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LIST OF FIGURES

Difference in Beta of Old Stock and the New Stock vs. Re-
alized Return in Percentages. The vertical axis is the difference
in Beta computed as AS = [hew — Bog- New beta being the beta
of the stock bought and old beta being the beta of the stock sold.
The horizontal axis is the realized profit from the buy-sell transac-
tion in percentages. The solid line represents the moving average line
through fifty estimates of average A computed for bins (each bin
having approximately equal number of observations) of profit. The
dashed lines are 2 standard error confidence intervals. . . . . . . ..
Transaction Sequence in Each Data Point: An investor buys
shares of stock A that has no preexisting balance at t;. The investor
then sells A, also referred to as the old stock, partially or fully at time
to. This leads to an unambiguous realized profit or loss followed. The
buy-sell transaction pair is followed by another buy transaction of a
different stock B, referred to as the new stock at time t3. There can
be other transactions between time ¢; and ¢, but none between ¢4 and
bae
Difference in Beta of Old Stock and the New Stock vs. Re-
alized Return. This is a plot of the non-parametric kernel regres-
sion function AB = f (IT), estimated for a range of values of profit
around zero, I1 € [-20%, 20%]. The solid blue line represents the plot
through the estimates while the gray area represents the two standard
error confidence interval bootstrapped from a thousand re-sampling.
The vertical axis is the estimated difference in Beta AB = B,e0 — Boia-
The horizontal axis is the realized profit from the buy-sell transaction
during the holding period. . . . . . . . . ... ... L.
Sequence in the Model . . . . . . .. ... ... ... ......
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3.2

3.3

3.4

4.1

Optimal Beta vs. Current Wealth, W, . The y-axis represents
the choice of optimal beta for a given current wealth. The maximum
value of beta is capped at 5, § € [—0.5,5]. The x-axis represents the
current wealth. The reference wealth is fixed at W,.y = 100 while
the current wealth is varied from W, € [80,120] which is a profit
(loss) range of + 20%. The graphs are plotted for two different risk
aversions; « = .68 corresponds to higher risk aversion. Fig. (3.2a)
corresponds to a market where stocks follow CAPM, while Fig. (3.2b)
corresponds to the two-factor model. . . . . . . .. ... ... ..
Rolled Over—Segregated Utility vs. W, . The y-axis represents
the differnece in maximum rolled over Utility and Segregated util-
ity, AU = Uy, — U;,,. The difference AU is plotted against Wj.
Whenever the plot is above the x-axis it implies that rolling is bet-
ter otherwise segregating utility is optimal. The graphs are plotted
for two different loss aversions; A = 2.25 corresponds to higher loss
aversion. Fig. (3.3a) corresponds to a market where stocks follow
CAPM, while Fig. (3.3b) corresponds to the two-factor model. . . .
Optimal Beta vs. Current Wealth W . The y-axis represents
the choice of optimal beta for a given current wealth. The maximum
value of beta is capped at 5, § € [—0.5,7]. The x-axis represents the
current wealth. The reference wealth is fixed at W,.; = 100 while
the current wealth is varied from W, € [80,120] which is a profit
(loss) range of £ 20%. The graphs are plotted for two different loss
aversions; A = 2.25 corresponds to higher risk aversion. Fig. (3.4a)
corresponds to a market where stocks follow CAPM, while Fig. (3.4b)
corresponds to the two-factor model. . . . . . . .. ... ... ..
Percentage of Sell Transaction with Following Trade vs. Days
following Sell Transaction. The number of days is counted as the
number of trading days from a ‘sell’ transaction. The zero-day on
the horizontal axis represents the number of sell-transactions that
had another a buy or a sell by the same account holder, in a differ-
ent stock, on the same date. So 46% of the sell-transactions in the
data had another sell-transaction on the same date, and 37% had
a buy-transaction. The rest of the numbers represent the number
of trading days after which the same account holder made her first
transaction after the initial sell. For this graph, I consider followup
transaction up to a month(21 days). If a sell-transaction does not
have a follow-up transaction within a month, it is grouped as > 21.
From day 1 to day 21 and the > 21 sums up to 100% for both buy
and sell transaction. . . . .. . ... Lo
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4.2

C.2.1

C.2.2

C.2.3

C.24

C.2.5

Regression Coeff. for Lagged (Daily) Market Return Twenty
beta sorted portfolios are created with daily adjustment. Each port-
folio return is regressed against the value weighted contemporaneous
market return, lagged market return and lagged return of the port-
folio. The coefficient of interest is the one corresponding to lagged
market return. I plot the lagged market return regression coefficients,
corresponding to twenty regressions run on each portfolio, against the
value-weighted average beta of each portfolio. Fig(4.2b) corresponds
to the regression estimates in the sample where lagged market return
was positive while Fig(4.2a) corresponds to the plots for the negative
lagged market return sample. . . . . . . ... oL
Difference in Beta of Old Stock and the New Stock vs. Re-
alized Return in Percentages. The vertical axis is the difference
in Beta computed as AS = Bhew — Bog- The horizontal axis is the
realized profit from the buy-sell transaction in percentages. The solid
line represents the moving average line through fifty nonparametric
estimates of A while the dotted lines are 2 standard error confidence
intervals. . . . . . ...
Difference in Beta of New Stock and the Old Stock vs. Real-
ized Return in Dollar Amounts. The vertical axis is the average
of the difference in Beta AS for each bin, where AS = Brew — Boid-
The horizontal axis is the realized profit from the buy-sell transaction
in dollar amounts. The solid line represents the moving average line
through fifty estimates of A while the dotted lines are two standard
error confidence intervals. . . . . . . . .. ...
Difference in Beta (Less Frq. Traders) vs. Realized Return
in Dollar Amounts. Ap plotted against dollar profits for individual
traders who trade relatively less frequently. The entire sample of in-
dividual traders is split into two groups of higher and lower frequency
traders. . . . . . L L
Difference in Beta (More Frq. Traders) vs. Realized Re-
turn in Dollar Amounts. Exactly same as previous graph now for
individual investors who trade more frequently. . . . . . . . . .. ..
Difference in 5, ¢ and IVOL vs Holding Period Profit. The
x-axis in both the figures represent holding period profit of the old
stock, TI. The graphs are plotted for profit range Pi € [—20%, 20%].
Fig. C.2.5a represents the non parametric kernel regression estimate
of the function f : IT € [—=20%, 20%] — A3 € R where AS = Bpew —
Botg- In Fig. C.2.5b similar non parametric kernel estimates are
plotted for the change in volatility Ao (blue dashed line) and change
in idiosyncratic volatility AIVOL (red solid line). . . . . ... ..
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C.2.6

C.2.7

C.2.8

C.2.9

Difference in Acquisition Effect for Different Expertise Lev-
els. The red and the blue lines represents the low and high expertise
investors respectively. Expertise here being measured by how fre-
quently an individual trades, more frequent is assumed to be signal
of higher expertise. The shaded area around the lines represent boot-
strapped confidence intervals. . . . . . . ... ... ... ... ...
Plot of Regression Estimates. Semi percentiles of the holding pe-
riod return is estimated and fifty dummy varies are assigned, one to
each bin. The top figure, Fig. (C.2.7a) represents the coefficient plot
corresponding to the regression where AS = B, — Bo1a is the depen-
dent variable. Similarly, the bottom plot, Fig (C.2.7b) corresponds
to AIVOL. Year and individual level fixed effects are included in the
regressions. The volatility of the old stock and any linear trend is con-
trolled for. Additionally for regression corresponding to Ag, AIVOL
is controlled for and vice versa. The dots in the figures are coefficient
estimates corresponding to forty nine of the fifty dummy variables
plotted against the median return of each semi percentile. The solid
blue line is a smoothed moving average plot through the coefficient
estimates and the dashed lines correspond to 95% confidence interval.
Old Beta & New Beta vs. Holding Period Return. The beta
of the stock sold and the beta of the stock bought are plotted against
the holding period return of the stock sold. The red dots represent
the average old beta for a particular bin of holding period return.
The blue dots represent average beta of the new stock for each bin
of the holding period return. The solid lines are smoothed moving
average plots which are a weighted average of neighborhood points. It
weights two points on each side of the bin concerned; so five points in
all with weights 0.1, 0.2, 0.4, 0.2 and 0.1 with the maximum weight
given to the central point. The vertical axis is the beta of stocks
measured from past one year daily returns, and the horizontal axis is
the holding period return in percentages. . . . .. ... . ... ..
Beta Difference Across Different Initial Beta Holdings. The
three plots in this graph corresponds to three different levels of beta
for the initial stock. The top plot is for low initial beta stock, the
middle one is for medium initial beta and the bottom one is for high
initial beta stocks. The vertical axis is AS and horizontal axis is
return in percentages. . . . . . .. ...
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C.2.10 Prospect Theory Utility Function A utility function, V(W —

C.2.11

Wies), consistent with the prospect theory (Kahneman and Tversky
(1979)) can be defined as V(W —W,cf) = (W —=W,f)* for W > W,.s
and V(W — Wep) = =A(=(W — Wyep))® for W < W,.y. W is the
wealth from which utility is to be gained while W, is the reference
wealth. « is the curvature parameter which takes positive values
less than one. So the function is concave in the positive domain and
convex in the negative domain. A is the loss aversion parameter which
takes positive and greater than one value. Loss aversion implies that
a loss hurts much more than a gain of similar magnitude provides
utility. The graph is plotted for wealth W € [80, 120] with reference
wealth W, = 100; parameter values used for this figure are aw = 0.78
and A = 2.25. The curvature parameter is set different than that
calibrated in Twersky and Kahneman (1992) to accentuate the shape
which otherwise looks quite flat. . . . . . . ... ... ... ... ..
Cross Section of Market Return and the 2-Factor Model I
use the top 1000 stocks by market capital from CRSP from 1965-2016
and sort them into twenty beta sorted groups every month. Beta’s
are computed on a rolling basis using monthly returns of past thirty-
six months, not including the current month. Twenty corresponding
portfolios are formed weighing stocks within each group according to
their market capital. The monthly return of the twenty portfolios
are plotted against the beta of the portfolios in blue dots. The ex-
pected stock return according to the CAPM is plotted in green. The
expected returns according to a calibrated 2-factor model is plotted
asred dots. . . ...

101



C.2.12

C.2.13

Percentage of Sell Transaction with Following Trade vs. Day
of following Trade. The number of days are counted as the number
of trading days from the ‘sell’ transaction of the buy-sell pair in the
data. The zero-day on the horizontal axis represents the number
of sell-transactions that had another a buy or a sell by the same
account holder, in a different stock on the same date. So 46% of
the sell-transactions in the data had another sell-transaction on the
same date, and 37% had a buy transaction. The rest of the numbers
represent the number of trading days after which the same account
holder made her first transaction after the initial sell. For example,
34.72% of all sell-transactions are followed by a sell-transaction on the
next day while a buy-transaction follows 36.24%. Similarly, 9% of all
sell transactions saw the next transaction two days later, and it was
a sell, while 9.89% saw the next transaction as a buy, two days later.
For this graph, I consider followup transaction up to a month(21
days). If a sell-transaction does not have a follow-up transaction
within a month, it is grouped as > 21. From day 1 to day 21 and the
> 21 sums up to 100% for both buy and sell transaction. Also of all
the sell-transactions in the data, 77.75% have at least one following
sell transaction within 1 and 21 days while 78.96% have at least one
buy. ..o
Utility Difference Plotted Against Beta and Current Wealth.
(AU = Uagg—Usey vs. fx Wy). The utility difference, Uagg — Usey =
OE(V (W) — Wrep))] — [V(Wo — Wieg) + SE(V (W, — Wo))], depends
on future wealth Wy = Wy (1 + Ry), current wealth W, and reference
wealth W,..;. T assume the time period to be monthly and thus assume
away the time discount of utility, § = 1. The reference wealth is
fixed at hundred, W,.y = 100. Stock is picked from a continuum
consistent with CAPM: R, —R; = B(R,,— Ry)+¢€. The market return
and the idiosyncratic error both follow normal distributions, R, ~
N(u,02), e ~ N(0,0?%). Parameters, p = 0.87%, R; = 0.3%, oy, =
4.4% and o, = 9% are calibrated using monthly US stock data from
CRSP between 1960 and 2015. Surface plots are generated for current
wealth from 80 to 100, which implies a profit range of £20%. Beta is
allowed in range € [—0.5,5]. The points in the surface with Z-axis
value above zero implies Uagy > Usey, and thus aggregated mental
account utility is more profitable than the segregated counterpart.
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C.2.14

C.2.15

C.2.16

C.2.17

Expected Utility plotted against Choice of Beta and Cur-
rent Wealth. One period ahead expected utility E(V (W7 — Wies))
depends on future wealth W} due to optimally chosen beta 3, ref-
erence wealth W,.; = 100 standardized to one hundred and current
wealth Wy . The red locus along the surface represents the future
expected wealth due to optimally 3 for a given current wealth Wj.
Plots are generated for current wealth from 80 to 100, keeping the
reference wealth at 100, which implies a profit range of +20%. Beta
is allowed in range 8 € [-0.5,5]. . . . ... ...
Trading Volume in US Brokerage Transaction Data. The y-
axis represents the average number of sell transactions per day in
the US brokerage data. The days are split into positive and negative
market return days. Within the market return each sell transaction
is categorized according to Fig. (C.2.15a) corresponds to the sell
volumes being split according to value weighted market return, while
Fig. (C.2.15b) corresponds to the market return being measured as
equal weighted. . . . . . . . ...

Regression Coeff. for Lagged (Positive) Market Return Twenty

beta sorted portfolios are created with daily adjustment. The betas
are computed from backward looking returns (past one year daily
returns or past three years monthly) from 1965-2016 in the CRSP
database. Each portfolio return is regressed with the value weighted
contemporaneous market return, lagged market return and lagged
return of the portfolio. The coefficient of interest is the one corre-
sponding to lagged market return. I plot the regression coefficients
corresponding to twenty regressions run on each portfolio and plot it
against the value weighted mean beta of each portfolio. This graph
corresponds to the estimate where the sample was selected where
lagged market return was positive. The upper figure is for daily
data, the lower figure is for monthly data. . . . . . ... ... ...
Regression Coeff. for Lagged (Negative) Market Return
Twenty beta sorted portfolios are created with daily adjustment. The
betas are computed from backward looking returns (past one year
daily returns or past three years monthly) from 1965-2016 in the
CRSP database. Each portfolio return is regressed with the value
weighted contemporaneous market return, lagged market return and
lagged return of the portfolio. The coefficient of interest is the one
corresponding to lagged market return. I plot the regression coeffi-
cients corresponding to twenty regressions run on each portfolio and
plot it against the value weighted mean beta of each portfolio. This
graph corresponds to the estimate where the sample was selected
where lagged market return was negative. The upper figure is for
daily data, the lower figure is for monthly data. . . . . . . ... ..

xii



Table

2.1

4.1

4.2

LIST OF TABLES

Regression with Individual Investor Data. The dependent
variable in regressions (1) through (5) is Alog(8) = log(Bnew) —
log(Ba) while that in (6) and (7) is Alog(IVOL) = log(IVOLyew) —
log(IVOLgq). Dyricoy is the dummy that takes value 1 when holding
period return is negative, II < 0. II is included in the regression
to absorb any trend. For various regressions I control for the log
volatility and log beta of the old stock and also the difference in the
log IVOL or difference in log betas where applicable. For different
regressions, date, individual and year level fixed effects are also used.
For all the regressions standard errors are computed by clustering at
the individual level. . . . . . . ... ... o
Stock Selling Depending on Market Returns. The US trans-
action data is categorized into positive and negative return days.
Only sell-transactions are presented in the table. The holding pe-
riod return of the stocks being sold is also noted and categorized into
negative and positive holding period returns. The upper panel rep-
resents dates split by value-weighted market return and the bottom
panel slits observations according to equal-weighted market return. .
Estimates of Hazard Model. The first model tests the presence of
disposition effect or the sign of holding period return on the propen-
sity to sell. The second model tests the effect of market return on the
propensity to sell and its interaction with the holding period return.
Values in parenthesis are standard errors. . . . . .. ... ... ..

xiil

14

44



4.3

4.4

4.5

Daily Adjusted Betting Against Beta. Returns on the betting
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umn indicated what the sign of market return was. —wve*! implies
that the previous day was a negative market return day, while —ve*?
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is the Sharpe ratio which is annualized while the seventh column is
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Summary of Stocks. I compute all statistics for each day of the
available data from January 1995 to July 2009. Equal-weighted time
series averages are reported. The first column is the average number
of stocks traded per day. The second column is the time series average
of the equal-weighted daily average return of all stocks — I compute
the return of an equal weighted portfolio of stocks each day and then
take the time series average. The third column is a similar measure
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market capital weighted average beta of all stocks. The fifth column is
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but with an average standard error rather than standard deviation.
The last column is the average volatility of the available stocks.

Summary Statistics of Individual Investors. The first column
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account holder over the entire period, the third column is the av-
erage of observable lengths of the accounts. The fourth column is
the average number of stocks simultaneously held in an individual
account over its lifespan. The standard deviation of the number of
stocks held is measured for each individual. The average standard
deviation reported in the fifth column is the average across all indi-
vidual accounts. The sixth column is the average gap between two
transactions made by an individual; the standard deviation of the
transaction gap is again measured for each individual. The average
standard deviation across all individuals is reported in the final col-
umn. The upper row represents the statistics for the entire sample
available, while the lower row of the table is the same statistics but
for the final sample . . . . . . . ... ... L
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Individuals). This table contains the data that goes into the plot
of Fig. C.2.3. The first column is the range of realized profit (loss)
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in choice of beta in buying the new stock. The third column is the
standard errors of estimated beta difference. some of the rows have
been left out lack of space and will me made available in online ap-
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Regressions with Beta Difference as Dependent Variable.
The dependent variable in all regressions is the difference is beta,
AL = Bpew — Pog- The main dependent variable of interest is the
dummy variable Dyr.gy that takes the value of one when holding
period return II is negative. The return variable II and an interaction
term Dyy<oy X II are included to absorb any linear trend that is
allowed to be different in the profit and loss domains. The volatility
of the old stock, 0,4, change in idiosyncratic volatility AIVOL and
the beta of the old stock S,4 is also controlled for. Additionally
fixed effect(s) are also absorbed and standard errors are clustered by
mentioned variables. ‘Date’ implies the date corresponding to the
new stock bought, ‘Old(New) St’ implies the old(new) stock, ‘Inv.’
implies individual investors and ‘Year’ corresponds to the year in
which the new stock is bought. . . . .. .. ... ... ... ...
Regressions with Log Ratio of Beta as Dependent Variable.
The dependent variable in all regressions is the log ratio or the dif-
ference in the log beta of the new stock from that of the old stock
Alog(ﬁ) = log (5new/5old> = log(ﬁnew) - log(ﬂold)' The main depen'
dent variable of interest is the dummy variable D¢y that takes the
value of one when holding period return II is negative. The return
variable II and an interaction term Dyrgy x II are included to absorb
any linear trend that is allowed to be different in the profit and loss
domains. The volatility of the old stock, 0,4, change in log of the id-
iosyncratic volatility Alog(IVOL) and the beta of the old stock 5,4
is also controlled for. Additionally fixed effect(s) are also absorbed
and standard errors are clustered by mentioned variables. ‘Date’ im-
plies the date corresponding to the new stock bought, ‘Old(New) St’
implies the old(new) stock, ‘Inv.” implies individual investors and
‘“Year’ corresponds to the year in which the new stock is bought.

