers to Jordà-Schularick-Taylor Macro-

history Database; WID refers to World Inequality Database; GFD refers to Global Financial Data; DMS refers to Dimson-Marsh-Staunton Global Returns Dataset. The details 

of the databases are described in section 3.3.1.2 Macroeconomic and Financial Data. Series in Panel A and Panel B are in GBP. 

Panel A: Macroeconomic Variables 

Variable Definition Note Period Frequency Source 

gdp_maddison Real GDP per capita in 2011 USD 1700-

2016 

Yearly Maddison 

gdp_barro Real GDP per capita index, 2006=100 

1830-1854 from Mitchell, B. R., British Historical Statistics, Cambridge 

University Press, Great Britain, Cambridge, 1988. 

1855-1947 from Feinstein, O.H., National Income, Expenditure and Output of the 

United Kingdom, (Richard Stone, general editor), National Institute of Economic 

and Social Research / Department of Applied Economics, University of 

Cambridge, Cambridge University Press, London, 1972. 

1948-2008 from UK National Statistics, UK Economic Accounts. 

1830-

2009 

Yearly Barro-Ursua 

consumption_barro Real Consumption per 

capita 

1830-

2009 

Yearly Barro-Ursua 

consumption_jst Real consumption per 

capita 

index, 2006=100 

1870-2009 from Robert C. Barro and José F. Ursúa (2010), Barro–Ursúa 

Macroeconomic Data. 

2010-2016 from World Bank household final consumption expenditure per capita 

(constant 2010 USD). 

1870-

2016 

Yearly JST 

gdp_jst Real GDP per capita index, 2006=100 

1870-2004 from R. Barro & and J. Ursúa (2010), Macroeconomic Data Set. 

2005-2016 growth rate calculated from World Bank (2018) 

1870-

2016 

Yearly JST 

gdp_total_jst GDP (GBP) 1870-1947 from Hills, S, Thomas, R and Dimsdale, N (2015) Three Centuries of 

Data - Version 2.2, Bank of England. 

1948-2017 from Office for National Statistics. 

1870-

2016 

Yearly JST 

cpi_jst Consumer prices 

(index, 1990=100) 

1870-2016 from Hills, S, Thomas, R and Dimsdale, N. A millenium of 

macroeconomic data – version 3.1, Bank of England. 

1870-

2016 

Yearly JST 

pound_usd_jst GBP/USD 1870-1945 from Lawrence H. Officer, Exchange Rates Between the United States 

Dollar and Forty-one Currencies, Measuring Worth, 2015. 

1946-1955 from Reinhart, C. M. & Rogoff, K. S. (2010). From financial crash to 

debt crisis. (Black) market exchange rate. 

1956-2014 from International Financial Statistics. IMF eLibrary. 

1870-

2016 

Yearly JST 
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Variable Definition Note Period Frequency Source 

usd_pound_gfd USD/GBP  1660-

2019 

Monthly GFD 

revenue_jst Government revenues 

(local currency) 

1870-1999 from Bank of England. A millenium of macroeconomic data. 

2000-2016 from Office for National Statistics.  

1870-

2016 

Yearly JST 

wealth_total_wid Changes of net total 

private wealth 

[Net private wealth]=[Private non-financial assets]+[Private financial assets]-

[Private debt] 

1855-

2017 

Yearly WID 

wealth_average_wid Changes of net 

average private wealth 

[Net private wealth]=[Private non-financial assets]+[Private financial assets]-

[Private debt] 

Average wealth of all ages (WID also provides average wealth of adults) 

1855-

2017 

Yearly WID 

income_total_wid Changes of total 

national income 

[National income]=[Net domestic product]+[Net foreign income] 1855-

2017 

Yearly WID 

income_average_wid Changes of average 

national income 

[National income]=[Net domestic product]+[Net foreign income] 

Average national income of all ages (WID also provides average national income 

of adults) 

1855-

2017 

Yearly WID 

share_top01_wid Changes of net 

personal wealth 

percentile p99.9p100 

0.1% level 1895-

2009 

Yearly WID 

share_top1_ap Top 0.1% Shares in 

total before tax 

income 

0.1% level 1913-

2005 

Yearly Atkinson & 

Piketty 

(2010) 

Panel B: Financial Markets 

Variable Definition Note Period Frequency Source 

equity_dms Equity total return  1899-

2017 

Yearly DMS 

equity_gfd UK FTSE All-Share 

Return 

 1694-

2019 

Monthly GFD 

equity_tr_jst Equity total return r[t] = [[p[t] + d[t]] / p[t-1] ] - 1 1871-

2015 

Yearly JST 

equity_capgain_jst Equity capital gain cg[t] = [ p[t] / p[t-1] ] - 1 1871-

2015 

Yearly JST 

equity_dividend_rtn_jst Equity dividend 

return 

dp_rtn[t] = dividend[t]/p[t-1] 1871-

2015 

Yearly JST 

equity_dividend_yd_jst Equity dividend 

yield 

dp[t] = dividend[t]/p[t] 1871-

2015 

Yearly JST 
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Variable Definition Note Period Frequency Source 

bond_dms Bond return  1899-

2017 

Yearly DMS 

bond_tr_jst Government bond 

total return 

r[t] = [[p[t] + coupon[t]] / p[t-1] ] - 1   Yearly JST 

corp_bond_gfd Corporate bond yield Inflation adjusted per capita 

Monthly From Jan 1854 To Nov 1983; Weekly From Dec 1983 To Oct 2011; 

Monthly From Nov 2011 To Mar 2019 

Monthly data are taken from an index of corporate bond yields as calculated by the 

Bank of England and Financial Times. Weekly data are from The Economist. From 

November 2011, the Fixed Income Investor Corporate Bond Average is used. 

1854-

2019 

Monthly GFD 

govn_bond_jst Governmen bond 

rate 

rate[t] = coupon[t] / p[t-1], or yield to maturity at t 1870-

2015 

Yearly JST 

govn_bond_gfd 10-year Government 

Bond total return 

United Kingdom 10-year Government Bond Total Return Index 

Monthly from Jul 1700 To Mar 2019 

1700-

2019 

Monthly GFD 

usd_bond_gfd USD bond return United Kingdom USD Bond Return Index; Inflation adjusted per capita 

Monthly from Jul 1700 To Mar 2019 

1700-

2019 

Monthly GFD 

bill_jst Bill rate r[t] = coupon[t] / p[t-1] 1870-

2015 

Yearly JST 

total_bill_gfd Bills total return 

index  

The bill index uses the discount rate from the Bank of England from 1694 until 1718, 

the private discount rate from 1718 until 1869, the 3-month deposit rate from 1870 to 

1899 and the 3-month yield on treasury bills from 1900 on. 

