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An Update on the Substitution between Alcohol and Marijuana
Evidence from the Legal Drinking Age and Medical Marijuana Laws
Stephen Kisty
University of Pittsburgh
increase risks of poor educational outcomes, cause cognitive
impairment, and diminish feelings of satisfaction with life
(Volkow et al. 2014).
In this paper, I examine the analysis proposed by Crost
and Guerrero (2012) on the substitutability between alcohol
and marijuana centered around the minimum legal drinking
age, and test whether their analysis remains true in the years
since their study was published. Their method improves
upon previous research on the substitution of alcohol and
marijuana by comparing populations that should be identical
except for their ability to legally purchase and consume
alcohol. Previous studies utilize differences in prices, taxes
or laws between states to examine the substitutability, but
these states may also differ in other key characteristics that
impact alcohol and marijuana use (Crost and Guerrero 2012).
The updated analysis is not able to demonstrate if that
and marijuana continues to act as substitutes in the years
since Crost and Guerrero’s research was conducted. A sharp
increase in the use of alcohol is observed once an individual
turns 21, but in the following analysis, this is not accompanied by a sharp decrease in the consumption of marijuana.
This implies that restricting alcohol use through the relatively
high drinking age in the United States may not have an effect
on the use of other intoxicating substances, like marijuana,
for adolescents and young adults.
The next section outlines the empirical strategy used for
the following analysis. Section 3 describes the sources of data
and the data itself. Section 4 presents the recreated results
of Crost and Guerrero’s (2012) analysis, while section 5
presents the analysis for the years since their publication.
Section 6 includes a brief discussion of the results and
their importance and concludes. the limits of alcohol and
marijuana use on both sides of the age of 21. Following
the methods of Carpenter and Dobkin (2008), I estimate the
limits on both sides by a kernel-weighted regression of the
following model (Imbens and Lemieux, 2008).

Abstract— This paper attempts to update the analysis that
utilizes a regression discontinuity design to examine the effect
of increased availability of legal alcohol at age 21, caused
by the minimum legal drinking age in the United States, on
the consumption of marijuana (Crost and Guerrero, 2012).
Unfortunately, results from public access data from the NSDUH
show no significant effect of increased access to legal alcohol
on marijuana consumption, unlike the analysis performed by
Crost and Guerrero (2012) that found a decrease in marijuana
consumption. The differences in the results between the two
analyses are likely due to a less precise measure of age in the
public access data compared to the private data utilized in the
previous analysis.

I. I NTRODUCTION
The United States has one of the highest minimum legal
drinking ages in the world at 21. Advocates of a higher
drinking age assert that underage drinking increases the risks
of developing alcohol use disorders later in life, leads to
declines in neurocognitive functioning, and costs society
over $60 billion a year (Zeigler et al. 2005; Miller et al.
2006). However, previous research has shown that a high
drinking age results in more dangerous drinking patterns, a
greater probability of alcohol related mortality, and increased
use of other drugs (Carpenter and Dobkin, 2011; Crost and
Guerrero, 2012). A fine balance between the pros and cons
of alcohol availability must be identified, especially as it
concerns its effect on the use of other drugs.
The link between alcohol and drug use may be due to
the substitution effect between alcohol and other intoxicating
compounds (e.g. marijuana), which predicts that as the overall cost of consuming one substitute increases, consumption
of the other substitute will increase. In practice, this implies
that when the opportunity cost of consuming alcohol sharply
decreases, such as when a person turns 21 years old in the
United States, their consumption of other intoxicating compounds should decrease. The alcohol substitute examined in
this analysis is marijuana. Marijuana is derived from parts of
the hemp plant that contain high levels of cannabinoids, most
notably THC and CBD, which produce euphoria, decrease
anxiety, and have antipsychotic properties (Burgdorf et al.
2011). However, the ratio of THC to other cannabinoids in
marijuana has increased greatly in the past two decades, and
higher ratios of THC to other cannabinoids may cause higher
levels of adolescent marijuana use and high levels of anxiety,
panic, and psychosis (ElSohly et al. 2016; Burgdorf et al.
2011). Furthermore, persistent use of marijuana in adolescence has been found to alter normal brain development,

II. E MPIRICAL S TRATEGY
This paper attempts to recreate the empirical strategy used
by Crost and Guerrero in their 2012 analysis. I use a regression discontinuity design, which exploits the immediate
change in legality of purchasing alcohol at the age of 21,
to examine the effect of decreased cost of consumption of
alcohol on the use of marijuana. By assuming that individuals
who are about to turn 21 and individuals who have just
turned 21 are similar in every regard except their ability
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to legally purchase and consume alcohol, any differences
in their consumption of alcohol and marijuana should be
caused by the minimum legal drinking age. The regression
discontinuity estimate of the effect of the minimum legal
drinking age is equivalent to the difference between the limits
of alcohol and marijuana use on both sides of the age of
21. Following the methods of Carpenter and Dobkin (2008),
I estimate the limits on both sides by a kernel-weighted
regression of the following model (Imbens and Lemieux,
2008).
Y i = ß0 + Xiß1 + Xi ∗ D1ß2 + DiRD + i

whether or not the individual has used alcohol and/or drugs
in the last 30 days and the number of days the individual
has used the substances. For alcohol use, the question is
phrased as “Think specifically about the past 30 days, from
[30 days before the interview], up to and including today.
During the past 30 days, on how many days did you drink
one or more drinks of an alcoholic beverage?” For marijuana
use, the question is phrased as “Think specifically about the
past 30 days, from [30 days before the interview] up to and
including today. During the past 30 days, on how many days
did you use marijuana or hashish?” For the updated analysis,
I also included data on the legality of medical marijuana in
the state of residence of the individual. This data was only
available for study years 2013 and 2014. Marijuana use for
medical purposes was coded as legal if an individual resided
in a state where a law legalizing the use was in effect on or
before the interview date , and it was coded as illegal if the
individual resided in a state did not have a law legalizing
the use or had a law legalizing the use put into effect after
the interview date. In their analysis, Crost and Guerrero were
given access to the averages of the aforementioned questions
by month of age for both sexes combined and separately.
Unfortunately, I was confined to public use data available
from SAMHSA, and I was not able to abstract data on an
individual’s exact age, only which age category they fell into.
I utilized data from the following age groups provided by the
NSDUH: 17, 18, 19, 20, 21, 22-23, and 24-25. Using these
age groups, there were a total of 147,680 observations for
the time period 2002-2007 and 146,739 observations for the
time period 2008-2014.

(1)

Where Yi is an individual’s substance use, Xi is the age group
they fall into. Di is a dummy variable that is equal to 1 if
an individual is over the age of 21. RD is equivalent to the
effect of a marginal change of the minimum legal drinking
age on substance use. Alcohol is treated as an endogenous
variable, associated with being at least 21 years of age, and
marijuana is the outcome of interest.
This paper is not able to exactly replicate the analysis of
Crost and Guerreo (2012) due to the limitations of public
access data, as explained in the next section of this paper,
namely a less precise measure of each respondent’s age. This
has caused a few differences in the data. In this paper’s
regression discontinuity design, there are many less bins
on either side of the minimum legal drinking age, and this
results in a second order polynomial fitting the data better,
compared to their use of a first order polynomial. Additionally, the exact effect sizes for the recreated data differ from
their original values, and this is another consequence of the
less precise reported measurement of age. Furthermore, they
were able to exclude the data obtained from people in the
month of their 21st birthday, to eliminate any exaggerated
substance use caused by birthday celebrations. I was not
able to do this with my data, as I would have had to
exclude all survey respondents 21 years of age, which is over
15,000 observations. Nonetheless, the following analysis
proves useful, even if just as an exercise in economic analysis
and as an example of the importance of high quality publicly
accessible data.

IV. R ECREATED R ESULTS
Figure 1 displays the proportion of survey respondents
between the ages of 17 and 25 who use alcohol and/or
marijuana and their frequency of use. For all graphs included
in this paper, individual points are the averages for each age
group, and the lines of best fit are second order polynomials
estimated by the Stata function ‘rdplot’. As you can see
both the proportion of individuals consuming alcohol and
their frequency of consumption increases dramatically at
the minimum legal drinking age. The probability of having
consumed alcohol in the last 30 days increases more than
10%, from less than .6 to about .7, and the number of
days individuals consumed alcohol in the same time period
increased from about 4 days in the last 30 days to around
5.5 days.
On the other hand, for both the proportion and frequency
of marijuana experiences a non- significant decrease after an
individual turns 21. Furthermore, the best fit lines for under
21 and over 21 nearly form one continuous second order
polynomial, which implies that any decrease in marijuana
use may simply be due to decreased use with age and not
the increased availability of alcohol. This is in stark contrast
to the sharp discontinuity of the best fit lines for alcohol
consumption. These results show that increased availability
of alcohol, and a corresponding increase in its consumption,
have no significant effect on the proportion of people who

III. DATA S OURCES
Data for both the recreation of Crost and Guerrero’s (2012)
result and for the expanded analysis were obtained from
the National Survey of Drug Use and Health (NSDUH),
conducted yearly by the United States Department of Health
and Human Services’ Substance Abuse and Mental Health
Services Administration (SAMHSA). The NSDUH captures
data on alcohol and drug use and other important demographic and health measures for 70,000 people aged 12 or
older. Unfortunately, unlike Crost and Guerrero (2012), I was
constrained to using the NSDUH’s public use data, so the
following analysis differs slightly compared to theirs.
For the recreated results, NSDUH data from the period
2002-2007 is used, while for the updated results data from
the period 2008-2014 is used. The survey captures data on
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Fig. 2: Probability and frequency of men’s alcohol and
marijuana use centered around the United States’ minimum
legal drinking age of 21 in the years 2002-2007. Points
denote averages within each age group as defined by the
NSDUH and best fit lines are second order polynomials
estimated on both sides of age 21. Data Source: NSDUH
2002-2007.

Fig. 1: Probability and frequency of alcohol and marijuana
use centered around the United States’ minimum legal drinking age of 21 for the years 2002-2007. Points denote averages
within each age group as defined by the NSDUH and best fit
lines are second order polynomials estimated on both sides
of age 21. Data Source: NSDUH 2002-2007.
use marijuana or the frequency at which they do so, implying
there is no substitution effect between the two intoxicating
substances.

the years 2002-2007. There is a small, but insignificant,
increase in the proportion of people who use marijuana and
the frequency of their use once an individual surpasses the
minimum legal drinking age. Although insignificant, this
change suggests that alcohol and marijuana may not act as
substitutes for each other at all, but rather they may act
as complements, if the increase in marijuana use had been
significant.

A. Results Recreated by Gender
Figures 2 and 3 explore the possible gender differences in
the probability and frequency of alcohol and marijuana use.
As you can see, a higher proportion of men across all age
groups consume alcohol and marijuana compared to women,
and they use both more frequently. Even though men’s use
is higher, both men and women have similar patterns of
alcohol use, with a very sharp increase in both probability
and frequency of use once they turn 21.
Unlike their use of alcohol, the patterns of marijuana use
for men and women around the minimum legal drinking age
differ significantly. For men, the graphs in Figure 2 illustrate
a similar pattern to the graphs for men and women combined.
For the proportion of men who have consumed marijuana
in the last 30 days, there is actually a small, insignificant
increase in use reaching the minimum legal drinking age,
and there is no significant change in their frequency of use.
Overall, men’s patterns of marijuana use closely resembles
the overall patterns of use for men and women combined.
Figure 4 displays the overall results of alcohol and marijuana use for both men and women in the years 2008-2014.
As you can see, similar to the years 2002-2008, there is a
sharp increase in both the proportion of people who have
consumed alcohol in the last 30 days, and the frequency at
which they do so. The proportion of people who have used
alcohol spikes from about 0.55 to 0.7, and the number of
days they have consumed alcohol in the last 30 days also
jumps from about 3.7 to 5.2 days.
Furthermore, marijuana use also seems to roughly follow
the same patterns for the years 2008-2014 as it did for

B. Updated Results by Gender
Figures 5 and 6 display the updated results for men and
women, respectfully, for the years 2008-2014. Similar to
the pattern seen in 2002-2007, a higher proportion of men
consume alcohol and marijuana, and they do so at higher
frequencies, than women. However, unlike the previous results, where we saw that women’s marijuana use decreased
to a greater, although still insignificant degree, then men’s
use, for this time period there is little difference between the
genders in their patterns of marijuana consumption centered
around the minimum legal drinking age.
The proportion of men who have consumed alcohol and
their frequency of consumption increased significantly once
they reached the minimum legal drinking age: the proportion
increased from about 0.61 to 0.72, while the frequency
increased from 4.5 to 6.1 days. Furthermore, the graphs
display a small, insignificant increase in their marijuana
use after turning 21. The proportion of men who had used
marijuana in the last 30 days increased slightly from 0.24 to
0.25, and their frequency of roughly stayed the same, around
4-4.1 days used in the last 30 days.
Likewise, for women there is a sharp increase in their
alcohol use once they reach the minimum legal drinking
age, with the proportion of women who have consumed

4

Fig. 3: Probability and frequency of women’s alcohol and
marijuana use centered around the United States’ minimum
legal drinking age of 21 in the years 2002-2007. Points
denote averages within each age group as defined by the
NSDUH and best fit lines are second order polynomials
estimated on both sides of age 21. Data Source: NSDUH
2002-2007.

Fig. 5: Probability and frequency of men’s alcohol and
marijuana use centered around the United States’ minimum
legal drinking age of 21 in the years 2008-2014. Points
denote averages within each age group as defined by the
NSDUH and best fit lines are second order polynomials
estimated on both sides of age 21. Data Source: NSDUH
2008-2014.

Fig. 4: Probability and frequency of alcohol and marijuana
use centered around the United States’ minimum legal drinking age of 21 in the years 2008-2014. Points denote averages
within each age group as defined by the NSDUH and best fit
lines are second order polynomials estimated on both sides
of age 21. Data Source: NSDUH 2008-2014.

Fig. 6: Probability and frequency of women’s alcohol and
marijuana use centered around the United States’ minimum
legal drinking age of 21 in the years 2008-2014. Points
denote averages within each age group as defined by the
NSDUH and best fit lines are second order polynomials
estimated on both sides of age 21. Data Source: NSDUH
2008-2014.

alcohol in the last 30 days increased from 0.52 to 0.68, and
their frequency of use increased from 2.9 to 4.4 days in the
last 30 days. Interestingly, we do not see the same pattern
for women’s marijuana consumption in the years 20082014, as we did in the years 2002-2007. In 2008-2014, the
graphs depict a relatively constant proportion of women who
have used marijuana, about 0.145-0.15, but an insignificant
increase in their frequency of marijuana use, from about
1.7 to 1.95 days in the last 30 days. This suggests that

in recent years, the substitution effect for women between
alcohol and marijuana has decreased, and there may actually
be complementation between the two substances for both
men and women.
C. Updated Results by Legality of Medical Marijuana
For the years 2013 and 2014, the NSDUH also included
data on the legality of medical marijuana at the time of
the interview in the state in which the survey respondent
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lived. Figures 7 and 8 display the data for states where
medical marijuana was legal and states where it was illegal, respectfully. Overall, both illegal states show the same
patterns for the proportion and frequency of alcohol use, both
sharply increase after the minimum legal drinking age, even
though both measures are significantly higher in legal states
compared to illegal states.
For states where medical marijuana is legal, there is no
difference in the proportion of people who use marijuana
on both sides of the minimum legal drinking age, it remains
around 0.25. However, there is an insignificant increase in the
frequency of marijuana use after an individual turns 21 years
old, from 3.5 to 4 days in the last 30 days. This suggests
that in legal states, there is a slight complementation between
alcohol and marijuana for people who already consume
marijuana before they turn 21. However, there is little effect
on people who did not smoke marijuana before they turned
21, since there is no significant change in the proportion of
people who have smoked marijuana.