Regressions with Idiosyncratic Volatility Difference as De-
pendent Variable. The dependent variable in all regressions is the
difference is idiosyncratic volatility of the new stock from the old
stock AIVOL = IVOL,, — IVOL,4. The main dependent vari-
able of interest is the dummy variable Dy that takes the value of
one when holding period return II is negative. The return variable
IT and an interaction term Dy.oy X II are included to absorb any
linear trend that is allowed to be different in the profit and loss do-
mains. The volatility of the old stock, o4, change in idiosyncratic
volatility AIVOL and the beta of the old stock S,4 is also controlled
for. Additionally, fixed effect(s) are also absorbed, and standard er-
rors are clustered by mentioned variables. ‘Date’ implies the date
corresponding to the new stock bought, ‘Old(New) St’ implies the
old(new) stock, ‘Inv.” implies individual investors and ‘Year’ corre-
sponds to the year in which the new stock is bought. . . . . . . ..
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C.1.7

C.1.8

C.1.9

Regressions with Difference of Stock Characteristics corre-
lated with Beta as Dependent Variable. The dependent vari-
ables are differences in different stock characteristics scared by the
scross sectional standard deviation of the characteristics. The first
two regressions have Af, as the dependent variable, which is the
difference in the beta of the new and the old stock scaled by cross-
sectional standard deviation of beta. Regressions (3) and (4) have
change in momentum as the dependent variable, where momentum
is computed as past twelve month’s cumulative return excluding the
previous month. Regressions (5) and (6) have scaled change in skew-
ness as the dependent variable while the last two regressions have
the standard deviation scaled change in max factor as the dependent
variable. . . . ...
Regressions with Different Control Variables. The dependent
variable in all regressions is the difference is beta, AS = Brew —
Boia- The main dependent variable of interest is the dummy variable
Dyri<0y that takes the value of one when holding period return II is
negative. In regression (2), the return variable II and an interaction
term Dyr<oy X II are included to absorb any linear trend that is
allowed to be different in the profit and loss domains. The volatility
of the old stock, g, is further controlled for in regression (3) while the
beta of the old stock f,4 in included in regression (4). Regression (5)
incrementally adds the difference in idiosyncratic volatility AIVOL
to the list of controls. Regression (6) includes the change in the
MAX factor. All the regressions include year level fixed effects where
year corresponds to the year the new stock is bought. Regression (7)
includes stock level fixed effects, where the stock corresponds to the
new stock bought. All standard errors are computed using stock level
clustering. . . . . . . ...
Regression with Difference in Whole Sample Beta as De-
pendent. The dependent variable in regressions (1) through (6) is
ABys = Buwsnew — Bws,ola While that in (7) and (8) is AIVOL,,s =
IVOLyspew — IV OLys oia- Buws and IVOL,,s are computed from the
whole sample of stock returns from 1995 to 2009, rather than from
past data on a rolling basis. Dyr<p is the dummy that takes value
1 when holding period return is negative, II < 0. II is included in
the regression to absorb any trend. For various regressions, I control
for the volatility and beta of the old stock and also the difference
in the IVOL or difference in betas where applicable. For different
regressions, date, individual and year level fixed effects are also used;
but only the individual and year level can be used together. For
all the regressions standard errors are computed by clustering at the
individual level. . . . . . . ...
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C.1.10 Regressions with Beta Difference as Dependent Variable us-

C.1.11

ing Institutional Investor Data. The dependent variable in all
regressions is the difference is beta, AS = Bew — Boig- The main de-
pendent variable of interest is the dummy variable Dyrr.oy that takes
the value of one when holding period return II is negative. The return
variable II and an interaction term Dyyoy x II are included to absorb
any linear trend that is allowed to be different in the profit and loss
domains. The volatility of the old stock, o,4, change in idiosyncratic
volatility AIVOL and the beta of the old stock (.4 is also controlled
for. Additionally, fixed effect(s) are also absorbed, and standard er-
rors are clustered by mentioned variables. ‘Date’ implies the date
corresponding to the new stock bought, ‘Old(New) St’ implies the
old(new) stock, ‘Inv.” implies individual investors and ‘Year’ corre-
sponds to the year in which the new stock is bought. The data used
here is only from individuals categorized as ‘non-individuals’.

Pooled Regressions of Individual and Institutional Investor
Data with Different Control Variables. The dependent variable
in all regressions is the difference is beta, AS = Bhew — Bog. The
main dependent variable of interest is the dummy variable Do that
takes the value of one when holding period return II is negative.
In addition, there is an interaction variable Do x I where I is an
indicator variable hat takes the value of one if the data is from an
institute as opposed to an individual. In regression (2), the return
variable II and an interaction term Do X II are included to absorb
any linear trend that is allowed to be different in the profit and loss
domains. The volatility of the old stock, o,y is further controlled
for in regression (3) while the beta of the old stock S,y in included
in regression (4). Regression (5) incrementally adds the difference in
idiosyncratic volatility ATV OL to the list of controls. Regression (6)
includes the change in the MAX factor. All the regressions include
year level fixed effects where year corresponds to the year the new
stock is bought. Regression (7) includes stock level fixed effects,
where the stock corresponds to the new stock bought. All standard
errors are computed using stock level clustering. . . . . ... . ..
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C.1.12

C.1.13

Regressions Using US Investor Data with Different Control
Variables. The data is a set of individual investors’ transactions,
obtained from a large US brokerage firm. This dataset is the same
one used in Barber and Odean (2000). For the first five regressions,
the dependent variable is the difference is beta, AB = Bhew — Boia-
For the next two regressions, the dependent variable is the difference
in idiosyncratic volatility AIVOL = IVOL,e, — IV OLyy. The main
dependent variable of interest is the dummy variable Do that takes
the value of one when holding period return II is negative. The second
regression absorbs individual level fixed effect. The beta of the old
stock is controlled for in regression (3) while additionally the volatility
of the old stock is controlled for in regression (4). Regression (5)
incrementally adds the difference in idiosyncratic volatility AIVOL
to the list of controls along with year fixed effect. The last two
regressions check whether there remains some jump in the residual
volatility after controlling for some of the usual characteristics..

Acquisition Effect with Different Investor Sophistication and
Time Gaps. The dependent variable in all six regressions is AfS =
Brew — Boia- The main independent variable of interest is D<oy,
which is the dummy that takes value 1 when the total return is neg-
ative, I < 0. The entire sample corresponds to the ‘larger sam-
ple’ described in data section where the date between the selling
of old stock and buying of the new stock, defined as the date gap,
is allowed to be up to one year, 250 trading days. The first three
regressions identify variation in the acquisition effect based on ‘so-
phistication’ of investors. The dummy variables D, Dgi, and Dy,q
corresponds to one if the individual is determined to have higher ob-
servable wealth, more diversified portfolio or the individual is a more
frequent trader. Larger wealth, more diversified portfolio and higher
frequency of trade are assumed to be proxies of investor sophistica-
tion. The sophistication dummy variable is interacted with the profit
dummy Doy X D, to estimate the effect difference. In the last three
regressions, the sample is split into three groups. The first sample
is where data gap with within one quarter or 60 trading days. The
second sample is where the date gap is between one and two quarters,
and the third split is for one is more than two quarters. The date gap
being the time between the old stock being sold and the new stock
being bought. The control variables include beta and volatility of the
old stock and difference in idiosyncratic volatility between new and
old stock. The fixed effects include individual-level fixed effect and
year fixed effect. The values in parenthesis are t-statistics, and all
standard errors are estimated after clustering at the investor level. .
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C.1.14

C.1.15

C.1.16

Comparing Observed & Benchmark Probabilities. Each buy
observation in the Finnish data has two additional measures. First
is a dummy variable X that indicates whether the stock bought is
among the familiarity set of the individual at that time. The second
measure is a benchmark probability P that a random stock bought
would mechanically be part of the familiarity set. The benchmark
probability is computed such that the probability of choosing any
stock is proportional to the trading volume of that stock on that day.
The average of the dummy variable is thus the observed probability
and the average of the benchmark. Under the null, the dummy X is
an outcome of a Bernoulli distribution with probability P. I present
the average X, the average P and the average X — P. The first
row corresponds to average taken over the entire sample. For the
second row, the three averages are calculated first for each stock and
then averaged over all stocks. This gives each stock equal weight and
ensures that the result is not driven by a single stock that trades the
most. The third row similarly is averaged for individuals first and
the final row is averaged first for each combination to individual and
stock. . ..
Cross-Sectional Dispersion of Betas. Betas are estimated from
backward looking daily returns of past one year for each Finnish
stock. Each day the cross-sectional standard deviation of beta is es-
timated from all stocks traded that day. The average of all these
standard deviations is presented as the first value. Each day, a fa-
miliarity set can be constructed for each individual in the Finnish
transaction sample. The cross-sectional standard deviation of stocks
within each familiarity set is estimated. This estimates when aver-
aged across all individuals on a particular date should ideally provide
an unbiased estimate of the cross sectional standard deviation of all
available stocks. Time series average of the cross sectional standard
deviation measured within familiarity sets is presented as the second
value. The third value is the average of the difference of the two mea-

sures at each date. The standard errors are presented in parenthesis.

Checking Interaction of Familiarity with Acquisition Effect.
The dependent variable in all six regressions in this table is change in
beta. The set of covariates are standard from the previous regressions
except for the indicator representing familiarity and its interaction
with the negative return dummy. The familiarity indicatorDy,,, takes
the value of one when the stock bought is familiar ti the investor and
is zero otherwise. . . . . . . .. .o
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C.1.17 Monthly Adjusted Betting Against Beta. Returns on the bet-

C.1.18

C.1.19

ting against beta strategy for different market return months. The
first column indicated what the sign of market return was. —ve™! im-
plies that the previous month was a negative market return month.
The second column represents the number of months in the time se-
ries sample. In the third column, rBAB is the time series average of
the monthly betting against return. The fourth and the fifth column
lists the standard error and the standard deviation of the monthly

average return. The last column is the Sharpe ratio which is annualized. 90

Regression of Portfolio Returns on Lagged (Positive) Mar-
ket Return. Twenty beta sorted portfolios are created with daily
adjustment. Beta being calculated from backward looking daily re-
turn of past one year. The daily return of each beta sorted portfolio
is regressed on the contemporaneous market return, the lagged mar-
ket return and the lagged return of the portfolio. The first column in
the table represents the portfolio number. Portfolio 0 being the low-
est beta portfolio and Portfolio 19 being the highest beta portfolio.
A regression is run corresponding to each portfolio and the results
are presented in rows. The first column is the intercept the second
is the coefficient corresponding to the market return, which closely
resembles the beta and is increasing in the portfolio number. The
third column is the coefficient corresponding to market return. The
final column has the autogression coefficient. Standard Errors are
presented below each estimate. . . . . . . ... ... ... ... ..
Regression of Portfolio Returns on Lagged (Negative) Mar-
ket Return. Twenty beta sorted portfolios are created with daily
adjustment. Beta being calculated from backward looking daily re-
turn of past one year. The daily return of each beta sorted portfolio
is regressed on the contemporaneous market return, the lagged mar-
ket return and the lagged return of the portfolio. The first column
in the table represents the portfolio number. Portfolio 0 being the
lowest beta portfolio and Portfolio 19 being the highest beta port-
folio. The first column is the intercept the second is the coefficient
corresponding to the market return, which closely resembles the beta
and is increasing in the portfolio number. The third column is the
coefficient corresponding to market return. The final column has the
autogression coefficient. Standard Errors are presented below each
estimate. The results are presented for regression run for the CRSP
sample between 1965-2016 where the lagged value weighted market
return was negative. . . . . ... oL Lo oL
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ABSTRACT

I document a stylized fact about stock buying behavior of investors. I empiri-
cally show that investors tend to buy riskier stocks following a realized loss. The risk
measure that the investors seem to pay attention to is the market beta of the stocks.
Thus, after a realized loss, investors buy higher beta stocks. This behavior is ob-
served in institutional as well as individual investors but is more pronounced among
individual investors with lower expertise, who on an average buy a new stock with up
to 15% higher beta than that of the old stock they were holding. For an agent with
utility consistent with prospect theory, this behavior emerges as the optimal response
to her problem of maximizing utility within a mental account. Furthermore, this
behavior can aggregate up during market downturns and cause pricing distortions in
a direction similar to the beta anomaly. With this insight, I suggest a modification
to the betting against beta trading strategy that can improve the Sharpe ratio more

than twofold.
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CHAPTER I

Introduction

The presence of psychological biases in economic decisions has been tested in low
stake experimental settings. However, with the availability of individual investor
data, it is possible to test many of those biases in the context of real-world high stake
decisions. Most studies using investor data have paid attention to selling behavior
of individuals. While the literature on the disposition effect — the tendency to sell
profitable positions more easily than loss-making ones — studies when and why indi-
viduals sell stocks in the US (Odean (1998)) and Finnish (Grinblatt and Keloharju
(2001)) data, Ben-David and Hirshleifer (2012) and Hartzmark (2014) study which
stocks within their portfolio do individuals sell.

Individuals are known to hold under-diversified portfolios. Van Horne et al.
(1975), Kelly (1995) and more recently Polkovnichenko (2005) document that house-
holds at any point in time hold an average of two to three stocks in their brokerage
accounts. This small number of observable holding makes the study of stock sell-
ing behavior more tangible. In contrast, the number of stocks available to buy from
is in thousands. In this thesis, I focus on what investors buy. More specifically I
study whether investors look for stocks with different risk exposure when they have
a different experience of profit or loss in the immediate past.

For a rational investor, a sunk loss or windfall gain in the past should not affect



her future portfolio choice in an efficient market. In an efficient market! performance
in the immediate past cannot be a predictor of future returns (Fama (1965)). Under
standard utility, an individual should hold the market portfolio (Markowitz (1952))
at different leverages depending on her risk tolerance. Even when the risk tolerance
changes the individual should change her leverage to obtain the best possible return.

However, studying stock transaction data from Finland, I find that after realizing
a loss, investors buy stocks with market beta significantly higher than that of the old
stocks they were holding. I corroborate the result in a sample of brokerage data from
the US. Through the rest of the thesis, I refer to this behavior of acquiring higher
beta stocks after a loss as the (beta) acquisition effect.

The empirical identification of the acquisition effect is the main result of the thesis
and the subject matter of Chapter II. However, a significant criticism of empirically
documenting such behavioral bias is the lack of theoretical understanding of such
behavior. It is not sufficient to identify each behavioral bias in isolation. I attempt
to motivate the acquisition effect in Chapter III theoretically. Under assumptions
commonly used in investor behavior literature, I show that the acquisition effect
emerges as the optimal response to an investor’s problem where she is maximizing
her utility over gains from each investment. The fourth and final chapter of the thesis
deals with the economic significance of the acquisition effect. In Chapter IV, I show
that the acquisition effect can aggregate up and cause testable pricing distortion that
can be exploited in a trading strategy.

The empirical analysis in Chapter II starts with non-parametric estimation of the
change in beta choice (AS = Brew — Boia) as a function of profit (loss) realized from
the last trade. I choose the non-parametric method primarily because of two reasons.
The first is to observe whether there is any nonlinear pattern in the choice of beta

as a function of the realized profit (loss). The second reason is to avoid imposing

1See Malkiel and Fama (1970) and Dimson and Mussavian (1998) for a discussion on the history
of the theory of market efficiency.



any discontinuity if it does not occur naturally. From the result, where AS is plotted
against realized dollar profit, the discontinuity around zero profit becomes clear (Fig.
2.1).

Next, I take a more traditional linear regression approach to control for multiple
characteristics simultaneously. The result — jump in the choice of stock beta after
a loss — remains consistent after controlling for the beta of the old stock, changes
in idiosyncratic volatility, and lottery-like characteristics (MAX factor of Bali et al.
(2011) and Bali et al. (2016)).

The tendency of individuals taking higher risk after a loss is not a novel finding.
This tendency has been mentioned in the literature (Black (1976)) for a long time
and has been observed in experimental setups ( Thaler and Johnson (1990)). However,
this phenomenon is not explained very well by standard utility maximization theories.
Alternate theories with nonstandard preferences have explained investor behavior
better than standard normative theories. Two such nonstandard theories — Prospect
theory (Kahneman and Tversky (1979), Tversky and Kahneman (1992)) and mental
accounting (Thaler (1985)) — intuitively seem to support the empirical finding of
Chapter II. Using these two primary assumptions, I formalize this intuition in a model
in Chapter III. Furthermore, I show that another widely studied investor behavior,
the disposition effect can also be explained under the same theoretical framework.

The theoretical result reinforces the argument that the acquisition effect is be-
havioral. This then raises the question as to whether this behavior is economically
significant or whether this behavior causes pricing distortions? The question is im-
portant because a probable market pricing distortion arising from aggregating an
individual behavioral effect makes the effect an even more important phenomenon to
study. I argue that the acquisition effect when aggregated across investors will lead
to higher-than-usual demand for high beta stocks. Moreover, higher-than-usual de-

mand for high beta stocks is the reason for the beta anomaly (high abnormal return



of low beta stocks; Jensen et al. (1972)). So, rather than identifying a new pricing
distortion, I am attributing an existing one viz. the beta anomaly, at least partially
to the acquisition effect.

If indeed demand for high beta stocks can even partially be attributed to the
acquisition effect, we can predict some time variation in it. Given that individuals
demand high beta stocks after a loss, combined with the fact that a significant fraction
of investors demonstrate a tendency to buy a stock immediately after selling one 2,
I hypothesize that demand for high beta stocks will be higher on negative market
return days and the day after. Thus high beta stocks should face buying pressure
and generate higher than expected return on and immediately after a day with a
low market return. This predictable return variation can be directly rested in stock

returns data and can be utilized in a trading strategy. In Chapter IV I study the

price predictability and incorporate it in a trading strategy.

2Investors appear to trade in clusters. Although on an average they trade once a quarter, almost
35% of sell transactions see a buy transaction within one day (Fig. 4.1). Investors seem to avoid
leaving cash in their trading accounts, and all proceeds from a sell are seen to be immediately
reinvested in an alternate stock.



CHAPTER II

Acquisition Effect

How does past performance in the stock market influence an investor’s decisions
in the future? If an investor is rational and if the market is efficient, past performance
should not influence the investor’s choice of her portfolio. The investors should al-
ways choose the tangency portfolio (Markowitz (1952)) at different levels of leverage,
depending on her risk appetite. However, studying stock transaction data from Fin-
land, I find that after realizing a loss, investors buy stocks with higher risk profile
than of the old stocks they were holding. Furthermore, the measure of risk that these
individual investors seem to be paying attention to is the market beta of the stock.

When I study the change in the choice of beta (between the old stock sold and
the new stock bought) as a function of the holding period return of the old stock, a
nontrivial pattern emerges. The choice of higher beta (Fig. 2.1) abruptly jumps up
on the loss side, but does not continue to rise with increasing losses; on the profit
side, the choice of beta remains indistinguishable from the beta of the old stock. This
change in preference of beta is manifested almost like a step function that jumps on
the negative side of the profit line. Through the rest of the chapter, I refer to this

behavior of acquiring higher beta stocks after a loss as the (beta) acquisition effect.
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Figure 2.1: Difference in Beta of Old Stock and the New Stock vs. Realized
Return in Percentages. The vertical axis is the difference in Beta computed as
AL = Brew — Boa- New beta being the beta of the stock bought and old beta being
the beta of the stock sold. The horizontal axis is the realized profit from the buy-sell
transaction in percentages. The solid line represents the moving average line through
fifty estimates of average Af computed for bins (each bin having approximately equal
number of observations) of profit. The dashed lines are 2 standard error confidence
intervals.

2.1 Empirical Evidence of the Acquisition Effect

Using individual investor data, I study stock buying behavior — mainly whether the
choice of the riskiness of a newly bought stock depends on the loss or gain experienced
by the buyer in the immediate past. I start by describing the data, followed by the

methods used and the results.

2.1.1 Data

This analysis uses stock transaction data from the Finnish stock exchange from
the period January 2, 1995, to June 29, 2009. Return data between 1995 to 2009
was available for 292 stocks listed in the Finnish stock exchange. These stocks span

almost 80% of all available transactions. The number of available stocks for which



transactions are present vary across the sample period, averaging approximately 151
stocks every day.

Daily transaction data is available for individual account holders along with trans-
action price and transaction quantity. The time of a transaction, however, is not
available. Thus, within a particular date, the sequence of transactions is unavailable.
Also, the data suggest that a larger order placed by an investor on a single stock often
got executed in multiple chunks with slightly different transaction prices. These were
then registered as multiple transactions on the same stock by the same individual
account holder on the same date. For each individual account, I aggregate multiple
transactions in the same stock on the same date. After aggregation, an individual in
my data-set can have at most one buy and one sell per stock per day.

In case of multiple transactions on the same stock by the same individual, the ag-
gregate transaction price is determined as the quantity-weighted average transaction
price. I explain this with an example. Suppose individual X sells 5, buys 10 and sells
another10 shares of same the stock S, on the same date T, at prices $39, $40 and $41
respectively. In the aggregated data, the individual X will have one buy transaction
of 10 shares of S at $40 and one sell transaction of 15 shares of S at $40.33, both on
date T.

In all, there are 862,726 active accounts with at least one transaction in the ob-
served period. There are 20,301,164 net transactions with an average of 23.53 trans-
actions per account. The average length of an account is 5.3 years. The average
number of stocks held by an individual at any point in time is 1.98, indicating that
the average portfolio is under-diversified. The standard deviation of the number of
stocks held is computed for each individual; the average of this standard deviations
across all individuals is 0.81, and I refer to this as the average standard deviation. The
average time between two transactions is .99 years while the corresponding average

standard deviation is 1.03. The standard deviation points to a significant dispersion



in the trading frequency of individuals while the mean indicates that the average
individual investor trades quite infrequently.