1694-

2016 

Monthly GFD 

treasury_bill_gfd 3-month treasury bill 

yield 

 1900-

2019 

Monthly GFD 

capital_tr_jst Total return on 

wealth 

Weighted average of housing, equity, bonds and bills 1896-

2015 

Yearly JST 

risky_tr_jst Total return on risky 

assets 

Weighted average of housing and equity 1896-

2015 

Yearly JST 

safe_tr_jst Total return on safe 

assets 

Equally weighted average of bonds and bills 1870-

2015 

Yearly JST 

house_price_jst House price index nominal index, 1990=100 

1899 – 1938 & 1946 - 2012 from Knoll et al. (2014). No price like home: Global 

house prices, 1870-2012. 

2013-2016 from OECD housing prices database. 

1900-

2016 

Yearly JST 
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Variable Definition Note Period Frequency Source 

housing_tr_jst Housing total return r[t] = [[p[t] + d[t]] / p[t-1] ] - 1 1896-

2015 

Yearly JST 

housing_capgain_jst Housing capital gain cg[t] = [ p[t] / p[t-1] ] - 1 1896-

2015 

Yearly JST 

housing_rent_rtn_jst Housing rental return dp_rtn[t] = rent[t]/p[t-1] 1896-

2015 

Yearly JST 

housing_rent_yd_jst Housing rental yield dp[t] = rent[t]/p[t] 1895-

2015 

Yearly JST 

short_interest_jst Short-term interest 

rate (percent per 

year) 

1870-2016 from Measuring Worth, Short-Term Rate: Ordinary Funds, Contemporary 

Series. The Series emanates from the normal course of business of financial 

institutions, for example, the ordinary lending of funds by commercial banks for a short 

time period. 

1870-

2016 

Yearly JST 

long_interest_jst Long-term interest 

rate (percent per 

year) 

1870-2008 Hills, Sally, Ryland Thomas, and Nicholas Dimsdale (2010), The UK 

recession in context — what do three centuries of data tell us?, Quarterly Bulletin of 

the Bank of England, 2010:4. 

2009-2016 from Bank of England. Statistical Database. 

1870-

2016 

Yearly JST 

peg_jst Peg dummy The peg dummy takes the value of 1 if a country was on the gold standard before 1940. 

From 1940 onwards, it takes the value of 1 for economies whose exchange rate stays 

within a +/- 2% band, and is 0 otherwise.  

Classification sources: Obstfeld, Shambaugh, and Taylor (2004), Obstfeld, 

Shambaugh, and Taylor (2005), Ilzetzki, Reinhart, and Rogoff (2017), Klein and 

Shambaugh (2008), Obstfeld, Shambaugh, and Taylor (2010), Shambaugh (2004). 

1870-

2016 

Yearly JST 

peg_strict_jst Strict peg dummy 1870-

2016 

Yearly JST 

peg_type_jst Peg type (BASE, 

PEG, FLOAT) 

1870-

2016 

Yearly JST 

peg_base_jst Peg base (GBR, 

USA, DEU, 

HYBRID, NA) 

1870-

2016 

Yearly JST 

crisis_jst Systemic financial 

crises (0-1 dummy) 

1870-1872; 1874-1879; 1998-2008: Reinhart, Carmen M., and Kenneth S. Rogoff. 

2009. This Time Is different: Eight Centuries of Financial Folly. Princeton, NJ: 

Princeton University Press.  

1873: Dimsdale, Nicholas and Hotson, Anthony. 2014. British Financial Crises Since 

1825. Oxford University Press 2014.  

No crisis in 1878: Turner, J. (2014). Banking in Crisis: The rise and fall of British 

Banking Stability, 1800 to present: “…despite liquidity pressures, there was never any 

threat of a systemic collapse in 1878-9.”  

1870-

2016 

Yearly JST 
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Variable Definition Note Period Frequency Source 

1880-1990; 1992-1997: Bordo, Michael D., Barry Eichengreen, Daniela Klingebiel, 

and Maria Soledad Martinez–Peria. 2001. Is the Crisis Problem Growing More Severe? 

Economic policy: A European Forum 32: 51–75.  

1991: Bank of England, Financial stability review, Issue Nº1, Autumn of 1996  

2009-2016: extension of dummy variable according to the systemic crisis definition 

given in Schularick and Taylor, 2012. Credit Booms gone bust: Monetary Policy, 

Leverage Cycles and Financial Crises, 1870 – 2008. American Economic Review, 

Vol.102, No.2. 
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Table OA3.4 – String Searches of Topics 
This table presents string searches of topics. We categorize the paintings/drawing by topic based on the keywords 

of the artworks’ titles. The textual analysis of the titles is executed in the six languages that are most often used in 

the art auction world and art history (English (EN), Dutch (NL), German (DE), French (FR), Spanish (ES) and 

Italian (IT)). We identify 13 topic categories: Abstract, Animals, Landscape, Seascape, Urbanscape, Nude, People, 

Self Portrait, Portrait, Religion, Still Life, Study, and Untitled. 

Abstract 

- abstract (EN); abstract (NL); abstract (DE); abstrait (FR); abstracto (ES); abstraccion (ES); astratto 

(IT); abstracto (IT) 

- compositions (EN); compositie (NL); composities (NL); samenstelling (NL); samenstellingen (NL); 

Komposition (DE); Kompositionen (DE); Zusammensetzung (DE); Zusammensetzungen (DE); 

composition (FR); compositions (FR); composición (ES); composiciones (ES); composizione (IT); 

composizioni (IT) 

Animals 

- horse (EN); horses (EN); paard (NL); paarden (NL); Pferd (DE); Pferde (DE); cheval (FR); chevaux 

(FR); caballo (ES); caballos (ES); cavallo (IT); cavalli (IT) 

- cow (EN); cows (EN); koe (NL); koeien (NL); Kuh (DE); Kühe (DE); Kuehe (DE); vache (FR); 

vaches (FR); vaca (ES); vacas (ES); mucca (IT); mucche (IT) 