Fig. 8: Probability and frequency of alcohol and marijuana
use in states where medical marijuana is legal, centered
around the United States’ minimum legal drinking age of
21in the years 2013 and 2014. Points denote averages within
each age group as defined by the NSDUH and best fit lines
are second order polynomials estimated on both sides of age
21. Data Source: NSDUH 2013 and 2014.
V. C ONCLUSION
This paper exploits the sudden increase in availability of
alcohol after one turns 21 years old, the minimum legal
drinking age in the United States, to examine the effect
that this increase in availability has on the consumption of
marijuana using a regression discontinuity design. Due to
the limitations of public access NSDUH data provided by
SAMHSA, I was not able to exactly recreate the results
of Crost and Guerrero (2012), the original authors of this
analysis, where they found a significant substitution effect
between alcohol and marijuana. For the recreated results, I
did not find an overall substitution effect overall or for men,
however there was a significant decrease in the proportion
of women who used marijuana and a slightly insignificant
decrease in their frequency of use. This is somewhat reminiscent of Crost and Guerrero’s (2012) findings, in which
they found a stronger substitution effect for women compared
to men.
For the updated results, combining both genders once
again yielded nonsignificant changes in the proportion of
people who have consumed marijuana and their frequency
of use. Interestingly enough, slight increases in proportion
and frequency of marijuana use are found, which suggests
that in recent years, alcohol and marijuana tend to act as
complementary goods instead of substitutes for each other.
Furthermore, when broken down by gender, the updated
results display the same pattern, indicating that the differences in patterns of marijuana use between the genders have
diminished over time. It would be very helpful to have
the restricted NSDUH data to see if the absence of gender
differences and the overall change in patterns of marijuana
consumption are due to the limited data or are because of

Fig. 7: Probability and frequency of alcohol and marijuana
use in states where medical marijuana is legal, centered
around the United States’ minimum legal drinking age of
21in the years 2013 and 2014. Points denote averages within
each age group as defined by the NSDUH and best fit lines
are second order polynomials estimated on both sides of age
21. Data Source: NSDUH 2013 and 2014.
For states where medical marijuana is illegal, we see a
slightly different pattern of marijuana use. The proportion
of people who have used marijuana in the last 30 days
insignificantly increases, from about 0.18 to 0.195, and the
frequency of marijuana use does not change, staying around
3 days in the last 30 days. This is the opposite of the
pattern seen in legal states, suggesting that there is a different
outcome of the likely complementation between alcohol and
marijuana. For illegal states, the complementation between
the two and the increased availability of alcohol seems to
cause more people to experiment with marijuana, but it does
not affect the frequency at which people consume marijuana.
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actual changes in the substitution/complementation between
alcohol and marijuana.
In addition to differences between the genders, I also
attempted to determine if there is a difference in marijuana
use around the minimum legal drinking age depending on
the legality of medical marijuana in the survey respondent’s
state. I found that in both cases, the increased availability
of alcohol insignificantly increases marijuana use for both
legal and illegal states, although in different ways, once again
suggesting that alcohol and weed now act as complements
rather than substitutes. In legal states, the frequency of
marijuana use increases after an individual turns 21, but the
proportion of people who consume marijuana did not change,
implying that the availability of legal alcohol only increased
marijuana consumption for those who already smoked. On
the other hand in illegal states, the proportion of people
who had consumed marijuana insignificantly increased, but
the frequency at which they did so did not change, suggesting being able to legally drink encouraged people to
consume alcohol for the first time but did not affect the
frequency of consumption. There are many limitations of this
analysis beyond the limitations imposed by the public use
data. Because I was constrained to analyzing different states
and not the same state before and after medical marijuana
legalization, there may be some fundamental differences in
the populations of the states themselves that better account
for the differences in patterns of marijuana consumption.
Furthermore, legalization of recreational marijuana would
have been a better measure of the substitution of alcohol and
marijuana as intoxicating substances, as medical marijuana
is often not used for its intoxicating effects.
Even with the limitation imposed by the public access
data, I believe this paper provides a useful approximated
update to the analysis proposed by Crost and Guerrero
(2012). As public perceptions about marijuana and the legality of its consumption changes across the nation, we
are likely to see a change in the patterns of its use. The
implication of the updated data that alcohol and marijuana
now act as complements should challenge policymakers to
reevaluate established notions that restricting use of alcohol
increases adolescents’ use of other intoxicating substances.
More precise research must be done on the effect of the
minimum legal drinking age on marijuana consumption and
the lasting effects of adolescent marijuana use.
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Determinants of Alumni Giving to a Private U.S. College:
Evidence from Oberlin College
Kenneth Kitahata
Advisor: Professor Barbara Craig
Oberlin College Economics Honors Program
Additionally, as life expectancy rises, the number of years
that alumni records are maintained and retirement years
alumni spend with higher disposable income increase. Understanding the factors that determine the propensity to give
and the donation amount can improve alumni engagement
and optimize the fundraising process.
This paper adds to the subset of philanthropy literature
focusing on liberal arts colleges. One advantage is the robust
panel dataset with detailed records of an individual’s giving
history and personal characteristics. This paper contributes to
charitable giving literature that has yet to reach a consensus
on which factors determine alumni giving.
This study has some limitations as the results come from
a single liberal arts college and cannot be generalized to
other institutions. Additionally, there is no direct measure
of an alum’s income which raises concern for omitted
variable bias. As giving behavior is tied to income, this paper
employs proxies such as income by zip code, estimates of
gift capacity, and expected family contribution for each alum.
The remainder of the paper is organized as follows:
Section II reviews the literature on charitable giving to
higher education. Section III describes the data. Section IV
presents the empirical framework, and Section V interprets
the main findings. Section VI addresses the lack of a direct
income variable, and Section VII discusses the paper’s media
coverage variable and findings. Section VIII concludes the
paper.

Abstract— This paper studies the personal characteristics and
factors that determine alumni giving, using a dataset from
Oberlin College’s Office of Development from years 1974 –
2019. Liberal arts colleges like Oberlin are especially dependent
on gifts to cover operating expenses and fund endowments as
they do not receive direct public funding. Using Logit and
Tobit regression, I find that females, graduates, older alumni,
married alumni, alumni whose spouse attended Oberlin, and
having a higher GPA in college are associated with higher
giving. Media coverage in years when Oberlin faces bad press
lowers giving. The state charitable tax deduction increases
giving on the intensive margin (total amount donated) but
not the extensive margin (likelihood to give). Additionally,
findings suggest that taking longer to graduate, enrollment in
the Oberlin Conservatory of Music, and living in rural areas are
associated with lower giving. Athletics, race, and undergraduate
financial aid do not affect giving.

I. I NTRODUCTION
Understanding the drivers of philanthropy is essential to
fundraising efforts at charitable organizations and can reveal
critical behavioral insights about givers. A subset of this
literature on charitable donations focuses on giving to higher
education. U.S. colleges and universities rely on gifts as a
crucial revenue source that totaled a record $46 billion in
2018, a 7 percent increase from the previous year (Council
for Advancement and Support of Education, 2019). Alumni
formed the second largest category of charitable givers after
foundations at $12 billion, or 27 percent of total giving, a
number underweighted by recent preferences of alumni to
give through family foundations or donor-advised funds.
Private colleges and universities are especially dependent
on gifts as they do not benefit from direct public funding for
higher education. At Oberlin College, a private liberal arts
college in the U.S., gifts totaled $12.5 million in 2019, representing 8% of operating revenue in 2018 (Vazquez-Skillings
& Diekman, 2018). This statistic excludes charitable donations designated for Oberlin’s endowment which provides
long-term investment earnings to the College. Additionally,
gifts and grants make up the third-largest component of
unrestricted operating revenue. This category of funds allows
Oberlin the flexibility to apply gifts towards immediate
priorities such as day-to-day operations.
This paper aims to explore the determinants of alumni
giving to Oberlin College based on 45 years of detailed giving history and data. Advances in technology have allowed
development offices to collect and store alumni records while
innovating new ways to engage with alumni after graduation.

II. L ITERATURE R EVIEW
This study on alumni giving is part of the broader literature
on charitable giving that seeks to understand philanthropy.
Previous studies suggest donors care about the well-being
of recipients (Becker, 1974), that donors receive utility from
the act of giving itself (Andreoni, 1990), that people give in
response to social pressure (Keating, Pitts, & Appel, 1981),
or as a signal of wealth (Harbaugh, 1998). These theories are
consistent with the standard model of consumer behavior that
assumes people act rationally with full information.
Focusing on a private liberal arts college provides rich
analysis into alumni giving behavior as private colleges are
more reliant on donations than public universities. However,
the bulk of the literature on charitable giving to higher
education has focused on public universities, with the exceptions of research on liberal colleges by Holmes (2009)
and Wunnava & Lauze (2001). State-funded universities
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receive direct public funding that typically reduces their
reliance on alumni donations and their propensity to solicit
alumni. Additionally, liberal arts colleges cannot compete
for graduate-level research grants and typically receive less
revenue from athletics. As private colleges are more reliant
on alumni giving, they must develop a broad donor base
of active alumni. For instance, alumni from liberal arts
colleges gave twice as much as those from public universities
(Clotfelter, 2003). Hence, this study of a liberal arts college
provides deeper insight into the personal characteristics that
drive alumni behavior as their donor base is broader and
more engaged.
The literature on charitable giving to higher education
has studied the importance of the personal characteristics of
alumni in predicting giving behavior. For instance, involvement in extracurricular activities such as Greek life and athletics positively predicts giving (Holmes, 2009; Wunnava &
Lauze, 2001). Alumni with relatives or spouses who attended
the same institution also gave more (Clotfelter, 2003; Meer &
Rosen, 2011). As gift capacity rises with income (Okunade &
Berl, 1997), proxies that estimate an alum’s future income
such as undergraduate major or occupation are significant
predictors. For instance, on average natural science majors
and alumni working in the financial services sector give
more, while arts and humanities majors give less (Holmes,
2009; Marr, Mullin, & Siegfried, 2005). Additionally, as
giving is tied to satisfaction (Clotfelter, 2003), measures of
overall satisfaction with the undergraduate experience such
as a higher undergraduate GPA or graduating from one’s firstchoice university are positive predictors of giving (Clotfelter,
2003; Marr, Mullin, & Siegfried, 2005).
However, the literature linking alumni giving and undergraduate financial aid has yet to reach a consensus. As
schools increasingly use packages of scholarships and loans
to manage revenue and influence enrollment (McPherson
& Schapiro, 1998), understanding the long-term effects of
financial aid decisions remains an important question. Clotfelter (2003) finds that the receipt of need-based aid reduced
future giving, but only for a younger cohort of students.
Marr et al. (2005) expand on this work by distinguishing
scholarships from loans, finding that loans lower the probability of giving while scholarships have the opposite effect.
In direct contrast to the finding in Marr et al., Meer & Rosen
(2011) found that scholarships reduce giving. Additionally,
Holmes (2009) finds that receipt of loans or grants does not
affect giving behavior. Further work is required to separate
the effects of merit versus need-based aid and scholarships
as opposed to loan packages on an alum’s charitable giving.
In the broader literature on philanthropy, numerous studies
have shown that charitable giving is sensitive to taxation
through price and income effects (Auten, Sieg, & Clotfelter,
2002). A few papers have studied the effect of tax policy on
alumni giving. Holmes (2009) studies taxation through the
state-level charitable tax deduction, finding that alumni who
live in states allowing this deduction give more. However,
Clotfelter (2003) finds no relationship between donations and
the price of giving, defined as the federal tax rate.

The relationship between media coverage and charitable
giving has not been studied in the context of higher education. Most literature focuses on media coverage following
natural disasters and their impact on donations to disaster
relief agencies (Brown & Minty, 2008). This relationship
between media coverage and charitable giving to humanitarian crises supports Andreoni’s (1990) “warm glow” theory
of philanthropy.
This paper is most closely related to Holmes (2009),
who studies state-level charitable deductions at Middlebury
College. Similar to this study, data comes from Middlebury’s Development Office from 1990-2004 of 22,641 active
alumni. Holmes finds alumni giving increases for alumni
living in states with a charitable tax deduction. Interestingly,
this relationship is only significant for wealthy alumni who
live at zip codes with median income above $95,000 who are
more likely to itemize deductions. Holmes finds a positive
relationship between giving and athletic prestige as measured
by the win-loss record of Middlebury’s high-profile ice
hockey team. Conversely, there is a negative relationship
between giving and academic prestige as measured by Middlebury’s ranking in the U.S. News World Report (U.S.
News & World Report, 1990 – 2004). As this was one of
the first papers to merge the literature on philanthropy and
taxation, further work can be done to confirm these results
with an updated sample.
Clotfelter (2003) provides a foundation to link alumni
giving to personal characteristics. His data comes from
matching individuals from the College and Beyond Survey
from three cohorts (1951, 1976, and 1989) to school records
on individual giving history. Clotfelter finds that an alum’s
satisfaction with their undergraduate experience correlates
with both the amount and probability of giving. He uses
logistic regression to predict satisfaction, finding that having
a mentor in college, attending a public high school, and
attending one’s first-choice college is associated with higher
satisfaction. He uses a Tobit regression and finds the level
of giving is positively associated with income and whether
the student graduated from the institution where they first
attended college. Additionally, he finds students attending
liberal arts schools give twice as much as those who attended
private universities.
III. DATA
This study uses data from Oberlin College’s Office of
Development on a sample of 40,885 alumni between 1974
- 2019 (fiscal year ending June 30, 2019). These alumni
represent the complete set of graduates and non-graduates
in the College database who were alive in at least one year
of the study period. In addition to total annual gifts to Oberlin
College, each record contains basic demographic information
such as age and gender. While an alum’s giving history is
panel data, all other variables like age, race, and address
do not change over time as they reflect only the most recent
record collected by the Office of Development. A description
of all the variables is in Table 1.
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Each alum is contacted at least once a year by the Office
of Development unless they indicate a no-contact preference.
These communications include solicitations by phone, email, or in-person and stewardship efforts such as alumni
newsletters, event invitations, and messages from the Office
of the President.
Additionally, a subset of 13,428 alumni was matched
with student administrative records from Oberlin’s Office of
Institutional Research. Only alumni who were students in
1999, when Oberlin switched to a new internal records system, could be matched. This subset contains richer personal
information including undergraduate GPA, SAT score, and
financial aid status.
Predictably, summary statistics in Table 2 shows this subset of alumni is younger and has given less than the average
donor in the full sample. For the full sample, the average total
giving is $6,903, with 71% of alumni having made a donation
at least once. Whereas for the younger subset, the average
total giving is $506, with 63% ever giving. Gifts are adjusted
to 2019 dollars using the Consumer Price Index from the
Bureau of Labor Statistics (Bureau of Labor Statistics, 2019).
I follow the literature by making the assumption that missing
records for an individual’s giving history indicate true zero
giving and not a data gap (Clotfelter, 2003).
As the Office of Development does not collect a direct
measure of income, I follow the literature by including
median income at each alum’s most recent residence zip
code. Median income is calculated at the household level
from the American Community Survey’s 5-Year estimates
(2013-2017) and measured in thousands of dollars.
Data on rural counties come from the Office of Management and Budget (OMB). OMB defines metropolitan
areas as central counties with 50,000 or more people or
outlying counties where 25% of people commute to an urban
area for work. Micropolitan areas are central counties with
10,000 – 49,999 people or outlying counties where 25% of
workers commute to urban areas. Noncore areas comprise
the remaining counties not included in metro or micro areas.
I consider these noncore counties as rural in this study.
To proxy for media coverage, I include Google Trends
searches for “Oberlin College” collected on an annual level
from 2008 – 2019. Search volume is measured as popularity
relative to the highest search year in the period. For instance,
searches peaked in 2013 during a series of hate crime
incidents and in 2019 with the Gibson’s Bakery v. Oberlin
College lawsuit (Figure 2). Similar to Holmes (2009), I use
Oberlin’s ranking in U.S. News and World Report (U.S.
News & World Report, 2008 – 2019) to proxy for academic
prestige.