The full sample consists of 862,726 unique accounts; however, due to the strict
selection criteria described below, the final sample includes transactions from 76,713
accounts. The accounts in the final sample have relatively better-diversified portfolios,
and they trade relatively more frequently. Although they comprise only 8.89% of the
total number of accounts, they are responsible for 30.29% of total transactions. In
Table C.1.2, I produce the summary statistics of the full-sample of accounts as well

as the final sample.

Since the focus of the thesis is to study the stock buying behavior of individuals
based on profit or loss realized in the immediate past, it is necessary to identify a
realized profit or loss unambiguously before the buy transaction. Fig. 2.2 illustrates

the sequence of trades that form a single data point in the empirical study.

buy N1 >0 sell No(Ny > Ny > 0) buy N3 > 0 shares of
shares of A (old stock) - - - — — — — > shares of A new stock B
att =1t at to > 11 at t3 > to

Figure 2.2: Transaction Sequence in Each Data Point: An investor buys shares
of stock A that has no preexisting balance at ¢;. The investor then sells A, also referred
to as the old stock, partially or fully at time ¢;. This leads to an unambiguous
realized profit or loss followed. The buy-sell transaction pair is followed by another
buy transaction of a different stock B, referred to as the new stock at time ¢3. There
can be other transactions between time ¢; and ¢ but none between ¢, and ts.

Each data point in the final sample of the analysis comprises three particular
transactions, carried out by an individual investor in the following sequence. First,
at time t; an investor buys a positive number of shares N; > 0 of a stock A, also
referred to as the old stock. This transaction has to be a ‘first buy’— which means that
there should be no preexisting balance of stock A in the investor’s account. The ‘first

buy’ criterion helps identify buying price and thus realized profit can be estimated



unambiguously. The second relevant transaction at time ¢ > ¢; is the one where the
investor sells N, shares of her holdings in the old stock A, such that Ny > Ny > 0. In
between time t; and t,, there can be transactions in other stocks or additional buying
of stock A. In case more of stock A is bought in between t; and t,, the buying price
is computed as a weighted average. Finally, the third transaction is buying of N3 > 0
shares of new stock, B, at time t3 > t5. The time gap defined as t3 — 5 can be one

month (21 trading days) unless otherwise stated.

2.1.2 Method and Results

The return from selling the old stock is computed as Ilg, = P»/P; — 1, where P
and P, are the transaction prices of the old stock at times ¢ and t; respectively.
Dollar profit is computed as Ilg = (P, — P;) Ny where N is the number of stocks sold
at 1.

Beta, volatility and idiosyncratic volatility are computed for each stock. The beta
of a stock is computed as the ratio of the covariance of the stock return with the
market return and the variance of the market return, g; = Cov(R;, R,,)/Var(Ry,)
where R; is the daily return of stock ¢ and R,, is the market return. The market
return, R, is computed as the market capital weighted return of all available stocks
and the maximum weight assigned to one stock is capped at 10%. Volatility is simply
the square root of the variance o; = \/VT(R,-) . Idiosyncratic volatility is computed
as IVOL; = \/(0? — B202,) where o, is the volatility of the market return.

All statistics are estimated daily, using data from the past one year (250 trading
days) not including the current day. The time series average of the daily market
capital weighted beta is 0.99, and the volatility is 2.25%. Table (C.1.1) provides
the summary statistics of the stocks. The difference in the choice of beta, A =
Brew — Poa, estimated for the analysis, uses the betas estimated on date t3 for both

the new and the old stocks.



2.1.2.1 Non-Parametric Estimation

I use a non-parametric approach to estimate the difference in choice of beta as
a function of realized holding period return from the old stock. The holding period
return, Iy, realized by selling the old stock, is sorted into fifty bins or semi-percentiles,
where each bin j = 1...50 contains approximately an equal number of observations
N;. The median percentage profit Hﬁ.}zzd for each bin is noted. For each bin, I compute
the average jump in beta choice as A_ﬁj = Fj ZEmej Ap;. This computed A_ﬁj is plotted
against H%Zd for all j in Fig.(2.1). The figure demonstrates a clear jump in the choice
of the beta of the new stock right when the investor incurs a loss.

The betas of the old and new stocks, rather than their differences, are plotted
in Fig. (C.2.8). This plot demonstrates that the beta of the old stock has some
interesting variation along the holding period return. It takes the shape of a valley
around zero holding period return. So, small positive and negative returns are being
realized from relatively lower beta stocks while high positive and negative returns are
generally relatively from higher beta stocks.

A figure, similar to Fig (2.1) is obtained when the above exercise is carried out
for the dollar profit Il rather than the percentage profit Ilg,. This is presented in
Fig.(C.2.2).The non-parametric estimate of A3 as a function of dollar profit is also
obtained after splitting the sample into less frequent trades and more frequent traders.
The plots in Fig. C.2.3 and Fig. C.2.4 display very similar shapes but significantly
different magnitudes of the jumps. Less frequent traders appear to choose a stock with
15% higher beta when they make a small loss, while the effect for higher frequency
traders is around 7%.

A more formal non-parametric kernel regression (Nadaraya (1964); Watson (1964))

is carried out using a Gaussian kernel. In order to estimate the bandwidth h, I use a
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as rule of thumb (Silverman, 1986, p. 45-47):

where oy is the sample standard deviation of the independent variable, in this case
the holding period return II, and n is the sample size. This rule of thumb satisfies
the two conditions necessary for the estimate to be consistent: lim,,_ ...~ = 0 and
lim,, o nh = co. The non-parametric function f(II) at any profit (loss), Il can be

estimated as:

S p(F) A
—

JI == e,

(2.1)

where ¢() is the standard normal distribution. The estimated function is plotted for
a series of profits (losses) around zero in Fig.(2.3). Similar to the previous exercise,
here the discontinuity manifests as a sharp change in slope around the break even
point.

Using a similar setup, I also plot the non parametric estimate corresponding to
the difference in volatility, Ac = 0, — 0oiq and idiosyncratic volatility AIVOL =
IVOLyew — IVOLyq as a function of the holding period profit (Fig. C.2.5b). This
plot is most interesting in its lack of jump in AIVOL. The lack of jump indicates
that the investors might be choosing higher systematic risk or g rather than choosing
more volatile stocks. The small increase in Ao for the negative return side is due to
the jump in systematic risk. The increase is small because, for individual stocks, the
idiosyncratic risk makes up a much larger part of the volatility as compared to the
systematic risk.

The plot of Ao or AIVOL vs. realized return demonstrates a nontrivial hump
shape. This is endogenous. The stocks generating small gains or small losses are of

lower volatility than the stocks generating more extreme losses or gains. If the new
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Figure 2.3: Difference in Beta of Old Stock and the New Stock vs. Realized
Return. This is a plot of the non-parametric kernel regression function AB = f (I1),
estimated for a range of values of profit around zero, II € [-20%,20%]. The solid
blue line represents the plot through the estimates while the gray area represents the
two standard error confidence interval bootstrapped from a thousand re-sampling.
The vertical axis is the estimated difference in Beta AS = 5,00 — Boig- The horizontal
axis is the realized profit from the buy-sell transaction during the holding period.

stock bought is of average volatility then the difference in volatility (o,e — cold)
should be positive for the small realized gains and losses and should be negative
for large gains and losses. The argument is same for idiosyncratic volatility. This
argument explains the hump shape. The finding suggests that the stocks sold and
the stocks bought are often not comparable along important dimensions. Thus, a
more traditional regression analysis is required, in which multiple characteristics can

be controlled.
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2.1.2.2 Linear Regression Estimation

The choice of higher beta stock in the loss domain, as demonstrated by the non-

parametric estimation, can also be tested using a linear regression model:

AB; = Co + C1Dr,co + Coll; + C'X; + € (2.2)

where AB; = B new — Bi,ola is the difference in beta, Cj is the intercept, II; is the total
holding period return, Dy, <o is an indicator variable which takes value 1 if II; < 0.
The control variables are gathered as X;. The set of control variables are varied across
different regression specifications.

In order to subsume any effect of outliers, the regression can be carried out using

a slightly altered specification with differences in log values of beta:

Alog(B;) = log(Binew/Bioia) = Co + Ci1Dm,<0 + Coll; + C'X; + ¢

The results of the above regressions with varying set of controls are presented in
Table 2.1.

The coefficient of interest is C'; which captures the acquisition effect in terms of
percentage increase in choice of beta after individuals realize a loss. As can be seen
in Table 2.1, regressions (1) through (6) demonstrate a significant jump in the beta
chosen after a loss. As seen in regression (1), after a loss, an individual investor
chooses a stock with a beta on an average 7% higher than the beta of the old stock.
The results from the linear regression are qualitatively similar to the non-parametric
analysis. For example in Fig. 2.3 we see that after a loss the choice of beta increases
on average by 0.04 to 0.06 units. This increase in beta is close to the fraction of the
old beta as the mean beta is approximately equal to one.

In regression (2) I control for the log beta of the old stock while in regression (3) I
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Alog(B) Alog(IVOL)
1) (2) (3) (4) (5) (6) (7 (8)
Dri<o 0.0684 0.0569 0.0542 0.01636 0.0496 0.0290 0.00278 -0.00251
(23.14)  (19.91)  (19.18) (5.61) (17.93)  (11.26) (1.19) (-1.89)
11 0.00264  -0.00786 -0.00671 -0.00838 -0.00171 -0.00333 0.000861 -0.00150
(1.84)  (-5.13)  (-4.53)  (-5.56)  (-1.56)  (-3.03) (1.19) (-2.14)
log(Botd) -0.650 -0.682 -0.794 -0.794 -0.872 0.148 0.0217
(-253.70)  (-262.71)  (-272.67) (-282.79)  (-307.45) (94.95) (11.74)
log(oo1d) 0.203 0.198 0.170 0.155 -0.875 0.0271
(49.31) (24.29) (32.01) (18.75) (-272.56) (3.68)
Alog(IVOL) 0.255 0.234 0.234 0.211
(48.98) (35.15) (39.63) (29.52)
Alog(B) 0.0583 0.0435
(44.33) (30.07)
Const. 0.0362 -0.175 0.552 0.511 0.394 0.198 -3.127 -3.220
(22.71)  (-75.38)  (37.53)  (17.86)  (20.74) (4.19) (-266.59)  (-161.65)
Date F.E. v v
Ind. F.E. v v v
Yr. F.E. v v
Obs. 546,448 546,448 546,448 546,448 546,448 546,448 554,436 554,436
Adj. R? 0.001 0.336 0.350 0.423 0.438 0.476 0.405 0.469

t statistics in parentheses. Standard Error computed after individual level clustering.

Table 2.1: Regression with Individual Investor Data. The dependent variable
in regressions (1) through (5) is Alog(8) = log(Bhew) — log(Boa) while that in (6)
and (7) is Alog(IVOL) = 10g(IVOLpew) —10g(IVOLgq). Dinicoy is the dummy that
takes value 1 when holding period return is negative, Il < 0. II is included in the
regression to absorb any trend. For various regressions I control for the log volatility
and log beta of the old stock and also the difference in the log IVOL or difference in
log betas where applicable. For different regressions, date, individual and year level
fixed effects are also used. For all the regressions standard errors are computed by
clustering at the individual level.

further include the log volatility of the old stock and the difference in log idiosyncratic
volatility Alog(IVOL). In regression (4) date level fixed effects are included. The
date corresponds to t3 in Fig.(2.2), which is the new stock purchase date. Regression
(5) includes individual fixed effects. Regression (6) includes both individual and year
fixed effects. The effect is this significant for the same individual trading inside the
same year.

I test whether a jump, similar to that observed in the choice of beta, is observable
in the idiosyncratic volatility of the chosen stocks. This result is presented in columns
(7) and (8) of Table 2.1. Although the results can be argued to be statistically

significant, they are much weaker, and in regression (8) the sign flips. The estimated
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coefficients (C4) in regression (7) and (8) imply a change in IVOL of .28% and a
-.25%, which are economically negligible.

In order to identify any non-linearity in the demand for beta, I take an approach
similar to the non-parametric estimation. Semi percentiles (fifty bins) of the holding
period return, II are estimated. Median return, H;-"ed is also estimated for each bin j
(where j € {1,2,...,50}). Fifty dummy variables are defined, one corresponding to
each bin. An otherwise zero valued dummy variable, D; takes the value of one if II

is within the corresponding bin j. A linear regression is set up as:
Aﬁl = C(] —|— ClDl —|— CQDQ —|— e —|— C49D49 —|— CHH —|— CH’HiDi —|— C,XZ —|— €; (23)

The regression is carried out with year and individual fixed effects; additionally the
volatility of the old stock and the change in idiosyncratic volatility are controlled
for. The estimated value of C; is plotted against H;”ed for all j € {1,2...,49} in
Fig.(C.2.7a). Similarly, a plot is obtained when the regression is carried out with
AIVOL as the dependent variable, Fig.(C.2.7b).

The plots in Fig. C.2.7 include a 95% confidence interval where the standard
error is estimated using date level clustering. The result is comparable to the non-
parametric plots in Fig.(2.1) and Fig.(2.3). Even after controlling for important vari-
ations and fixed effects, and allowing the error to be clustered, the jump in the choice
of beta around the break-even point is clear and statistically significant. Consistent
with the nonparametric analysis, no significant jump is observed in the idiosyncratic

volatility.

2.1.3 Interpretation & Extension of the Results

The nonparametric estimation identifies that there is a jump in the beta chosen

after realizing a loss. This increase in beta chosen in the loss domain is not a trend.
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Investors are not choosing incrementally higher beta after making increasingly larger
losses, but the choice exhibits a discontinuous jump.

A closer look at the data helps to appreciate the nature of this jump. In table
C.1.3, I list the average magnitude of this jump for different bins of dollar profit and
loss for ‘non-expert’ individuals. The most substantial jump in the choice of beta is
0.20 units and is at the smallest loss bin — between zero and eleven dollars of loss.
More substantial losses all see statistically significant jumps in beta around 0.15 units
while on the profit side, the choice of beta is indistinguishable from the beta of the old
stock. This jump cannot be explained by tax motivations, portfolio readjustments or
any other mechanical reasons.

The table C.1.3 also lists the dollar size of the transaction corresponding to the
newly bought stock. There is an expected increase in transaction size corresponding
to more significant profit or loss bins. Otherwise, the transaction sizes are consistent
across bins. The consistency of transaction size across bins alleviates the concern
that the bin corresponding to the minimal losses (between zero and eleven dollars)
comprises of some non-representative transactions where individuals may be exper-
imenting with small sums of money, possibly in penny stocks. The phenomenon of
the acquisition effect can thus be argued to be due to the behavior of investors and
not due to some feature of the data.

To further support the hypothesis that the finding is indeed behavioral, I look
at features commonly associated with behavioral biases. For example, sophisticated
investors should be less prone to such behavior (Dhar and Zhu (2006), Feng and
Seasholes (2005)). To check this, I categorize individuals in the data into two groups
— ‘experts’ and ‘non-experts’. 1 use three different measures to define expertise —
frequency of trade, total observable investment size and the number of stocks held
(diversity). I assume more frequent traders, people with bigger investment and more

diverse portfolios are ‘experts’. After splitting the sample along expertise determined
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by the frequency of trade, I estimate the choice of beta nonparametrically in the two
separate samples. The plots in Fig. C.2.6 indicate that less sophisticated investors
exhibit higher acquisition effect as expected. For the other two measures of expertise,
the nonparametric plots have entirely overlapping confidence intervals and are thus
inconclusive.

The inference about more expert traders exhibiting lower acquisition effect is

statistically more conclusive in a linear regression setup.

AB; = Co + C1 D<o + Coll; + CeDrico X Doy + C' X + ¢

The setup is similar to the one in Eq. 2.2. Additionally, an interaction term, Dpg X
D.sp, corresponding to negative profit and high ‘expertise’ is included in the linear
regression as an explanatory variable. In all three measures of expertise, the coefficient
,C, corresponding to the interaction term takes a statistically significant negative
value (Table C.1.13). The results suggest that, as expected, the acquisition effect is
significantly lower among individuals with higher expertise.

Another clear measure of ‘expertise’ is being an institutional investor, as opposed
to being an individual retail investor. A limited institutional investor data set is
available and contains only ‘non-financial’ institutions. I estimate the acquisition
effect among institutional investors, using a linear regression setup similar to the one
used for individual investors. As observed from the results in table C.1.10 the effect is
lower than what is observed in the sample of individual investors, albeit statistically
significant. To check the difference in magnitude to the acquisition effect, I run a
regression where the individual and institutional trading data are pooled. Indicator
I = 1 if the data is from an institute and is zero otherwise. In the regression, when the
institute indicator is interacted with the negative return dummy, Do X I, a negative

coefficient is generally observed (Table C.1.11). The negative coefficient indicates that
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the effect is lower for institutes when compared to individuals.

One other factor strongly associated with cognitive behaviors of this nature is the
effect of time. The time between the old stock being sold and the new stock being
bought is referred to as the time gap. If the time gap is large, then we anticipate the
acquisition effect to weaken, and this can be tested in the data. Before discussing
the test results, it is worth pointing out that while individuals trade infrequently(
on average approximately once a quarter), the gap between selling the old stock and
buying a new one is surprisingly low (Fig. 4.1).

To test whether the magnitude of acquisition effect varies with the time gap, I
run the regression on the individual investor data, allowing the time gap to be up
to a year rather than the usual one month. I split the sample into three groups
and run the regression individually on each sample. The first group corresponds to
time gap within a quarter, in the second sample the time gap is above one quarter
but within half a year and the third sample is for above half-year time gap. The
coefficient corresponding to the negative profit dummy, which is a measurement of
the acquisition effect, decreases from a highly statistically significant 2.12% in the
first sample to a weakly significant 1.17% in the second sample to a statistically
insignificant —0.15% in the third and final sample (Table C.1.13) . This change in
coefficient across samples indicate that as the time gap increases, the acquisition effect

weakens.

2.1.4 Robustness of the Results

Standard theories do not support the empirical identification of the acquisition
effect. Hence it is essential to address concerns about the robustness of the results.
Some main concerns about the result can be listed as i) endogeneity in the regression
setup, ii) measurement of beta, iii) statistical significance or standard error estimation

iv) choice of beta as the dependent variable as opposed to other stock characteristics
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correlated with beta, and v) whether the acquisition effect is specific to Finnish
investors. I try to address the concerns below.

The endogeneity concern can be described as follows. If the realized losses in the
sample are all coming from low beta stocks and investors go on to buy average beta
stocks, the measured AfS = B,c0, — Boig Wwould appear high after a loss and low after a
gain. To address this, I split the sample into three groups of low, medium and high
initial beta stocks and carry out the nonparametric estimation on them separately.
The plots presented in Fig. (C.2.9) are consistent with the primary finding. The
groups of investors, with low and medium initial beta stocks, both demand higher
beta stock after making a loss. The pattern is not the same for the group where
initial beta is high. This difference in pattern is not unexpected since with already
high initial beta holdings the scope for increasing beta any higher is limited. The
same issue is also addressed in the linear regression setup by controlling for the beta
of the old stock which does not affect the result (Table 2.1, C.1.4 and C.1.5).

The betas, used in the analysis, are estimated using daily returns from past one
year. The betas of the old, as well as the new, stocks are measured at the same date
t3, the date of buying new stock in the sample. However, the results are robust to the
betas being measured at ¢, or even one month before t5. The consistency of the result,
using betas measured at various times, ensures that the timing of measurement of
beta is not affecting the results. I further run the regressions using a time-invariant
whole sample beta for the stocks. The results in Table C.1.9 are consistent with the
primary finding.

The statistical significance of the results is further challenged by estimating the
standard errors clustered by different variables. Separate linear regression models are
estimated with the errors clustered by date (Table 2.1), by the old stock sold, by the
new stock bought and by the individual investor (Table C.1.4). Through all of these,

the identification of the acquisition bias remains significant.

19



In order to ensure that the results are robust to the definition of the dependent
variable, I estimate linear regressions with the level difference (AB) as well as the log
ratio of betas (Alog(5) = log(Brew/Boia)- This log ratio measure handles the outliers
better and drops any observation with a negative estimated beta. The results remain
significant and improve slightly in magnitude (Table C.1.5).

The primary identification of the acquisition effect is with stock transaction data
from Finland. The data covers all individuals in Finland trading in stocks listed
in the Finnish stock exchange between 1995 to 2009. However, the behavior is not
limited to Finnish individuals. The result is also verified in a smaller sample of data
in the US. This data is obtained from a large brokerage house in the US! and it lists
transactions by all its customers from 1991 to 1996. Computing the characteristics of
the traded stocks after merging with CRSP, I carry out the standard linear regression
analysis with several controls and fixed effects. The results presented in Table C.1.12
demonstrate that the acquisition effect is present among this set of US investors
as well, although the magnitude and significance are both somewhat smaller when

compared to the Finnish investors.