- cattle (EN); livestock (EN); vee (NL); Vieh (DE); bétail (FR); ganado (ES); bestiame (IT) 

- pigs (EN); varken (NL); varkens (NL); Schwein (DE); Schweine (DE); cochon (FR); cochons (FR); 

cerdo (ES); cerdos (ES); maiale (IT); maiali (IT) 

- chick (EN); chicken (EN); kip (NL); kippen (NL); Henne (DE); Huhn (DE); poule (FR); poules (FR); 

gallina (IT); galline (IT) 

- poultry (EN); poultries (EN); gevogelte (NL); gevogelte (NL); Geflügel (DE); Geflügel (DE); volaille 

(FR); volailles (FR); corral (ES); corral (ES); pollame (IT); pollame (IT) 

- rooster (EN); roosters (EN); haan (NL); hanen (NL); Hahn (DE); Hähne (DE); coq (FR); coqs (FR); 

gallo (ES); gallos (ES); gallo (IT); galli (IT) 

- cock (EN); cocks (EN); pik (NL); hanen (NL); Schwanz (DE); Hähne (DE); coq (FR); coqs (FR); 

polla (ES); pollas (ES); cazzo (IT); cazzi (IT) 

- donkey (EN); donkeys (EN); ezel (NL); ezels (NL); Esel (DE); Esel (DE); âne (FR); ânes (FR); ane 

(FR); anes (FR); burro (ES); burros (ES); asino (IT); asini (IT) 

- fish (EN); fishes (EN); vis (NL); vissen (NL); Fisch (DE); Fische (DE); poisson (FR); poissons (FR); 

pez (ES); peces (ES); pesce (IT); Pesci (IT) 

- cat (EN); cats (EN); kat (NL); katten (NL); Katze (DE); Katzen (DE); chat (FR); chats (FR); gato 

(ES); gatos (ES); gatto (IT); gatti (IT) 

- dog (EN); dogs (EN); hond (NL); honden (NL); Hund (DE); Hunde (DE); chien (FR); chiens (FR); 

perro (ES); perros (ES); cane (IT); cani (IT) 

- goat (EN); goats (EN); geit (NL); geiten (NL); Ziege (DE); Ziegen (DE); Geiß (DE); Geißen (DE); 

Geiss (DE); Geissen (DE); chèvre (FR); chèvres (FR); chevre (FR); chevres (FR); cabra (ES); cabras 

(ES); capra (IT); capre (IT) 

- bock (EN); bocks (EN); bok (NL); boks (NL); Ziegenbock (DE); Ziegenböcke (DE); Ziegenboecke 

(DE); bouc (FR); boucs (FR); macho cabrio (ES); capro (IT); capri (IT) 

- bull (EN); bulls (EN); bul (NL); stieren (NL); Stier (DE); Stiere (DE); taureau (FR); taureaux (FR); 

toro (ES); toros (ES); toro (IT); tori (IT) 

- sheep (EN); sheeps (EN); schapen (NL); schapen (NL); Schaf (DE); Schafe (DE); mouton (FR); 

moutons (FR); oveja (ES); ovejas (ES); pecora (IT); pecore (IT) 

- bird (EN); birds (EN); vogel (NL); vogelstand (NL); Vogel (DE); Vögel (DE); Voegel (DE); oiseau 

(FR); oiseaux (FR); ave (ES); aves (ES); pájaro (ES); pájaros (ES); uccello (IT); uccelli (IT) 

- goose (EN); geese (EN); gans (NL); ganzen (NL); Gans (DE); Gänse (DE); Gaense (DE); oie (FR); 

oies (FR); ganso (ES); gansos (ES); oca (IT); oche (IT) 

- owl (EN); owls (EN); uil (NL); uilen (NL); Eule (DE); Eulen (DE); hibou (FR); hiboux (FR); chouette 

(FR); chouettes (FR); búho (ES); búhos (ES); lechuza (ES); lechuzas (ES); gufo (IT); gufi (IT) 

- grouse (EN); grouses (EN); kankeren (NL); grouses (NL); Schneehuhn (DE); Moorhühner (DE); 

Moorhuehner (DE); grouse (FR); grouses (FR); gallo de abedul (ES); gallos de abedul (ES); gallo 

cedrone (IT); galli cedrone (IT) 

- duck (EN); ducks (EN); eend (NL); eenden (NL); Ente (DE); Enten (DE); canard (FR); canards (FR); 
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pato (ES); patos (ES); anatra (IT); anatre (IT) 

- herd (EN); herds (EN); kudde (NL); kuddes (NL); Herde (DE); Herden (DE); troupeau (FR); 

troupeaux (FR); pastor (ES); pastore (IT); pastori (IT) 

- farm (EN); farms (EN); boerderij (NL); boerderijen (NL); erf (NL); erfs (NL); boerenhof (NL); 

boerenhofs (NL); Farm (DE); Farmen (DE); Bauernhof (DE); Bauernhöfe (DE); Bauernhoefe (DE); 

Gehöft (DE); Gehöfte (DE); Gehoeft (DE); Gehoefte (DE); ferme (FR); fermes (FR); granja (ES); 

granjas (ES); finca (ES); fattoria (IT); fattorie (IT) 

- Stable (EN); Stables (EN); shed (EN); sheds (EN); Stall (DE); Ställe (DE); Staelle (DE); stal (NL); 

stallen (NL); écurie (FR); écuries (FR); ecurie (FR); ecuries (FR); bergerie (FR); bergeries (FR); 

porcherie (FR); porcheria (FR); bouverie (FR); (FR); estable (ES); establos (ES); stalla (IT); stalle 

(IT) 

Landscape 

- landscape (EN); landscapes (EN); landschap (NL); landschappen (NL); Landschaft (DE); 

Landschaften (DE); paysage (FR); paysages (FR); paisaje (ES); paisajes (ES); paesaggio (IT); 

paesaggi (IT) 

- mountain (EN); mountains (EN); berg (NL); bergen (NL); Berg (DE); Berge (DE); montagne (FR); 

montagnes (FR); montaña (ES); montañas (ES); montana (ES); montanas (ES); sierra (ES); sierras 

(ES); montagna (IT); montagne (IT) 

- hill (EN); hills (EN); heuvel (NL); heuvels (NL); Hügel (DE); Hugel (DE); Huegel (DE); colline (FR); 

collines (FR); colina (ES); colinas (ES); collina (IT); colline (IT); river (EN); rivers (EN); stream 

