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Abstract

We conduct an empirical analysis of the effect on the auction price of a Canadian painting of
the age of the painter at the time of creation of the painting. We consider several hundred
artists, active over the entire history of Canadian art, who are pooled in the estimation of a
hedonic regression in which a polynomial function in age enters as a regressor along with
several other control variables. We then consider the possibility that the age-price
relationship has changed over time by : (a) estimating separate age-price functions for three
generational groups of artists - those born before 1880, between 1880 and 1920, and after
1920 and thus coming of age in the world of post-war “contemporary art” ; and (b) estimating
a parameterization where the shape of the age-price profile is permitted to change
continuously depending on the year of birth of the artist. Our principal result is that artists
born more recently tend to “peak” earlier in their careers than those of previous generations.
As pertaining to artists born after 1920, this result is consistent with the findings of Galenson
(2000) for modern American painters, but we find that the phenemenon applies over longer
periods of art history, and propose an interpretation based on demand-side changes in art

markets brought about by economic and urban population growth.



1. INTRODUCTION

It is agreed among obervers of art markets that the price commanded by the painting of a
given artist can be highly dependent on the age of the artist at the time of creation of the work,
and that the relation between age and price can vary across artists. Working with auction
data, one can econometrically estimate the relation, using a hedonic regression in which other
observable characteristics of the painting (such as size, genre, etc.) are controlled for.
Concepetually, the results of such an analysis can be interpreted within the context of the age-
productivity (or experience-productivity) model commonly estimated by labour economists
(Mincer (1974)).

This line of enquiry is most closely associated with David Galenson, who, sometimes with co-
authors, has undertaken several studies in which age-price profiles are estimated for major
artists (see, for example, Galenson (2000, 2001) and Galenson and Weinberg (2000, 2001)) .
A related study for the individual case of Picasso is due to Czujack (1997), who found that
the most highly valued Picassos at auction tend to be those from the Blue, Rose, and Cubist
periods (1902-1915), while the least valuable are those produced after 1944,

The principal focus of the work of Galenson (2000, 2001) and Galenson and Weinberg (2000,
2001) is the possible existence of, and explanations for, changes in age-price profiles for
different cohorts whose careers overlap during periods of particular art historical importance.
Two examples of such periods are studied — nineteenth and early twentieth century Paris, and
post-war New York City. In Paris, art historians describe a revolution in which the prevailing
impressionist and post-impressionist styles, associated with such artists as Manet, Cézanne,
Monet, and Gauguin, gave way to the fast-moving diversity of styles known as early
modernism, as represented by, for example, Matisse, Dufy, Picasso, and Miro. The second
period saw the birth of the contemporary New York “Art World”, where an earlier generation
of abstract expressionists, including Philip Guston, Jackson Pollock, and Barnett Newman,
were succeeded by a cohort characterized by a quickly-evolving diversity of styles,
represented by painters such as Joan Mitchell, Andy Warhol, Sol LeWitt, and Philip

Pearlstein.



The basic findings in these studies are that, in both historical periods, earlier generations are
characterized by an age-price profile well to the right of that of younger generations, that is to
say, that the members of earlier generations tend, on average, to “peak” later in their careers
than do younger painters. These econometric results are obtained from the estimation of
hedonic regressions which include polynomials in painters’ ages. Galenson (2000, 2001) and
Galenson and Weinberg (2000, 2001) find that these results, obtained from auction prices, are
consistent with the judgements of art historians as measured by the age distribution of pictures

illustrated in art history textbooks for different artists.

In their interpretations of these empirical findings, Galenson et al devote most of their
attention to the implications for the nature of artististic creativity exhibited by members of the
different generations — in particular, that fundamental changes in the nature of art works being
produced have occurred, favouring those artists who are disposed to problem solving and
rapid innovation over those who produce in a more workmanlike or experimental fashion.
This interpretation has attracted considerable attention in the intellectual community, many of
it from non-economists, and not all of it favourable. Among economists, Galenson et al have
been criticized for an analysis which is too one-sided, or “supply-side”, and which pays
insufficient attention to various other explanatory factors, especially those associated with the

“demand side” of the market (see, for example, Ginsburgh and Weyers (2006)).