2.1.5 Factors Other than Beta

The choice of beta as the measure of risk, and the difference in betas being the
dependent variable in the study needs to be justified both intuitively and economet-
rically. The intuitive explanation is provided in the next section. The challenge to
providing the econometric justification comes from the fact that several other plausi-
ble measures of risk are correlated with the beta. Existing literature documents that
individuals demand some of these other measures of risk.

Individuals are known to demand lottery-like stocks (Kumar (2009)) or stocks

with high skewness (Dijk et al. (2014)) and high volatility or stocks with good past

!This data is the same as the one used in Barber and Odean (2000).
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short-term performance as captured by the MAX5 factor (Bali et al. (2011)). The
MAXS5 factor, which measures the abnormal performance of a stock in the immediate
past, also captures the lottery-like characteristics of a stock. Apart from demand
for the aforementioned factors, if individuals buy stocks to gamble, they might also
demand high volatility. Since skewness, lottery-like characteristics and volatility are
all correlated with the beta, it would mechanically appear that the demand in any of
these factors is a demand in high beta.

Another stock characteristic that is important to consider is momentum (Jegadeesh
and Titman (1993)). Stocks that provided negative returns might well be the stocks
with low momentum. Similarly, stocks that gave positive returns may be stocks with
high momentum. Now, if an investor buys stock with average momentum, it would
appear that the investor buys higher momentum after a loss and lower momentum
stocks after a profit. Since momentum is weakly correlated with the beta, this might
explain some of the results.

I check the influence of these characteristics on acquisition effect by running re-
gressions in two directions. First, I run a regression with the standard change in
beta AS as the dependent variable and the negative return dummy as the primary
explanatory variable, controlling for the characteristic differences. Second, I run re-
gressions with the change in these other characteristics as dependent variables with
the negative return dummy as the co-variate, but here I control for the change in beta.
In the first regression, I test whether the significance of the negative return dummy
survives when these characteristics are controlled for. In the second set of regressions,
I check if the negative return dummy explains any change in these characteristics in

stocks when Af is controlled for. As an example I run the following regressions:

AB ~ Co+ CiDpeo + C3fp1q + - -+ + CLAMODM + other controls

AMOM ~ Cy+ CiDpeo + CsMOMyq + - - - + CLAB + other controls
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where AMOM = MOM,,, — MOM_,, is the change in momentum. In the first
regression, [ would focus on the significance of C; — whether it diminishes when
AMOM is introduced as a control — alternately I would check the significance of C;
in the second regression with and without the AS control.

For the regressions, I compute MAX5, as defined in Bali et al. (2011), for each
stock as the average of the top five returns in the past one month. Idiosyncratic
volatility is computed from past one-year daily return and considering a one factor
CAPM model. T also compute skewness form past one year’s daily return. Mo-
mentum is computed as defined in Jegadeesh and Titman (2001) — past 12 months
cumulative returns excluding the immediately previous month. Furthermore, to make
the coefficients comparable across regressions, I normalize the variables beta, MAX5,
momentum, skewness, etc. by their respective cross-sectional standard deviations.

The results for MAX5, momentum, skewness are presented in Table (C.1.7). It
can be seen that change in momentum is the only factor that seems to have slight
importance, which diminishes when change is beta is controlled for. Rather than
checking the change in volatility, I check for the change in idiosyncratic volatility
and the detailed analysis is presented in Table (C.1.6). Idiosyncratic volatility does
not seem to have any influence of economic significance when the change in beta is
controlled for.

I do not argue that beta is the only factor investors are paying attention to while
buying a stock. There might as well be demands for volatile stocks, skewed stocks,
and lottery-like stocks but the evidence suggests that even after controlling for those

factors there is a statistically significant demand for higher beta stocks after a loss.

2.1.6 Why Beta?

From the empirical identification of the acquisition effect, it seems that individual

investors intend to take higher risk after a loss. Also, individual investors are known
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to hold highly under-diversified portfolios (Barber and Odean (2000), Goetzmann
and Kumar (2008)). The average investor in the Finnish data holds two stocks on
average. In the more restricted sub-sample used for the primary analysis, this number
is less than four stocks. So a natural question is — why do undiversified investors pay
attention to beta, especially when we know that empirical evidence fails to support
the CAPM? Also, why doesn’t the investor look at volatility rather than beta?

Even if the market does not follow CAPM, if the market beta of a stock has
any positive premium associated with it, there is an explanation why an individual
should look at beta rather than volatility as a measure of risk. Suppose an individual
has a change in preference and a higher threshold for volatility in her undiversified
investment. So she might want to sell a stock and buy one which increases the
volatility of her total holdings. To increase volatility, she has two options to choose
from— higher beta or higher idiosyncratic volatility (IVOL). The investor can either
choose a higher beta stock which comes with a higher mean return or, she can choose
a higher IVOL stock which comes with the same mean return. Within the same total
volatility, the investor should always prefer the choice that provides a higher mean
return.

There are also some indirect evidence and some heuristic explanations about in-
dividual paying attention to beta. In Barber et al. (2015) the authors find that
”investors attend most to market beta” when evaluating mutual funds and treat re-
turns attributable to size, value, momentum, etc. as alphas. Similarly in Berk and
van Binsbergen (2015), using mutual fund data, the authors conclude that “CAPM
is the closest model to the model the investors use”. In a survey of approximately
four hundred CFOs, the authors in Graham and Harvey (2001) find that large firms
rely heavily on the CAPM for project evaluation. These papers indicate that large
investors and CFOs, who can be assumed to be experts when compared to individual

investors, pay attention to the market beta as a measure of risk. If experts are seen
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as using beta as a measure of risk, it seems plausible that individuals use the same
measure even when CAPM does not hold empirically.

A criticism of the above reasoning can be that retail investors do not have sufficient
expertise to use the beta. Here it is worth pointing out that beta is not only the most
talked about risk measure for stocks, but is also the only readily available measure
of risk. Quick navigation through some of the most popular finance websites (Yahoo
Finance, MSN Money, CNN Money, Google Finance, Market Watch, Seeking Alpha,
AOL Finance, etc.) and the stock exchange websites (NYSE and NASDAQ) reveals
that eight out of the top ten websites and both the exchange websites report beta
of stocks. But, none provide information on volatility. Also, § is easy to compare;
for example, a stock with a volatility of 24% does not immediately tell an investor
whether it is a high or low volatility stock because the average volatility of a stock
is not very well known. Additionally, the average volatility will vary with market
conditions, and it also depends on the duration of the measurement. Beta, on the
other hand, is known to have a benchmark of 1, so high or low § is much easier
to conceive, and this benchmark does not depend on the market condition or the

measurement duration.
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CHAPTER III

Theory

In the previous chapter, I document the acquisition effect, where investors buy
riskier stocks after a loss. Individuals taking higher risk after a loss is not a novel

finding. Financial economists have had this intuition for a long time:

“When things go badly, some people react by doubling their bets. They
increase their exposure to risk in hopes of recouping their losses. ... It’s

a very common gambling strategy, and it’s a very common philosophy of

life.” - Black (1976).

This behavior has been observed in experimental setups ( Thaler and Johnson (1990))
but has not been explained very well by standard utility maximization theories. The
documentation of an increase in risk appetite after a loss was one of the motivating
factors for the development of the Prospect Theory (Kahneman and Tversky (1979)).
In Tversky and Kahneman (1992), the authors calibrate a utility function which
depends on gains and losses rather than their entire wealth. Further, the function is
convex on the loss side, reflecting an individual’s tendency to take more risk after a
loss.

In this chapter, I use elements of prospect theory along with mental accounting
(Thaler (1985)) to demonstrate that several investor behaviors, which appear puzzling

under normative theories, can be explained as an optimal response of an investor’s
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problem under certain assumptions widely used in behavioral finance. The two in-
vestor behaviors I attempt to explain are the acquisition effect and the disposition
effect.

The disposition effect (Shefrin and Statman (1985), Odean (1998)) is the tendency
of individuals to hold on to losers for too long and sellers too early. This behavior
is closely related to the acquisition effect concerning how individuals code gains and
losses in their mental account. I try to check whether the same theory can capture
both the disposition effect and the acquisition effect within the same model.

Behavioral finance literature has attempted to model the disposition effect with
ambiguous results. In Barberis and Xiong (2009), the authors set up a model where
investors make adjustments to their portfolio — reallocating wealth between a risk and
a risk-free asset — but realize their prospect theory utility at the end of T' periods.
The paper documents the disposition effect being rationalizable only when 7' is large.
When the number of periods 7" is low, not only does disposition effect disappear but,
the investor seems too risk averse to even participate in the stock market.

In Hens and Vicek (2011) the authors argue that the question of whether to
participate can be separated from the question regarding when the investor sells a
stock given that she participates. The authors name this the ex-post disposition
effect.

In this chapter, I assume market participation as given and then proceed to study
when an investor endowed with a stock decides to sell it and subsequently what she
decides to buy. Another significant departure from the frameworks in Barberis and
Xiong (2009) and citehens2011does is concerning what is available to the investor
once she decides to sell. In these two papers, the available assets are either a risk-free
or a single risky asset. In my model, the invest chooses from a continuum of stocks
with a range of beta and thus volatility. I explain the model and its assumption in

details below.
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3.1 The Model & Assumptions

I solve a two period model with ¢ € {—1,0, 1} which can be represented by the

following diagram:

reference wealth current wealth future wealth
Wref {RO} WO Ry Wl —_ WO(l + Rl)

Figure 3.1: Sequence in the Model

At t = —1, the agent started off with wealth W,.; invested in a stock and she will
realize her profit (or potential loss) at ¢ = 1. She does not pay continuous attention,
but comes back to evaluate her investment at t = 0. At t = 0, the investor finds her
current wealth to be Wj. At this point she has the option to change her investment

at no transaction cost.

3.1.1 Assumptions

To write down the agent’s problem formally I make a few assumptions:

3.1.1.1 Utility Function Consistent with Prospect Theory

The utility function, I assume in the model, is consistent with prospect theory. The
realization utility (Barberis and Xiong (2012)) is derived from gains over a reference

wealth, rather than consumption or the wealth itself, and can be written as:

V(W = Wyep) =(W — Wyep)® i W > W

— )\(—(W — Wref))a if W< Wref

where W — W,.s is the gain in wealth above reference wealth W, ¢; 0 < o < 1 is
the risk aversion/curvature parameter while A > 1 is the loss aversion parameter.

Unless otherwise mentioned, in this chapter I use parameter values as calibrated in
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Tversky and Kahneman (1992) i.e. A = 2.25 and o = .88. With these parameters
the plotted prospect theory utility function (Appendix Fig. (C.2.10) is concave in the
profit domain, convex in the loss domain and has a kink at the break-even point.
The shape of the utility function captures investors’ risk aversion in the domain of
gains and risk preference in the domain of losses. They also have strong loss aversion,
as reflected by the kink at the origin — so a loss hurts much more than the same
amount of gain provides utility. The kink at zero return generates a first-order risk
aversion in the utility function (Barberis et al. (2006)). This overall risk aversion

checks individuals’ preference for risk on the loss domain.

3.1.1.2 Rolling Mental Accounting

Mental accounting, as defined in Thaler (1985), is the process by which individuals
break down their perception of utility from multiple sources into separate accounts.
Mental accounting simplifies the problem of evaluating utility for the individual and
leads the individual to look at each source of utility in isolation. This simplifica-
tion is in contrast to what is expected of a rational agent, who should aggregate all
such sources of utility to make rational decisions. The concept of mental account is
incorporated in the prospect theory and is referred to as narrow framing.

Narrow framing or mental accounting (in the context of stock trading) means
that, rather than evaluating gains and losses for the entire portfolio of their stock
holdings, individuals derive utility from gains in each stock within their portfolio.
The conventional mental accounting assumption implies that a mental account is
opened when a stock is bought and that the mental account is closed when the stock
is sold. However Frydman et al. (2016) hypothesizes that individuals often use rolling
mental account. That is, individuals might sell a stock and not close the mental
account but roll over the mental account to a newly bought stock. So the profit

(loss) from the new stock may be benchmarked to the wealth invested in the old
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stock. Empirical results in Frydman et al. (2016) and the experimental finding in
Imas (2016) backs up the hypothesis.

This assumption has the following implication for the model in this chapter. The
diagram in Fig. (3.1) represents the problem of an agent within a rolling mental
account. At time ¢ = 0 the agent may sell the existing stock and buy a new stock.
But rather than closing her old mental account after selling the old stock, she rolls
it over to the new stock. So at time t = 1 the agent’s utility, rather than being
evaluated as V(W —W,.s) will be evaluated as V(W7 —W,). In the initial two-period
model, I shall assume that investors always roll over their mental account. Later this
assumption will be relaxed, and I will study the circumstances under which either of
the two options is optimal: i) rolling over the old account to the new stock vs. ii)

closing the old mental account and opening a new one.

3.1.1.3 Restrictions on Borrowing

I assume that the investor, within this two periods, commits to keeping her wealth
in the mental account invested in some risky asset. Thus, at the time of decision at
t = 0 neither does she park her money in the risk free-asset, nor does she take leverage.
Within a particular mental account and during the two periods I model, the investor
refrains from adding or withdrawing any sum of money. Thus if an agent sells the
old stock at ¢ = 0 and receives proceeds of Wy, she must invest the entire proceeds
in another stock immediately.

This assumption is not inconsistent with empirical findings. I observe that, after
selling a stock, investors tend to reinvest proceeds almost immediately in a new stock.
They seem somewhat reluctant to park uninvested cash in the trading accounts. The
tendency to quickly reinvest can be seen in Fig. 4.1 where a little above 35% of all
sell-transactions are followed up with a buy-transaction on the next day, the number

is 10% the day after and decreases exponentially.
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This restricted borrowing assumption is not to say that investors never have access
to any leverage. The agent might already have leveraged her wealth or assets. She
also may have made some larger heuristic decision to allocate her total wealth between
risky and risk-free assets. The assumption implies that leveraging or deleveraging is a
slower moving decision and does not change as frequently as individuals trade stocks.

With the assumption that investors reinvest immediately I do not intend to argue
that investors do not quit the market. In fact, after a certain period, investors learn
their ability and are known to stop trading altogether if their performance has been
consistently mediocre (Seru et al. (2010)). Since my study is on investor behavior, I
mainly focus on investors who do not quit. These investors are observed to reinvest
their proceeds from selling a stock rather quickly.

Broader decisions can be assumed to be impacted by several factors (like lifetime
experience, macro events, employment situation, etc.) whereas the goal of the model
here is to study short-term changes in risk preference arising from the experience of
gain or loss in a stock in the immediate past. In the spirit of Kahneman (2011) the
decision about taking leverage, allocating wealth between stock and bonds, or the
decision to quit the stock market entirely may be categorized under slow thinking
while the decision to take more risk after a loss in a single stock may be categorized

as thinking fast.

3.1.1.4 Market Beta has Positive Premium

It is sufficient to assume that the investors believe stocks follow some factor model

where market beta has a positive risk premium.
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where R; is the return of any stock with market beta ;, Ry is the risk-free rate and
A > 0 is the risk premium common to all stocks; «; is the return unexplained by the
model while ¢; is the idiosyncratic error. If « is zero and A = R,, — Ry, then the
above model is equivalent to CAPM. However, alphas of stocks are not zero. In fact,
alphas of stocks are neither independent of betas nor are they randomly distributed
in the cross-section. Alphas of individual stocks are known to vary inversely with
betas. Low beta stocks have higher alphas, and high beta stocks have low alphas-
this is the beta anomaly (Friend and Blume (1970)). This feature is captured well

by the two-factor model:

R; — Ry = (1 — ﬁz)(Rz — Rf) + Bz(Rm — Rf) + €

or Rz - Rz = ﬁz(Rm - Rz) + €

where R,, is the return of the market and R, is the return of a zero-beta portfolio
with minimum variance.

The two-factor model was first motivated in Jensen et al. (1972) as a parsimonious
solution to the cross-sectional dispersion of stock return. The cross-section of stock
returns is not well explained by CAPM, because of the beta anomaly (Friend and
Blume (1970)). The two-factor model resolves this by allowing higher beta stocks to
have low alpha and lower beta stocks to have high alpha. This empirical two-factor
model was later shown in Black (1972) to be the equilibrium model similar in spirit
to CAPM but with restricted borrowing. This two-factor model reduces to CAPM if
E(R.) = Ry.

When the model is calibrated I find that the return of the zero-beta portfolio is
quite close to the return of the market portfolio, E(R,) ~ E(R,,). This similarity of
returns is consistent with the fact that the empirically observed security market line

is almost flat. The term (1 — 8)(R, — Ry) can be thought of as the alpha of a stock
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and consistent with data the term is inversely related to the sock’s market beta.

It also suffices to assume that beta does not provide any risk premium and that
idiosyncratic risk has negative premium. That high IVOL is associated with lower
expected return has been documented in Ang et al. (2006) and Ang et al. (2009). For
the analysis in this section, I will stick to the assumption of the 2-factor model and
the CAPM.

Returns are assumed to be normally distributed, R,, ~ N (i, 02,), R, ~ N (., 0?)

and € ~ N (0,0?). This implies that any stock return is also normally distributed:
R~ N(p,0%)

where = (1— ).+ Bpm and 02 = (1—)%02+ 3202 +02. Under the CAPM, which
is a special case of the two factor model, u = (1 — B)R; + Bum and o2 = %02, + o2.
Under either of these models, the choice of a stock by an investor can be simplified
to the choice of the stock’s market beta, 3.

For the numerical analysis I calibrate parameters in the model from monthly
CRSP data from 1965-2015. For the two factor model, I use pu,, = 0.87%, u. = .85%,
om = 4.4%, 0. = 3% and o. = 4%. For CAPM, I use Ry = 0.3% and o. = 9%, other

parameters are similar.

3.1.2 The Agent’s Problem

Standing at time ¢ = 0, the agent now has to decide whether to change her
investment. She chooses her optimal investment by picking beta. The problem can

be written as:

max SE(V(Wy — Wier)) (3.1)

where next period wealth W3 can be written as Wy = Wy(1 + Ry); Wy is the current

wealth, W,y is the reference wealth, and ¢ is the time discount parameter. Due to
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the assumption about the market, the choice of stock with return R; boils down to
a choice of beta 8. The prospect theory utility function, defined over gains over a
reference wealth is V(.). The expectation operator is taken at time ¢ = 0 when Wj is
known.

A more general version of this problem where the agent is given the choice of

mental accounting decisions is solved in Section A.1.

3.1.3 Solution: Optimal Beta

The maximization problem can be solved analytically. But it requires a simplifying
assumption — that the P.T. consistent utility is piece-wise linear. More precisely a = 1
in Assumption (i). Using this simplification, the objective function in Eq. (3.1) can
be written (Appendix B.1.1) in closed form and the first order condition (FOC) can be
derived (Appendix B.1.2.1) from it in closed form as well. Furthermore, the second-
order condition can be proved to hold (Appendix B.1.2.2). And finally, by studying
the first order condition, it can be inferred that the optimal choice of beta rises steeply
after a loss (Appendix B.1.2.3).

In order to obtain a more complete picture and without making any simplifying
assumption, I solve problem (3.1) numerically. For the numerical solution I restrict
the possible values of beta 5 € [0,5]. A surface plot (Appendix Fig. C.2.14) of the
numerically estimated expected utility, E(V (W) — W,.s)) as a function of 5 and W
with fixed reference wealth (W,.; = 100) displays significant variation along 5 and
important but smaller variation along W,. The optimal choice of beta is plotted
against realized wealth ;. Multiple plots (Fig. 3.2) are generated for different risk

aversions and for market under CAPM and the 2-factor model.
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Figure 3.2: Optimal Beta vs. Current Wealth, W . The y-axis represents the
choice of optimal beta for a given current wealth. The maximum value of beta is
capped at 5, § € [—0.5,5]. The x-axis represents the current wealth. The reference
wealth is fixed at W,..r = 100 while the current wealth is varied from Wy € [80, 120]
which is a profit (loss) range of + 20%. The graphs are plotted for two different risk
aversions; a = .68 corresponds to higher risk aversion. Fig. (3.2a) corresponds to a
market where stocks follow CAPM, while Fig. (3.2b) corresponds to the two-factor
model.

The shape observed is consistent with the inference drawn from analytically study-
ing the FOC and the empirically observed evidence. The optimal choice of beta after
a loss is quite high and rises steeply with higher losses. This steepness seems to in-
crease with higher risk aversion. The optimal choice of beta, however, does not seem
to change much after profit. For example, under CAPM, at W, = 90 (10% below
reference wealth) the optimal choice of stock seems to have a beta above three. After
a gain, the optimal beta is around one and does not change much with increased

gains.