(EN); streams (EN) 

- rivier (NL); rivieren (NL); beek (NL); beken (NL); Fluss (DE); Flüsse (DE); Fluesse (DE); Fluss (DE); 

Fluß (DE); Flüße (DE); Strom (DE); Ströme (DE); Strome (DE); rivière (FR); rivières (FR); ruisseau 

(FR); ruisseaux (FR); riviere (FR); rivieres (FR); río (ES); ríos (ES); corriente (ES); corrientes (ES); 

rio (ES); rios (ES); fiume (IT); fiumi (IT); ruscello (IT); ruscelli (IT) 

- lake (EN); lakes (EN); meer (NL); meren (NL); See (DE); Seen (DE); lac (FR); lacs (FR); lago (ES); 

lagos (ES); lago (IT); laghi (IT) 

- valley (EN); valleys (EN); vallei (NL); valleien (NL); Tal (DE); Täler (DE); Taeler (DE); Taler (DE); 

vallée (FR); vallées (FR); vallee (FR); valees (FR); Valle (ES); valles (ES); valle (IT); valli (IT);  

- garden (EN); gardens (EN); tuin (NL); tuinen (NL); garten (DE); gardens (DE); jardin (FR); jardins 

(FR); jardín (ES); jardines (ES); giardino (IT); giardini (IT) 

- tree (EN); trees (EN); boom (NL); bomen (NL); Baum (DE); Bäume (DE); Baeume (DE); Baume 

(DE); arbre (FR); arbres (FR); árbol (ES); árboles (ES); arbol (ES); arboles (ES); albero (IT); alberi 

(IT) 

- wood (EN); woods (EN); forest (EN); forests (EN); hout (NL); houten (NL); bos (NL); bossen (NL); 

Holz (DE); Hölzer (DE); Wald (DE); Wälder (DE); Hoelzer (DE); Holzer (DE); Waelder (DE); 

Walder (DE); bois (FR); bois (FR); forêt (FR); forêts (FR); foret (FR); forets (FR); madera (ES); 

maderas (ES); bosque (ES); bosques (ES); legna (IT); legne (IT); foresta (IT); foreste (IT) 

- pastoral (EN); pastorals (EN); pastorale (NL); pastorals (NL); pastoral (DE); Pastorale (DE); pastorale 

(FR); pastorales (FR); pastoral (ES); pastorales (ES); pastorale (IT); pastorali (IT) 

- field (EN); fields (EN); veld (NL); velden (NL); Feld (DE); Felder (DE); champ (FR); champs (FR); 

campo (ES); campos (ES); campo (IT); campi (IT) 

- mill (EN); mills (EN); molen (NL); molens (NL); Mühle (DE); Mühlen (DE); Muehle (DE); Muehlen 

(DE); Muhle (DE); Muhlen (DE); moulin (FR); moulins (FR); molino (ES); molinos (ES); mulino 

(IT); mulini (IT) 

- meadow (EN); meadows (EN); pasture (EN); pastures (EN); grassland (EN); grasslands (EN); weide 

(NL); weiden (NL); weiland (NL); weilanden (NL); grasland (NL); grasland (NL); Wiese (DE); 

Wiesen (DE); Weide (DE); Weiden (DE); Wiese (DE); Wiesen (DE); prairie (FR); prairies (FR); 

pâturage (FR); pâturages (FR); paturage (FR); paturages (FR); prado (ES); prados (ES); pastar (ES); 

pastos (ES); pradera (ES); pastizales (ES); prato (IT); prati (IT); pascolo (IT); pascoli (IT); prateria 

(IT); praterie (IT) 

-  road (EN); roads (EN); track (EN); tracks (EN); path (EN); pathes (EN); route (EN); routes (EN); 

weg (NL); wegen (NL); spoor (NL); sporen (NL); pad (NL); pathes (NL); route (NL); routes (NL); 

Straße (DE); Straßen (DE); Spur (DE); Spuren (DE); Pfad (DE); Wege (DE); Route (DE); Routen 

(DE); Strasse (DE); Strassen (DE); route (FR); routes (FR); piste (FR); pistes (FR); chemin (FR); 

chemins (FR); route (FR); routes (FR); carretera (ES); carreteras (ES); pista (ES); pistas (ES); camino 
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(ES); pathes (ES); ruta (ES); rutas (ES); strada (IT); strade (IT); traccia (IT); brani (IT); sentiero (IT); 

sentieri (IT); rotta (IT); rotte (IT) 

- spring (EN); summer (EN); autumn (EN); winter (EN); lente (NL); zomer (NL); herfst (NL); winter 

(NL); Frühling (DE); Sommer (DE); Herbst (DE); Winter (DE); Fruehling (DE); Fruhling (DE); 

printemps (FR); été (FR); l'automne (FR); hiver (FR); ete (FR); primavera (ES); verano (ES); otoño 

(ES); invierno (ES); otono (ES); primavera (IT); estate (IT); autunno (IT); inverno (IT) 

- polder (EN); polders (EN); polder (NL); polders (NL); polder (DE); polders (DE); polder (FR); polders 

(FR); pólder (ES); pólderes (ES); polderes (ES); polder (IT); polder (IT) 

- sunrise (EN); sunset (EN); zonsopkomst (NL); zonsondergang (NL); Sonnenaufgang (DE); 

Sonnenuntergang (DE); lever du soleil (FR); coucher du soleil (FR); salida del sol (ES); puesta de sol 

(ES); alba (IT); tramonto (IT) 

- orchard (EN); orchards (EN); boomgaard (NL); boomgaarden (NL); Obstgarten (DE); Obstgärten 

(DE); Obstgaerten (DE); Obstgarten (DE); verger (FR); vergers (FR); huerta (ES); huertos (ES); 

frutteto (IT); frutteti (IT) 

- castle (EN); castles (EN); kasteel (NL); kastelen (NL); Schloss (DE); Schlösser (DE); Schlösser (DE); 

Schlösser (DE); château (FR); châteaux (FR); chateau (FR); chateaux (FR); castillo (ES); castillos 

(ES); castello (IT); castelli (IT) 

Seascape 

- sea (EN); seas (EN); seascape (EN); seascapes (EN); zee (NL); zeeën (NL); zeeen (NL); zeegezicht 

(NL); zeegezichten (NL); Meer (DE); Meere (DE); Seelandschaft (DE); Seestück (DE); Seestueck 