It is not true that Galenson et al are unaware or neglectful of the importance of changes in
demand in bringing about the observed changes in the age-price relationship. In Galenson
and Weinberg’s (2000, p. 765) study of New York based painters, we read about the
importance of a growing cadre of “pioneering galleries devoted to selling contemporary
American art”, of the rise of influential young art critics such as Clement Greenberg,
phenomena which helped stimulate a previously weak demand for the work of modern
American painters. We also find a quotation from William Rubin, who noted that “by
1958...the art-buying public had become convinced that Americans could produce major
painting...this work could be sold at prices that made an artist’s profession economically
feasible”.

It is true, however, that in choosing to focus on the supply-side of the art market, much of
potential interest to economists regarding the demand for fine art has been left unexamined.
One could indeed argue that demand-side factors are of determining importance, and that the



arts, by their very nature, require a sufficiently large and affluent urban population in order to
flourish. The existence of a critical mass of potential collectors with the wealth and leisure to
devote considerable time and resources to art appreciation is necessary (if not sufficient) to
support the critical mass of artists required for the existence of an “art scene” in which the
interesting and fruitful development of original styles is possible. With growing income and
urbanization, the conditions are present for the development of a demand for art; as galleries
arise to market the art, and a growing number of young individuals are in a position to
seriously entertain art as a career, the resulting thickening of the art market leads to
competition on the supply side, in which innovation and novelty are factors by which an artist
can become noticed. Collectors will turn to critics and other “experts’ to help identify the
most promising artists. The more rapid the growth in the urban population and its wealth, the
greater will be the increase in demand for fine art, the greater will be the entry of young artists
into the market, and the more competition there will be among them to get a piece of the pie.
The result is that the quantity of production among younger artists will increase, as will the
likely quality, as the new artists jockey for the attention of the market. The growth in demand
for artists will be associated with an expansion of training institutions such as art academies
and university art departments, and the training of artists will be more concentrated in time, as
the arts become more highlty professionalized both in formation and practice, and artists seek

to enter the market and capitalize on their training and talent with the minimum delay.

These remarks are not meant to provide a fully-articulated model of the art market; indeed,
satisfying theoretical and empirical models of supply and demand for paintings are currently
lacking in the literature. However, the importance of urban centres to the history of art is
being studied (see, for example, Kelly and O’Hagan (2007)), and we can suggest as an
important underlying cause of the phenomena identified by Galenson et al rapid economic and
urban growth in the cities studied. In the American context, it would be of interest to learn if
the shift to the left of the age-price profile was a one-time post-war event, or if was the
culmination of a longer and more continuous historical process associated with a longer

period of economic and urban growth in the United States.

Our objective in the present paper is to estimate age-price profiles for Canadian artists active
over a lengthy period of Canadian history, and to see if evidence can be detected of
continuous movement to the left of the relation. There are a few reasons why an application
of such an analysis to the Canadian case may be of interest. First, the changes that occurred



in Canadian society and art in the post-war period are similar in many ways to the American
case. We can thus verify whether or not the changes in career patterns of modern American
artists identified by Galenson (2000, 2001) and Galenson and Weinberg (2000) are paralleled
by the careers of modern Canadian painters. Second, as a young country, established in 1867,
and which has seen rapid economic and urban growth almost continuously since its inception,
Canada is an ideal test case for the hypothesis described above, viz. that economic and urban
growth are associated with age-price profiles that slide to the left. Third, the art of painting is
very important in Canada — the history of Canadian art extends almost to the beginning of the
colonial period in the seventeenth and eigteenth centuries, there have been many important
painters over the entire course of Canadian history, and there has been an active and healthy

auction market for Canadian art for over forty years now, with abundant data being available.

The specific contributions of the paper are to estimate hedonic regressions, using data from
auctions of Canadian art, in which we obtain age-price profiles for a large set of Canadian
painters active over the entire history of the nation. We then estimate age-price profiles for
three distinct “generations” of Candian artists, in order to assess the presence of discrete
historical “shifts” in the age-price profile. Finally, we estimate a hedonic regression in which
the age-price profile is permitted to shift continuously as a function of the date of birth of the
artist, this last being, to our knowledge, a methodological innovation in the literature. Our
main finding is that economic and urban growth in Canada has indeed been accompanied by a

continuing shift to the left of the age-price profile among Canadian painters.