account for the minimum and most common value of $0. I
follow the literature by using the logarithm of total giving
to reduce the effect of outliers (Holmes, 2009). Log(Total
Giving + 1) is used to avoid dropping 0’s.
EverGavei = α + β1 State Tax Deduction ∗ Top Income
Quartile + XiDemographic Γ + XiAcademic ∆ + ε

(1)
Log(Total Giving (2019 Dollars)) = α + β1 State Tax
Deduction ∗ Top Income Quartile + XiDemographic Γ
+ XiAcademic ∆ + ε

(2)
β1 measures the effect of living in a state that allows a
tax deduction for charitable giving interacted with being in
the top quartile of household income (U.S. Legacy Income
Trusts, 2019). This interaction accounts for the fact that
wealthier alumni are more likely to donate and claim a charitable tax deduction. is a vector of demographic variables
such as age and gender. is a vector of academic variables
such as major and GPA. In addition to Logit and Tobit,
I estimate Ordinary Least Squares (OLS) as a robustness
check.
To study media coverage and giving over time, I estimate
an OLS model predicting the likelihood to give in equation
(3) and total giving in equation (4). Using a fixed-effects
model eliminates omitted variable bias as I assume all
unobserved factors like alumni generosity are time-invariant.
The sample is all alumni who graduated between 1960 and
2007 and who are still alive in 2019, thus omitting deceased
alumni and current students from the study.
EverGaveit = α + β1 Google Trendst + β2 Rankt
+ β3 Capital Campaignt + β4 Ageit + β5 AgeSqit
+ β6 Unemployment Ratet + β7 S&P 500 Returnt + ε
(3)

Log(T otalGiving(2019Dollars) + 1)i
= α + β1 Google Trendst + β2 Rankt
+ β3 Capital Campaignt + β4 Ageit + β5 AgeSqit
+ β6 Unemployment Ratet + β7 S&P 500 Returnt + ε
(4)

IV. E MPIRICAL S TRATEGY
V. R ESULTS

A Logit model is used with equation (1) to predict whether
an alum has ever donated to Oberlin. A Tobit model is used
with equation (2) to predict total giving. Tobit is used since
the majority of observations in the dependent variable are
zero dollars but still take on a large range of positive values
(Figure 1). (Figure 1). Using a censored model allows us to

Table 3 presents Logit estimates of the likelihood an alum
has ever given to Oberlin between 1974 – 2019. For all
regression tables, column (1) presents coefficients for the
full sample of 40,885 alumni while column (3) presents
coefficients for the smaller subset. In the full sample, males
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are about 3% less likely to donate than females and graduates
are about 35% more likely to donate than students who
attended but never graduated from Oberlin. Alumni whose
spouse attended Oberlin are about 7% more likely to give
than those without this family connection. Married alumni
are about 12% more likely to donate than single or formerly
married alumni. The personal characteristics associated with
higher giving are largely in line with the literature.
Both total giving and the likelihood of ever giving to
Oberlin rises with age (Table 3 & Table 4). This finding
is consistent with previous literature on philanthropy which
has found giving peaks in retirement. Furthermore, this
finding agrees with the life-cycle hypothesis, which states
that consumption is a function of wealth as alumni save
during their working years and enter a period of consumption
after retirement.
Academic indicators of a higher likelihood to give include
at least one major in the humanities, natural science, or social
sciences. Flags for at least one major in the humanities,
social science, natural science, music, or other division were
used instead of a factor variable that double majors. While
major dummies were excluded in this regression in favor
of aggregate division indicators, results were largely in line
with the literature. Students enrolled in the Conservatory,
Oberlin’s music conservatory, gave 5% less than students in
the College of Arts and Sciences. A one-point increase in
undergraduate GPA raises the likelihood of ever giving by
10%. Unsurprisingly, transfer students were about 18% less
likely to give and students who withdrew from Oberlin were
28% less likely to give. Finally, taking longer to graduate is
associated with lower giving. Spending an additional year at
Oberlin, controlling for the five-year double degree program,
reduces the likelihood of ever giving by 6% and reduces total
giving by 57%. Hence, it is clear that academic experiences
are crucial in explaining alumni giving.
Results indicate that while the charitable deduction positively affects total giving, it does not impact the propensity
to give. Table 3 shows Logit estimates of the likelihood an
alum has ever given between 1974 – 2019, while Table 4
presents Tobit estimates of total giving. Alumni in the top
income quartile (approximately $100,842) that live in states
with a charitable deduction donate about 25% more (Table 4)
than similar alumni in states without the charitable deduction.
However, Logit results (Table 3) shows the interaction term
is only significant at the 10% level, suggesting the charitable deduction has a weaker impact on likelihood to give.
One explanation is that wealthy alumni are more likely to
itemize their taxes and thus seek the charitable tax deduction.
These wealthy alumni have already decided to give, so their
decision lies on the intensive margin of how much to give,
which can be influenced by state tax policies that subsidize
giving, such as the charitable deduction.
Results indicate that participation in athletics has no effect
on giving. This finding is a significant departure from the
literature that finds varsity athletes give significantly more
than non-athletes (Holmes, 2009; Marr, Mullin and Siegfried,
2005; Wunnava and Lauze, 2001). This finding perhaps

points to a unique culture at Oberlin that places less emphasis
and recognition on athletics compared to other schools. Additionally, as an NCAA Division III institution, Oberlin cannot
give athletic scholarships, reducing the obligation to repay
Oberlin for special treatment. One concern is that athletic
participation is underreported at around 4% in the full sample
and 1% in the subset, while according to Oberlin’s 2018
Senior Survey Responses, around 14% of students reported
participating in intercollegiate athletics at Oberlin. However,
removing non-graduates and estimating this regression in
1977 when reported athletic participation was highest yielded
similar results.
Race is not significant in explaining giving. The exception is foreign students (defined as nonresident aliens by
IPEDS), but this likely captures students on a temporary visa
and not long-term residents. While the race dummies are
insignificant, one concern is the low frequency of minority
groups such as Native American and Hawaii Pacific Islander.
Subsequently, in a separate regression, I include a simple flag
for white alumni and find no significance.
Additionally, financial aid has no predictive power in Logit
or Tobit models, as undergraduate grant amounts and the
low-income flag are insignificant. This is no surprise, as
the literature on financial aid and giving has not reached
a consensus and some studies have found no effect between
aid and giving (Holmes, 2009).
Geography has a significant effect on charitable giving.
Moving to a different state after graduation is associated with
higher giving, as movers are about 6% more likely to give
than alumni living in the same state as when they were a
student. This finding follows the literature on geographic mobility and higher earnings for college graduates (Greenwood,
1973). However, since many alumni change their addresses
to Oberlin while enrolled, measurement error is a concern.
When students misreport their address, there is a possibility
of attenuation bias on the dependent variable that captures
moving to a different state after graduation. However, this
migration flag is kept as another proxy for income. Interstate
moves often reflect major life events like promotions, new
jobs, or marrying another wage earner, all associated with
substantial income gains.
Additionally, alumni living in rural counties were 3% less
likely to give and gave 25% less than similar alumni in
metropolitan counties. At Oberlin, a majority of students
come from large metropolitan areas such as New York,
Boston, and Los Angeles. This finding on rural areas can
guide donor relations decisions around which cities to visit
for fundraising tours. However, if Oberlin’s development
strategy does not focus on rural areas, perhaps the negative
coefficient points to an opportunity to strengthen engagement
and seek donations from rural alumni.
These results are robust to model specification, as the
findings are consistent under OLS predicting ever giving
(Table 5) and total giving (Table 6).
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VI. A DDRESSING THE L ACK OF AN I NCOME VARIABLE

VIII. C ONCLUSION

I include several proxies to address the concern of lacking
a direct measure of income. First, median household income
is included in all regressions. Additionally, expected family
contribution (Table 7) and gift capacity (Table 8 & 9)
are included. These proxies were regressed separately due
to concerns about validity and sample size reduction. The
variables family contribution and gift capacity are created
by outside sources without sufficient documentation on the
methods of calculation. Additionally, gift capacity is missing
for some alumni, raising concerns of an unrepresentative
sample.
As financial aid is largely determined by family income,
we expect lacking a direct measure of alumni income will
bias results. Indeed, when the variable for expected family
contribution is included as an income proxy (Table 7), undergraduate grant amount becomes significant in predicting
both the likelihood to give and total giving. Similarly, the
charitable tax deduction becomes significant for Logit and
Tobit models when including the gift capacity variable. This
result makes sense as income is a large factor in decisions
around itemizing charitable deductions and is consistent
with Holmes (2009). All other results remain consistent
when including these income proxies, providing additional
robustness.

First, Oberlin College proves a unique setting to study
the drivers of alumni giving. While many results like age
and gender are consistent with the literature, findings about
athletics and the Conservatory point to a unique culture
at Oberlin. Further philanthropy research must be done at
liberal arts colleges to confirm these results and exploit
differences in culture between small colleges and large
research universities.
Second, findings suggest academic experiences are crucial
in determining giving. GPA, natural science majors, social
science majors and humanities majors gave more while
enrollment in the Conservatory, transfers, withdrawing from
Oberlin, and taking longer to graduate are associated with
lower giving.
Third, media coverage seems to have a meaningful effect
on giving. In years where Google searches about Oberlin
revealed an increase in negative media coverage, alumni
giving decreased.
Results remain largely consistent when including proxy
variables for alumni income. As gift capacity rises with
income (Okunade & Berl, 1997), lacking a direct measure
of alumni income raises concern as a confounding variable.
I control for this potential omitted variable bias by including
median household income by zip code, a common proxy used
in the literature (Holmes, 2009). Additionally, in separate
regressions I include expected family contribution (Table 7)
and gift capacity (Table 8 & 9).
This paper studies the personal characteristics and geographic indicators of alumni giving to Oberlin College.
Many of the personal characteristics are consistent with the
literature, as females, graduates, age, alumni whose spouse
attended Oberlin and being married are associated with
higher giving. Geography also proves important, as moving
to a different state after graduation is associated with higher
giving while living in a rural area is associated with lower
giving. The state charitable tax deduction effects amount
given but not likelihood to give. Finally, athletics, race, and
undergraduate financial aid do not affect giving.

VII. M EDIA C OVERAGE AND ACADEMIC P RESTIGE
Table 10 presents OLS estimates of total giving and Table
11 presents estimates of the likelihood to ever give during
the 12-year study period of 2008 to 2019. The coefficient
on Google Trends shows media coverage has a negative
effect on alumni giving. A 1% increase in search volume
decreases total giving by 0.7% and the likelihood of ever
giving by 0.2% across time. This finding makes sense as
peaks in Google searches about Oberlin are tied to negative
news events (Figure 2) such as the hate speech incidents of
2013 and the 2019 Gibson’s Bakery lawsuit. In our study
period, perhaps these years of increased media coverage
lower alumni sentiment and change their giving behavior.
If alumni give when they feel a “warm glow”, perhaps they
also express disapproval by withholding donations in years
that alumni don’t agree with the College’s decisions.
However, hesitancy must be taken with this result as
Google Trends is a simple proxy for media coverage. An
ideal study would separate positive and negative news about
an institution by labeling news stories with a sentiment score.
This finding does not prove media coverage lowers giving;
instead, it should be interpreted as evidence for further work
in the area.
Additionally, an increase in academic prestige lowers
giving, a result consistent with Holmes (2009). As Oberlin
falls one place in the U.S. News & World Report ranking,
total giving increases by 3% and the likelihood to give
increases 0.9% over time, indicating perhaps that alumni give
to protect the ranking of the school.
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Keynesian theories, displayed in Figure 1.
The orthodox approach consists of monetarists and the
neo-Keynesian money-multiplier model. The former’s views
represent the true “verticalist” position in that the money
supply is exogenously controlled by the central bank and
is characterised by the quantity theory of money (Lavoie,
1996, p.280). The latter is based on a constant broad money
to reserves ratio, under which reserves will be multiplied up
(Mcleay et al., 2014, p.15), and places no importance on
credit in money supply.
Post-Keynesian money supply theory is broadly divided
into two schools of thought:horizontalism and structuralism,
both of which agree that money arises as the counterpart to
credit-creation (Lavoie, 2006, p.17; Dow, 2006, p.40) and
crucially, that money supply is endogenous. Horizontalism
argues that central banks fully accommodate demand for
reserves and put aside concerns of liquidity preferences.
Conversely, structuralism postulates only partial accommodation of demand for reserves (Palley, 2013, p.414) and that
sidelining liquidity preferences conflates loan and money
demand (Palley, 2017, p.12)

Abstract— Since the revival of money supply endogeneity of
the 1980s, post-Keynesian monetary theory has become increasingly accepted in central banking institutions. In developed
economies, academia has paved the way forward through empirical research but has often neglected developing economies.
This paper investigates the exogenous-endogenous money supply hypothesis in India from 1999 to 2019. In doing so, it
extends previous research by an additional twenty years and
broadens the scope of the endogenous money debate. Monthly
data series were applied to an error-correction model, vector
autoregressive model, and stationarity test, to examine orthodox
money exogeneity and heterodox money endogeneity. Over the
sample period, the findings reject post Keynesian structuralism
as well as neo-Keynesian exogeneity. Instead, results support
the presence of horizontalist endogeneity, challenging previous
research. The paper explores the policy-making implications for
monetary targeting, economic stimulus measures, and central
bank control.

I. I NTRODUCTION
It has been fifty years since Kaldor’s (1970, p.8) rebuttal
to the prevailing economic orthodoxy of monetarism, largely
associated with the Chicago School’s Milton Friedman. Since
then, endogenous money has become a cornerstone of postKeynesian economics (Fontana, 2003, p.291; Palley, 2013,
p.422). Money is created at the stroke of a keyboard in bank
lending and extinguished in the repayment of debt (Tobin,
1963, p.1; Kaldor and Trevithick, 1981).
This research aims to empirically establish which contemporary money supply theory – money-multiplier, horizontalist, or structuralist – is most representative of the Indian
economy. In doing so, it both extends the period covered
by Rath (1999) and broadens the scope of the endogenous
money debate by including a developing economy, often
neglected in literature (Ashra et al., 2004).
In order to do this, the paper is organised as follows. Chapter 2 provides a theoretical background for dominant money
supply theories, highlights their divergences, and outlines
existing literature. Chapter 3 sets out the hypotheses, chapter
4 develops the methodology, and chapter 5 introduces the
results. Chapter 6 discusses the results and briefly describes
the policy implications. Chapter 7 concludes, outlining the
limitations of the paper, suggesting future topics of interest,
and making final remarks.