(DE); Seestücke (DE); Seestuecke (DE); mer (FR); mers (FR); paysage marin (FR); paysages marins 

(FR); mar (ES); mares (ES); marina (ES); paisajes marinos (ES); mare (IT); mari (IT); paesaggio 

marino (IT); paesaggi marini (IT) 

- navy (EN); navies (EN); marine (EN); marines (EN); Marine (DE); Flotten (DE); Marine (DE); 

Marinesoldaten (DE); marine (FR); marine (FR); Marin (FR); marines (FR); marine (NL); marines 

(NL); marinier (NL); marines (NL); Armada (ES); armadas (ES); marina (ES); infantería de marina 

(ES); infanteria de marina (ES); Marina Militare (IT); marine (IT); marino (IT); marines (IT) 

- Ocean (EN); Oceans (EN); Ozean (DE); Ozeane (DE); Océan (FR); Océans (FR); Oceaan (NL); 

Oceans (NL); Oceano (ES); Oceanos (ES); Océanos (ES); Oceano (IT); oceani (IT); Weltmeer (DE); 

Weltmeere (DE); wereldzee (NL); wereldzeeen (NL) 

- ship (EN); ships (EN); ferry (EN); ferries (EN); boat (EN); boats (EN); schip (NL); schepen (NL); 

veerboot (NL); veerboten (NL); boot (NL); boten (NL); navire (FR); navires (FR); traversier (FR); 

ferries (FR); bateau (FR); bateaux (FR); Schiff (DE); Schiffe (DE); Fähre (DE); Fähren (DE); Faehre 

(DE); Faehren (DE); Boot (DE); Boote (DE); enviar (ES); naves (ES); transportar (ES); 

transbordadores (ES); barco (ES); barcos (ES); nave (IT); navi (IT); traghetto (IT); traghetti (IT); barca 

(IT); Barche (IT) 

- harbour (EN); harbours (EN); habor (EN); harbors (EN); port (EN); ports (EN); Häfen (DE); Haefen 

(DE); Hafen (DE); habor (FR); ports (FR); Port (FR); ports (FR); habor (NL); havens (NL); haven 

(NL); havens (NL); habor (ES); puertos (ES); Puerto (ES); puertos (ES); habor (IT); porti (IT); porta 

(IT); porti (IT) 

- beach (EN); beaches (EN); shore (EN); shores (EN); strand (NL); stranden (NL); kust (NL); oevers 

(NL); plage (FR); plages (FR); rive (FR); rivages (FR); Strand (DE); Strände (DE); Straende (DE); 

Ufer (DE); Ufer (DE); spiaggia (IT); spiagge (IT); puntellare (IT); sponde (IT); playa (ES); playas 

(ES); apuntalar (ES); orillas (ES) 

- coast (EN); coasts (EN); Küste (DE); Küsten (DE); Kuest (DE); Kuesten (DE); kust (NL); kusten 

(NL); costa (ES); costas (ES); costa (IT); coste (IT); cote (FR); cotes (FR); côte (FR); côtes (FR) 

Urbanscape 

- city (EN); Stadt (DE); ville (FR); stad (NL); wereldstad (NL); ciudad (ES); città (IT); citta (IT); 

municipalita (IT); municipalità (IT) 

- cities (EN); Städte (DE); Staedte (DE); villes (FR); steden (NL); ciudades (ES); citta (IT); città (IT) 

- village (EN); Dorf (DE); village (FR); dorp (NL); pueblo (ES); villaggio (IT) 

- town (EN); Stadt (DE); Dorf (DE); ville (FR); stad (NL); pueblo (ES); cittadina (IT) 

- street (EN); Straße (DE); strasse (DE); rue (FR); straat (NL); calle (ES); strada (IT) 

- streets (EN); Straßen (DE); strassen (DE); des rues (FR); straten (NL); calles (ES); strade (IT) 

- market (EN); Markt (DE); marché (FR); marche (FR); markt (NL); mercado (ES); mercato (IT) 

- markets (EN); Märkte (DE); maerkte (DE); marchés (FR); marches (FR); markten (NL); mercados 
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(ES); mercati (IT) 

- church (EN); Kirche (DE); église (FR); eglise (FR); kerk (NL); Iglesia (ES); Chiesa (IT) 

- cathedral (EN); Dom (DE); cathédrale (FR); cathedrale (FR); kathedraal (NL); catedral (ES); 

Cattedrale (IT) 

- monastery (EN); Kloster (DE); monastère (FR); monastere (FR); klooster (NL); monasterio (ES); 

monastero (IT) 

- Monasteries (EN); Klöster (DE); Kloester (DE); Monastères (FR); Monasteres (FR); kloosters (NL); 

Monasterios (ES); monasteri (IT) 

- usine (EN); usine (DE); usine (FR); usine (NL); Usine (ES); usine (IT) 

- factory (EN); Fabrik (DE); usine (FR); fabriek (NL); fábrica (ES); fabrica (ES); fabbrica (IT) 

- factories (EN); Fabriken (DE); usines (FR); fabrieken (NL); suerte (ES); fabbriche (IT) 

- house (EN); Haus (DE); maison (FR); huis (NL); casa (ES); Casa (IT) 

- houses (EN); Häuser (DE); Haeuser (DE); Maisons (FR); huizen (NL); casas (ES); case (IT) 

- cottage (EN); Hütte (DE); chalet (FR); huisje (NL); cabaña (ES); Cottage (IT) 

- cottages (EN); Hütten (DE); Huetten (DE); cottages (FR); huisjes (NL); cabañas (ES); cabanas (ES); 

cottage (IT) 

- maison (EN); Maison (DE); maison (FR); maison (NL); maison (ES); Maison (IT) 

- maisons (EN); Maisons (DE); maisons (FR); maisons (NL); maisons (ES); maisons (IT) 

- square (EN); Platz (DE); carré (FR); carre (FR); plein (NL); cuadrado (ES); piazza (IT) 

- squares (EN); Plätze (DE); Plaetze (DE); carrés (FR); carres (FR); pleinen (NL); cuadrícula (ES); 

piazze (IT) 

- place (EN); Ort (DE); endroit (FR); plaats (NL); lugar (ES); posto (IT) 

- places (EN); Orte (DE); Örter (DE); endroits (FR); plaatsen (NL); lugares (ES); posti (IT) 

- Canal (EN); Kanal (DE); Canal (FR); Kanaal (NL); Canal (ES); Canale (IT) 