2. DATA AND ECONOMETRIC MODEL

2.1 Data

Records of sales of Canadian paintings at auction from 1968 to 2007 were collected from
Campbell (1970-75, 1980), Sotheby’s (1975, 1980) and Westbridge (1981-2008). Our data set
includes results on sales for painters judged to be of significant interest from the standpoint of
Canadian art history, this criterion being satisfied if a painter is mentioned in one of the major
histories of Canadian art written by Harper (1977) or Reid (1973, 1988). We consider only oil
and acrylic paintings, and only sales for which the auction house provides a secure attribution.
For each painting, we recorded, in addition to the identity of the artist, the height and width,



the medium and support, the auction house, the date of sale, the genre of the picture, and,
when available, the date of execution of the painting. The prices we use are hammer prices as
reported in the aforementioned publications. The resulting data set, an expanded version of
that used in the study of the investment properties of Canadian paintings by Hodgson and
Vorkink (2004), contains 24,060 sales, of which date of execution was available for 9051°.
These latter form the sample on which the hedonic regressions reported below are based. We
are left with 248 painters for which at least one dated painting is recorded, and they are listed

in Appendix 1 in chronological order according to date of birth.

2.2 Econometric Model

We estimate three different specifications of a hedonic regression model, in all of which log
price is regressed on the various painting-specific characteristics listed in the preceding
subsection, with the fashion in which age enters the regression differing in the three cases.
First, age is included through a polynomial function with all painters pooled together,
regardless of date of birth. Second, we estimate the same polynomial model, but now with the
painters partitioned according to the following three broad cohorts or generations: (1) those
born up to 1880, (2) those born after 1880 and up to 1920, and (3) those born after 1920.
Separate parameter estimates are computed for each cohort. The third model pools all the
painters, but now adds to the polynomial in age the same polynomial, multiplied by the date
of birth of the painter. This has the effect of allowing the polynomial function linking age to
price to change continuously through time (according to date of birth), rather than to change

in two discrete jumps as in the second specification.

Each of the three specifications can be written as special cases of the following general

model:

! The data sources used do not provide date of execution information for every painting. This problem is
especially bad for the relatively early auctions, for which date of execution is infrequently reported in the
publications consulted. Also, certain artists rarely date their work, or only date relatively important works, with
lesser works such as sketches being undated. Thus, even in recent sales at upscale auction houses, there may be
works for which date of execution is not reported in the auction catalogue, and so will not be reported in our data
sources. To get an idea of the magnitude of the problem, we chose at random, as a representative illustration, the
catalogue for the 24 November 2006 sale at Heffel’s. This is one of Canada’s top auction houses, and their
glossy, expensive catalogues contain extensive information on the works for sale, including essays by major art
historians for cetain lots. Nevertheless, for only 104 of the 153 oil or acrylic works on sale was date of
execution reported in the catalogue.



(1) yi:Xilﬁ+g(zi'7/)+ui’

for i=1,...,n where v, is the log price for sale i, the number of sales is n (equal to 9051 in our
case), X is a vector of observations of k control variables (other than age), £ is an unknown k-
vector of parameters, z, is the age of the painter at time of execution of painting i, g is a
function whose form will be discussed in more detail below, y is an unknown parameter
vector, and u; is a zero-mean disturbance, assumed to be independent of the regressors. The

234 regressors contained in the vector x include annual time period dummies, dummy
variables for painter, auction house, medium and support, and genre, along with height, width,
and surface area measures. Our concern in this paper is with the estimation and analysis of g,

S0 we treat £ as a nuisance parameter (see Hodgson and Vorkink (2004) for a more complete

analysis of a hedonic regression similar to the one considered here).

The first specification we consider for g is a fourth-order polynomial in age:
) g(zi'7):7lzi+722i2+732i3+74zi4’

where » =(7,,7,,757,) . In this version of the model, it is assumed that the parameters of the

functional form are the same for all generations of Canadian painters, so that the function
linking price to age is presumed constant across generations. Galenson and Weinberg (2000,
2001) estimate fourth-order polynomials in age for early twentieth century French artists, as

well as for postwar American ones.