B. Exogenous Money
Exogenous money supply theories can narrowly be characterized to where one or all variables (price level, interest
rate, and real output) are determined by changes in the
stock of money (Desai, 1989, p.136). While monetarism has
widely been refuted in academia and policy-making since the
failure of the monetarist experiments of the 1980s (Snowdon
Vane, 2005, pp.193-197; Dow, 2006, p.35), it has laid the
foundation for the money-multiplier model. merits a brief
discussion.
Under the monetarist approach, the money supply is
exogenously controlled by the central bank and interest rates

II. L ITERATURE R EVIEW
A. Theoretical Overview
Palley (2013) distinguishes between four competing approaches of money supply, divided into orthodox and post-
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Historically, horizontalism has been rooted in the contributions of Kaldor and Weintraub, though major proponents
include Lavoie, Moore, Rochon, and Smithin (Fontana, 2003,
p.294).
Horizontalism rejects money exogeneity, arguing that
money creation is contingent on economic agents’ willingness to be in debt and involved in economic activity
(Cottrell, 1986). In doing so, horizontalism puts forward two
central tenets based on balance sheet identities: “loans make
deposits” and “deposits generate reserves” (Moore, 1988,
p.373; Lavoie, 1992, p.205).
Moreover, as the sole supplier of legal tender and liquidity
to the economy, the central bank accommodates all bank
demands for reserve (Moore, 1988, p.384; Fontana, 2010,
p.96). As commercial bank deposit acceptability is necessarily contingent on transformability into cash (Fontana, 2010,
p.96), Moore (1988, p.380) argues that the central bank must
accommodate all demand for reserves for the sake of stability
for the financial system. While this role as lender of last
resort hinders its quantity controls, the central bank sets the
price of banknotes and reserves via the discount window and
supplies all demand at that short-term rate (Moore, 1988,
p.380). Thus, displayed in Figure 3 the supply of reserves
is flat and Lavoie (1996, p.280; 2006, p.23) maintains that
an upward-sloping supply of high-powered money is an
exception.
Based on the policy rate, banks set their lending and
deposit rates as a mark-up and -down respectively. As Lavoie
(1992, p.170) points out, this means a flat credit supply
curve, which implies that name “Horizontalists”. Under this
assumption, a ceteris paribus increase in the public’s income
does not lead to an increase in interest rates.

are endogenous to the model. The money supply is given as
a function of total reserves and the money multiplier (Palley,
2013, p.409). Given a stable money multiplier, the central
bank could control the total money supply by changing its
liabilities through open-market operations or discount window lending (Palley, 2013, p.409). Furthermore, the supply
of loans is contingent on the availability of free reserves
(Lavoie, 1992, p.170). Thus, banks are reserve-constrained
in their lending operations. Their demand for reserves is
driven by their credit activity when banks are unable to fund
themselves by selling assets or by borrowing in the Federal
Funds market (Moore, 1988, p.374).
While neo-Keynesians adamantly opposed monetarism,
they held onto its core tenet of exogenous money in critiquing it through the money-multiplier model (Palley, 2013,
p.407). Thus, reserves continue to support a multiple of deposits, consequently used by banks to extend loans (McLeay
et al., 2014, p.21). Tobin’s (1970) and Poole’s (1970) findings, amongst others, suggested that central banks should
undergo nominal interest rate targeting regimes (Snowdon
Vane, 2005, p.196). Not because of the fundamental creditmoney process, as post-Keynesians posit, but because doing
so would minimize the dominating instability caused by
financial markets, thus stabilise economic growth (Poole,
1970).
While neo-Keynesians rejected the quantity theory of
money (Palley, 2013, p.407), whether interest-rate or moneysupply-growth targeting regimes, rates remain endogenous
to the model. As Figure 2 highlights, the central bank
achieves its target rate by supplying any liquidity demanded
to satisfy money demand and achieve equilibrium. Thus,
the money supply becomes theoretically endogenous, but
controlled exogenously. In accepting exogenous money, the
role of credit remains absent from the money supply process.

Crucially, loans are demand-determined, a departure from
the exogenous money postulate, making commercial banks
price setters and quantity takers; they will accommodate
any creditworthy demand for loans (Moore, 1988, p.373;
Fontana, 2003, p.296). While there is no money supply curve
per se, money is endogenous through the lending process
when the loan is deposited into the account: “loans create
deposits” (Moore, 1988, p.382; Fontana, 2010, p.90). Given
the money supply and required reserve ratio, the supply
of reserves can be determined: “deposits generate reserves”
(Palley, 2013, p.413).
An important consequence of demand-led credit is that

C. Endogenous Money: The Horizontalist (Accommodationist) View
Post-Keynesian monetary theory is characterised by
money, uncertainty, and time (Fontana, 2010) and strictly
disagreed with many of the postulates of orthodox theory
(Fontana, 2003, p.295). Rather than a lubricant for barter
economies, money is a final means of payment, store of
wealth and a special asset for economic agents facing uncertainty (Fontana, 2010, p.62; Wray Tymoigne, 2006, p.3).
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exogenous shocks to loan-demand such as nominal income
thus lead to changes in the money supply (Kaldor Trevithick,
1981, p.106). Consider a firm whose working capital needs
increase, whether due to factor costs, increased inventories,
or output volume. Given costs typically increase contemporaneously but revenues only once the goods sold, the
firm must de-save to afford this increase in capital need.
Through existing credit lines, loans are generated ex nihilo
by banks to firms, and the money supply has increased.
Given working capital is the most important driver of bank
credit (Moore, 1988, p.373), this brief monetary circuit
demonstrates the reversal of monetarist causality: inflation
causes money supply growth (Snowdon Vane, 2005, pp.166171).
In emphasising temporality, uncertainty, and money, the
central bank’s role becomes that of a lender of last resort.
While this role restricts its control over the quantity of
reserves, it sets the price of reserves through short-term rates,
making interest rates exogenous, and the money supply endogenous. Finally, balance sheet identities ensure the central
post-Keynesian tenet: “loans generate reserves”.

2013, p.413). Conversely, horizontalists maintain this to be
a fundamental failure to distinguish between microeconomic
and macroeconomic issues (Fontana, 2003, p.304; Lavoie,
2006, p.25).
An additional criticism of horizontalism was the full
accommodation of bank demand for reserves by the central
bank, which structuralists argued to only be partial (Palley,
1994, p.74). This is rooted in the fundamentally different role
attributed to the central bank by structuralists; the central
bank actively makes lending decisions according to its own
liquidity preferences, not simply heeding all commercial
banks’ demand for reserves (Fontana, 2010, p.103). As a
result of this non-accommodative behaviour, structuralists
emphasise the importance of financial innovations and liability management practices as a means of overcoming reserve
constraints (Palley, 1994, p.76).
Palley (2013, pp.414-422) builds out a model that demonstrates the broader features of structuralist endogenous
money supply, seen in Figure 4. The rising credit-supply
curve can be seen in the north-eastern quadrant alongside the
demand for money function. This latter, alongside the supply
of deposits determines the bond rate (Palley, 2013, p.416).
The north-western quadrant shows the central bank supply of
reserves, consisting of borrowed and non-borrowed reserves,
at the policy rate. The introduction of short-term and longterm rates allows for the latter to be set by individual and
firm liquidity preferences, causing bond rates to rise (Palley,
2013, p.417).

D. Endogenous Money: The Structuralist View
Out of horizontalism grew a critique whose contributions
are associated with Chick, Minsky, and Rousseas, and whose
most well-known proponents of the theory include Pollin,
Arestis, Dow, Howells, Palley, Sawyer, and Wray (Fontana,
2003, p.297). Like horizontalism, structuralism accepts that
“loans generate reserves” (Fontana, 2010, p.100).
However, structuralists disagree with horizontalists’ objection to liquidity preferences. Indeed, Kaldor (cited in Lavoie,
1992, p.193) was quoted as saying “if we regard money as an
endogenous factor, liquidity preference and the assumption
of interest-elasticity of the demand for money ceases to be
of any importance”. In pushing aside liquidity preferences,
Dow (2006, p.44) argues this conflates loan demand and
money demand. Structuralists reconcile these criticisms by
introducing a demand for money function and endogenous
interest rates (Palley, 2013, p.414; 2017, p.12).
It is worth noting that structuralists move away from the
neoclassical synthesis meaning of liquidity preference, and
instead see it as a way to describe the complex behaviours of
individuals, firms, banks, and the central bank (Wray, 1995,
p.280). Under high liquidity preference for example, banks
may be less willing to extend credit, investing in securities
rather than extending loans despite a rising need for working
capital.
Early on, liquidity preference debate surrounded the slope
of the credit-supply curve, as Lavoie (1996) and Pollin
(1991) argued it to be the differentiating factor between the
two theories. While a constant mark-up over the policy rate
is taken by horizontalists, structuralists appeal to Minsky’s
financial fragility hypothesis and Kalecki’s principle of increasing risk, positing that as the volume of loans increases,
debt ratios of banks and firms would increase, and in turn
greater borrower and lender risk, thus justifying an upwardsloping credit supply curve (Dow, 2006, pp.40-46; Palley,

E. Existing Empirical Literature
Using the ABIcomplete, EBSCOhost, and EconLit
databases, only one empirical paper on the competing forms
of money supply in India currently exists. Under a VAR
framework, Rath’s (1999) battery of tests suggest a structuralist view of endogenous money supply in the period of
1980-1998. The Granger-causality tests and Pollin’s (1991)
LR test also support structuralist endogeneity.
Across other economies, Howells and Hussein (1998) investigate the G7, Palley (1994) the United States, Vera (2001)
Spain, Nell (2000) South Africa, Badarudin et al. (2013)
Australia, Shanmugam et al. (2003) Malaysia, and Cifter
and Ozun (2007) Turkey. Additionally, the Bank of England
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confirmed monetary endogeneity in the UK (McLeay et al.,
2014). However, this results in an almost exclusive focus on
high to middle-income economies.
Broadening the scope to papers not discriminating between
post-Keynesian money supply theories, Duck (1988) pools
33 countries, including 17 developing countries, but due to
the high probability of sample heteroskedasticity, Ashra et
al. (2004, p.292) challenge the reliability of their findings.
Instead, Ashra et al. (2004), investigates monetary exogeneity
in India between 1950-2000, finding evidence of endogeneity, but again, does not differentiate between the different
post-Keynesian forms.
This project seeks to extend the period covered by Rath
(1999), to 1999-2019, while broadening the geographical
scope of the endogenous money debate, by including a
low-income country. Of particular interest is the natural
experiment of the 2016 cash demonetisation, which provides
an exogenous shock to deposits (Reserve Bank of India,
2017, p.15), improving the robustness of result.

an increase in either the money multiplier or reserves should
lead to increases in loans. A higher money multiplier implies
a falling reserve ratio, which under fractional reserve banking
frees up capital to be loaned out. Given the model assumes
money supply independence from loan demand (Palley, 1994,
p.69), this is unidirectional causality from reserves and the
money multiplier to loans (Rath, 1999, p.140).
The horizontalist hypothesis can be summarised as follows. The central bank accommodates all demand for reserves and money arises from credit-creation, causality must
run from loans to both reserves and the money supply
(Moore, 1988, p.382). Given the money multiplier equation
is a descriptive ratio of broad money to reserves (Palley,
1994, p.87; Moore, 1988, p.384), holding other factors, a
rise in loans increases the money multiplier. As credit is
demand-driven and banks not reserve constrained, there is
only unidirectional causality. Like structuralists, horizontalists agree that loans create deposits, therefore causality also
runs from loans to deposits.
The structuralist hypothesis is a hybrid between the
monetarist and horizontalist view (Rath, 1999, p.140). The
horizontalist component suggests that increased lending increases non-borrowed and borrowed reserves, thus increasing
reserves (Palley, 1994, p.82). The monetarist component
suggests that causality runs from reserves and the money
multiplier to loans, as changes in asset preferences or reserves cause changes in lending (Palley, 1994, p.82; 2017,
p.14).
Furthermore, given the emphasis on financial innovation
to overcome reserve constraints, structuralists postulate that
use of liability management when facing rising loan demand
would increase the money multiplier (Palley, 1994, p.78).
Thus, structuralists also anticipate causality to run from loans
to the money multiplier.
To further differentiate between the horizontalist and structuralist approaches, Pollin (1991, p.371) suggests a loanreserve (LR) ratio stationarity test. Under full central-bank
accommodation of reserve demand (Moore, 1988, p.380),
there must be proportionality in the movements of loans
and reserves; an increase in loans should proportionally
increase reserves, thus the loan-reserve ratio should be stable.
Conversely, as the central bank does not fully accommodate
reserve demands under the structuralist approach, banks’ use
of liability management practices to support additional loandemand (Palley, 1994, p.76) should increase the loan-reserve
ratio.
The hypotheses are summarised in Table 1.

F. Monetary Policy in India: Monetary Instruments: 1985 to
Present
With a dual mandate of stable inflation and strong economic growth, in 1985 seeing an increasing budget deficit,
4 percent average growth rate and 8.8 percent inflation rate,
the Reserve Bank of India (RBI) adopted a money supply
targeting policy framework (Das, 2020, p.3). Led by the
Chakravarty Committee, reserve and broad money would
be used as the operating and immediate instruments for
achieving the RBI’s mandate (Goyal, 2014, p.36).
As the economy entered the 1990s, there were increasing
deviations from the money supply targets, and the underlying
assumption of money demand stability came under greater
scrutiny (Reddy, 2002, cited in Goyal, 2014, p.36). In 1998
the RBI adopted a multiple indicators approach (Das, 2020,
p.3), using an interest-rate based procedure as the primary
tool to achieve its dual mandate.
While the RBI’s policies continue to evolve, ultimately
interest rates remain the mechanism through which the RBI
operates (Das, 2020, p.4).
G. Demonetisation
On November 8, 2016 the Indian government announced
the demonitisation of the 1000 and 500 bills in a series of
reforms to counter corruption, black money, counterfeiting,
and terror funding (Reserve Bank of India, 2017, p.1). Where
an estimated 78 percent of transactions are effected in cash
(Government of India, 2016, cited in Reserve Bank of India,
2017, p.2), this represented the removal of 86.9 percent of
the total currency in circulation through an exogenous shock.
III. H YPOTHESES
The money-multiplier model hypothesis states the following. Banks are reserve constrained and lend out reserves.
Therefore, a ceteris paribus increase in deposits increases
a bank’s lending capacity (McLeay et al., 2014, p.21);
unidirectional causality from deposits to loans. Moreover,

IV. M ETHODOLOGY
Monthly data is sourced from the Database on Indian
Economy (Reserve Bank of India, 2020); reserves and broad
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money are taken from the components of money stock
dataset; loans and deposits are sourced from the commercial
bank survey dataset. Non-food credit and aggregate deposits
are used respectively, consistent with Rath (1999, p.142).
The money multiplier is calculated as: z=M3M0 , and
loan-reserve ratio as: LR=L/M0 (Palley, 1994, p.87; Rath,
1999, p.142). The sample period ranges from March 1999
to December 2019. All variables are specified as natural
logarithms.
The econometric procedure is divided into several parts:
augmented Dickey-Fuller (ADF) tests, then Johansen’s cointegration tests. If cointegrated, then an error-correction model
(ECM) is applied, otherwise a VAR Granger-causality model
is applied. To further discriminate between the two postKeynesian approaches, a final ADF test is run.
Firstly, an ADF test is run on the variables to test for unit
roots, as variable stationarity is a prerequisite for both the
ECM and Granger-causality tests. To avoid autocorrelation
of the error term, lagged values of the dependent variable are
added according to the Bayesian Information Criterion (BIC)
and Akaike Information Criterion (AIC). Lütkepohl (2005,
pp.148-153) demonstrates that the AIC tends to overestimate
the true lag order when minimized, whereas the BIC provides
consistent estimates; thus, when the criteria disagree the BIC
is preferred. Finally, Breusch-Godfrey’s LM test is used to
test for autocorrelation and ensure sufficient lags have been
added.
Following the unit root test, if the variables to be tested
are both integrated of order 1 ( I(1)), Johansen’s test for
cointegration will be run on equation (1).

significance level all variables are I(1).
The ADF tests for stationarity on loans (lnL), deposits
(lnD), reserves (lnM0), broad money (lnM3) and money
multiplier (lnz), fail to reject the null hypothesis of nonstationarity at any statistically significant level. However,
once first-differenced the null hypothesis is rejected at the
1 percent and 5 percent level, thus lnL, lnD, lnM0, lnM3,
and lnz are I(1).
For lnL, lnD, lnM3, and lnz optimal lags were 6, and for
variable lnM0, 4 is optimal at the level values. Once firstdifferenced, optimal lags with no autocorrelation for lnL,
lnD, and lnM3 were 5 lags, lnM0 3 lags, and lnz 1 lag.