- Canals (EN); Kanäle (DE); Kanaele (DE); Canaux (FR); Canals (NL); Canales (ES); Canals (IT) 

- channel (EN); Kanal (DE); canal (FR); kanaal (NL); canal (ES); canale (IT) 

- channels (EN); Kanäle (DE); kanaele (DE); canaux (FR); kanalen (NL); canales (ES); canali (IT) 

- embankment (EN); Damm (DE); digue (FR); dijk (NL); terraplén (ES); argine (IT) 

- embankments (EN); Böschungen (DE); boeschungen (DE); remblais (FR); taluds (NL); terraplenes 

(ES); argini (IT) 

- bank (EN); Bank (DE); banque (FR); bank (NL); banco (ES); banca (IT) 

- banks (EN); Banken (DE); banques (FR); banken (NL); bancos (ES); banche (IT) 

- station (EN); Bahnhof (DE); gare (FR); station (NL); estación (ES); estacion (ES); stazione (IT) 

- stations (EN); Stationen (DE); stations (FR); stations (NL); estaciones (ES); stazioni (IT) 

- gare (EN); gare (DE); gare (FR); gare (NL); gare (ES); gare (IT) 

- gares (EN); gares (DE); vêtements (FR); vetements (FR); gares (NL); gares (ES); gares (IT) 

- paris (EN); Paris (DE); Paris (FR); Parijs (NL); París (ES); Parigi (IT) 

- london (EN); London (DE); Londres (FR); Londen (NL); Londres (ES); Londra (IT) 

- venice (EN); Venedig (DE); Venise (FR); Venetië (NL); Venecia (ES); Venezia (IT) 

- other 1143 city names in six languages (EN, DE, FR, NL, ES, IT; not tabulated) 

Nude 

- nude (EN); nudes (EN); nus (FR); nu (FR); naakt (NL); naakten (NL); nackt (DE); Akt (DE); Akte 

(DE); nudo (IT); nudi (IT); desnudo (ES); desnudos (ES) 

People 

- people (EN); gens (FR); Menschen (DE); mensen (NL); gente (ES); persone (IT) 

- person (EN); personne (FR); Person (DE); persoon (NL); persona (ES); persona (IT) 

- persons (EN); personnes (FR); Personen (DE); personen (NL); personas (ES); persone (IT) 

- family (EN); famille (FR); Familie (DE); familie (NL); familia (ES); famiglia (IT) 

- families (EN); familles (FR); Familien (DE); gezinnen (NL); familias (ES); famiglie (IT) 

- boy (EN); garçon (FR); garcon (FR); Junge (DE); jongen (NL); chico (ES); ragazzo (IT) 

- boys (EN); garçons (FR); garcons (FR); Jungen (DE); jongens (NL); chicos (ES); ragazzi (IT) 

- girl (EN); fille (FR); Mädchen (DE); Maedchen (DE); meisje (NL); niña (ES); nina (ES); ragazza (IT); 

girls (EN); filles (FR); Mädchen (DE); Maedchen (DE); meisjes (NL); chicas (ES); ragazze (IT) 

- man (EN); homme (FR); Mann (DE); man (NL); hombre (ES); uomo (IT) 

- men (EN); Hommes (FR); Männer (DE); mannen (NL); hombres (ES); uomini (IT) 

- woman (EN); femme (FR); Frau (DE); vrouw (NL); mujer (ES); donna (IT) 
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- women (EN); femmes (FR); Frauen (DE); vrouwen (NL); mujeres (ES); donne (IT) 

- child (EN); enfant (FR); Kind (DE); kind (NL); niño (ES); nino (ES); bambino (IT) 

- children (EN); enfants (FR); Kinder (DE); kinderen (NL); niños (ES); ninos (ES); bambini (IT); couple 

(EN); couple (FR); Paar (DE); paar (NL); Pareja (ES); coppia (IT) 

- couples (EN); couples (FR); Paare (DE); koppels (NL); parejas (ES); coppie (IT) 

- mother (EN); mère (FR); mere (FR); Mutter (DE); moeder (NL); madre (ES); madre (IT) 

- mothers (EN); mères (FR); meres (FR); Mütter (DE); Muetter (DE); moeders (NL); madres (ES); 

madri (IT) 

- father (EN); père (FR); pere (FR); Vater (DE); vader (NL); padre (ES); padre (IT) 

- fathers (EN); pères (FR); peres (FR); Väter (DE); vaeter (DE); vaders (NL); padres (ES); padri (IT) 

- lady (EN); Dame (FR); Dame (DE); dame (NL); dama (ES); signora (IT) 

- ladies (EN); Dames (FR); Damen (DE); Dames (NL); señoras (ES); senoras (ES); signore (IT); 

gentleman (EN); messieurs (FR); Herren (DE); mijne heren (NL); caballeros (ES); gentiluomini (IT) 

- gentelmen (EN); messieurs (FR); Herren (DE); mijne heren (NL); caballeros (ES); gentiluomini (IT) 

- sir (EN); Madam (EN); Herr (DE); Frau (DE); Monsieur (FR); Madame (FR); mijnheer (NL); 

Mevrouw (NL); señora (ES); senora (ES); Señor (ES); senor (ES); corso (IT); signore (IT) 

Self Portrait 

- self-portrait (EN); self portrait (EN); Selbstporträt (DE); Selbstportraet (DE); Selbstbildnis (DE); 

Selbstportrat (DE); autoportrait (FR); auto portrait (FR); auto-portrait (FR); zelfportret (NL); 

zelfportret (NL); zelf-portret (NL); zelf portret (NL); Auto retrato (ES); Auto-retrato (ES); autorretrato 

(ES); auto-ritratto (IT); auto ritratto (IT); autoritratto (IT) 

Portrait 

- portrait (EN); portraits (EN); Porträt (DE); Porträts (DE); Portraet (DE); Portraets (DE); portrait (FR); 

portraits (FR); portret (NL); portretten (NL); retrato (ES); retratos (ES); ritratto (IT); ritratti (IT) 

- face (EN); faces (EN); Gesicht (DE); Gesichter (DE); anblick (DE); visage (FR); visages (FR); cara 

(ES); caras (ES); viso (IT); facce (IT); gezicht (NL); gezichten (NL) 

Religion 

- jesu (EN); Jesus (DE); jésu (FR); jesu (NL); jesu (ES); jesu (IT) 