In the second place, we estimate a fourth-order polynomial in age, where the parameters are

permitted to differ for the three cohorts of painters described above. We therefore have

(3) g(ZiJ/): Z(?’jlzi +7jzzi2 +7/132i3 +7j4zi4)| (i € gen(j))'

j=1

where 1(i € gen(j)) is an indicator function equal to one if the painter of painting i belongs to

generation j, and equal to zero otherwise.



Finally, we estimate a quadratic function in age?, supplemented with date-of-birth effects:

(4) g(zﬂy):i(}/jzij +7j+zzijdbi)

=1
where db, is the year of birth of the painter associated with observation i°.

Under all three specifications, the regression is linear and can be consistently estimated by
ordinary least squares (OLS). However, the errors in a model such as this are generally not
identically distributed normal (preliminary OLS estimates of the model under specifications
(2) and (3) yielded Jarque-Bera (1980) normality statistics of 1671 and 1801, respectively),
and so OLS will not be the maximum likelihood estimator and will be asymptotically
inefficient. In particular, the presence of heteroskedasticity and non-normality in the errors
suggests the use of an estimator that is robust to these departures from the canonical OLS
assumptions. One could correct for the presence of heteroskedasticity in estimating the model
by weighted least squares, which would be efficient if the weights were correctly estimated
and the weighted errors normal. Both assumptions are, however, questionable. One could, for
example, follow Galenson and Weinberg (2001) in weighting each observation by the
standard deviation of realized prices for its painter, but this omits other possible sources of
heteroskedasticity, such as the date of sale, as well as any non-normality that may be present.
One could, in principle, deal with the first of these problems by weighting the observations by
a nonparametric function of the regressors, but this introduces curse of dimensionality

problems in the non-parametric estimation.

We opt to estimate all three versions of the regression using the semiparametric adaptive
estimator developed by Bickel (1982). This estimator treats the errors as being independently
and identically distributed (iid) from a distribution of unknown form, and is fully
asymptotically efficient under general conditions. However, Hodgson (2000) shows that

Bickel’s (1982) estimator is robust to the presence of heteroskedasticity in the errors, and will

2 A fourth order polynomial of this form was estimated, but yielded meaningless results, probably due to
overparameterization. The quadratic was chosen due to its redeuced number of parameters and simpler
functional form.

® Our thanks to Bernard Fortin for suggesting the estimation of a model allowing for continuous drift in the
parameters of the age-price profile.



adapt for the non-normality induced in the unconditional density of the errors by this
heteroskedasticity. Furthermore, the usual standard error estimates proposed by Bickel (1982)
are also robust. Thus, the adaptive estimator, though not fully asymptotically efficient in the
presence of heteroskedasticity, nevertheless has powerful robustness properties, can provide a
substantial efficiency gain relative to OLS, and is easy to compute, as described in Appendix
2. For other applications of this estimator to hedonic regressions, see Hodgson, Slade, and
Vorkink (2006) and Hodgson and Vorkink (2004).

3. EMPIRICAL RESULTS

We begin by examining our results for the pooled group of all painters before looking at the
breakdown by cohort. We can see from the first row of Table 1 that the average age of the
painter at time of execution for the 9051 sold paintings in our sample is just over 50, with a
standard deviation of 16. The estimates of the parameters of the fourth-order polynomial in
age and associated standard errors are reported in the first row of Table 2. The R-squared is
0.798 and the chi-square statistic for joint significance of the age parameters 329.82. The
implied age-price profile is graphed in Figure 1. The function rises rapidly to a peak age of
34, after which it gradually declines in an approximately linear fashion, with a work executed

at the age of 60 fetching about 23% less than peak.

The results for the model estimated with artists partitioned by cohort are reported in Tables 1
and 2 and in Figures 2-4. The age distribution of paintings that are sold at auction (Table 1)
differs significantly for the most recent generation (mean of 42.1 and standard deviation of
11.2), compared with the earlier ones (respective means of 48.9 and 53.7, with standard
deviations of about 16). Although this result could be due in part to bias arising from the fact
that some members of this latest cohort were alive and active for all or part of our sample
period, it is robust to the joint truncation of the set of artists included to those born before
1935 and of the dates of sale to those after 1995. It suggests a number of hypotheses
consistent with the notion that the generation born after 1920 is more likely to do its best work
at a relatively early stage of life: (i) a decline in quality, originality, or financial remuneration

of an artist’s work will tend to lead to a decline in productivity measured by number of works



painted; (ii) an early period of frenetic productivity could lead to burnout; (iii) later works, if

of lesser quality or historic interest, will be less demanded in the secondary (auction) market.