B. Cointegration Tests
Table 3 provides the results of Johansen’s test for cointegration. At the 5 percent level cointegration is present
between (4) non-food credit and aggregate deposits; and, (7)
non-food credit, aggregate deposits, reserves, and the money
multiplier. However, for (5) non-food credit and reserves; and
(6) non-food credit and the money multiplier; no evidence
of cointegration is found at the 5 percent level.

yt = βxi + t
Co-integration of variables implies a long-run relationship between the variables when linearly combined. If the
variables are cointegrated, then the following ECM can be
applied:
∆yt = c0 +c1 t−λ(yt−1 −θxt )+

X

βyi ∆yt−i +

X

For the cointegration tests, the trace statistic method is
used, based on the maximum likelihood estimator of the
parameters of a cointegrating equation. Simply put, the null
hypothesis is that there is no cointegration between variables,
against the alternative of one or more cointegrated equations
(StataCorp, 2017, p.902-903).

φxi ∆xt

β, φ are short-run dynamic coefficients of the model’s
adjustment to equilibrium, is the coefficient for the errorcorrection term (speed of adjustment coefficient), θ the longrun coefficient, and yt a stochastic error term (Kripfganz
Schneider, 2018, pp.12-24). To ensure a stable model, the
error-correction term should be λ < θ, indicating the model
returns to long-run equilibrium following a shock.
Additionally, to test for liability management use, an ADF
test is run on the loan-reserve ratio to test for stationarity.
The variable is inspected visually against time to incorporate
drift or trend coefficients. The null hypothesis is that the
loan-reserve ratio is non-stationary, against the alternative
that the series is stationary.

At the 5 percent significance level the null hypothesis can
be rejected, in favour of the alternative that equations (4)
and (7) are cointegrated over the sample period. Thus, the
linear combination of the variables in equations (4) and (7)
indicates that these share long-run relationships. For (4), (6),
and (7), two lags are introduced, whereas for (5), one lag was
optimal. Given (4) and (7) are both I(1) and cointegrated, an
ECM can be applied to test for long and short-run causality.
Conversely, for equations (5) and (6) we fail to reject the
null hypothesis and conclude that these are not cointegrated.
As such, while their variables are all integrated of the first
order, they fail to pass the cointegration requirement for
an ECM, and thus a VAR Granger-causality framework is
applied.

V. DATA A NALYSIS
A. Unit Root Tests
Table 2 provides the results of the unit root tests as well as
the optimal lag lengths. At both the 1 percent and 5 percent
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Table 5 shows the results of the VAR Granger-causality
tests. There is evidence of unidirectional causality from loans
to the money multiplier, and from loans to reserves. The
aforementioned unidirectional causality is in accordance with
the ECM at the 5 percent level, while at the 10 percent there
is bidirectional causality between lnL and lnM0.

C. Causality Tests
Table 4 presents the ECM estimates for equations (4),
and (7), which are divided into the long-run coefficients and
error correction term. The long-run ECM estimates reject
the money-multiplier model, pointing to horizontalist and
structuralist endogeneity. All statistically significant errorcorrection terms are negative thus the model is valid and
stable.
Firstly, is the relationship between non-food credit (lnL)
and aggregate deposits (lnD). At the 1 percent level using
both the reduced and holistic models (4) and (7) respectively,
unidirectional long-run causality is found to run from loans to
deposits. Further, at the 5 percent level there is bidirectional
causality between loans and deposits.

D. Pollin’s LR Test
Table 6 summarises the results from the stationarity ADF
test. At any statistically significant level the null hypothesis
of non-stationarity is rejected in favour of the alternative,
thus concluding that the loan-reserve ratio is stationary.

E. Results
Both the ECM and Granger-causality tests reject the
money-multiplier model. This is evidenced by the rejection
of unidirectional causality from deposits to loans, and support for the reverse causality. Furthermore, at the 5 percent
significance level, unidirectional causality runs from loans
to reserves and multiplier, contrary to the money-multiplier
model hypothesis.
The ECM and VAR Granger-causality results also suggest
unidirectional causality from loans to the money multiplier
at any significance level, providing strong evidence against
structuralist endogeneity. However, the causality tests on
loans and reserves are contingent on the significance level.
While at the 1 percent and 5 percent levels there is unidirectional from loans to reserves, at the 10 percent level, there is
bidirectional causality; the latter supporting the structuralist
hypothesis. Similarly, the loan-deposit relationship is unidirectional at the 1 percent level, but bidirectional at the 5
percent and 10 percent significance levels.
That said, Pollin’s LR test rejects structuralist endogeneity
at any statistically significant level, suggesting proportionality in the movement of loans and reserves over the sample
period, thus evidence of full central bank accommodation
and against bank liability management practices to overcome
reserve constraints.

Secondly, while at the 1 percent level there is no statistically significant causality between reserves (lnM0) and
loans (lnL), at the 5 percent level unidirectional causality
runs from loans to reserves. It is also worth noting that at
the 10 percent level bidirectional causality exists between
reserves and loans.
Thirdly, at any statistically significant level, unidirectional
causality running from loans to the money multiplier (lnz)
can be seen.
In terms of the model specification, it is worth noting that
models (7)c and (7)d have lnz and lnM0 omitted respectively
to avoid spurious correlations resulting from the specification
of lnz. These were re-tested for cointegration, and both were
cointegrated at the 5 percent level.
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VI. D ISCUSSION

results would be consistent with developing economy literature such as Nell (2000, pp.322-325) in South Africa, who
found bidirectional causality under direct control measures,
and unidirectional causality from loans to reserves and the
multiplier under indirect control measures. Nevertheless, the
unidirectional findings are also consistent with Turkey (Cifter
and Ozun, 2008, p.20) and Spain (Vera, 2001, p.522).
Thus, this supports the post-Keynesian “loans generate
reserves” tenet and the horizontalist assumption of fixed
liquidity preferences.

A. Overview of Findings
This paper conducted a set of empirical tests on three
dominant money supply theories to ascertain which theory
represents the Indian context in the period from 1999-2019.
Monthly data from the Reserve Bank of India was applied to
a number of econometric tests to investigate the hypotheses
set out in chapter 3. The analysis rejects the money-multiplier
model and structuralist endogeneity, supporting horizontalist
endogeneity.

D. Pollin’s LR Test

B. Loan Deposit Causality

Pollin’s LR test provides greater discrimination between
the two post-Keynesian forms of endogeneity. The hypotheses were tested using an ADF test for stationarity. The results
rejected the presence of unit roots at any significant level,
supporting proportionality in the movement of loans and
reserves over the sample period, thus evidence of full central
bank accommodation. This result refutes structuralism in
favour of horizontalist endogeneity and is consistent with
findings from Spain between 1987-1998 (Vera, 2001, p.524).
It is interesting that Rath (1999) here too finds evidence
of structuralist endogeneity from 1980-1998 in India, with
the difference again potentially attributable to the change in
monetary targets and instruments.

Both the ECM and VAR Granger-causality tests reject
unidirectional causality from deposits to loans at any statistically significant level. Reverse causality was found from
loans to deposits, supporting post-Keynesian endogeneity,
and rejecting the money-multiplier model. Unidirectional
causality implies that banks do not lend out reserves. The
findings’ robustness is strengthened by the positive exogenous shock to deposits linked to the 2016 demonetisation,
which should have under exogenous money theory, but failed
to, cause a subsequent uptick in loans (Reserve Bank of
India, 2017, p.17). These results build on Moore (1989, p.81)
and Palley (1994, p.85) in the United States covering sample
periods 1975-1980 and 1973-1990 respectively. Howells and
Hussein (1998, p.337) in the G7 find evidence of bidirectional causality between loans and deposits. Howells and
Hussein (1998) however, assumed changes in the quantity of
money to be the same as total credit flows in their demand
for money identity, and as such, confounded money and
credit. Nevertheless, this finding contributes to the ongoing
debate on potential bidirectional causality between loans and
deposits as postulated by Howells (2006, p.66).

E. Policy Implications
The rejection of structuralist endogeneity and the moneymultiplier model has policy implications for monetary targeting, economic stimulus measures, and central bank control.
Firstly, in accepting post-Keynesian endogenous money,
this shifts the justification for interest rate targeting away
from Poole’s (1970) empiricist approach, whereby rates are
targeted due to greater volatility in financial markets than in
goods markets. Instead, rates are targeted because money
supply is fundamentally associated with credit-creation.
Specifically, while structuralists and horizontalists disagree
on the specific approach to long-term rate targeting, Palley
(2017, p.20) and Lavoie (2010, pp.10-17; see also Kahn,
2010) concur that corridor models are effective short-term
targeting measures.
Secondly, the post-Keynesian schools disagree about the
use of certain stimulus measures such as quantitative easing
(QE). A measure reserved for stimulating economies when
lowering rates becomes infeasible or ineffective, such as
under zero interest rate policy (ZIRP) (Fullwiler, 2013,
p.186). Some structuralists (Palley, 2017, p.20) have argued in favour of QE, suggesting that the central bank
can directly influence money supply, similar to exogenous
money. However, horizontalists across the board see QE as a
fundamental misattribution of credit and money theory based
on the money-multiplier model (Lavoie, 2010, p.19; Rochon,
2016, p.90). Indeed, Rochon (2016, p.90) argues that QE is
predicated on banks being reserve constrained, and that QE
attempts to reconcile the constraint by increasing deposits
through central bank purchases of securities to then increase

C. Money Multiplier, Reserves, and Loan Causality
Results from the ECM’s long-run coefficient and VAR
Granger-causality tests found unidirectional causality from
loans to reserves and the multiplier at the 5 percent significance level. Moreover, the error-correction term in the ECM
was statistically significant and negative, indicating a stable
model that reverts back to long-run equilibrium following a
shock. The results thus reject the money-multiplier model
and structuralist endogeneity, while supporting horizontalist endogeneity. The money-multiplier model saw reverse
unidirectional causality from reserves and the multiplier
to loans as banks are reserve constrained and loan out
reserves (McLeay, 2014, 21). Structuralism saw bidirectional
causality as result of changes in asset prices and financial
innovations overcoming reserve constraints (Palley, 1994,
p.82).
The results contradict Rath’s (1999) findings in India from
1980-1998, who found bidirectional causality between the
variables. A factor explaining this change may have been the
RBI’s shift away from reserve and broad money as operating
and intermediate targets respectively towards using shortterm interest rate instruments in 1998 (Das, 2020, p.3). These
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lending capacity. This poses two issues; foundational to postKeynesian monetary theory is that banks are not reserve
constrained (Moore, 1988, pp.379-380; Tobin, 1963, p.12).
Additionally, loans are demand-determined and create deposits, not the inverse (Moore, 1988, p.381). In light of the
findings in chapter 6, this may explain the RBI’s resistance to
QE despite the rising spread between policy and bank rates
(Mukherjee, 2019).
Finally, post-Keynesians disagree about the extent of central bank control over banks and whether such intervention
is desirable at all. As structuralism emphasises the use of
liability management practices to overcome central bank
reserve constraints (Pollin, 1991, pp.374-375; Dow, 2006,
p.38), such endogeneity would limit the central bank’s control over commercial banks. Conversely, Moore (1988, p.380)
argues that as lender of last resort, the central bank has no
choice but to accommodate all demand for reserves, whether
to maintain rates at their current level, or as a precautionary
measure against a banking collapse (Howells, 2006, p.64).
Therefore, horizontalist literature suggests that central
banks may neither be able, nor willing to constrain reserves.
In conjunction with the resistance against QE including in
periods of ZIRP, horizontalist endogeneity has significant
policy implications.

cash demonetisation’s effects were not limited to only generating new deposits, and potentially distorted other monetary
aggregates. These factors may limit the internal validity of
the findings.
Moreover, the findings may be limited in generalisability to developing economies undergoing similar monetary
targeting measures. As Das (2020) discusses, as of 1998
India forewent monetary supply instruments, in favour of
short-term rate instruments and multiple indicator targeting.
This may serve to explain the divergence from Rath’s (1999)
findings who covered the 1980-1998 sample period.
B. Recommendations for Future Research
This paper’s findings suggest two areas of further research.
Firstly, as discussed earlier, the impacts of changes in
monetary policy and their effects on endogeneity may be
of interest. This has briefly been explored by Nell (2000)
in South Africa and Badarudin et al. (2013) in Australia
but has yet to be explored in other countries. Secondly,
when testing loan-deposit causality, unidirectional causality
was found at the 1 percent level, but at the 5 percent and
10 percent levels there was bidirectional causality. Loandeposit bi-directionality has been an area of debate led by
Howells (2006, pp.60-62), and other than through portfolio
adjustments, reflux mechanisms (Lavoie, 2006, p.28; Dow,
2006, p.44) have been little explored.
Finally, the limitations of the loan-reserve test discussed
in section 7.1 highlight the need for tests to more clearly
discriminate between the two post-Keynesian approaches.
Vera (2001) has laid the groundwork for this, introducing
prime rate mark-ups, inter-bank rates and GDP variables
alongside a loan/deposit ratio, however further research is
needed.

VII. C ONCLUSION
This paper’s aim was to establish which contemporary
theory of money supply was most representative of the
Indian context from 1999-2019. To investigate the orthodox
money-multiplier model, and post-Keynesian horizontalism
and structuralism, the causal econometric study uses monthly
data from the Reserve Bank of India. We conclude that the
sample period presents features of horizontalist endogeneity,
which has implications for monetary targeting and economic
stimulus such as quantitative easing. Additionally, horizontalism challenges the ability and desirability of central bank
control over commercial banks.
Despite the aforementioned policy implications associated
with different theories of money supply, there is a dearth
of literature on this topic in developing economies. Thus,
this paper contributes to the body of literature by extending
the time period covered by Rath (1999) and in doing so,
broadens the scope of the endogenous money debate. Finally,
this paper’s novelty is enhanced by its inclusion of a natural
experiment, India’s 2016 cash demonetisation.

C. Final Remarks
This paper sought to explore money supply theories in a
developing economy. Its findings help extend the monetary
endogeneity debate to a low-income country and shed light
on central bank policy decisions. Through a battery of
causality tests, we find the features of horizontalist endogeneity, and reject the presence of structuralism and the
money-multiplier model. This rejection has implications for
monetary targeting, economic stimulus such as quantitative
easing, and the extent of central bank control. Despite its
limitations, the findings reinforce evidence for endogenous
money while opening the door to new areas of research.