3.1.4 The Alternate Problem

I try to incorporate an agents decision about her mental account within the model.

In a similar two-period model, an agent can decide to roll over her mental account,
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or she can segregate her metal account. These two concepts need some clarification.

The agent had some reference wealth W,.;, and her current wealth is W,. She
will go on to choose some stock that would give her future wealth W;. If she chooses
to roll over her mental account, she will code her future gains with respect to original
reference wealth W,.r. So her expected utility would be dE(V (W; — W,s)). If she
chooses to segregate her mental account, then she has to close the current mental
account and open a new one. By closing the mental account, she realizes a utility
V(Wo—W,.s) where all quantities are known and thus no expectation and by opening
a new one she has a future expected utility 0E(V (W, — Wy)). The future expected
utility has an updated reference point W, which is the wealth at the start of the
mental account.

When the agent does not sell a stock, she automatically rolls over the mental
account (continues the earlier account). The novel idea of rolling mental account
is that it accommodates selling of one stock and buying of a new stock within the
same mental account. However, it is reasonable to assume that segregation of mental
account necessarily requires selling of one stock(closing a mental account) and buying
a new stock (opening a new mental account).

The following model allows the agent to choose a mental accounting decision,
but at the end of the two periods all mental accounts-rolled over or newly opened-
should be closed, and the utilities from gains or losses should be realized. The mental
accounting decision is over and above the decision to buy the optimal stock. The
optimal stock being characterized by beta due to assumptions. The problem can be

written as follows.

maxr { Mg SE(V(Wy — Wyep)) V(WO—Wref)—i-mgL:c SE(V(Wy —Wy)) }

N J/ J/

-— _
roll over mental account segregate mental account

Just like the previous problem here also Wy = Wy(1 + Ry) where W, is the present
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wealth and R; is the return of the stock selected. The distribution of the stock return
can be specified entirely by 3, and due to the assumption, all other parameters in
the distribution are constants. The reference wealth is the wealth an investor starts a
mental account with. Thus, when the mental account is rolled over, reference wealth
is W;er, and when the mental account is segregated, the reference wealth is Wj. Like
before, § is the discount factor and V'(.) represents the prospect theory consistent

utility function.

3.1.5 Solution to the Alternate Problem

I solve this problem numerically and in two parts. In the first part I study the
individual’s decision about mental account. Whether she wants to close her mental
account or keep it open. In the second part I study the investors choice of stock.
Given her current wealth and given a mental accounting decision I study the risk

that is optimal for the investor.

3.1.5.1 Choice of Mental Account

I estimate the maximum utility with rolled over mental account, U7, ;, = mgza: SE(V(Wy—

Wier)) and the maximum segregated utility U, , = V(W —W,.y) —I—mﬂax IE(V (W, —

seg

Wh)) for a given Wy. I compute the utility difference AU = Uy, — U, as a function

of Wy. The plot in Fig(3.3) provides guidance as to whether the agent should roll

over or segregate mental accounts based on present wealth.
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Figure 3.3: Rolled Over—Segregated Utility vs. W, . The y-axis represents the
differnece in maximum rolled over Utility and Segregated utility, AU = U*_,, — U?

roll seg*

The difference AU is plotted against W,. Whenever the plot is above the x-axis it
implies that rolling is better otherwise segregating utility is optimal. The graphs are
plotted for two different loss aversions; A = 2.25 corresponds to higher loss aversion.
Fig. (3.3a) corresponds to a market where stocks follow CAPM, while Fig. (3.3b)
corresponds to the two-factor model.

The plots imply that irrespective of loss aversion parameter or assumption of the
market model, it is optimal to roll over mental account when the agent is currently
at a loss, Wy < W,y = 100. For a small range of profit — around 0 to 1% under the
assumption of CAPM and about 0 to 2% holding period return under the two-factor
model- it is optimal for the agent to segregate mental account when loss aversion is
high. When loss aversion is low, it is optimal to segregate mental account for any
profit.

The plots imply that irrespective of loss aversion parameter or assumption of the
market model, it is optimal to roll over mental account when the agent is currently
at a loss, Wy < W,y = 100. For a small range of profit — around 0 to 1% under the
assumption of CAPM and about 0 to 2% holding period return under the two-factor
model- it is optimal for the agent to segregate mental account when loss aversion is

high. When loss aversion is low, it is optimal to segregate mental account for any
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profit. The finding is indicative of the disposition effect.

The disposition effect, first identified in Shefrin and Statman (1985), documents
that individuals are reluctant to sell stocks that are currently at a holding period loss
and are willing to sell ones that are presently profitable. The conclusion from the
theory is consistent with the disposition effect. The idea is also intuitive.

After a profit, an investor is on the concave side of the Prospect Theory utility
function. Here the marginal utility realized from a further gain is small while that
from a loss is large. The investor can change this situation by closing her mental
account and starting a new one. Starting a new mental account resets the reference
point and impacts the marginal utilities in two ways. First, it increases marginal
utility from gains, since now small gains are coded on the steeper concave side of
the utility. Second, this decreases marginal dis-utility from loss, since now losses
are coded on the convex side of the utility function and thus hurt less. The above
argument implies that the investor is optimally inclined to reset her reference point
after a gain, which she can do by segregating her mental account — closing the existing
account and opening a new one. As discussed earlier, closing an investor’s mental
account necessarily requires selling her existing stock.

Alternatively, after a loss, the investor is on the convex side of utility. Here,
marginal utility from gains is high — because gains are coded on the steeper side of
the convex utility — and dis-utility from losses is low — because losses are coded on
the flatter side of the utility curve. Thus the investor likes the current position. If
she closes the mental account, she would end up in a part of the utility function that
codes gains on the concave side and thus give lower marginal utility and loses hurt
more. It is optimal for the investor to not close this mental account. The current
mental account can be preserved in two ways. The investor can keep holding the
existent stock, or she can roll over the mental account to the new stock.

Thus the model predicts that after a gain the investor should optimally sell her
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existing stock while after a loss she might not sell the existing stock or she might roll

over to a new mental account. This optimal behavior implies the disposition effect.

3.1.5.2 Choice of Risk

In this section I study the choice of the stock in conjunction with the mental
accounting decision. Owing to the assumption about stock market, the choice of
stock boils down to the choice of beta. I numerically estimate the optimal beta for
both the rolled over mental account and the segregated mental account. Formally it

can be written as follows.

pR = Arg;nax Urou ()

B = Arggnaw Usey(B)

where Uroll (ﬁ) = 6E(V(Wl — Wref) and Useg = V(WO — Wref) -+ 5E(V(Wl — Wo)
The optimal stock or optimal beta choice of an investor depends on whether the
aggregated or segregated mental account provides higher utility. For given current

wealth W, optimal beta * can be written as

/B* = BR if UEoll > Ugeg

=% otherwise

When (* is plotted as a function of current wealth Wy, in Fig. 3.4, a pattern
similar to that obtained in the earlier study can be observed. The demand for beta is
stable on the positive side and varies very little while on the negative side it shoots up.
The point of inflection where demand for beta shoots up is lower than the reference
wealth but gets closer to reference wealth as loss aversion decreases. Loss aversion,

graphically manifested as a kink at the zero return point, imposes a sort of risk-averse
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behavior on the investor. This risk aversion is especially pronounced around the zero-
return point. With high loss aversion, the investor is reluctant to take risk after a
small loss, which is close to the zero return point and thus makes the investor risk
averse. It is only after the investor is deep into losses, where the convexity starts

dominating the loss aversion, that the investor begins taking higher risk.
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Figure 3.4: Optimal Beta vs. Current Wealth W, . The y-axis represents the
choice of optimal beta for a given current wealth. The maximum value of beta is
capped at 5, 8 € [—0.5,7]. The x-axis represents the current wealth. The reference
wealth is fixed at W,y = 100 while the current wealth is varied from Wy € [80, 120]
which is a profit (loss) range of + 20%. The graphs are plotted for two different loss
aversions; A = 2.25 corresponds to higher risk aversion. Fig. (3.4a) corresponds to a
market where stocks follow CAPM, while Fig. (3.4b) corresponds to the two-factor
model.

When the choice of mental accounting is included in the problem of an investor,
just like the solution to the problem without the choice of mental account, the optimal
solution still indicates that buying of higher beta stock after a loss is the preferred
choice. The result is consistent with experimental finding in Thaler and Johnson
(1990) where the authors find that agents seem to segregate gains and integrate losses
to evaluate lottery outcomes. This behavior of coding losses and gains was termed

as hedonic framing in Thaler (1999). The model also supports the disposition effect
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qualitatively.
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CHAPTER IV

Impact on Asset Price

Investor behavior not only allows us to understand why and when people trade but
also helps us to understand how individuals perceive utilities. Insights into how indi-
viduals code utilities from gains or losses make it important for a financial economist
to study such behavior. But, if a behavior is found to impact prices, then this finding
makes it even more important to study the behavior. It becomes essential to under-
stand how the behavior affects pricing and whether an arbitrageur can exploit this
price impact.

I hypothesize that acquisition effect, where individual investors buy higher beta
stocks after a loss, can aggregate up. When markets go down a lot of investors will
be making losses, and if a sizable number of them subsequently go on to buy higher
beta stocks, then this can cause aggregate demand pressure on high beta stocks.
This demand pressure should cause short-term, but predictable, return movements.
High beta stocks should see higher than usual returns when the market goes down or
immediately after.

High beta stocks generating higher than usual returns when the market is going
down is counter-intuitive because high beta stocks have high covariance with the
market and when the market goes down these stocks are expected to go down more.

If this counter-movement is significant, it should be testable in data in the form of
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time series predictability. Furthermore, an arbitrageur should be able to exploit such
predictability in a trading strategy.

I study both the hypothesized predictability and the possibility of designing a
trading strategy in this chapter. But both these phenomena are related to the timing

to trade. Thus I first study the trade timing of individual investors.

4.1 When do Investors Trade?

The inference from the Chapter II is that investors buy riskier stocks after they
make a loss. Does this behavior aggregate up? To respond to this, one needs first
to answer — when do investors trade? More specifically when investors sell their

loss-making stocks and when do they subsequently buy the next stock.

4.1.1 Selling Losers

If we assume that investors trade at the same rate each day irrespective of market
returns’, we can say that even mechanically, on negative market return days there will
be a more significant percentage of investors selling stocks at a loss. This increased

sell-trade volume can be observed in the US transaction data presented in Table 4.1.

Mk. Ret (vw) No. days Total Obs / day Holding Ret Obs / day

Fve 836 174.61 Rk 15.79
-ve 58.81
ve 657 179.7 tve 109.75
ve 69.94

!Uniform trading rate across market condition is not true. In fact, trading volume spikes up on
negative market return days and the day after. In the Finnish individual trading data, I find that
daily stock selling rate increases by 8.5% on negative market return days and the day after that.
For stocks making a loss, this number is 12.6%. In the CRSP data from 1926 to 2015, daily trading
volume goes up by 15% on negative market return days and the day after. The corresponding rise
in trading volume for the sample period 1991 to 2016 is 9%.
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Mk. Ret (ew) No. days Total Obs / day Holding Ret Obs / day

Fve 1049 173.9 tve 11720
ve 56.69
ve 444 183.81 tve 103.52
ve 80.29

Table 4.1: Stock Selling Depending on Market Returns. The US transaction
data is categorized into positive and negative return days. Only sell-transactions are
presented in the table. The holding period return of the stocks being sold is also
noted and categorized into negative and positive holding period returns. The upper
panel represents dates split by value-weighted market return and the bottom panel
slits observations according to equal-weighted market return.

In the US data, the average number of sell-transactions per day is slightly higher
on negative market return days. Looking at holding period return, one can see that
more stocks are sold at a profit than at a loss. More stocks sold at a profit is both due
to the disposition effect and also the fact that market is generally upward moving so
there are more stocks at a holding period profit than at a loss. However, stocks that
are sold at a loss on negative market return days outnumber those sold on positive
market return days. This difference is even higher when market return is defined as
equal weighted. The data is represented graphically in Fig. (C.2.15).

The effect is at least partially mechanical. On negative market return days, the
holding period returns of more stocks are mechanically negative. Thus, even if people
sell stocks without paying attention to the holding period and sell stocks uniformly
over time, on average more stocks will be sold at a loss on negative market return days.
However, when I test this using a hazard model, I further find that the propensity to
sell losing stocks increase on negative market return days. The result indicates that

the effect is beyond mechanical.

44



4.1.2 A Hazard Model

A hazard model estimates, as a function of covariates, the time-varying hazard
rate of an event. In this case, I assume the event to be selling a stock. A fair
assumption being that as time goes to infinity the hazard rate becomes very high or
the stock is sold surely.

The covariates covariates of a hazard model can be time-varying. In this case,
covariates are dummy variables representing the sign of holding period return and
the sign of market return and their interaction. The hazard model is written as Eq
(4.1).

At X) = Ao(t)ePPim, <0y +52D (o <oy +B3Dry, <0y XD rpn <o) (4.1)

where A(t|X) = f(¢t|X)/{1 — F(t|X)} is the hazard rate or the instantaneous rate
of selling the stock at time ¢, having not sold it till time ¢; D¢g, <o} is an indicator
variable which takes the value of one when the holding period return of the stock is
negative and Dyg,, <oy is a similar indicator variable for negative market return. The

parameter estimates of this model are presented in Table (4.2).

@ (2)

N -0.55  -0.62
{Ry,<0} (0.004)  (0.005)

0.08
D¢r,, <0} (0.009)

0.16
Dyr, <0y X Dyg,,<0} (0.006)

Table 4.2: Estimates of Hazard Model. The first model tests the presence of
disposition effect or the sign of holding period return on the propensity to sell. The
second model tests the effect of market return on the propensity to sell and its in-
teraction with the holding period return. Values in parenthesis are standard errors.

The estimation of the first model tests the disposition effect. The negative coef-

ficient associated with negative holding period return indicates that the propensity
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to sell a stock with positive holding period return is significantly higher than that of
negative return stocks, which is the disposition effect.

In the second model, negative market return dummy has a positive and significant
coefficient associated with it. This coefficient indicates that the propensity to sell
any stock marginally increases when market returns are negative. This finding is
also consistent with the aggregate volume data in CRSP which shows an increase in
trading volume on negative market return days.

The interaction of negative market return and negative holding period return has
a significant positive sign. The positive coefficient indicates that the propensity to
sell negative stocks increases significantly more on negative market return days. Thus
the observed increase in average sell-transaction of stocks at a loss on negative market

return days is not just mechanical.

4.1.3 Buying After Selling

We have thus identified that there is an increased selling for stocks at a loss on
negative market return days. The acquisition effect predicts that investors buy high
beta stock after selling a stock at a loss. Combining the sell timing and the prediction
from the acquisition effect leads to the next question — when do people buy a stock
after selling one?

I observe that after selling a stock, investors buy a new stock quite promptly. Fig.
4.1 demonstrates this quick turnover where we can see that 36% of sell-transactions
are followed by a buy transaction the following day.

For all the sell-transactions in the data, 77.75% have at least one following sell
transaction within 1 and 21 days while 78.96% have at least one buy-transaction. In
aggregate it seems plausible that on negative market return days, a more substantial
number of investors realize a loss, and then they buy a new stock the next day. This

new stock, due to the acquisition effect, is more likely to be a high beta stock. This
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Figure 4.1: Percentage of Sell Transaction with Following Trade vs. Days
following Sell Transaction. The number of days is counted as the number of
trading days from a ‘sell’ transaction. The zero-day on the horizontal axis represents
the number of sell-transactions that had another a buy or a sell by the same account
holder, in a different stock, on the same date. So 46% of the sell-transactions in the
data had another sell-transaction on the same date, and 37% had a buy-transaction.
The rest of the numbers represent the number of trading days after which the same
account holder made her first transaction after the initial sell. For this graph, I
consider followup transaction up to a month(21 days). If a sell-transaction does not
have a follow-up transaction within a month, it is grouped as > 21. From day 1 to
day 21 and the > 21 sums up to 100% for both buy and sell transaction.

chain of trades — selling a loss-making stock on a negative market return day and
subsequently buying a high beta stock — can create a predictable variation in demand

for high beta stocks.

4.2 Return Predictability

Investors buy higher beta stocks immediately after selling a stock at a loss. Also,
investors are more likely to sell a stock at a loss when the market goes down. If
acquisition effect is strong enough, then there will be aggregate buying pressure on
high beta stocks right after the market goes down, and this should be testable. More
specifically we should see high beta stocks having a negative relation to lagged market

return. Furthermore, consistent with the timing of the trades, the negative relation

47



should be on a short horizon.

The empirical asset pricing literature has identified several short-term, time series
predictability, and several explanations have been provided. Lack of trading is one of
the reasons proposed for the presence of autocorrelation in stock and index returns.
Fisher (1966) first identified the importance of asynchronous trading while Scholes
and Williams (1977) showed the effect using a model of trading. Due to lack of
trading, information may get incorporated slower and to a lesser degree than expected
in a liquid market. This departure from a liquid market, Scholes and Williams (1977)
argued, would result in underestimation of beta in the market model.

Dimson (1979) provides a solution to the problem of asynchronous trading by
suggesting the use of lagged market return in regressions and subsequently aggregating
the coefficients of up to five lagged market return as a better estimate of market beta.
If due to lack of trading, market-wide information is incorporated slowly over a few
days into a stock return, lagged market returns in the regression of the stock return
will have positive coefficients. Aggregating the coefficients of market return and
lagged market returns would raise the value of beta and adjust for the downward
bias.

Another short-term predictability, related to the liquidity issue of asynchronous
trading, arises from a bid-ask bounce. Consistent with Roll (1984), French and Roll
(1986) finds that stock returns are negatively autocorrelated at the daily frequency.
This negative autocorrelation arises due to low liquidity where stock prices alternately
bounce between the bid and the ask-price on different days.

Momentum is another predictability detected at a longer frequency of three to
twelve months (Jegadeesh and Titman (1993)) where past returns positively predict
future return. But, at monthly frequency Jegadeesh (1990) detects negative autocor-
relation.

The above-listed predictability either do not address the relation of a stocks return
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to lagged market return (cross-autocorrelation) or contradicts the hypothesis that this
relation can be negative. To test the hypothesis of negative cross-autocorrelation, I

would need to control for self-autocorrelation of stocks.

4.2.1 Regression

I test the hypothesis of a negative cross-autocorrelation of high beta stock returns
with the market, especially when the lagged market return was low. I conduct the
test both at daily, and monthly frequencies and I split the sample by the sign of
lagged market return. But first I create twenty beta-sorted portfolios.

The betas are computed as backward-looking measures as would be available to
an investor at the time. The betas for the daily analysis are calculated with past
one year’s daily return, not including the present date. Monthly returns are similarly
computed using past three year’s (36 month’s) monthly return excluding the current
month. I create twenty beta sorted portfolios every period such that each portfolio
approximately has an equal number of stocks. Within each portfolio, the stocks
are weighted according to their market capital. I run a regression on each portfolio

separately across the entire time series from 1965-2016.

Ri=Co+Cyx Rl +Cy x Rt )+ Cs x Ri_y + ey (42)

where R! is the return on portfolio ¢ at time ¢, Ry, 1s the contemporaneous value-
weighted market return, R™vw,t — 1 is the lagged value-weighted market return and
R | is the lagged return of portfolio i. Regressions are separately run for each
portfolio and for two different samples. The first sample contains observations where
the lagged market return is positive R™vw,t — 1 > 0 and the second sample contains
observations where the lagged market return is negative.

The point estimates of twenty regressions each for positive and negative lagged

market returns are presented in Tables C.1.18 and C.1.19 respectively. The tables
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demonstrate that the coefficient for lag market return after controlling for contem-
porary market return and lagged return of the portfolio has a negative coefficient for
higher beta portfolios. The negative coefficients are larger in magnitude for the sam-
ple where the lagged market return is below zero. This feature is consistent with what
i) the acquisition effect and ii) the trading behavior studied in this chapter suggests.
A graph presents the tabulated results more intuitively.