The differences between the age-price profiles for the different cohorts can be observed in
Figures 2-4, which are based on parameter estimates reported in Table 2. This regression had
an R-squared of 0.794, and the Wald statistics for joint significance of the age parameters,
were, respectively by cohort, 34.80, 386.04, and 129.90. For the pre-1880 cohort (Figure 2),
prices increase rapidly with age until about 35, after which they slowly increase to a peak age
of 46, and then decline only very gradually thereafter. For the second cohort, born between
1880 and 1920, the function, plotted in Figure 3, peaks at 35 and then declines fairly rapidly,
with a fall off of value of nearly 30% between the ages of 35 and 60. A Wald statistic with
null hypothesis that the parameters of the first two cohorts are identical rejected strongly at
89.38. Again, the results for the post-1920 cohort are the most unique of the three. Here, we
see that prices peak much earlier, at the age of 23, and then drop rapidly, by about 40%,
between the ages of 25 and 50. The parameters for the third cohort are significantly different
from those for both the first and second, with respective Wald statistics of 79.60 and 132.60.

A couple of apparent oddities in Figure 4 should be noted, viz., the seemingly very early peak
age and the “hump” which appears after age 60. The former can be attributed to estimation
error and/or to misspecification: of our 1653 observations for artists born after 1920, only 76
correspond to works produced by an artist aged under 26. The shape of the function in this
zone will thus be largely an extrapolation of the functional form estimated with observations
from older artists, and would therefore be hard to estimate precisely, even if a larger
parameterization or nonparametric regression were specified. What the function as estimated
with the bulk of our sample does tell us is that there is a steep downward gradient in price
from the mid- to late twenties onward. Indeed, for all three cohorts, it could be argued that
the differences in the slopes of the profiles after the peak age are more striking, and perhaps
more interesting, than the differences in the peaks themselves. As for the “hump” after 60,
this can be attributed to three late Colvilles that sold in auctions in 2005-2006 for over
$200,000 each, by far the most expensive of the 101 paintings in our post-1920 sample
executed by artists over the age of 60.

The results of the estimation of model (4), in which date-of-birth effects are included, are

reported in Table 3, and the age-price profile is illustrated in Figures 5-8 for four examples of
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years of birth, at 35-year intervals from 1815 to 1920. The parameters for the date of birth
effects are jointly significant, with a chi-squared statistic of 72.9. We can see from Figures
5-8 a clear shift to the left in the peak age as function of date of birth, as the peak age for an
artist born in 1815 is about 55, for an artist born in 1850 is 50, and for an artist born in 1885 is
around 30. As the date of birth moves to 1920, the function as estimated actually becomes
convex and continually decreasing, with no peak. As the specification of structural change
used here is very ad hoc, and because of the problems of estimating the profile for later artists
alluded to in our discussion above of Figure 4, we are not overly troubled by the strange
function illustrated in Figure 8. Even with the crude model of structural change employed
here, we observe a clear and continual shift to the left of the age-price profile, consistent with

the picture presented in Figures 1-4 and with our basic hypothesis.

4. ANALYSIS AND ART HISTORICAL CONSIDERATIONS

The shift to the left of the age-price profile found by Galenson (2000, 2001) and Galenson and
Weinberg (2000, 2001) for modern American artists born before and after 1920 is confimed in
our analysis of Canadian artists born before and after 1920. The principal reasons for this
shift, whatever they may be, are without doubt very similar in the two countries, as many of
the general historical and economic forces ocurring in the aftermath of World War 11 were felt
similarly in the two countries. Much of the interpretation of trends in artistic creativity and
production emphasized by Galenson et al for the American case are also applicable to
Canadian artists, who were very much “plugged in” to the emerging New York art scene. The
major Canadian modern art movements of this period arose in Toronto and Montreal, large
and growing cities that were geographically close to New York City. Canadian artists were in
direct contact with several of the leading European and American artists and critics based in
New York during and just after the war, and in some cases had their work exhibited in New

York and sold through galleries there.