A. Limitations
Nevertheless, this paper is not without its limitations, thus
we consider the internal and external validity of its findings.
Howells (2006, p.65) argues that Pollin’s (1991) loanreserve ratio test may be flawed, as the ratio may rise
regardless of central bank accommodation to reserve demands. As banks are profit seeking and excess reserves
limit profitability, they may elect to minimise the ownership
of reserves, thus appear to feature structural endogeneity.
Furthermore, one cannot reject the possibility that the 2016
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Market Effects of Court Decisions: A Case Study of Antiquities at
Auction in New York and London
Olivia Zitkus
University of North Carolina at Chapel Hill
court decisions in order to actually change behavior. Court
activity informs future laws and decisions through the power
of precedent. However, it is still unclear to economists how
general court activity affects market activity. Court rulings,
punitive and high-profile settlements, and especially publicized legal cases are a few types of judicial activity of interest
in this research. This paper is particularly concerned with
how court decisions and settlements directly or indirectly
affect the behaviors of actors in the international market for
art.
The art market is appropriate for this study because of
its changing legal landscape. Domestic and international
markets have seen increased efforts to combat the illicit
trade of antiquities and the circulation of illicitly traded or
looted art through auction houses. An antiquity is defined as
an object, especially something archaeologically, historically
or artistically valuable or interesting, that dates from a
previous era (IFAR Users’ Guide, 2019). Antiquities sold
at auction are typically accompanied by a detailed set of
information that includes material type, condition reports,
estimated and sold prices, and provenance — the public
history of ownership of a piece of art. This paper asks if
and how various types of domestic court decisions made in
the United States or United Kingdom affect the quality of
provenance information and the prices of antiquities in New
York and London.
This paper’s data sample is comprised of antiquities
brought to auction between 2003 and 2019. This sample
is organized into tiers of influence and market control by
auction house as defined by art economist Clare McAndrews
in the 2019 Art Market Report. Antiquities data from firsttier Sotheby’s auction house are derived from auctions taking
place in London and New York. The second-tier source is
Bonhams auction house, which curated auctions in London
during the sample period. I also identify and classify court
decisions and high-profile settlements in New York and
London between 2003 and 2019. The novel auction and
judicial data are combined in order to test the effects of
accumulating court decisions and specific time periods of
active court decisions. Based on previous research, I focus
my empirical effort on capturing the direct effect of three
distinct time periods in which court decisions were active in
New York and of two time periods in which decisions were
active in London. The goal of the empirical approach is to
determine if and how court decisions affect prices directly
or via provenance quality, and whether Greek, Roman, and

Abstract— The changing legal landscape of the market for
ancient art provides an opportunity to study the impact of legal
constraints on economic markets. Working with novel data from
Sotheby’s and Bonhams auction houses and court decisions
from London and New York between 2003 and 2019, I look for
the effects of legal rulings and settlements on the art market. My
empirical analysis models provenance information quality—the
public history of ownership of an object—and prices in a threepart strategy. I first run regressions of court decisions from
New York and London on the provenance quality measures for
objects in each city respectively. I then treat the price of an
object as the dependent variable and use provenance quality
as an independent variable in addition to sale location and
auction house controls. The third round of regressions tests the
direct effect of court decision variables on prices. I focus on the
in-country effects of court decisions on prices and provenance
using OLS regressions with robust standard errors. Overall, I
find that accumulating court decisions have a positive effect on
provenance information quality and that court decisions impact
prices both directly and via its earlier effects on provenance
information.
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I. I NTRODUCTION
Legal institutions constrain economic markets. Perhaps
the most obvious are laws that have already been signed
into effect. Recent scholarship, however, suggests that laws
must be enforceable via the judicial system and citable in
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Egyptian antiquities have special trends or are affected by
court decisions differently than other types of art.
My empirical approach deals with several challenges.
Changing monetary statistics or art market trends, such as
generational changes in art type preference, might reflect
commercial and buyers’ changes unrelated to market controls
including industry regulations, legislation, or international
directives (Brodie, 2019). Auction catalogues and online
results are useful sources of material, provenance, and price
information, but can be misleading unless placed in the
context of the broader market for art and macro trends.
For these reasons, the model also captures larger benchmark
shifts in international market activity.
The contributions to the study of the intersection of law
and economics include investigation into the timeline of
effects following court decisions. My analyses delve into
the international connections and cross-effects of court decisions. I ask whether court decisions and settlements from
one specific area, New York City or London, impact their
intended geographic areas more assuredly than areas at a
further distance from the decision location. Unlike previous
literature, this paper studies cases which do not rely on
cultural heritage law alone to achieve rulings, but general
legal issues such as theft, importation and exportation, and
ownership rights. The auction data are novel and comprehensive, as I received permission to scrape information from
Sotheby’s and Bonhams’ websites. My findings exemplify
the diverse and complicated nature of the art and cultural
heritage law world and will help to plot a path forward for
protecting against illicit trafficking and circulation.

wellbeing, work, and lives of individuals or groups in society.
If auction houses are in fact choosing to ignore laws or
precedent when choosing how much provenance information
to provide, it could be because of a lack of “negative social
value” amongst principals or buyers and sellers. In this
case, a lack of public reaction advances a lack of private
action. The consideration of litigatory effects—those created
by court action—on foreign market activity, is the main gap
in this literature. My research supplies a new exploration
of the effects of domestic case law and court activities on
international market dynamics.
The impact of policy reforms is a popular topic in law
and economics literature. Jha (2019) connected reforms concerning financial liberalization to corruption. Jha finds that
regardless of a country’s legal origin, new reforms targeted at
financial liberalization reduce corruption. Both common law
countries, like the US and UK, and civil law countries, like
France, can use financial reform laws with equivalent market
effects. Jha provides a framework to study how legislation,
not court rulings, impact adverse behaviors. This thesis will
expand upon the question by asking whether court decisions
involving various legal matters such as theft, replevin, illegal
possession, and illegal exportation or importation encourage
the curation of better-quality provenance information or
higher prices.
The effects of court rulings on markets have been less
investigated than the effects of the introduction of legislative
regulations on the markets. Beltrametti and Marrone (2016)
are the first authors to specifically explore the effects of court
rulings on art markets in the United States. They question
whether the outcomes of certain court decisions can reduce
the illicit trade of antiquities. With hand-collected data and
a difference-in-differences probit model, the authors find
that the likelihood of a good being sold legally rises in
response to harshly punitive court rulings, and that prices
and better provenance information will improve in response
to rulings with highly punitive outcomes. The authors judge
a case’s punitive power based on the case’s number of
citations in future case rulings and its usefulness in clarifying
existing legislation. My auction dataset partially overlaps
Beltrametti and Marrone’s and adds observations between
2015 and 2019. I also include a non-antiquity class of lots
which are sold in the same auctions as Greek, Roman,
and Egyptian antiquities. This thesis will expand upon their
question by including different types of court activity in the
model, incorporating settlement agreements that require the
restitution or seizure of objects. I will replace their main
difference-in-difference framework in order to test the effects
of court decisions from various timeframes in the sample
periods on the market for art. My research will also delve
into court rulings from both the US and the UK, creating
a geographic comparison of the impact on markets between
two different domestic judicial systems and histories.

II. R ELATED L ITERATURE
A. The Law, Courts, and Economics
The impact of court decisions on economic markets is
a relatively new subject of investigation. Only one economics paper focuses on the effects of court decisions on
art auctions. The majority of existing literature connects
regulatory efforts in financial markets to governmental and
institutional measurements, such as corruption levels. Other
studies choose to focus on human and drug trafficking rather
than on illicitly traded art and antiquities. This paper looks
to draw new conclusions about the effects of US and UK
court activity on antiquity sales.
The response of different types of cross-border trade to
legislation has been noticed in empirical studies. Two studies
investigate legislation targeting human trafficking and drug
trafficking, in particular. Akee, Basu, Bedi, and Chau (2014)
documented mutual reinforcement by domestic and international restrictions on illicit employment within the human
trafficking market. Domestic crackdowns are strengthened by
international efforts, and vice versa, to curb buyer-demanddriven demand for illicit employment, which is the main
driver of human trafficking (Akee et al., 2014). Becker,
Murphy, and Grossman found that when demand and supply
for drugs are not very elastic, it does not pay to enforce prohibitions unless the social value is negative (2006). Negative
social values are adverse effects of activities on the overall

B. Auction Prices, Provenance, and the Auction Mechanism
This paper builds upon studies of art valuation at auction,
which have attempted to establish a system to explain how
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art is priced when competition between bidders and increased
publicity drive prices up. Marinelli and Palomba (2011)
created a pricing model for Italian contemporary paintings at
auction. The authors use a wider set of regressors as explanatory variables than previous literature, consider selection bias
arising from unsold items, and create a model including
presale evaluations by experts. The results show that there
are four explanatory variables that determine the price of
paintings, namely artist identity, physical attributes, artistic
attributes, and sale characteristics. The explanatory variable
“physical attributes” will manifest within my research as
a variable denoting material. The main gap in this paper’s
method is the lack of macroeconomic and wider art market
trends in the empirical model. I will include a linear time
trend and quadratic time trend to denote the effects of the
most recent international recession between 2003 and 2019
and price trends over time. Most importantly, this paper
suggests that provenance information quality is an important
explanatory variable in the price regression and looks to
establish the pertinence of an object’s ownership history to
art valuation through in its theoretical model.
Provenance information has been recognized as an autoregulator of the antiquities market by authors from the
fields of law, archaeology, and economics. Autoregulators are
free-market institutions that can solve or reduce information
asymmetry problems. George Akerlof was the first to suggest
that in markets of goods with uncertain quality, indicators
of worth can autoregulate. Akerlof explores the problem
of information asymmetry, which is observed in the relationship between auction houses and antiquities consumers
(Akerlof, 1970). “Indefinite guarantees” of quality, such as
unverified provenance, are harmful to businesses (Akerlof).
Consumers are less likely to buy objects of uncertain quality
than they are to buy objects of guaranteed quality. Peter
Cannon-Brooks (1994) and Lisa Borodkin (1995) applied
this line of thinking to the antiquities market (Brodie, 2014).
Cannon-Brooks posits the idea that stolen property will be
less attractive to consumers (Cannon-Brooks, 1994). This is
because stolen goods are more difficult to offer at a high
price in secondary sales, once other consumers are aware
that the offered object is illegally possessed. Furthermore,
because of the simultaneous demand for antiquities with
verifiable provenance and flood of antiquities with fake and
unverifiable provenance on the market, Borodkin argues that
customers will pay a premium for provenance (Borodkin,
1995). Antiquities’ provenance information problem is reflected in this paper’s theoretical model, which maintains that
there is a positive relationship between price and provenance
information quality.
In 1988, Abowd and Ashenfelter found that auctioneers’
estimate prices are actually better estimates of the price of art
than a hedonic price function, which describes an equilibrium
relationship between the characteristics of a product and
its price. This model establishes price factors according
to the premise that price is determined both by internal
characteristics of the good being sold and external factors
affecting it (Ashenfelter & Graddy, 2003). More recent

research suggests a consistent bias towards upwards pricing
of expensive paintings over a 30-year period, clouding the
true determinants of art prices in the market (Mei Moses,
2005). Building upon these papers, this research will be able
to determine whether court rulings, which are not directly
related to the auctions themselves or the attributes of the
work, will have an indirect impact on the prices at which
objects are sold.
In the past, long-term and sparser auction data have
been used to measure the direct and indirect impact of
regulation or other legal and ethical control measures upon
the antiquities trade. Authors conjecture that sales volumes
shrink due to smaller material flows as more types of goods
face restriction, and both auction houses and their customers
act more cautiously in response to changes in market control measures (Brodie, 2019). Others question the empirical
support for a relationship between a reduction in sales
volumes and increased market control, citing the fact that
international efforts have been disjointed and inequivalent
in enforceability and stringency (2019). This paper supplies
empirical evidence of a connection between court decisions
and the quantity of materials at auction. I do this by using
two new datasets of interest to economists, legal scholars,
and cultural heritage experts.
III. DATA
A. Auction Data
Two datasets are used to determine if there is a connection
between court decisions, prices, and the quality of provenance information: the first is the auction dataset and the
second is the court dataset. I use auction data because auction
houses curate a well-rounded set of information about each
piece of art. This includes ownership history, an estimated
price range, the sold price, and detailed material and condition information. Auction and art price data collection is
a major boundary to art economics research. My auction
information is collected via customized data-scraping with
permissions from administrators at Sotheby’s and Bonhams.
The entire auction dataset includes 15,560 items sold
between 2003 and 2019 at Bonhams and Sotheby’s. Between
two and six auctions took place in each year. 11,175 of
the lot observations classify as “antiquities” – they are
either exclusively Roman (4,343), Greek (2,508), or Egyptian
(4,179). I drop a lot from the sample if it is coded as more
than one of these types during scraping. Bonhams supplied
the vast majority of observations from 53 auctions, which
included 13,632 lots, all of which were sold in London. The
remaining 2,058 lots were sold by Sotheby’s in a series of
28 auctions. Of the Sotheby’s lots, 1,877 were offered in
New York. The fact that a greater number of observations
are from London gained immediate attention. My data equip
me to make determinations on in-country effects of court
decisions more accurately than I can make determinations
on cross-country effects.
It is necessary to understand the art market context so
that claims about price and provenance information quality
changes can be made. The number of lots sold at auction
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Fig. 2: Lots Sold per Year in Antiquities Auctions

per year spikes around 2013 and has fallen on average ever
since, a trend that mimics that found by Beltrametti and
Marrone (2016). For approximately the last five years, the
number of lots sold per year has been lower on average than
every other year included in the sample (Figure 1). The late
sample variation could reflect a larger trend among auction
houses to shrink the size of auctions. I will explore whether
this is explained by the industry reaction to tightening
legal restrictions on antiquities and increased demand for
provenance information quality from consumers.