- jesus (EN); Jesus (DE); Jésus (FR); Jezus (NL); Jesús (ES); Gesù (IT) 

- christ (EN); Christus (DE); Christ (FR); Christus (NL); Cristo (ES); Cristo (IT) 

-  agnus dei (EN); Agnus Dei (DE); Agnus Dei (FR); lam Gods (NL); Lam God (NL); Cordero de Dios 

(ES); Agnello di Dio (IT) 

- spirit (EN); Geist (DE); esprit (FR); geest (NL); espíritu (ES); spirito (IT) 

- spirits (EN); Spirituosen (DE); esprits (FR); spiritualiën (NL); espíritu (ES); spiriti (IT) 

- lamb of god (EN); Lamm Gottes (DE); agneau de Dieu (FR); lam van god (NL); Cordero de Dios 

(ES); agnello di Dio (IT) 

- god (EN); Gott (DE); Dieu (FR); god (NL); Dios (ES); Dio (IT) 

- gods (EN); Götter (DE); dieux (FR); goden (NL); gallinero (ES); Dio (IT) 

- saviour (EN); savior (EN); Retter (DE); Sauveur (FR); Heiland (NL); salvador (ES); salvatore (IT) 

- redeemer (EN); Erlöser (DE); Rédempteur (FR); Verlosser (NL); redentor (ES); Redentore (IT) 

- saviors (EN); Erretter (DE); sauveurs (FR); redders (NL); salvadores (ES); salvatori (IT);  

- redemption (EN); Erlösung (DE); rachat (FR); verlossing (NL); redención (ES); salvación (ES); 

redenzione (IT) 

- eden (EN); Eden (DE); Eden (FR); Eden (NL); Edén (ES); Eden (IT) 

- judgement (EN); Beurteilung (DE); Urteil (DE); jugement (FR); oordeel (NL); juicio (ES); giudizio 

(IT) 

- father (EN); Vater (DE); père (FR); vader (NL); padre (ES); padre (IT) 

- apostle (EN); Apostel (DE); apôtre (FR); apostel (NL); apóstol (ES); apostolo (IT) 

- apostles (EN); Apostel (DE); apôtres (FR); apostelen (NL); apóstoles (ES); apostoli (IT);  

- angel (EN); Engel (DE); ange (FR); engel (NL); ángel (ES); angelo (IT) 

- angels (EN); Engel (DE); anges (FR); angels (NL); ángeles (ES); angeli (IT) 

- holy (EN); heilig (DE); saint (FR); heilig (NL); santo (ES); santo (IT) 

- sacred (EN); heilig (DE); sacré (FR); heilig (NL); sagrado (ES); sacro (IT) 

- saint (EN); Heilige (DE); Saint (FR); heilige (NL); Smo (ES); santo (IT) 

- saints (EN); Heilige (DE); saints (FR); heiligen (NL); Santos (ES); santi (IT) 

- madonna (EN); Madonna (DE); Madone (FR); Madonna (NL); Virgen (ES); Madonna (IT); Mere de 
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Dieu (FR); Moeder Gods (NL); Mutter Gottes (GE); Madre de Dios (ES); Madre di Dio (IT) 

- mary magdalene (EN); Maria Magdalena (DE); mary magdalene (FR); Maria Magdalena (NL); María 

Magdalena (ES); Maria Maddalena (IT) 

- annunciation (EN); Verkündigung (DE); Annonciation (FR); aankondiging (NL); Anunciación (ES); 

Annunciazione (IT);  

- annonciation (EN); Annonciation (DE); annonciation (FR); Annonciation (NL); annonciation (ES); 

Annonciation (IT) 

- adoration (EN); Anbetung (DE); Verehrung (DE); adoration (FR); aanbidding (NL); adoración (ES); 

adorazione (IT) 

- worship (EN); Anbetung (DE); culte (FR); aanbidden (NL); rendir culto (ES); culto (IT) 

- adam and eve (EN); Adam und Eva (DE); Adam et Eve (FR); Adam en Eva (NL); Adán y Eva (ES); 

Adam e Eve (IT) 

- crucifixion (EN); Kreuzigung (DE); crucifixion (FR); kruisiging (NL); crucifixión (ES); crocifissione 

(IT) 

- last supper (EN); das letzte Abendmahl (DE); Dernière Cène (FR); laatste Avondmaal (NL); última 

cena (ES); ultima cena (IT) 

- emmaus (EN); Emmaus (DE); Emmaüs (FR); emmaus (NL); emmaus (ES); emmaus (IT); Emaús 

(Portuguese) 

- eucharist (EN); Abendmahl (DE); Eucharistie (FR); Eucharistie (NL); eucaristía (ES); eucaristia (IT) 

- Cross (EN); Kreuz (DE); Traverser (FR); Kruis (NL); Cruzar (ES); Attraversare (IT) 

- descend from the Cross (EN); vom Kreuz absteigen (DE); descendre de la Croix (FR); afstammen van 

het kruis (NL); descender de la cruz (ES); discendere dalla Croce (IT); Descente de Croix (FR);  

- Deposition from the Cross (EN); Absetzung vom Kreuz (DE); Déposition de la croix (FR); Depositie 

van het kruis (NL); Deposición de la Cruz (ES); Deposizione dalla croce (IT) 

- Maesta (EN); Maesta (DE); Maesta (FR); Maesta (NL); Maesta (ES); Maesta (IT) 

- lamentation (EN); Wehklage (DE); lamentation (FR); weeklacht (NL); lamentación (ES); amento (IT) 

- lamentations (EN); Klagen (DE); lamentations (FR); klaagliederen (NL); lamentaciones (ES); 

Lamentazioni (IT) 

- lament (EN); Klage (DE); complainte (FR); weeklacht (NL); lamento (ES); lamento (IT) 

- nativity (EN); Geburt (DE); Nativité (FR); geboorte (NL); natividad (ES); Natività (IT);  

- birth (EN); Geburt (DE); naissance (FR); geboorte (NL); nacimiento (ES); nascita (IT) 

- Magi (EN); Weisen (DE); Magi (FR); Magi (NL); Los reyes magos (ES); Magi (IT) 

- Kings (EN); Könige (DE); rois (FR); Kings (NL); Reyes (ES); Re Magi (IT) 

- temptation (EN); Versuchung (DE); tentation (FR); verleiding (NL); tentación (ES); tentazione (IT) 