So although our results for artists active in the post-war period would seem to be consistent
with the “supply-side” interpretation of Galenson et al, in taking a longer view of the
evolution of age-price profiles in Canadian art, and in discovering that the changes that
occurred with the post-war generation seem to have been the culmination of a longer and

more gradual shift to the left of the profiles, we believe that we have obtained evidence

11



supporting the proposition that a continuous development and maturation of the demand side
of the market in a young and quickly growing country is also an essential factor generating

the observed changes in the labour market for artists.

Total and urban population statistics for Canada for the period from 1851 to 1971, and
reported at 20-year intervals, are provided in Table 4. It is evident from the figures that
Canada grew very rapidly over the century 1871-1971 from a sparsely populated rural society
to an overwhelmingly urban one. We maintain that this growth is an essential condition for
the development of a vibrant art market permitting the existence of the artistic professions and
making feasible the establishment of institutions devoted to the training of young people for

entry to these professions.

Any artists active in the earlier stages of such a society would, due to lack of sufficient
demand and training facilities, most likely be part-time or itinerant artists, with limited
professional training. Only the ones most talented at the production of standard genres such
as portraits or landscapes would have any market at all for their work, and it would be a
market that would be discovered slowly, as, in the absence of a well-established network of
art academies, galleries, critics, and practicing artists, the artist would have to largely find his
own way in developing a personal style and in forging a client base. Indeed, the career of one
of the very first “big names” in Canadian art, Cornelius Krieghoff (1815-1872), corresponds
in many ways to this caricature (see Harper (1979) and Reid (1999)). For our purposes, the
important thing to note is that the extreme thinness of the art market is largely responsible for
the fact that such an artist would be likely to find his own market, and thus the style of
painting most conducive to his individual talents, only relatively late in life, and,
consequently, would be most productive in both quality and quantity at such a stage. We note
that even an artist such as Emily Carr (1871-1945), born much later than Krieghoff, educated
in France and England, and active well into the twentieth century, fits to some degree this
profile. She lived most of her life in the city of Victoria, British Columbia, on the Pacific
Coast. Victoria was a small city with very little opportunity for an ambitious young artist, and
Carr, without a market for her art, essentially abandoned painting for several years, only
resuming major artistic activity after the age of 50, when some of her early paintings attracted
the attention of collectors and critics in the large eastern cities of Toronto, Montreal, and
Ottawa. The work she created in her fifties and sixties, when she had finally found a market
for her art, is generally considered to be her best (Thom et al (2006), Shadbolt (1979)).
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5. CONCLUDING REMARKS

The results of the empirical analysis presented in this paper are consistent with the hypothesis
that demographic and economic growth, particularly when concentrated in urban centres, can
lead to changes in the life-cycle productivity patterns of fine artists, and, in particular, to
increased productivity at relatively early ages. We have emphasized a demand-side
explanation for this phenomenon, and have found that it is present in the history of Canadian
art. We have estimated hedonic age-price profiles for three broadly defined cohorts of
Canadian artists, and have extended the hedonic model to include a parameterization which
allows for continual drift (as a function of date of birth) in the parameters of the age-price
profile. In both cases, a continual drift to the left in the profile is observed as Canada rapidly
evolved from a sparsely populated rural society to a wealthy and heavily urbanized modern

one.

The reasoning presented in the Introduction to generate our main hypothesis is admittedly
rather informal. Further theoretical and empirical elaboration of models of demand and
supply in fine art markets would be desired, as would further investigation not only of the
influence of demand factors on peak ages, but on the speed of decline of productivity after the
peak age has been passed. We find that this speed is negatively related to the peak age, a

phenomenon that merits further theoretical and empirical analysis.

The models of structural change in the age-price profile estimated here are essentially ad hoc
and could be better elaborated in future work. We have considered the cases of discrete
changes at more or less arbitrarily chosen break dates, as well as a drift model where the
changes in the parameters are linear in time. As this latter is the first attempt of which we are

aware to model such change, it could undoubtedly be improved upon.
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Table 1 — Average age at time of execution for paintings sold at auction, by cohort

Cohort Number obs. Average age Standard deviation
All 9051 50.3 15.9
Pre-1880 2437 48.9 154
1880-1920 4961 53.7 16.4
Post-1920 1653 42.1 11.2