I plot the estimated coefficient (C’z) for twenty regressions corresponding to twenty
beta-sorted portfolios against the average beta of each portfolio. The left panel in
Fig (4.2) represent the regression estimated for positive lagged market return sample

while the right panel corresponds to the sample where the lagged market return is

Average Beta of Portfolios
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(b) Negative Lagged Market Return

Figure 4.2: Regression Coeff. for Lagged (Daily) Market Return Twenty beta
sorted portfolios are created with daily adjustment. Each portfolio return is regressed
against the value weighted contemporaneous market return, lagged market return
and lagged return of the portfolio. The coefficient of interest is the one corresponding
to lagged market return. I plot the lagged market return regression coefficients,
corresponding to twenty regressions run on each portfolio, against the value-weighted
average beta of each portfolio. Fig(4.2b) corresponds to the regression estimates in
the sample where lagged market return was positive while Fig(4.2a) corresponds to
the plots for the negative lagged market return sample.
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The point estimates for positive market return are close to zero. Higher beta port-
folios are slightly negative. For the sample corresponding to negative lagged market
return, higher beta stocks show significantly negative coefficients. These coefficients
imply that higher beta stocks seem to have a reverse relation to lagged market return,
especially when the lagged market return was negative. A characteristically similar
but statistically weaker result is obtained when the analysis is done for monthly data.
The resulting graphs are presented in Fig C.2.17.

The predictability documented in this section should be exploitable using a trading

strategy which I proceed to study next.

4.3 'Trading Strategy

One of the most widely studied anomalies in asset pricing is the beta anomaly
— high beta stocks provide a lower return than predicted by CAPM while low beta
stocks provide a higher return. This was first documented in Friend and Blume (1970)
and Jensen et al. (1972). There are several hypotheses regarding the reason for this
anomaly, and they are often at odds. One consensus about beta anomaly is that there
is a higher than usual demand for high beta stocks.

The explanation as to why there is higher demand is again varied. Black (1972)
and more recently Frazzini and Pedersen (2014) argue that this demand is due to
restrictions on borrowing. Individuals with higher risk tolerance cannot lever up
the market portfolio and reach their risk tolerance optimally. Hence, they end up
overweighing higher beta stocks in their portfolio.

Another prominent explanation is due to investor’s demand for lottery-like stocks.
In Bali et al. (2016) and Bali et al. (2011) the authors argue that individuals intrin-
sically demand stocks which provide lottery like returns. The demand for lottery-like
stocks is also consistent with the finding of Kumar (2009). Since the lottery like

characteristic of a stock is correlated with its market beta, the author argues that the
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lottery demand essentially translates to demand for higher beta stocks. Demand for
stocks with lottery-like characteristics can thus explain the beta anomaly.

Irrespective of the reason for the higher demand of high beta stocks, a strategy
to take advantage of the beta anomaly is to ‘bet against beta’. Betting against beta
(BAB) is a strategy popularized by Frazzini and Pedersen (2014)?. The BAB strategy
suggests taking a short position in a diversified high beta portfolio and a long position
in a levered up diversified low beta portfolio. The low beta portfolio being levered up
to match the beta of the high beta portfolio. The long short positions cancel out most
of the systematic risk while the diversification minimized the idiosyncratic risks. Since
low beta stocks are empirically found to have higher alphas than high beta stocks, the
BAB strategy generates positive returns at very low risk, thus yielding high Sharpe
Ratio.

The acquisition effect suggests that there will be an overall higher demand for
high beta stocks across time. From studying trade timing, I infer that this demand
will be unusually high during market down movements. On the days when market
return is negative or on the following days, demand pressure on high beta stocks will
not let their prices decrease by as much as their market beta suggests. The prices
might even increase. This predictable movement in returns of high beta stocks is
verified in the previous section (Sec 4.2). Due to this predictable movement in high
beta stocks, the betting against beta return (r?47) will be lower or even negative on
those days. This prediction that the 7245 should systemically vary with the market
is counter-intuitive — because betting against beta is designed to be a market-neutral

BAB

strategy — but not entirely new. The fact that r varies systematically with market

return has been documented in Cederburg and O’Doherty (2016).

2The BAB strategy was initially proposed in 1969 by Fisher Black and Myron Scholes to Wells
Fargo (Mehrling (2005)), but Wells Fargo decided not to implement it.
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4.3.1 The Betting Against Beta Strategy

4B indeed weakens with a negative market return,

In order to observe whether %
I compute average 248 for days grouped into negative and positive market return
days and also for days right after negative market return.

The BAB strategy I study at the beginning is not the classic monthly adjusted
strategy in Frazzini and Pedersen (2014) but a daily adjusted one. Just like the
original strategy, stocks are sorted into two portfolios. The high beta portfolio (H)
has stocks with beta > 1 while the low beta portfolio (L) has stocks having beta < 1.
This sorting is done daily with market betas calculated with daily returns over past
one year(252 days) leaving out the current date.

Within each portfolio, the stocks are weighted according to their ranks within the
portfolio. The highest beta stock gets the highest weight in the H portfolio, and the
lowest beta stock gets the highest rank in the L portfolio. Let there be ny stocks in the
high beta portfolio H, let their rank of the ith stock be denoted by ZH € 1,2...ng.
The ranks are assigned in ascending order — highest rank stock being the highest beta
stock. The sum of the ranks is > Z/ = > i = ny(1 + ny)/2. Then the weight

assigned to stock ¢ can be written as:

O
C T a1l ) /2

where the highest beta stock, with rank ny, has weight 2/(1 + ny) and the lowest
beta stock has weight 2/ng (1 + ngy).

The weights of the low beta portfolio can be defined similarly, except the ranks
are assigned in descending order of beta. So the lowest beta stock has the highest
rank and subsequently the highest weight in this portfolio.

The two corresponding portfolios with returns r* and r* can be thus created with
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the returns that can be expresses as in Eq (4.3).

= (Z wﬁﬁ,t) (4.3)

where return of stock ¢ at time ¢ is r;;. The corresponding beta of H portfolio can

be written as:
H
Bl = (Z wzHBi,t—l) (4.4)
i=1

where the beta of stock ¢ is §;;—1 is computed with information available till time
t —1. Similarly the low beta portfolio can be formed and 7% and 5% can be estimated.
Then at each date a self financing portfolio of r*, weighted to the inverse of its beta
is longed and a corresponding self financing high beta portfolio is shorted. Formally

BAB a.

I can write the daily betting against beta return, r; S:

where Tf is the risk free rate at time ¢.

To compute 7248 empirically, I use only high market capital CRSP stocks listed
in NYSE and NASDAQ. The daily adjusted portfolios are constructed with stocks
which have been among the top thousand market capital stocks in the previous year.
Further, I leave out stocks where market betas are estimated to be above 2 or below
0.3. With this data, I estimate the average daily return of the BAB strategy, rBAB =
% > rBAB as .053% with an annualized Sharpe ratio of 1.21. When the sample is split
into negative market return days, positive market return days and days after negative
market return days, a clear pattern is observed. The negative market return day
and the day after negative market return generates statistically significant negative
average rBAB,

From Table 4.3, we can see that on negative market return days, the average
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market — Stdv. Sharpe
BAB
return # r (std. err.) - Ratio

All 23,386 0.0534% (0.0046%) 0.7033% 1.2061
-ve 10,526  -0.025% (0.0068%) 0.6996% -0.5779
-ve™ 10,526 -0.11%  (0.0068%) 0.6975% -2.4928

-ve™ | 10,525 0.004%  (0.008%) 0.79% 0.08

+ve | 12,860 0.118% (0.0062%) 0.6997% 2.6772

Table 4.3: Daily Adjusted Betting Against Beta. Returns on the betting against
beta strategy for different market return days. The first column indicated what the
sign of market return was. —ve™! implies that the previous day was a negative market
return day, while —ve™? implies that the day before the previous day was a negative
market return day. The second column represents the number of days in the time
series sample. In the third column, rBAB represents the time series average of the
daily betting against return. The fourth and the fifth column lists the standard error
and the standard deviation of the average return. The last column is the Sharpe ratio
which is annualized.

betting against beta return is -0.025% while on the day after negative market return

the average rerun is -0.11%.

4.3.2 Dynamically Betting For and Against Beta

The estimates obtained in Table 4.3 make it clear that the rZ4% is lower on a
negative market return day and the day after. This effect was anticipated from the
time-varying demand for high beta stocks due to the acquisition effect. Since the
return is negative on those days, just not trading on negative market return days or
taking the opposite position will improve the performance of the trading strategy. But
any strategy that depends on observing the current market return is a hypothetical
one since this requires anticipation of which days will generate a negative market
return. An alternative implementable strategy is to take a ‘bet with beta’ on days

after the day market produces a negative return and to take the usual ‘bet against
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beta’ on other days. This alternative generates a daily return of 0.152% and an
annualized Sharpe ratio of 3.50.

BAB i5 not due to slow or asynchronous trading.

The predictable variation of r
As presented in Table 4.4, in the post-1990 sample the daily adjusted BAB strategy
produces annualized Sharpe ratio of 2.69 while the recommended alternative BAB

strategy generates Sharpe ratio of 3.25 The corresponding numbers for post-2000
data are 2.12 and 3.39.

Daily Sample | #  7BAB (std. err.) o S.R. | S.R.BAB
1926-2016 | 23,386 0.152% (0.0045%) 0.6887% 3.50 | 1.21
1991-2016 | 6,300 0.094% (0.0066%) 0.5261% 2.84 | 2.72
2001-2016 | 3,773 0.108% (0.008%) 0.492% 3.49 | 2.12

Table 4.4: Daily Adjusted ‘Modified’ Betting Against Beta. Returns on the
modified daily adjusted BAB strategy for different samples. The first column indi-
cated the range of the sample. The second column represents the number of days in
the time series sample. In the third column, 7BAB” is the time series average of the
adjusted daily betting against return recommended due to time-varying demand for
high beta stocks. The fourth and the fifth column lists the standard error and the
standard deviation of the average return. The sixth column is the Sharpe ratio which
is annualized while the seventh column is the Sharpe Ratio from the original betting
against beta strategy with daily adjustments which is the benchmark.

I recognize that readjusting a portfolio daily is not practical. The exercise, how-

BAB 49 a function

ever, remains important because it suggests significant variation in r
of lagged market return which is consistent with the acquisition effect. An investor
can improve her performance from the BAB strategy by merely not trading on days
immediately after observing negative market return days.

A more practical strategy will be a monthly adjusted one. But since, the demand
pressure is short lived, at the monthly frequency the strategy cannot be improved
upon as easily. The performance of the monthly BAB strategy on all months, on

negative market return months, on months after negative market return months and

positive market return months is listed in table C.1.17. The average returns, rB54B,
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demonstrate that at the monthly level, a strategy similar to the daily modified BAB
— where we bet for beta or bet against beta based on the sign of last month’s mar-
ket return — will not work. However, the results are indicative of the presence of

acquisition effect.

Stdv.  Sharpe

Quintile | #  rBAB  (std. err.) Ratio

Lowest | 193 -0.175% (0.361%) 5.013% -0.121
Q2 |200 0.299% (0.301%) 4.252%  0.244
Q3 | 235 0.784% (0.344%) 5.279%  0.515

Q4 204  1.196%  (0.264%) 3.77%  1.099

Highest | 195 1.819% (0.571%) 7.972%  0.791

Table 4.5: Monthly Adjusted Betting Against Beta by Previous Month’s
Market Return. Returns on the monthly adjusted betting against beta strategy is
listed for different degrees of previous month’s market return. The value weighted
market return is grouped into quintile based on past 48 monthly value weighted
market returns. The first column of the table indicates the quintile, the first row
corresponds to the fist quintle which is for the lowest market return group. The
second column represents the number of months in the time series sample. In the
third column, rB4B is the time series average of the monthly betting against return.
The fourth and the fifth column lists the standard error and the standard deviation of
the monthly average return. The last column is the Sharpe ratio which is annualized.

The average return on a monthly adjusted BAB strategy, rBAB is 0.79% with an
annualized Sharpe Ratio of 0.5. On the months where the market return is negative,
the BAB return is —1.6% with a Sharpe Ratio of —1.24, and on the months after a
negative market return month, the BAB return is a statistically insignificant 0.07%
at a Sharpe Ratio of 0.05. Thus on months after a negative market return month,
holding the market portfolio will improve the Sharpe ratio.

Although the demand pressure arising from the acquisition effect is short-lived,

if the market return on a particular month is highly negative, this effect might spill

o7



over to the next month. It is thus necessary to look into the performance of the BAB
strategy as a function of not just the sign but the degree of previous month’s market
return.

I categorize market return into quintiles, based on past 48 month’s market return,
on a rolling basis. The returns on the BAB strategy, listed according to the market
return quintile of the previous month, is listed in Table 4.5.

The results in the table indicate that the return of the BAB portfolio is positively
related to the market return of the previous month. For the lowest previous month
market return quintile, the BAB strategy generates a negative return. Based on this
result I recommend the following monthly trading strategy. If the last month’s market
return is in the lowest quintile of the previous four year’s monthly returns, then hold
a ‘bet for beta’ portfolio otherwise hold the regular BAB portfolio. This strategy

generates an average return of 0.96% at a Sharpe Ratio of 0.62.
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APPENDIX A

Choice of Mental Account

I attempt to motivate theoretically that both the disposition effect and the acqui-
sition effect are rationalizable under the assumption that investors make choices of

mental account.

A.1 Choice of Mental Account

If the agent has a choice of mental account, then the choices can be defined as:

(i) Rolled Over Mental Account: She can choose to roll over or aggregate her
mental account such that her reference point is still W,.s and she may look for
new investment (which requires selling the old stock and buying a new one), or

she may continue with the old one.

(ii) Segregate Mental Account: She can choose to close her mental account and
start a new one. To close the account, she must sell the old stock and thus
realize her profit of a loss. This generates a burst of realization utility (Barberis
and Xiong (2012)). To start the new mental account, she must buy a new stock

and reset her reference wealth to current wealth Wj.
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The problem of the agent with such choices can be written as:

mar { ma SE(V(Wy = Wier)) » V(IWo — Wier) + maz SE(V(Wy —Wy)) }

. S/ [\ J/

Vv Vv
rolled over mental account segregated mental account

The first expression above represents utility due to aggregated mental account, Uy,
while the second one is due to segregated mental accounts, Uge,. The first term in
the second expression can be interpreted as the burst of realization utility as defined
in Barberis and Xiong (2012).

Claim: Aggregating utility is better after a small loss while segregating is better
after a small gain.

Proof:
Aggregating mental account implies no present realized utility, maintaining the old

reference wealth and discounted future expected utility.

URoll =J0E (V(Wl - Wref))

= W2 E (V(Ri(1+ Ro) + Ro)) (A1)

Segregated mental account implies a current realization of the gain (or loss), change

in reference wealth to the current wealth and a discounted future expected utility.

USeg == V(WO - Wref) + 5]E (V(Wl - W()))

= W V(Ro) + Wi, (1 — Ro)*E (V(Ry)) (A.2)

Here V(.) is the prospect theory (P.T.) consistent utility functio; Ugey and Usg.y are
the expected utilities from aggregating or segregating the mental accounts in the two
period setup. ¢ is the time discount factor of utility. W,.s is the reference wealth

which is also the initial wealth at time t = —1, W = (1 + Ro) W, is wealth at time
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t =0and Wy = (1 + Ry)W, is wealth at ¢ = 1. The expectation operator E(.) is

applied at ¢ = 0 such that everything upto ¢ = 0, including Ry and W is known.
The future wealth is due to a stock selected from a market that follows a 2-factor

model, Ry = (1 — B)R, + B(R,, — R.) + €. Due to this model a particular stock is

completely specified by its beta. Also Uagy and Us,, are both functions of .

Let the optimal stock after aggregating mental account be represented by f4 and

that after segregated mental account be represented by 3°. They can be formally

defined as:

pft = ATQ;”'W$ Urou () (A.3)

5% = Argmaz Useqg(B)
B

Stock beta is restricted to be within reasonable bounds 8 € |3, f].
For the same realized wealth W, if a stock with risk factor (§ is chosen, the

difference in utility can be written as:

AU(ﬁ, WO) = (UR0”</B) - USeg(ﬂ))
= [0E V(W1 = Whep)) = V(Wo = Wiep) = 0B (V(Wy = Wo))]  (A4)

— W, [0E (V(Ri(1+ Ry) + Ro)) — 6(1+ Ro)"E (V(Ry)) — V(Ro)]
(A.5)

where « is the curvature (risk aversion) parameter of the P.T. consistent utility. When

W(] = Wref i.e. RO = 0, we have URoll = USeg or AU(B, W'ref) =0.

62



Since Wy = W,e(1 + Rp), in order to study %{f around Wy = W,.s (small

loss/small gain), it is sufficient to study %ATEJ around 7y = 0.

1 0AU

= 5E (V’(R1(1 + R()) -+ R(])(l + Rl)) — 50&(1 + Ro)ailEv<R1) — vl(Ro)

(A.6)

where V'(.) represents the derivative of the utility function.

OV (R) o S
V'(Ry) = = — f Ry>0= > re
(Bo) { OR L_R rRye © Y o
A . W
:T(l)*a lf .R()<0E O<WT6f

where 0 < @ < 1, A > 1. Thus with Ry near zero,marginal utility V'(Ry) takes a very

large and positive value. Formally:

Ro—0t

R0~>0_

The first and the second term of the derivative (Eq. A.6) are finite for values around

Ry = 0 and so the third term dominates. Using the above and the fact that g%j =

1 AU o
Wo ORg I write:

: 0AU
W()l_lgglvref aWO - (A7>
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Let Wy = W,ef + w, where w is a nonzero number which can be considered small

compared to W,.¢. The I can write an approximate taylor expansion as:

0AU

aWO :| W():Wref
0AU

aWO :| WOZW'ref

AU(B, Wyes +w) & AU(B, Wyej) + w [

~ 0 +w { (A.8)

If [Wo — W,ey| is small, using Eq. (A.7) and Eq. (A.8) I can write:

AU(&, W()) >0 if Wy< Wref

AU(ﬁ,W()) <0 if Wy> Wref
Expanding AU I can write:

Urat(B) > Usey(B) if Wo< W,y YV B€[B,B

URoll(ﬁ) < USeg(B) if WO > Wref v B € [ﬁa B]

Since 44 and 5% are the utility maximizing choices under aggregation and segregation

respectively, using Eq. A.3 I can write:

Uron(B%) > Usey(B) if Wo< Wy ¥V B€B,

Urou(B) < Use(B°) if Wo>W,ey V BB P

The above proof holds for ‘small’ profits and losses. For similar inference for more

significant gains and losses I solve the model numerically in Chapter III. |
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APPENDIX B

Expected Utility Maximization

B.1 Expected Utility Maximization

Future wealth of an individual investor is given by:

where W is the starting wealth, R, is the return on the stock invested in. Utility
obtained from the wealth depends on reference wealth W,.s and is consistent with
the prospect theory. To derive a closed form solution the utility function is simplified

to be piecewise linear:

V(W1 — Wref) =W — Wref if Wy > Wref

- )‘(_(Wl - Wref)) if Wl < Wref

where the loss aversion parameter is greater than one, A > 1. Stocks are selected

from a market that follows a two factor model:
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where R, ~ N (jtm,0?) is the market return and R, ~ N(u.,0?) is the return of a
minimum variance zero beta portfolio. This model, due to Jensen et al. (1972), has
been shown to fit the data better and can explain the lower than expected slope of
the one factor CAPM model. By setting zero beta return to a non random risk free
rate, R, = R this model directly reduces to CAPM.

With the above assumptions, I can write Ry ~ N (1, 02), where p = pi.+ 8t — i)

while 0% = %02, + (1 — B)%02 + 2.

B.1.1 Expected Utility

Within a mental account a gain is not with respect to starting wealth but with

respect to the reference point, Wy > W,.;. Using Eq. (B.1) I write:

Wi =Wo(1+ Ry) > Wiy

:>R>WW;Z’£—1:Q (say)

Now the expected utility can be written as:

e}

EV = / V(W; = Wrer) f(R)AR
_ / AWy — Wyep) f(R)AR + /(W1 — Wiep) f(R)AR
— /(/\ — 1)(Wy — Wyep) f(R)R + /(W1 — Wies) f(R)dR

where f(R) is the density function of R.

Plugging in the expression of W; from eq (B.1) the above integration can be
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rewritten.

EV =(A — )W, / Rf(R)dR

— 00

+ (A=) (Wo = Wiep)F(g) + Wo(l+ 1) — Wiep (B.2)

Let r = (R — pu)/o ~ N(0,1) which implies f(R) = ¢(r)/o and F(g) = ®(v) where
g—H

¢() and ®() are the pdf and cdf of standard normal distribution and v =
o

g

/Rf(R)dR: ](M+m~)@adr

— 00 —00

=pd(y) —o / ¢'(r)dr
= p®(y) — oo (v)

where I use the result ¢'(z) = dé(z)/dx = —x¢(x). The above result can be used in

Eq (B.2) and after rearranging terms:
EV = {Wo(1+p) = Wier} (1+ (A= 1DO(y)) = (A =1)o(1)Woo  (B.3)
A more intuitive form of the expected utility can be written as:

EV = {Wo(1+ p) — Wyer}

+ A =D [@Y){Wo(1 + p) = Wier} — o(7)Woo]

where the first term is the expected utility of a risk neutral agent and the second

term is due to loss aversion. Te second term due to loss aversion can be shown to be
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always negative. If we assume it to be positive, then we can write:

DY{Wo (1 + p) = Wier} > (7)) Woo

= &(7){—yoWo} > ¢(v)Woo
9(7)

= —y>—%=-E(r|r <v)

— O(y)

= E(r|r <) >+ (unfeasible)

Hence as intuition suggests, the loss aversion term is always negative and thus the

expected utility of a loss averse agent is lower than that of a risk neutral agent.