Fig. 3: Antiquities & Non-Antiquities Dates Counts

Auctions from Sotheby’s and Bonhams receive in-person,
phone, and pre-established bids for items sold sequentially
in lots. Because auction houses strategically order the lots
of an auction so as to maximize potential bids, I chose to
collect all lots in the mechanized data scrape. Collecting all
lots revealed similarities and differences between the first
and second-tier auction houses. The data suggest that auction
houses behave differently in response to external pressures.
From the start of the sample until about 2015, it appears that
New York was ahead of London in anticipating how much
provenance information to offer (Figure 3). Until about 2014,
both sale locations track their dates count growth in the same
direction.
I measure provenance information quality by the number
of date entries included in each lot listing. These dates are
stand-alone dates of a change in ownership or purchase; I
chose not to scrape dates included in a previous owner’s
lifespan or following the words “around”, “prior to,” or
“circa.” I find interesting variation in the average dates count.
The fall in London’s average dates count between 2009
and 2011 comes during a period of increasing antiquities
sales. The steady increase from that point until 2018 shows
Bonhams improving its provenance provision efforts for a
smaller number of lots per sale. New York’s variation in
provenance information quality looks slightly ahead of the
London curve for most of the sample period. The dramatic
drop and spike between 2014 and 2016 respectively coincide
with a slight increase in lots sold per year by Sotheby’s and
a subsequent steady decline in lots.
Improvements in provenance information quality do not
perfectly improve over time or as case law accumulates. As
the number of lots sold per year has decreased on average in
the last decade, London and New York auction houses appear
to be paying closer attention to their provenance information.
The rising quality of this information in London especially,
regardless of the lack of new court decisions made in the
country from 2013 onwards, reflects institutional changes
with regard to provenance, perhaps influenced by factors

Fig. 1: Lots Sold per Year in Antiquities Auctions
All lots were sold in either antiquities-exclusive or nonexclusive antiquities auctions. Non-exclusive auctions are
estate-based or thematic sales which can include other types
of art, furniture, or objects which are not classified as
antiquities alongside the Greek, Roman, and Egyptian objects. These non-antiquities are retained for analysis in order
to compare court decisions’ effects on antiquities versus
non-antiquities. The antiquity variable takes a 0 value for
non-antiquity lots. Each antiquity then earns classification
into either Roman, Greek, or Egyptian categories through a
source civilization variable. Figure 2 shows the trend lines
for the provenance quality indicator of antiquities and nonantiquities. Until 2008, non-antiquities enjoyed better quality
provenance on average than antiquities. The period from
2010-2015 saw a steady increase in the number of date
entries per antiquity lot. In 2016, when the provenance information quality of non-antiquities dropped dramatically, the
quality of antiquities’ information remained relatively stable.
During this year, two high-profile illegal exportation and
importation court decisions were litigated and completed,
with defendants in each pleading guilty (US v. Chait; US
v. Krizan). The Hobby Lobby case was also active during
this period (US v. Four Hundred Fifty Ancient Cuneiform
Tablets). 2016 also saw a general decline in the number
of lots offered. Antiquities have an average of 0.82 date
entries per lot, while non-antiquities have an average of 0.73
date entries per lot over the entire sample period. These
differences show that antiquities could respond to external
factors, such as court decisions, differently than other types
of art.
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other than court decisions. The data still motivate the relevance of New York court decisions during the court activity
uptick between 2013 and 2019. Because of the difference
in direction between London and New York provenance
information provision, the data also indicate that institutional
responses are directed by the type of case activity rather than
its accumulation of court decisions and legal pressure in later
time periods. The timeline of court decisions is laid out in
the decision timeline (Table 2).

price in London is £6,900. Both geographies see an uptick in
prices in 2013. London’s sold prices experience their fastest
rate of growth beginning in 2016, and London’s provenance
information quality improves in tandem, rising dramatically
beginning in 2012 and leveling off in 2016.
My data best position me to investigate the variation in
prices in London and New York as a result of shifts in
provenance information provision and changing domestic
legal schema. New York’s story is inherently different from
London, and merits investigation, as Sotheby’s treatment of
provenance and pricing may differ from Bonhams’.
The pooled cross-sectional data are on the lot-level. The
key dependent variables are sold price (ln.sold price) and the
number of provenance date entries (dates count). Each lot has
an undisclosed reserve price, which, if not met at auction,
means that the lot goes unsold. About 28% of lots fail to
meet the reserve price on the first try at auction (Gammon,
2018). My London data reflect this trend: about 70% of these
lots sell on the first pass. Lots which failed to sell at their
first auction do not take on a sold value of $0, but have the
sold price omitted. This information is still collected because
Bonhams supplies only either the sold price or the estimate
prices, depending on whether a lot was successfully sold
or not. Sotheby’s, however, always provides the maximum
and minimum estimates. The minimum estimate price and
maximum estimate price are highly collinear with sold price,
as expected.

Fig. 4: London and New York Date Counts

The number of provenance dates counts the number of
four-digit sequences in each lot’s published provenance section. I am interested in verifiable dates of previous sales
and transactions. Both older provenance and more recent
evidence of sales and changes in ownership ensure that art is
sold in good faith. I also collected age of oldest provenance
(age oldest prov) , which is not used in my empirical strategy,
but could help future studies evaluate whether provenance is
considered higher quality if its recorded history is older.
Key explanatory variables include antiquity (antiquity),
sale location (sale location), auction house (house), source
civilization (source), and material (material). Each lot is
flagged as either an antiquity or not an antiquity through
a dummy variable. Because the case law selected generally
pertains to ancient objects, the prices of non-antiquities
which are sold in antiquities-labeled auctions may be impacted less by the court decisions in question. However, the
data limit our ability to determine this because, for example,
the non-antiquity items likely include a combination of
objects ranging from ancient Persian material to 18th century
Italian art. In other words, the non-antiquity group is not the
perfect group of non-ancient objects, and ultimately, they
may bear many similarities to antiquities.
I include sale location because we expect selling objects
in London to have a negative effect on the price of art, in

Fig. 5: Decision Accumulation (New York and London)
The novel data paint a relationship between prices and
provenance and suggest that variation in London prices could
be explained by changes in New York case law. When
omitting the top 1% of sales, we notice a positive relationship
between price and the number of provenance date entries per
lot. The top 1% of sales by sold price have an especially high
number of date entries, as auction houses expect these goods
to garner extra attention before auctions. The average prices
in London increase more steadily than prices in New York,
which experiences a sharp increase in average price starting
in 2013. This increase coincides with a nearly 0.5 uptick in
provenance dates offered per lot.
New York auction houses typically offer more expensive
items on average than London’s antiquities market, which is
flooded with less expensive art. The average sold price in
New York for the sample is $161,852 while the average sold
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Fig. 6: London and New York Average Prices
Table 1

Descriptive Statistics (New York)
Variable

Obs.

Mean

Std. Dev.

Min

Max

Sold Price
Sold (Yes=1)
# Date Entries
Age of Oldest Provenance
Age of Most Recent Provenance

1,606
1,784
1,784
1,045
1,045

161,852.1
0.9
1.1
61.3
43.0

1,670,607.2
0.3
1.0
51.1
28.68

60.0
0.0
0.0
5.0
4.0

57,161,000.0
1.0
9.0
420.0
288.0

Descriptive Statistics (London)
Sold Price
Sold (Yes=1)
# Date Entries
Age of Oldest Provenance
Age of Most Recent Provenance

10,296
14,025
14,025
5,501
5,501

6,900.1
0.7
0.8
44.0
35.0

57,546.3
0.4
0.8
29.5
23.1

23.0
0.0
0.0
1.0
1.0

4,174,500.0
1.0
9.0
392.0
357.0

TABLE 1: Descriptive Statistics (New York)
part because buyers there are warier of UN regulations and
susceptible to European cultural property law enforcements
(Parkhouse, 2006). I include the control for auction house
because the effects of court decisions on prices at Sotheby’s,
a first-tier auction house that enjoys more press and international attention than Bonhams, are likely to be greater. The
data also show that Sotheby’s curates higher quality provenance information than Bonhams. We use source civilization
to determine the differences between Roman, Greek, and
Egyptian antiquities’ sold prices after court decisions have
been reached. It is possible that the court decisions regarding
Egyptian objects drive up the price of Egyptian goods, while
having less of an effect on Greek and Roman objects. The
eight materials controlled for in the model comprise the only
physical information about the objects. The materials I chose
to collect are marble, alabaster, bronze, dionite, limestone,
quartz, sandstone, terracotta, and wood.

that other factors such as size and condition contributed to
valuation. Material was collected because consumers can
still make value judgements on condition via knowledge
of the material of an object. Antiquities could be more
closely related to non-antiquities than I believe them to be.
Limitations to the sample that arise from the decisions made
during the data scraping process are further outlined in R
markdown documents.
B. Court Data
Key independent variables of interest stem from the second
of two compiled datasets, called the court dataset. The
dataset includes 20 court decisions and settlements made
in either London (5) or New York (15) between 2003 and
2019 published by the International Foundation for Art
Research (IFAR) or the United Nations Office on Drugs
Crime (UNODC). US and UK cases are divided into thirteen
different classifications as organized by the two sources, as
seen in Table 1. Settlements are only included for analysis if
the case was litigated at one time or another. This approach
differs from that of Beltrametti and Marrone, whose case
law requirements include a conviction and “highly punitive”
result. By this method, I will be able to determine during
which legal time periods different types of decided court
cases may have had the greatest effect.
The timeline of court decisions (Table 2) displays the
decisions made in each year from 2003-2019. Three cases

There are other limitations to the data sample. Auction
results are published online by private companies. The data
scraping mechanism is not perfect, nor are the auction
houses, which have control over the information as principal. It is also possible that antiquities that raised concerns
amongst specialists or drew public scrutiny for insufficient
provenance were removed from the online public record. The
lack of physical information is a limitation of this data due
to the parameters of the data scraping process. It is likely
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directly concern Egyptian objects, while the remainder of the
cases concern either an indeterminate combination of Greek,
Roman, and Egyptian antiquities or an object from another
source country including Iran, Iraq, Cambodia, Italy, and
Ancient Mesopotamia. Five cases directly involve auction
houses as a defendant, plaintiff, or potential intermediate
seller of illegally obtained or possessed items. The other
eleven cases were decided in New York or London but
concern gallery owners or individual buyers, sellers, or
intermediaries. These cases do not all pertain to Greek,
Roman, or Egyptian antiquities specifically. They do, however, pertain to ancient art and other antiquities. If the
antiquity dummy variable shows a significant effect, we
may be able to conclude that the laws which pertain to
Greek, Roman, and Egyptian objects had a specific effect
on objects from those source civilizations. If the results are
insignificant, cases surrounding antiquities in general could
have an indiscriminate effect on antiquities sales, or perhaps,
on other types of auctioned art.

The selected case data allow me to investigate whether
institutions react based on the pressure of accumulating
cases. I am able to analyze specific cases and decisions
to a lesser degree since my data is organized on a yearly,
not monthly, basis. Another concern moving forward is
selection bias or omission bias. If I failed to include a court
decision that imposed an especially harsh penalty against an
auction house, for example, other certain legal time frame
variables will gain significance. Moreover, I do not include
any variables regarding international legislation, directives,
or regulation in this analysis. I will pay close attention to
time trend variables in order to capture the rest of market
activity and institutional behavior over time.
These cases also deal with different types of objects and
actors. As I look to determine the effect of the court decisions
on antiquities versus on non-antiquities, I should keep in
mind that the minority of cases in the sample period don’t
always directly concern Roman, Greek, or Egyptian objects.
Some directly concern auction house activity, art gallery
activity, or other types of ancient objects . One reason for this
limitation is that important court decisions were established
on Classical (Roman and Greek) antiquities in the 1970s and
1980s, whereas other types of ancient art are seeing new legal
attention.
There are many other types of legal concerns which can
indirectly affect art prices, such as money laundering cases,
which are often of concern to auction houses, buyers, and
sellers. As art and art owners are more frequently involved
in litigation, it is likely that a wider variety of decisions will
affect the market for art and auction house activity. I am
better poised to investigate the in-country effects of court
decisions than the cross-country effects. I still look to include
certain cross-country variables in ultimate regression models,
having first studied variations in pricing and provenance
information quality with in-country variables. I include these
cross-country variables because the data suggest a potential
relationship between New York court decisions and the
number of lots offered in London.

I create dummy variables denoting legal timeframes in
order to track the effect of accumulating court decisions
and to compare specific legal time periods to one another.
The time period dummy variables are constructed in order
to distribute lot observations as equally as possible across
all case law time periods. Legal time periods in New York
are divided into three dummy variables: a) 1 active decision
(law ny1), b) 3-5 active decisions (law ny35), 4) 6-9 active
decisions (law ny69). Time periods in London are divided
into two dummy variables: a) 1 active decision (law lon1)
and b) 4-5 active decisions (law lon45). These “active”
decisions comprise the case law and settlements that have
been determined and concluded by the judicial system. I
create interaction terms for each legal time period variable
for both geographies, interacting each with the antiquity
variable. There are some limitations to observations later in
my sample period that limit my ability to evaluate the period
from 2016 and forward in New York and London.

I constructed the dummy variable denoting the New
York time period with between 12-13 active decisions (law
ny1213), with the intention of focusing on larger numbers of
active court decisions. Because of the lack of observations
from Sotheby’s in New York during this period, I am not able
to evaluate the later stages of the case law timeframe there.
This is a timeframe which should be built upon in order to
understand more recent trends in auction house behaviors
and responses to court rulings in New York. I am unable
to interact the period with between 6-9 decisions in New
York with the antiquity variable, because no non-antiquity
observations were made during this period. I also cannot
evaluate the cross-country effect of the London period with
4-5 active decisions on New York prices and provenance
information because of collinearity between the London variable and some observations of antiquities sold by Sotheby’s
in the 6-9 active decision period.

IV. E MPIRICAL M ODEL AND S TRATEGY
A. Court Decisions and Provenance Information Quality
I employ a three-part strategy with split London and
New York samples to capture the effect of court decisions
on prices and provenance. I first run regressions of court
decisions from New York and London on the provenance
quality measures in each city respectively (1). I am most
interested in the direct effects of the antiquity variable and
the court decision time periods. I then treat the sold price
as the dependent variable and use provenance quality as an
independent variable in addition to sale location and auction
house controls (2). The third round of regressions tests the direct effect of court decision variables on prices (3). The goals
of the empirical models are to determine if and how court
decisions affect prices directly or via provenance quality, and
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Case Name(s)

City

In the Matter of Items
Seized from the Park Ave.
Armory
NY v. Morano; US v.
Khouli
People of NY v. Freedman

New York

The Sidon Bull’s Head
US v. 10th Century Cambodian Statue
US v. Chait; US v. Four
Hundred Fifty Ancient
Cuneiform Tablets*; US
v. Gordon; US v. Johnson;
US v. Krizan; US v. Liao
US v. One Tyrannosaurus
Bataar Skeleton
US v. Schulz
Republic of Peru v. Yale
University
Iran v. Barakat Galleries
Iran v. Berend
Case
Kingsbury;
Winkworth v. Christie’s
Kurtha v. Marks

Table 2
Claims/Case Issue Variable (Total # Cases)
Title (1)

Result
Litigated and settled

New York

Trafficking (2)

Guilty plea; Guilty plea

New York

Guilty plea

New York
New York

Possession of Stolen Property (1)
Declaratory action (1)
In rem action (1)

New York

Illegal export/import (6)

Guilty plea; Litigated and
settled; Guilty plea; Guilty
plea; Guilty plea; Guilty
plea

New York

Customs violation (1)

Guilty plea

New York
Connecticut**

Theft (1)
Replevin (1)

Convinction
Litigated, moved, settled

London

Title (1)

London
London

Choice-of-law (1)
Trafficking (2)***

London

Theft (1)

Judgement
for
plaintiff****
Judgement for defendant
Guilty plea; Judgement
for defendant
Judgement for plaintiff

Litigated and settled
Litigated and settled

TABLE 2: Cases and Results
*“Hobby Lobby” case;
**Case began in New York and was moved to nearby Connecticut, so is retained for analysis;
***Cases also involve theft and title, but both fall under the broader “Trafficking London” variable;
****Case Name structure: Plaintiff v. Defendant

whether Greek, Roman, and Egyptian antiquities have special
trends or are affected by court decisions differently than other
types of art. I include New York court decision variables in
the London sample’s regression and London court decision
variables in the New York sample’s regression in order to
investigate the cross-country legal effects.

country judicial influences. I run these regressions with
different combinations of variables and slimmed to different
degrees.