Table 2 — Hedonic regression: estimates of parameters of fourth-order polynomial in

age, by cohort (standard errors in parentheses)

Cohort Age Age’ Age’ Age’
Al 0.196 5.45%10 " 6.17x10 -2.54%107
(.0442) (137107 (1.80%10 ) (8.53%10 ")
Pre-1880 0.100 -1.73x10°° 1.01x10 " -1.04% 10_8
(:0794) (246%107) | (325%107) | (1 5gx10)
1880-1920 0.255 -6.66%10 " 6.95x10 " -2.60%107
(.0587) (1L.81%10°) (2.35%10) (1.10x10 ")
Post-1920 ?152:) -0196 ] 3.01x10”" 1.61%10
- (.65X107) 1 (842%10°) | (45ax10)
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Table 3 — Hedonic regression: estimates of parameters of quadratic in age for all artists
with date-of-birth effects included

Regressor Estimate Standard error
Age 1.59 233
2 -0.0127 00221
Age
D.B. X Age 4 -3
-8.39 X 10 1.23 X 10
2 -6 5
D.B. X Age 6.66 X 10 1.17 X 10

Table 4 — Total and Urban Population of Canada, 1851-1971

Year Total (millions) Urban (millions)
1851 244 0.32

1871 3.74 0.72

1891 4.93 1.54

1911 7.22 3.28

1931 10.38 5.57

1951 14.01 8.63

1971 21.57 16.41

Source : Statistics Canada
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APPENDIX 1 - LIST OF PAINTERS INCLUDED

(the painters included in our empirical study are listed here in chronological order according
to year of birth, the latter being provided in parentheses along with the number of observed

sales for each painter)

George Heriot (1766, 2), Robert Field (1769, 1), Antoine Sebastien Plamondon (1804, 3),
James Duncan (1805, 1), Robert Whale (1805, 6), George Theodore Berthon (1806, 3),
Robert Todd (1809, 1), Daniel Fowler (1810, 1), Paul Kane (1810, 3), Otto Jacobi (1812, 78),
Cornelius Krieghoff (1815, 151), Theophile Hamel (1817, 3), William Sawyer (1820, 9),
William Armstrong (1822, 2), William Cresswell (1822, 20), A.S. Falardeau (1822, 7),
Napoleon Bourassa (1827, 1), Henri Perre (1828, 5), Ludger Ruelland (1828, 1), John
O’Brien (1831, 2), Charles Caleb Ward (1831, 8), Lucius R. O’Brien (1832, 12), William
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APPENDIX 2 - BICKEL’S (1982) ADAPTIVE ESTIMATOR

We consider estimation of a linear regression model
Y, =W'0+U,,
where & is the parameter vector to be estimated. The estimator is efficient under the

assumption that the disturbances are iid with a density function f(u) that is symmetric, so
that f (u) = f(-u). Using the OLS estimator 5, compute the associated residuals
0.

=y, —w's,i=1..n.
For each residual U, i=1,...,n, one can use the remaining residuals to compute a kernel

estimate of the level of the density f evaluated at U, as follows :

o1 & (G+d) (6 -d,
f‘(“‘)zzm—l);{‘{ g jK( : j}

where K is a kernel function (we use the standard normal density in our empirical application)

and h is a bandwidth parameter that converges to zero as the sample size n goes to infinity (in
practice, we use the rule-of-thumb plug-in bandwidth mentioned by Silverman (1986, p. 45)).
We also have the following estimate of the first derivative of f:

U T (€ SR I R )
f‘(“‘)‘hzm—l)Z{K( h ]K( n J}

j=1
j#i

We then have the estimated (negative of the) score of f, evaluated at U, :

';f;i(a):M

)

where some trimming conditions may need to be specified in the computation of ;.

The sample score vector and information matrix of the likelihood function can be
approximated, respectively, by the following semiparametric estimators:

~

§,=-n"> wyii(d)
i=1

and
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where Q = n‘lzinzlzﬁi (ﬁi )2. The adaptive estimator S is then computed using the following
one-step Newton-style adjustment of the OLS estimator 5
5=5+D.'S,,
Under conditions specified by Bickel (1982), 5 will be consistent and asymptotically normal,
G - 5N (0,0)

where the asymptotic covariance matrix ®* is consistently estimated by &)n‘l.
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