- temptations (EN); Versuchungen (DE); tentations (FR); verleidingen (NL); tentaciones (ES); 

tentazioni (IT) 

- assuption (EN); assusion (DE); assomption (FR); assuption (NL); assuption (ES); Assuption (IT); ten 

hemel opname (NL); tenhemelopname (NL) 

- heaven (EN); Himmel (DE); paradis (FR); hemel (NL); cielo (ES); Paradiso (IT) 

- Hell (EN); Hölle (DE); Enfer (FR); Hel (NL); Infierno (ES); Inferno (IT) 

- Ascencion (EN); Ascencion (DE); Ascencion (FR); Ascencion (NL); Ascensión (ES); Ascencion (IT); 

Hemelvaart (NL); Himmelfahrt (GE) 

- Whitsun (EN); Pfingsten (DE); Pentecôte (FR); Pinksteren (NL); Whitsun (ES); Pentecoste (IT) 

- Easter (EN); Ostern (DE); Pâques (FR); Pasen (NL); Pascua de Resurrección (ES); Pasqua (IT) 

- Christmas (EN); Weihnachten (DE); Noël (FR); Kerstmis (NL); Navidad (ES); Natale (IT) 

- biblical (EN); biblisch (DE); biblique (FR); bijbels (NL); bíblico (ES); biblico (IT) 

- Egypt (EN); Ägypten (DE); Egypte (FR); Egypte (NL); Egipto (ES); Egitto (IT) 

- samarit (EN); Samarit (DE); samarit (FR); Samarit (NL); Samarit (ES); SAMARIT (IT) 

- Samaritan (EN); Samariter (DE); samaritain (FR); samaritano (IT); samaritano (ES); Samaritaan (NL) 

Still Life 

- still life (EN); Stillleben (DE); nature morte (FR); stilleven (NL); naturaleza muerta (ES); bodegón 

(ES); bodegon (ES); natura morta (IT) 

- Vase (EN); Vase (DE); Vase (FR); Vaas (NL); Florero (ES); jarrón (ES); jarron (ES); Vaso (IT) 

- Vases (EN); Vasen (DE); Vases (FR); vazen (NL); Floreros (ES); vasi (IT) 

- fruit (EN); Obst (DE); Frucht (DE); fruit (FR); fruit (NL); Fruta (ES); frutta (IT) 

- fruits (EN); Früchte (DE); Fruechte (DE); fruits (FR); fruit (NL); frutas (ES); frutta (IT) 
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- apple (EN); Apfel (DE); Pomme (FR); appel (NL); manzana (ES); Mela (IT) 

- apples (EN); Äpfel (DE); Aepfel (DE); pommes (FR); appels (NL); manzanas (ES); mele (IT) 

- Apricot (EN); Aprikose (DE); Abricot (FR); Abrikoos (NL); Albaricoque (ES); Albicocca (IT) 

- Apricots (EN); Aprikosen (DE); Abricots (FR); abrikozen (NL); Albaricoques (ES); albicocche (IT) 

- lemon (EN); Zitrone (DE); citron (FR); citroen (NL); limón (ES); limon (ES); Limone (IT) 

- lemons (EN); Zitronen (DE); citrons (FR); citroenen (NL); limones (ES); limoni (IT) 

- orange (EN); Orange (DE); Orange (FR); oranje (NL); naranja (ES); arancia (IT) 

- oranges (EN); Orangen (DE); oranges (FR); sinaasappels (NL); naranjas (ES); arance (IT) 

- grape (EN); Traube (DE); grain de raisin (FR); grume (FR); druif (NL); uva (ES); uva (IT) 

- grapes (EN); Trauben (DE); raisins (FR); druiven (NL); uvas (ES); uva (IT) 

- pear (EN); Birne (DE); poire (FR); Peer (NL); Pera (ES); Pera (IT) 

- pears (EN); Birnen (DE); poires (FR); peren (NL); peras (ES); pere (IT) 

- flower (EN); Blume (DE); fleur (FR); bloem (NL); flor (ES); fiore (IT) 

- flowers (EN); Blumen (DE); Blüte (DE); Bluete (DE); fleurs (FR); bloemen (NL); flores (ES); fiori 

(IT) 

- Rose (EN); Rose (DE); Rose (FR); Roos (NL); Rosa (ES); Rosa (IT) 

- roses (EN); Rosen (DE); roses (FR); roses (NL); rosas (ES); Rose (IT) 

- tulip (EN); Tulpe (DE); tulipe (FR); tulp (NL); tulipán (ES); tulipano (IT) 

- tulips (EN); Tulpen (DE); tulipes (FR); tulpen (NL); tulipanes (ES); tulipani (IT) 

- bottle (EN); Flasche (DE); bouteille (FR); fles (NL); botella (ES); bottiglia (IT) 

- bottles (EN); Flaschen (DE); bouteilles (FR); flessen (NL); botellas (ES); bottiglie (IT) 

- butterfly (EN); Schmetterling (DE); papillon (FR); vlinder (NL); mariposa (ES); farfalla (IT) 

- butterflies (EN); Schmetterlinge (DE); papillons (FR); vlinders (NL); mariposas (ES); farfalle (IT) 

- flora (EN); Flora (DE); flore (FR); flora (NL); flora (ES); flora (IT) 

- floral (EN); Blumen (DE); floral (FR); bloemen (NL); floral (ES); floreale (IT) 

- plant (EN); Pflanze (DE); plante (FR); fabriek (NL); planta (ES); pianta (IT) 

- plants (EN); Pflanzen (DE); plantes (FR); planten (NL); plantas (ES); piante (IT) 

- vegetable (EN); Gemüse (DE); Gemuese (DE); légume (FR); legume (FR); groente (NL); vegetal 

(ES); verdura (IT) 

- vegetables (EN); Gemüse (DE); Gemuese (DE); légumes (FR); Legumes (FR); groenten (NL); 

vegetales (ES); verdure (IT) 

Study 

- study (EN); Studie (DE); étude (FR); etude (FR); studie (NL); estudiar (ES); studia (IT); Studio (EN); 

Estudio (ES); Studio (DE); Studio (FR); Studio (IT); Studio (NL) 

Untitled 

- untitled (EN); ohne Titel (DE); sans titre (FR); untitled (NL); zonder titel (NL); intitulado (ES); sin 

título (ES); sin titulo (ES); Senza titolo (IT) 
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