(1) dates countit = β0 + β1 ∗ antiquityi + β2 ∗
time trendt + β3 ∗ time trend2t + β4 ∗ law ny1it + β5 ∗
law ny35it +β6 ∗law ny69it +antiquityi ∗(β7 ∗law ny1it +
β8 ∗ law ny35it ) + β9 ∗ materialsi + β10 ∗ source civi +
β11 ∗ law lon1it + it

Let i index the individual lot, let t index the time, and
let j denote auction house. The variables of interest on the
right-hand-side of the equation are the time period variables
for active New York court decisions. I use variables denoting
the time period instead of a cumulative continuous variable
because I believe that provenance information quality will
respond directly to periods in which specific decisions were
made rather than to an accumulation of nondescript cases.
These discrete court decision variables allow for a nonlinear
relationship between the number of active court decisions
and the effects on provenance quality information and price.

dates countij t = β0 +β1 ∗antiquityi +β2 ∗time trendt +
β3 ∗ time trend2t + β4 ∗ housej + β5 ∗ law lon1it +
β6 ∗ law lon45it + antiquityi ∗ (β7 ∗ law lon1it + β8 ∗
law lon45it ) + β9 ∗ materialsi + β10 ∗ source civi + β11 ∗
law ny1it + β12 ∗ law ny35it + β13 ∗ law ny69it + ij t

I attempt to show whether antiquities’ provenance is
impacted differently by the court decisions from nonantiquities. The only variable in the London sample regression that is not mirrored in the New York regression
is the variable for auction house, which controls for the
unobserved heterogeneity between Sotheby’s and Bonhams
in London. I incorporate cross-country decision timeframe
variables (law ny1, law ny35, law ny69, law lon1) to get
a sense of the direction and magnitude of potential cross-

B. Provenance Information Quality and Sold Price
The second phase regresses the natural log of the sold price
on provenance quality measure, I use the natural log in order
to ease analysis between the two currencies at play, GBP
and USD. I hypothesize that an increase in the quality of
provenance information increases transparency about object
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quality and shifts the demand curve to the right, causing
prices to rise. The regression includes controls for auction
house, sale location, a time trend, materials, and source
civilization. If Equation 1 shows that court decisions have
a significant effect on provenance information quality and if
Equation 2 shows that the number of date entries per lot has
a significant effect on its sold price, we could conclude that
court decisions impact prices via provenance information. If
not, however, I still want to determine the effect of case law
on prices directly in the third stage.

law ny35it +β6 ∗law ny69it +antiquityi ∗(β7 ∗law ny1it +
β8 ∗ law ny35it ) + β9 ∗ materialsi + β10 ∗ source civi +
β11 ∗ law lon1it + it

ln.sold priceit = β0 +β1 ∗antiquityi +β2 ∗time trendt +
β3 ∗ time trend2t + β4 ∗ housej + β5 ∗ law lon1it +
β6 ∗ law lon45it + antiquityi ∗ (β7 ∗ law lon1it + β8 ∗
law lon45it ) + β9 ∗ materialsi + β10 ∗ source civi + β11 ∗
law ny1it + β12 ∗ law ny35it + β13 ∗ law ny69it + ij t

(2) ln.sold priceij t = β0 + β1 ∗ dates counti + β2 ∗
antiquityi + β3 ∗ time trendt + β4 ∗ time trend2t + β5 ∗
housej + β6 ∗ sale locationi + β7 ∗ materialsi + β8 ∗
source civi + ij t

Previous empirical literature has addressed endogeneity
when dealing with treaties and situations involving ratification of or compliance with international law (Landman,
2005; Simmons, 2010). If I left a variable out of the model or
failed to recognize another source of heterogeneity besides
the differences between auction houses, this will produce
an endogeneity bias. I am careful not to include possible
endogenous variables in the models, nor to let the estimated
or sold prices influence the provenance information quality.
In foreseeing other potential biases, it is still possible that
I could overestimate the effect of case law and provenance
on the price of art if I omit an important case from my
analysis or fail to realize larger contextual variation in the
marketplace through the time trends or auction house.
Other relevant variables for future consideration include
more time-specific factors. The lagged effect of each type
of case law may be included, as well as a binary variable
denoting whether one type of case law has exceeded a
specific number of rulings in order to find a benchmark
number at which case law is most influential over prices.
Additional variables could include source country corruption
or political unrest. One hypothesis driving this addition
is that political unrest in a source country could lead to
worse–incomplete, damaged, or lost–provenance history of
an object. Sotheby’s and Bonhams also provide a condition
report for each lot, which is collected in my customized data
scrape. The number of characters or words per lot’s condition
report could be included, as condition reports include mostly
negative information.

C. Court Decisions and Sold Price
I set up Equation 3 using the natural log of the sold price as
the dependent variable, excluding all provenance information
quality variables while including the same variables and
variable interactions as Equation 1. My primary variables of
interest are the antiquity and court decision variables from
New York and London.
I have suggested that Sotheby’s and Bonhams change their
institutional behaviors in response to court decisions made
in New York or London. I used the provenance information
quality variable as my main measure of institutional behavior
in Equation 1. However, if I find that provenance information
is not impacted by court decisions, the model is constructed
such that I can still make determinations about institutional
behavior based on the significance of court variables in
Equation 3. This particular method of integrating court
decisions into the regression carries the assumption that
each case has the same marginal effect. Cases have been
honed based on geographical jurisdiction and a once-litigated
requirement in order to make this assumption. However, it is
a limitation of my strategy that I assume the same effect of
the precedence of each court decision or private settlement. I
did not measure how harsh the punishment was for each case.
It is difficult to differentiate the effect of each individual case
without a month-by-month analysis of changes to prices and
provenance. The interpretation of the linear and quadratic
time trends will help us determine how prices are shifting
across the art and antiquities markets over time, aside from
the legal effects. This is an important macro-level indicator
in the regression.

V. R ESULTS
A. Provenance and Court Decisions
The results in Table 4 and Table 5 show an attempt to
understand the variation in the number of provenance date
entries per lot. In Table 4, I focus on the direct effects
of the antiquity dummy variable and the New York court
decision timeframes. The antiquity dummy variable does not
show a significant difference in the quality of provenance
information between antiquities and non-antiquities in the

(3) ln.sold priceit = β0 + β1 ∗ antiquityi + β2 ∗
time trendt + β3 ∗ time trend2t + β4 ∗ law ny1it + β5 ∗
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New York sample. The lack of information on this difference
could be due to a limitation of the sample in comparing the
two types. The time trend shows a stable increase in the
number of date entries within the New York sample, although
the quadratic effect is negative. The number of entries per
lot per year is rising by 0.4 on average.
The court decision timeframes display significant and positive direct effects, which increase with the number of active
decisions in Model 3. Observations within the timeframe of
1 active case have an average of 0.165 more date entries than
those within the timeframe with zero active decisions. The 35 active decision timeframe gains about 0.10 date entries over
this period. The time period in which 6-9 cases are active
in New York maintains significance in the face of additional
variables describing material traits. Model 6 suggests that
this period saw objects gain an average of one additional
provenance date over the period with zero active decisions.
A joint F-test suggests that we cannot reject the hypothesis
that either interaction with antiquity has a coefficient equal
to zero.
Our information on materials shows that, on average,
provenance information quality is significantly worse for
some materials than others. As expected, wooden objects
have the highest significance for a smaller number of date
entries per lot compared to marble objects, perhaps because
wooden items simply degrade more quickly in structure
and appearance than sturdier pieces made of stone. Quartz,
bronze, and alabaster objects also have significantly fewer
date entries than marble objects. The source civilization does
not appear to have an effect on the number of provenance
date entries but will be reinvestigated when price assumes the
role of the dependent variable. The single variable included
for cross-country legal effects on New York provenance
quality is also insignificant.
Table 5 makes the same effort as Table 4, but for the
London sample. There are 4,700 observations of use in each
regression. Like the New York sample, the antiquity variable
does not have significance. This leads me to investigate
the effects of court decisions directly on provenance. The
coefficients on the London court decision variables lack stability and eventually fluctuate between positive and negative
effects. In Model 3, the timeframe variable in which 4-5 court
decisions are active has an average of 0.24 more date entries
per lot than the period with zero active decisions, while
the period with 1 active case looks to have fewer entries
on average than the period with zero active decisions. The
sign of the period with 1 active decision is not significant
in the complete model, which includes material and source
civilization controls. The 4-5 active decisions timeframe has
a greater impact on antiquities than it does on non-antiquities.
The results suggest that the timeframe with 4-5 active case
entries led to a 0.478 increase in date entries per lot for nonantiquities and a 0.699 increase in date entries per lot for
antiquities in comparison to the period with no active cases.
The time trend shows a small decrease in the number of
date entries within the sample over time in London, which
is opposite the New York regression. The number of dates

has decreased by about 0.09 entries per year on average with
time. The time trend’s quadratic effect is significant but small
in its positive magnitude. The data, which show an average
increase in provenance date entry counts overall, suggest that
there are other factors at play.
The cross-country effect on provenance from New York to
London is negative and significant for each timeframe except
the timeframe with between 6-9 active court decisions. The
earliest timeframe, in which 1 decision is active, has the
greatest magnitude effect. The effect of New York court
decisions on provenance information quality in London could
be negative for a number of reasons, not all of which are
able to be explored with the data available. One possibility
is that in response to early court decisions in New York,
Bonhams and Sotheby’s flooded their auctions with lower
cost items, which often come with fewer provenance date
entries, in order to avoid attention on objects for sale from
the press and law enforcement. Bonhams, for example, has
been known to flood their auctions with a multitude of lower
priced items instead of focusing their resources on auctioning
off higher-earning, attention-garnering, lots.
B. Prices and Provenance
Table 6 explores the relationship between provenance
information quality and sold prices. The sample is limited
to 2,171 observations because I only consider objects which
sold and have some provenance information. I am able to
learn more about the direct relationship between provenance
information quality and prices in New York and London.
There is a positive relationship between information quality
and price. Even after I account for material characteristics,
which explain a large portion of price variation, the model
estimates that for each additional date entry, the price increases by an average of 17%.
The direct effect of being an antiquity—an Egyptian,
Roman, or Greek object—also has a significantly positive
effect on prices. When I break this down further and compare Egyptian, Roman, and Greek objects, I do not find
a significant difference in prices throughout the sample.
The effect of time on prices has a positive effect. Model
4 shows a significant 6% increase in the price of lots per
year. The sale location and the auction house have strongly
significant effects on the price. An item from the sample
sold at Bonhams yields less at auction than an item sold
at Sotheby’s. Given the distribution of the sample and the
fact that most of my observations are sold by Bonhams in
London, it is not surprising that items sold in London go for
significantly less at auction than the items sold in New York.
An important takeaway from this table is the importance
of physical characteristics in explaining the variation in art
prices. Every material variable included in the regression
sells for significantly less than objects that are marble. The
results show that nearly 10% more of the variation in price
is explained by the inclusion of these variables. Future
efforts should include more optionality for material and
consider how best to model the physical qualities of art. The
results confirm the complex structure of art valuation. Having
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explored the direct effects of court decisions on provenance
(Table 4, Table 5) and the effects of provenance information
quality and antiquity on prices (Table 6), the final regression
effort seeks to understand the direct effects of court decisions
on prices.

and auction houses. Despite the smaller size of the New
York sample and the instability of some of the timeframe
variables, it is the timeframes with greater numbers of cases
that show a significant difference from the timeframe with
zero cases.
Table 8 shows that the time trend for London prices is
consistently positive, although at a smaller magnitude than
for the New York sample. This follows the price trends
shown in Figures 5 and 6. The direct effect of being labeled
an antiquity is positive, like in Table 6. However, the models
show no special change in price after decisions have been
made for antiquities compared to non-antiquities; the robust
standard errors are larger than the coefficient.
The domestic court decision variables also have a positive
effect on price and are highly significant when I omit other
variables. The period with 4-5 active decisions in London
returns unstable coefficients but shows a positive effect on
prices when significant. The period in which between 4-5
court decisions are active in London is 2008 through 2013.
This latter period maintains significance in the fullest model.
Although the material results look somewhat similar to the
New York results in Table 7, the source variables return
a new significant effect of an antiquity being “Roman” on
price. Roman objects of the sample sell for 13.5% less than
Egyptian objects on average in London.
The cross-country effects of international court decisions
are, once again, negative in Model 7. I must evaluate these
variables conservatively, given the timeframes implied by
each and the limitations of the data. The period with one
active case covers five years of time, the period with between
3-5 active cases covers four years, and the period with
between 6-9 cases only covers 2 years. However, it is still
interesting to consider how one New York case, such as
Schultz (2003), could have signaled to international auction
houses that they should avoid offering higher priced objects
that could come under public scrutiny or legal action for
insufficient provenance information. Sellers could also be
afraid to offer their high-value antiquities at auction. Buyers
could be too fearful of the possibility of winning an illicitly
obtained object.

C. Prices and Court Decisions
It is clear from Tables 5 and 6 that I cannot expect court
decisions to perfectly instrument for provenance information
quality. I can still evaluate the direct effect on price from
court decision variables in split New York and London
samples. Table 7 uses a New York sample. I find that the
New York timeframes in which between 3-5 and 6-9 court
decisions were active are significantly different than the
timeframe in which zero cases were active.
The period in which 3-5 cases were active covered 2010
through 2013, a time in which New York was experiencing a
sharp uptick in decided cases (Figure 6). I cannot accurately
distinguish between the effects of Republic of Peru v. Yale,
US v. Khouli, US v. Cambodian Statue, or NY v. Freedman
during this period, but I could keep track of each case’s legal
concern and outcome. The interaction term of antiquity and
the period with 3-5 active cases is significant and shows a
smaller effect on antiquities than on non-antiquities. This
could be because the cases of this period did not all focus
on antiquities themselves or concern auction houses. The
following time period, though, with a greater number of
active decisions, shows a better effect of the accumulation
of court decisions.
The period in which 6-9 cases were active covered 2014
through 2015. In an unobstructed view, Model 3 shows a
negative effect of the period on prices. Prices were increasing
on average in this period, but at a lesser rate than in the
period with 3-5 active decisions. One case within this period
concerned a customs violation while the other two concerned
objects illegally imported to the United States. In the fuller
model, which includes material characteristics, the variable
is significant at the 95% level, and has a positive effect on
prices. The instability of some of the court decision variable’s
signs is a challenge to the interpretation.
Material variables maintain similar degrees of significance
to Table 6. The cross-country effect that I capture is negative. The period in which 1 court decision is active in
London captures the period from 2007-2008. Unfortunately,
the structure of my court data do not allow me to distinguish
between the difference in effects of the two cases that took
place in 2007, Iran v. Barakat and Iran v. Berend. There
are a few reasons why the cross-country effect could be
so strongly negative from London to New York. Buyers in
New York could have observed the results of an Iran case
in London and steered away from buying higher ticket and
higher profile items with questionable provenance, which
garner the attention of the public, press, illicit trafficking
agents, and law enforcement. New York auction houses could
have also chosen not to accept sellers’ expensive items or
could have decided to set estimates on antiquities lower in
response to increased scrutiny on objects sold by galleries

VI. C ONCLUSIONS
The auction space is a complex universe in which to ask
questions about the impacts of court activity. As expected,
the data collection and empirical approach to modelling
the effects of court decisions on prices and provenance
sparked new questions within the field of law and economics.
Future studies should consider other measurements of court
decisions’ impacts beyond precedence and the judicial realm
in order to further analyze what qualities of court decisions
have the greatest effects. The type of legal decision, its
jurisdiction, and legal topic covered may have the effect
on prices and provenance; it is not only the fact that a
court decision was made that is significant. We should also
consider other measurements of information quality, such
as the age of the oldest provenance date provided, as ways
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to capture provenance information quality in the dependent
variable position.
This research supports the hypothesis that court activity
affects economic markets. In the art market’s case, domestic
court decisions having to do with ancient objects of many
types could have a positive effect on the quality of provenance and price of ancient objects at auction. The variables
with a higher number of active domestic decisions more
frequently had significant positive effects on provenance
information quality and price. The cross-country effects of
court decisions from New York on London prices, and of
those decisions from London on New York prices, were
negative. Neither provenance quality nor court decisions fully
explain variations in price, but this paper makes progress in
modelling the pricing scheme of art and the determinants of
provenance information quality. I also explored the reactions
of buyers, sellers, and market-making intermediaries to judicial determinations, and found that intermediaries and sellers,
who play roles in filtering provenance information, can be
impacted by court activity. I bolstered the theory that buyers
are willing to pay a premium for provenance but raised the
possibility that some consumers turn away from paying high
prices for art altogether in response to court decisions.
The changing legal landscape of the art market still
deserves attention. By studying the art market, we can learn
about the effects of laws, regulations, and court activity on
individuals and institutions. This research offered a novel
auction dataset for investigating prices and product information. The results point to the potential usefulness of domestic
court decisions in improving product information quality and
ensuring price stability.
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