B.1.2 The Maximization Problem

If the market follows the two factor model or simply CAPM, a stock is completely

characterized by its beta. So beta is the only choice variable is necessary:
mazx EV(W; — W,ey)

where W, is the reference wealth, W7 = Wy(1 + R;) is the future wealth, and the

market risk factor, beta is bounded within plausible values, 5 € (3, f].

B.1.2.1 First Order Condition

Using the expected utility expression derived before (Eq.B.3), the expression of

the first order condition can be written as:

agiﬁv =Wo (o — =) (1 + (A = D)®(7)) + (Wo (1 4 1) — Wyes) (A — 1)¢(7)d1

WA — 1)07¢(7)3—g ~Wo(h - e
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In the second term I replace Wy — W,y = —Wyg and in the third term I use oy =

(g — p); after gathering terms, the coefficient corresponding to 3—; becomes zero.

OEV do
—7 =Wolpm = p2) 1+ (A = DO(7)) = Wo(A = D)o(7) (B4)
op dp
where g = WW;J —landy=(9—p)/o= (Ww;of —(1+ u)) /o as defined earlier.
B.1.2.2 Second Order Condition
The expression for the second order condition (SOC) can be derived as:
OPEV dry dvy do d*o
——— = Wo(pom — p2)(A =1 — 4+ Wo(A—1 —— —Wy(A—1 —
S = Waliim — 1) = 18 55 + WalA = 1178(n) T 5%~ Wl = Do T
(B.5)

Both v and o being functions of 3, their relevant derivatives can be written as:

@_ vydo 1

=1 (- if B.
45~ odp (i =) <O 3 > g (B.6)

d 2 2\ 2 2
== Blon, +0.) o >0 if B> = (B.7)
df (8202, + (1 - B)%02 + 02]'/? T + 0%

o op0t+olol+oloy, 50 (B.5)

dB* 3202 + (1= B)02 + 022

Mean return of the market can be safely assumed to be above the mean return of the
zero beta portfolio, so inequality B.6 is plausible. Jensen et al. (1972) estimates o, ~
.50, so for the inequality (B.7) to hold we need § to be greater than approximately

0.2 which is realistic. Finally the inequality B.8 holds without condition.
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Eq.(B.5) can be rewritten as:

aQ]EV . dry do_ d20'
= Wo(A — 1)¢(7)% [(um — ) + 7%] — Wo(\ — 1)¢(7)d_ﬁ2
d d d*o
= Wo(A - 1)¢(7)£ [ —a% } — Wo(\ — 1)¢(7)_d62

where the third equality is due to Eq. (B.6). Thus the SOC can be expressed as:

d*o

ap?

O’EV

S 0 (B.9)

= —oWy(A = 1)é(7) {g—g] = Wo(A = 1)o(7)

where the inequality can be established using Eq. (B.8). The sign of the SOC implies

that any interior solution by equating the FOC to zero is a maximum point.

B.1.2.3 Solution to the Maximization Problem

Claim: The optimal choice of beta after a loss is higher than that after a gain.

Proof: From Eq. (B.4) the FOC expression of the maximization problem is:

8;%‘/ = Wo | (i — 1) (1 + (A= 1)®B(7)) — (A — 1>¢<”>§_;

Informally the proof can be argued just from the FOC expression. The first term in
side the braces, (fm, — p.) (1 + (A — 1)®(y)) is positive and monotonically decreasing
in Wjy. It is positive because the mean market return can be safely assumed be higher
than mean return of the zero beta portfolio, p,, > p., A > 1 and the cdf is always

positive, ®(y) > 0. It is monotonically decreasing because ®(v) is monotonically

Wref _

e — (L4 u)) /o is monotonically decreasing in Wy. The

increasing in v and vy = <
fist term takes it’s maximum possible value (g, — )\ as Wy — 0.

The second term, —(A— 1)¢(7)Z—g, is negative and non-monotonic in Wy (increases
W,

—=L and then decreases). It is negative because of the

in absoloute value till Wy = —

negative sign that precedes it; the three factors in the term are all positive. Loss
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version is assumed greater than one, A > 1, pdf is by definition always positive,
¢(y) > 0 and volatility increases with beta > 0 (Eq. B.7). It is non-monotonic
in Wy due to ¢(y) which is non-monotonic in WO. Also as W — 0 this second term
takes the value of zero. The second term takes its maximum possible absolute value
at Wo 1_:5

So for lower values of Wy, i.e., when the agent is running at a loss, the first

term is positive and dominates while the second term is close to zero. So marginal

expected utility with respect to beta, %v is positive. Positive marginal utility with
respect to beta implies that, for high losses, the optimal solution to the optimization
problem (3.1) should be to increase beta until the FOC holds. Since the SOC holds
unconditionally, increasing beta will gradually decrease the marginal utility until the

FOC holds.

More formally, we can derive the change in optimal solution with respect to profit
or loss. For the optimal beta 5*, the FOC expression is zero. The optimal beta which
is a function of Wy, 5*(Wy). Also 7 is a function of both § and W, individually and
y 6 . At the optimal

the FOC equation can be written as:

— is a function of 5. For optimal beta, I write v* and {

7l

or (o — 1) (1 (A— DB(v")) — (A — 1)é(7") {d—(’

dﬂ]w* - 0 (B.10)

Now differentiating the expression in Eq. (B.10) with respect to Wy we get:

Ap(\ — 1)¢(7*)j$0 + (A= 1)yo(y )dcé;;o {Z;L o (A= 1)¢(7)diwo ([3_;} 55*)

where Ap = pi,, — p.. The expression can be further simplified as:

d* do dB* B
o (A o [dﬁ] ) 4 [W] -0
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Wie :
We know that v = Wf —-1-(1+ u)] /o, where u and o are both functions of §;
0

SO we can write:

dy* O L o dp
AWy OWy |9 ] 5p. AWy

_ Wy O] B
o W§ o [0B] 5 s AW

(B.12)

Using Eq. (B.12) in Eq. (B.11) and gathering terms, we can write:

1 Wref |:d0':|
— Ap+~* | —
dB* o W ( St ag ﬁﬁ*>

AWy d*c do dy
— — | A L -
ap < e [dﬂhzﬁj {dﬁhzw

Using Eq (B.6) the denominator of the above expression can be simplified and I write:

= — (B.13)

So the denominator is always positive and the sign of the derivative depends on the

numerator. Expanding the numeration using expression for v and g—g from Eq.(B.7)

I can write:
dﬁ* . Wref
< 0 if Wy< =W, B.14
dW, S T, T ANK say (B.14)
> 0 o/w.
2 1 — B* 2
where K = ;*Z(fjgn +6a§)+—0;3' The above inequality holds if g* > #3‘2 which
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empirically is ~ 0.2 and thus plausible. Also if §* is in the neighborhood of one, then
K ~ 0.5, and we can safely assume A = pi,, — i, to be greater than zero and small'.

So W, < W,; but is also very close to reference wealth.

W'r‘ef
wg

So the optimal beta is increasing when Wy < W, and due to the factor in Eq
(B.14) the rate of increase in optimal beta grows steeper with larger losses (smaller
Wy). By similar reasoning the slope grows flatter with larger profits (larger Wy). We

can also write:

lim 25 _

W%)IEO dWO -
) dpg*

A

where lim Wy — 0 represents extreme loss and lim W, — oo represents extreme profit.

LAp also represents the slope of the security market line.
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APPENDIX C

Tables & Figures

C.1 Tables

No. of Stocks Ret. Vwret. Beta Stdv. Std. Err. Vol.
150.81 0.075% 0.08% 0.99 0.41 0.03 0.026

Table C.1.1: Summary of Stocks. I compute all statistics for each day of the
available data from January 1995 to July 2009. Equal-weighted time series averages
are reported. The first column is the average number of stocks traded per day. The
second column is the time series average of the equal-weighted daily average return
of all stocks — I compute the return of an equal weighted portfolio of stocks each
day and then take the time series average. The third column is a similar measure of
average return but market capital weighted rather than equal-weighted. The fourth
column is the time series average of the daily market capital weighted average beta
of all stocks. The fifth column is the time series average of the daily computed
cross-sectional standard deviation of the betas of stocks, and the last one is a similar
measure but with an average standard error rather than standard deviation. The last
column is the average volatility of the available stocks.
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No. of Acc Avg. No. | Avg. Len. | Avg. No. | Avg. Stdv. | Avg. Trans. Avg. Stdv.
' " | of Trans. | of Acc.(yrs.) | of Stocks | of # Stocks | Gap (yrs.) | of Trans. Gap
862.796 23.53 5.31 1.98 0.81 .99 1.03
’ (0.49) (0.005) (0.002) (0.001) (0.002) (0.002)
Statistics for the Subsample Used in this Paper
76.713 80.16 6.89 3.75 1.65 0.26 0.43
’ (0.65) (0.013) (0.01) (0.005) (0.001) (0.002)

Table C.1.2: Summary Statistics of Individual Investors. The first column is the number of individual accounts in the
data; the second column is the average number of transactions that are carried out by each account holder over the entire
period, the third column is the average of observable lengths of the accounts. The fourth column is the average number of
stocks simultaneously held in an individual account over its lifespan. The standard deviation of the number of stocks held is
measured for each individual. The average standard deviation reported in the fifth column is the average across all individual
accounts. The sixth column is the average gap between two transactions made by an individual; the standard deviation of the
transaction gap is again measured for each individual. The average standard deviation across all individuals is reported in the
final column. The upper row represents the statistics for the entire sample available, while the lower row of the table is the
same statistics but for the final sample .



Profit Range ($) Avg. New Trans.($) Ap (std. err.)
-3448 to -1600 7,803.46 6.58% (0.025)
-1600 to -950 6,802.31 8% (0.026)

-950 to -625 5,938.63 12.19% (0.03)
-625 to -435 5,362.54 13.2% (0.031)
-435 to -305 4,963.16 12.02% (0.031)
-305 to -220 4,486.50 18.7%  (0.031)
-220 to -156 4,111.86 13.04% (0.033)
-156 to -110 3,798.44 16.9% (0.032)
-110 to -75 3,459.07 13.6% (0.036)
75 to -49 3,262.13 15.2% (0.04)
-49 to -28 2,804.46 14.43% (0.035)
-28 to -11 2,701.87 13.11% (0.032)
-11to 0 3,608.72 19.36% (0.038)

0 to 10 2,581.81 5.89% (0.033)
10 to 20 2,735.26 4.21% (0.03)
20 to 28 2,812.49 4.33%  (0.037)
28 to 36 2,849.04 12.18% (0.037)
36 to 45 3,287.50 8.8% (0.034)
45 to 54 3,219.62 1.22% (0.034)
54 to 63 2,989.87 4.49% (0.033)
63 to 72 3,416.57 -0.45% (0.03)
72 to 84 3,400.98 1.59% (0.035)
84 to 95 3,751.87 5.64% (0.033)
95 to 105 3,597.32 -2.75% (0.032)
105 to 119 3,741.09 3.75% (0.035)
119 to 130 4,265.39 2.78% (0.027)
130 to 145 3,712.48 2.01%  (0.031)
145 to 160 4,265.39 -2.32% (0.03)
160 to 176 3,712.48 6.5% (0.029)
176 to 196 4,086.83 5.69% (0.031)
196 to 212 4,479.65 3.48%  (0.028)
212 to 234 4,423.03 3.73%  (0.027)
234 to 256 4,752.44 1.29%  (0.029)
256 to 284 4,586.37 1.98%  (0.027)
284 to 312 4,836.31 7.08% (0.027)
312 to 346 5,356.10 3.68%  (0.027)
346 to 385 5,023.96 4.34% (0.026)
385 to 427 5,314.16 6.68% (0.027)
427 to 480 5,620.90 5.3% (0.025)
480 to 538 5,5674.97 2.99% (0.025)
538 to 605 6,255.16 4.78% (0.023)
605 to 700 6,434.87 3.75% (0.023)

Table C.1.3: Choice of Higher Beta as a Function of Profit (Low Skill In-
dividuals). This table contains the data that goes into the plot of Fig. C.2.3. The
first column is the range of realized profit (loss) from the last trade, while the second
column represents the increase in choice of beta in buying the new stock. The third
column is the standard errors of estimated beta difference. some of the rows have
been left out lack of space and will me made available in online appendix.
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Ap Y (2) (3) (4) (5) (6) (7) (8) 9) (10) (11)
Drico 0.0489 0.00847 0.0260 0.0384 0.0294 0.0568 0.0409 0.0217 0.0577 0.0425 0.0269
(16.79) (4.55) (2.66) (4.17) (5.75) (9.24) (9.36) (6.76) (21.15) (23.13) (15.93)
I 0.00952  -0.00529 -0.00569  -0.00750 -0.00696 0.0112 0.00390  0.0000651 | 0.00406  -0.00292 -0.00197
(6.00) (-4.46) (-1.94) (-2.56) (-2.09) (4.95) (2.81) (0.06) (2.79) (-3.12) (-2.76)
D<o X II | -0.0309 0.0184 -0.000617  0.00932 0.0141 -0.0486 -0.0125 -0.00452 -0.0251 0.00808 0.00619
(-3.60) (4.41) (-0.07) (1.72) (2.13) (-2.68) (-1.04) (-1.03) (-2.45) (3.30) (3.55)
Oold -15.64 -1.054 -0.239 5.210 -1.759 -12.98 2.822 7.342 -8.539 3.891 -1.907
(-41.24)  (-4.95) (-0.26) (5.72) (-2.40) | (-6.84)  (1.50) (3.71) (-73.60)  (31.20)  (-13.05)
AIVOL -7.148 -0.548 1.540 1.537 -1.369 -6.511 4.747 8.021 -3.623 2.072 -1.079
(-28.65) (-2.47) (1.07) (1.69) (-1.33) (-2.64) (2.75) (3.92) (-26.35) (15.58) (-7.74)
Bota -0.723 -0.458 -0.621 -0.750 -0.904 -0.684 -0.785
(-218.92) (-7.44)  (-16.87) (-25.52)  (-54.15) (-219.58)  (-282.89)
Constant 0.493 0.723 0.0457 0.291 0.522 0.411 0.621 0.704 0.281 0.530 0.747
(43.88) (112.60) (1.65) (4.64) (6.91) (7.46) (9.70) (3.69) (81.27) (129.77) (25.24)
Date Date Old St. Old St. Old St. New St.  New St. New St. Inv. Inv. Inv.
Fx. Eff.
- - - - Year - - Year - - Year
S.E. Clust. Date Date Old St. Old St. Old St. New St.  New St. New St. Inv. Inv. Inv.
Obs. 554,436 554,436 554,436 554,436 554,436 554,436 554,436 554,436 554,436 554,436 554,436
Adj. R? 0.113 0.425 0.195 0.269 0.348 0.280 0.665 0.739 0.080 0.361 0.437

t statistics in parentheses

Table C.1.4: Regressions with Beta Difference as Dependent Variable. The dependent variable in all regressions is the
difference is beta, A = Brew — Boig- The main dependent variable of interest is the dummy variable D<oy that takes the
value of one when holding period return II is negative. The return variable IT and an interaction term Dyygy x II are included
to absorb any linear trend that is allowed to be different in the profit and loss domains. The volatility of the old stock, o4,
change in idiosyncratic volatility AIVOL and the beta of the old stock [, is also controlled for. Additionally fixed effect(s)
are also absorbed and standard errors are clustered by mentioned variables. ‘Date’ implies the date corresponding to the new
stock bought, ‘Old(New) St” implies the old(new) stock, ‘Inv.” implies individual investors and ‘Year’ corresponds to the year

in which the new stock is bought.
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Alog 8 Y @ | 3 (4) By | (6 (7) ® | (10) (11)
Dri<o 0.0690 0.0138 0.0329 0.0508 0.0401 0.0863 0.0659 0.0399 0.0806 0.0605 0.0397
(15.43)  (4.20) (2.94)  (4.44)  (5.41) | (10.82)  (12.15)  (8.13) | (20.57)  (19.66)  (13.61)
II 0.0155 -0.00615 | -0.00866 -0.0110 -0.0105 0.0219 0.00950 0.00232 0.00758  -0.00285 -0.00249
(5.35) (-4.04) (-1.94) (-2.61) (-2.20) (4.79) (3.40) (1.09) (3.26) (-1.98) (-2.14)
Drico x 11 -0.0427 0.0303 0.00375 0.0172 0.0226 -0.0720 -0.0168  -0.00476 | -0.0326 0.0163 0.0151
(-3.74) (3.87) (0.28) (2.11) (2.44) (-3.09) (-1.21) (-0.83) (-2.68) (2.64) (2.91)
Told -16.39 3.957 -0.0895 7.827 0.821 -13.54 6.177 15.34 -9.361 7.892 3.024
(-26.93)  (11.29) | (-0.06)  (5.54)  (0.36) | (-6.75)  (2.81) (7.35) | (-53.62)  (42.21)  (12.46)
Alog(IVOL) 0.0512 0.270 0.350 0.330 0.227 0.114 0.458 0.649 0.160 0.341 0.257
(4.66)  (24.61) (5.01)  (6.89)  (4.30) | (1.36) (6.25) (8.37) | (23.41)  (51.45)  (36.28)
Botd -1.057 -0.655  -0.881 -1.067 -1.296 -0.993 -1.143
(-131.83) (-4.97) (-7.83) (-31.43) (-45.65) (-187.60)  (-223.08)
Constant 0.520 0.894 0.0520 0.404 0.711 0.429 0.819 0.937 0.310 0.705 1.000
(28.98) (83.26) (1.29) (3.17) (7.66) (7.36) (9.97) (5.59) (59.36) (114.52) (25.48)
Date Date Old St. Old St. Old St. | New St. New St. New St. Inv. Inv. Inv.
Fx. Eff.
- - - - Year - - Year - - Year
S.E. Clust. Date Date Old St. Old St. Old St. | New St. New St. New St. Inv. Inv. Inv.
Obs. 546448 546448 546448 546448 546448 546448 546448 546448 546448 546448 546448
Adj. R? 0.080 0.334 0.206 0.263 0.311 0.230 0.537 0.597 0.070 0.298 0.346

t statistics in parentheses

Table C.1.5: Regressions with Log Ratio of Beta as Dependent Variable. The dependent variable in all regressions
is the log ratio or the difference in the log beta of the new stock from that of the old stock Alog(5) = log (Bnew/Bod) =
10g(Brew) — 10g(Boia). The main dependent variable of interest is the dummy variable D<oy that takes the value of one when
holding period return II is negative. The return variable II and an interaction term Dy.oy X II are included to absorb any
linear trend that is allowed to be different in the profit and loss domains. The volatility of the old stock, o,4, change in log
of the idiosyncratic volatility Alog(IVOL) and the beta of the old stock (4 is also controlled for. Additionally fixed effect(s)
are also absorbed and standard errors are clustered by mentioned variables. ‘Date’ implies the date corresponding to the new
stock bought, ‘Old(New) St” implies the old(new) stock, ‘Inv.” implies individual investors and ‘Year’ corresponds to the year
in which the new stock is bought.
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AIVOL | (1) (2) (3) (4) (5) | () (7 (8) 9) (10) (11)
Dri<o 0.000107 0.000260 0.000228 0.000216 0.000123 -0.000280  -0.000412 -0.000132 -0.000185  -0.000198  -0.0000925
(1.33) (3.78) (1.59) (1.65) (0.85) (-1.84) (-3.23) (-1.76) (-2.98) (-3.75) (-2.03)
II -0.0000440  0.0000338 | -0.000152 -0.000150 -0.0000285 | -0.000436 -0.000385 -0.0000863 | -0.000337 -0.000274 -0.0000646
(-1.81) (1.29) (-1.64) (-1.62) (-0.78) (-5.37) (-5.73) (-3.63) (-4.80) (-4.71) (-2.13)
D<o X 11 0.00101 0.000728 0.000900 0.000892 0.000895 0.00129 0.00107 0.000489 0.000882 0.000628 0.000332
(2.64) (2.31) (2.20) (2.19) (2.28) (3.87) (3.86) (3.19) (3.13) (3.12) (2.27)
Told -0.785 -0.824 -0.321 -0.325 -0.714 -0.567 -0.615 -0.926 -0.561 -0.623 -0.872
(-170.14)  (-180.90) | (-5.86) (-6.79) (-21.24) (-24.20)  (-30.18) (-80.65) | (-145.52)  (-167.23)  (-262.19)
AB -0.00273 -0.000314 0.000754 0.000827 -0.000733 -0.00244 0.00349 0.00444 -0.00150 0.00118 -0.000573
(-32.48) (-2.45) (1.07) (1.63) (-1.37) (-3.68) (2.45) (3.02) (-24.92) (16.56) (-7.50)
Bold 0.00483 0.000371 0.00222 0.00804 0.0104 0.00588 0.00472
(36.08) (0.30) (4.42) (6.24) (9.29) (73.19) (55.31)
Constant 0.0234 0.0201 0.00937 0.00916 0.0178 0.0170 0.0110 0.0161 0.0167 0.0132 0.0204
(169.71) (143.71) (5.71) (4.45) (15.24) (24.32) (7.73) (7.45) (144.80)  (125.74) (45.14)
Date Date Old St. Old St. Old St. New St. New St. New St. Inv. Inv. Inv.
Fx. Eff.
- - - - Year - - Year - - Year
S.E. Clust. Date Date Old St. Old St. Old St. New St. New St. New St. Inv. Inv. Inv.
Obs. 554,436 554,436 554,436 554,436 554,436 554,436 554,436 554,436 554,436 554,436 554,436
Adj. R? 0.409 0.426 0.314 0.314 0.391 0.531 0.570 0.748 0.338 0.364 0.479

t statistics in parentheses

Table C.1.6: Regressions with Idiosyncratic Volatility Difference as Dependent Variable. The dependent variable in
all regressions is the difference is idiosyncratic volatility of the new stock from the old stock AIVOL = IVOLye, — IVOLyy.
The main dependent variable of interest is the dummy variable Doy that takes the value of one when holding period return
IT is negative. The return variable IT and an interaction term Dyr<gy X II are included to absorb any linear trend that is allowed
to be different in the profit and loss domains. The volatility of the old stock, 0,4, change in idiosyncratic volatility AIVOL
and the beta of the old stock 4 is also controlled for. Additionally, fixed effect(s) are also absorbed, and standard errors are
clustered by mentioned variables. ‘Date’ implies the date corresponding to the new stock bought, ‘Old(New) St’ implies the

old(new) stock, ‘Inv.” implies individual investors and ‘Year’ corresponds to the year in which the new stock is bought.
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AB. AMOM, ASKW. AMAXS,
1) (2 3) (4) (5) (6) (7) (8)
Drico 0.0888  0.0931 | 0.0428  0.0269 | -0.0114  0.00203 | -0.000168  -0.000315
(4.20) (6.21) (6.62) (3.13) (-1.75) (0.33) (-0.72) (-1.34)
Il -0.00594 -0.00732 | -0.00779  -0.00796 | 0.000875 -0.00166 | -0.00000130  -0.0000730
(-1.97)  (-1.03) | (-3.31)  (-3.00) (0.77) (-1.02) (-0.09) (-1.59)
Bold. = -0.813 -0.792
(-49.48)  (-39.75)
ASKW, -0.274
(-3.71)
AMOM, 0.0958
(2.13)
MOM,q4.. -0.725 -0.682
(-34.98)  (-30.83)
SKWoa,z -0.914 -0.894
(-73.21)  (-57.20)
MAX5,4 -0.769 -0.743
(-38.94) (-34.24)
AB- 0.0238 -0.0490 0.000637
(2.19) (-3.67) (2.04)
Constant 2.945 2.903 0.783 0.359 0.235 0.301 0.0256 0.0259
(3.17) (3.35) (1.58) (1.02) (1.50) (0.77) (8.44) (11.25)
Obs. 554,436 553,959 | 570,630 553,959 | 605,297 554,434 611,138 554,436
Adj.(R?) 0.437 0.451 0.406 0.437 0.552 0.567 0.426 0.436

t statistics in parentheses, Ind. and Yr. Fixed Eftects, Std. Err. clustered by date

Table C.1.7: Regressions with Difference of Stock Characteristics correlated with Beta as Dependent Variable.
The dependent variables are differences in different stock characteristics scared by the scross sectional standard deviation of
the characteristics. The first two regressions have Af, as the dependent variable, which is the difference in the beta of the
new and the old stock scaled by cross-sectional standard deviation of beta. Regressions (3) and (4) have change in momentum
as the dependent variable, where momentum is computed as past twelve month’s cumulative return excluding the previous
month. Regressions (5) and (6) have scaled change in skewness as the dependent variable while the last two regressions have

the standard deviation scaled change in max factor as the dependent variable.



Ap (1) (2) (3) (4) () (6) (7)

Drico 0.0498  0.0484 0.0605 0.0289  0.0290  0.0177  0.0181
(6.51)  (6.99) (7.09)  (5.06)  (4.98)  (3.49)  (6.10)

11 0.00205 0.00930 -0.00584 -0.00588 -0.00639 -0.000130
(1.36)  (4.06)  (-3.05)  (-3.00) (-3.34)  (-0.12)

Diico x 11 -0.0111 -0.0386 0.0145  0.0157  0.0159  -0.00436
(-1.54)  (-2.53)  (2.71)  (294)  (3.12)  (-1.01)

ot 9754 -1.220  -2270  -2.336  7.334
(-6.23)  (-1.06)  (-0.48)  (-0.51)  (3.70)

Boid 0.663  -0.657  -0.644  -0.898
(-29.02)  (-16.39) (-15.52)  (-51.75)

AIVOL 1365 -4.711  6.941
(-0.30)  (-0.94)  (3.23)

AMAXS 2.630 0.859

(3.48)  (247)

Constant ~ -0.187  -0.187  0.0725  0.561  0.584  0.578 0.699
(-0.85) (-0.85)  (0.28)  (2.03)  (1.69)  (1.71)  (3.70)

Fixed Year Year Year Year Year Year Year,
Effect — — — — — — Stock
Obs. 554,440 554,436 554,436 554,436 554,436 554,436 554,436

Adj. R? 0.007 0.007 0.045 0.341 0.342 0.355 0.740

t statistics in parentheses

Table C.1.8: Regressions with Different Control Variables. The dependent
variable in all regressions is the difference is beta, AS = Bhew — Boq- The main
dependent variable of interest is the dummy variable Doy that takes the value of
one when holding period return II is negative. In regression (2), the return variable
IT and an interaction term Dy.oy x IT are included to absorb any linear trend that
is allowed to be different in the profit and loss domains. The volatility of the old
stock, gyq is further controlled for in regression (3) while the beta of the old stock
Boig in included in regression (4). Regression (5) incrementally adds the difference
in idiosyncratic volatility AIVOL to the list of controls. Regression (6) includes the
change in the MAX factor. All the regressions include year level fixed effects where
year corresponds to the year the new stock is bought. Regression (7) includes stock
level fixed effects, where the stock corresponds to the new stock bought. All standard
errors are computed using stock level clustering.
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ABuws AIVOLys
(1) (2) (3) (4) (5) (6) (7) (8)
Dri<o 0.0441 0.0195 0.0189 0.00868 0.0170 0.0121 0.000202 -0.000111
(14.60) (9.07) (9.22) (4.05) (10.13) (8.65) (1.85) (-2.00)
11 0.000552  0.000233  0.000205 -0.0000130  0.000261  0.000188 | -0.00000198  0.00000306
(7.97) (2.40) (1.77) (-0.08) (4.36) (4.41) (-0.82) (1.84)
Bold,ws -0.625 -0.610 -0.681 -0.808 -0.854 -0.00125 -0.00291
(-191.11)  (-179.30)  (-260.98)  (-289.46)  (-365.64) (-7.96) (-12.25)
Told,ws -1.251 -2.901 -2.344 -3.433 -0.867 -0.944
(-19.50) (-68.56) (-37.96) (-66.10) (-235.44) (-246.46)
AIVOLys -2.648 -3.451 -2.959 -3.515
(-48.13) (-83.32) (-55.22) (-74.98)
ABuws -0.00660 -0.00715
(-32.26) (-29.19)
Const. 0.0188 0.470 0.498 0.605 0.674 0.861 0.0282 0.0296
(8.95) (200.33)  (166.78) (284.48) (243.45) (31.22) (198.65) (42.08)
Date F.E. v v
Ind. F.E. N N v
Yr. F.E. v v
Obs. 617656 617656 617656 617656 617656 617656 617656 617656
Adj. R? 0.003 0.289 0.300 0.348 0.428 0.457 0.499 0.556

t statistics in parentheses. Standard Error computed after individual level clustering.

Table C.1.9: Regression with Difference in Whole Sample Beta as Dependent. The dependent variable in regressions
(1) through (6) is ABws = Buws.new — Bws.ola While that in (7) and (8) is AIVOLys = IVOLys new — IV O Ly o1a- Buws and IV O Ly,
are computed from the whole sample of stock returns from 1995 to 2009, rather than from past data on a rolling basis. D<o}
is the dummy that takes value 1 when holding period return is negative, II < 0. II is included in the regression to absorb
any trend. For various regressions, I control for the volatility and beta of the old stock and also the difference in the IVOL or
difference in betas where applicable. For different regressions, date, individual and year level fixed effects are also used; but
only the individual and year level can be used together. For all the regressions standard errors are computed by clustering at

the individual level.
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AB (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)

Dri<o 0.0320 0.00470 0.0202 0.0363 0.0230 0.0574 0.0455 0.0230 0.0458 0.0476 0.0302
(3.28) (0.60) (1.45) (2.30) (2.00) (7.58) (6.28) (4.71) (4.14) (5.32) (3.63)
II 0.0139 -0.00808 -0.00649 -0.00997 -0.00958 0.0190 0.00488  0.00131  0.00897 -0.00568 -0.00588
(2.00) (-1.90) (-1.07) (-1.58) (-1.53) (2.33) (0.99) (0.41) (1.33) (-0.80) (-0.90)
Drico x 11 -0.166 0.0452 0.0229 0.0775 0.0530 -0.179 0.00896  0.00259 -0.136 0.118 0.0888
(-4.94) (1.72) (0.58) (2.22) (1.64) (-3.77) (0.28) (0.13) (-3.72) (3.87) (3.07)
Oold -24.11 2.679 0.586 7.942 1.555 -17.48 4.131 11.49 -12.90 6.390 1.845
(-33.15)  (4.93) (0.45) (7.08) (1.09)  (-10.09)  (1.59) (5.56)  (-26.92)  (12.95)  (2.78)
AIVOL -7.785 2.994 5.464 5.174 2.048 -5.720 7.384 12.11 -1.810 4.969 2.485
(-14.87)  (6.58) (2.44) (3.52) (1.25)  (-2.55)  (3.99) (5.68)  (-3.19)  (9.22) (4.22)
Botd -0.769 -0.544 -0.665 -0.809  -0.966 -0.784 -0.850
(-96.21) (-7.34) (-14.58) (-39.50)  (-59.97) (-79.40) (-87.56)
Constant 0.716 0.654 0.0376 0.304 0.468 0.523 0.634 0.593 0.400 0.555 0.598
(35.22) (46.62) (1.00) (4.83) (7.91) (11.00) (9.42) (3.78) (29.81) (42.97) (11.93)
Date Date Old St. Old St. Old St. New St. New St. New St. Inv. Inv. Inv.
Fx. Eff.
- - - - Year - - Year - - Year
S.E. Clust. Date Date Old St. Old St. Old St. New St. New St. New St. Inv. Inv. Inv.
Obs. 42,464 42,464 42,464 42,464 42,464 42,464 42,464 42,464 42,464 42,464 42,464
Adj. R? 0.180 0.459 0.221 0.303 0.364 0.336 0.714 0.779 0.097 0.398 0.454

t statistics in parentheses

Table C.1.10: Regressions with Beta Difference as Dependent Variable using Institutional Investor Data. The
dependent variable in all regressions is the difference is beta, A = e — Bog- The main dependent variable of interest is
the dummy variable Doy that takes the value of one when holding period return II is negative. The return variable IT and
an interaction term Dygy X II are included to absorb any linear trend that is allowed to be different in the profit and loss
domains. The volatility of the old stock, 0,4, change in idiosyncratic volatility AIVOL and the beta of the old stock S, is also
controlled for. Additionally, fixed effect(s) are also absorbed, and standard errors are clustered by mentioned variables. ‘Date’
implies the date corresponding to the new stock bought, ‘Old(New) St’ implies the old(new) stock, ‘Inv.” implies individual
investors and ‘Year’ corresponds to the year in which the new stock is bought. The data used here is only from individuals
categorized as ‘non-individuals’.



Ap (1) (2) (3) (4) () (6) (7)

Diico 0.0490 0.0478  0.0616  0.0299  0.0301  0.0183  0.0185
(6.98)  (7.53)  (7.69)  (5.39)  (5.19)  (3.58)  (6.05)

Duoox1 00143 0.0141 -0.00972 -0.0245 -0.0263  -0.0243  -0.00886
(0.76)  (0.76)  (-0.59)  (-2.02)  (-2.84)  (-2.711)  (-1.86)

I 0.00198 0.00959 -0.00598 -0.00602 -0.00650 -0.000103
(1.32)  (4.15)  (-3.10)  (-3.03)  (-3.37)  (-0.09)

Drico x 11 -0.0103 -0.0404 0.0153  0.0164  0.0165  -0.00430
(-1.46)  (-2.56)  (2.85)  (3.02)  (3.20)  (-0.95)

Oold -10.16  -1.185  -2.068  -2.128  7.627
(-6.26)  (-1.02)  (-0.43)  (-0.46)  (3.85)

Boid -0.665  -0.660  -0.646  -0.902
(-29.07)  (-16.09) (-15.22)  (-52.60)

AIVOL 1146 -4.596  7.194
(-0.24)  (-0.89)  (3.36)

AMAX5 2.726 0.891

(3.50)  (2.51)

Constant  -0.163  -0.163  0.103 0554 0573  0.567 0.682
(-0.79)  (-0.79)  (0.42)  (2.09)  (1.71)  (1.73)  (3.70)

Fixed Year Year Year Year Year Year Year,
Effect - — — — — Stock
Obs. 596,913 596,900 596,900 596,900 596,900 596,900 596,900

Adj. R? 0.007 0.007 0.047 0.343 0.343 0.357 0.743

t statistics in parentheses

Table C.1.11: Pooled Regressions of Individual and Institutional Investor
Data with Different Control Variables. The dependent variable in all regressions
is the difference is beta, AS = Bhew — Pog- The main dependent variable of interest
is the dummy variable Do that takes the value of one when holding period return
IT is negative. In addition, there is an interaction variable Do x I where I is an
indicator variable hat takes the value of one if the data is from an institute as opposed
to an individual. In regression (2), the return variable II and an interaction term
Dri¢ x II are included to absorb any linear trend that is allowed to be different in
the profit and loss domains. The volatility of the old stock, o, is further controlled
for in regression (3) while the beta of the old stock [3,4 in included in regression (4).
Regression (5) incrementally adds the difference in idiosyncratic volatility AIVOL
to the list of controls. Regression (6) includes the change in the MAX factor. All
the regressions include year level fixed effects where year corresponds to the year the
new stock is bought. Regression (7) includes stock level fixed effects, where the stock
corresponds to the new stock bought. All standard errors are computed using stock
level clustering.
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AB AIVOL
1) (2) (3) (4) (5) (6) (7)
Drico 0.0319 0.0614 0.0168 0.0155 0.0124 0.000107 0.0000806
(4.30) (6.51) (2.47) (2.27) (1.84) (0.67) (0.50)
I -0.00139  -0.00149  -0.000298 -0.000253 -0.000582 | 0.00000401 0.00000158
(-1.61) (-1.58) (-0.50) (-0.43) (-0.94) (0.20) (0.08)
Drico x I 0.0413 0.102 -0.0102 -0.0231 -0.00987 0.00102 0.000804
(1.46) (2.96) (-0.44) (-0.99) (-0.43) (1.51) (1.21)
Botd -0.903 -0.901 -0.912 0.00229
(-180.45)  (-178.41)  (-184.39) (11.80)
Oold -0.464 1.613 -0.920 -0.935
(-2.62) (4.22) (-90.67) (-88.88)
AIVOL 2.459
(7.39)
AB 0.00138
(7.72)
Constant 0.0116 0.00564 1.245 1.257 1.146 0.0292 0.0279
(3.79) (2.20) (173.71) (150.23) (71.34) (94.26) (65.68)
Individual F.E. v v v v v
Year F.E. v v
Observations | 149,196 149,196 149,196 149,196 149,196 149,196 149,196
Adjusted R? 0.000 0.004 0.440 0.440 0.448 0.444 0.451

t statistics in parentheses. Standard Error computed after individual level clustering.

Table C.1.12: Regressions Using US Investor Data with Different Control Variables. The data is a set of individual
investors’ transactions, obtained from a large US brokerage firm. This dataset is the same one used in Barber and Odean (2000).
For the first five regressions, the dependent variable is the difference is beta, A = B ew — Boa- For the next two regressions, the
dependent variable is the difference in idiosyncratic volatility AIVOL = IVOL,e,, — IVOLy4. The main dependent variable of
interest is the dummy variable D that takes the value of one when holding period return II is negative. The second regression
absorbs individual level fixed effect. The beta of the old stock is controlled for in regression (3) while additionally the volatility
of the old stock is controlled for in regression (4). Regression (5) incrementally adds the difference in idiosyncratic volatility
AIVOL to the list of controls along with year fixed effect. The last two regressions check whether there remains some jump in
the residual volatility after controlling for some of the usual characteristics..



AB Sophistication Time Gap
Wealth Diversity  Frequency <1Q 1Q-2Q >2Q
Dri<o 0.0268 0.0358 0.0389 0.0264 0.0167 0.00600
(15.86) (11.04) (5.37) (15.20) (0.85) (0.19)
DH<0 X let -0.0267
(-1.77)
DH<O X 'de -0.0125
(-3.30)
DH<0 X Dfrq -0.0130
(-1.75)
Bold -0.785 -0.784 -0.785 -0.779 -0.913 -0.939
(-282.92)  (-282.85) (-282.89) (-270.43)  (-33.59)  (-20.46)
Told -1.924 -1.926 -1.925 -1.869 -2.573 -2.261
(-13.18) (-13.20) (-13.19) (-12.31) (-1.40) (-0.49)
AIVOL -1.077 -1.076 -1.077 -0.951 -2.188 -2.750
(-7.72) (-7.72) (-7.72) (-6.50) (-1.30) (-0.63)
Constant 0.747 0.747 0.747 0.748 0.857 0.631
(25.25) (25.25) (25.24) (23.74) (2.47) (0.96)
Fixed Year Year Year Year Year Year
Effect Inv. Inv. Inv. Inv. Inv. Inv.
Observations 554,440 554,440 554,440 516,618 27,112 10,710
Adjusted R? 0.437 0.437 0.437 0.431 0.673 0.831

t statistics in parentheses, standard errors clustered at investor level.

Table C.1.13: Acquisition Effect with Different Investor Sophistication and
Time Gaps. The dependent variable in all six regressions is AS = Brew — Bold-
The main independent variable of interest is D<oy, which is the dummy that takes
value 1 when the total return is negative, Il < 0. The entire sample corresponds
to the ‘larger sample’ described in data section where the date between the selling
of old stock and buying of the new stock, defined as the date gap, is allowed to be
up to one year, 250 trading days. The first three regressions identify variation in
the acquisition effect based on ‘sophistication’ of investors. The dummy variables
Duyit, Daiy and Dy, corresponds to one if the individual is determined to have higher
observable wealth, more diversified portfolio or the individual is a more frequent
trader. Larger wealth, more diversified portfolio and higher frequency of trade are
assumed to be proxies of investor sophistication. The sophistication dummy variable
is interacted with the profit dummy Doy X D, to estimate the effect difference.
In the last three regressions, the sample is split into three groups. The first sample
is where data gap with within one quarter or 60 trading days. The second sample
is where the date gap is between one and two quarters, and the third split is for
one is more than two quarters. The date gap being the time between the old stock
being sold and the new stock being bought. The control variables include beta and
volatility of the old stock and difference in idiosyncratic volatility between new and
old stock. The fixed effects include individual-level fixed effect and year fixed effect.
The values in parenthesis are t-statistics, and all standard errors are estimated after
clustering at the investor level.
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Group ‘ Obs. Prob. Bench. Prob Diff

all 0.58 0.09 0.48
(0.0003) (0.00005) (0.00029)

Stock 0.4 0.11 0.29
(0.00172) (0.00074) (0.00177)

Ind. 0.45 0.06 0.38
(0.00057) (0.00006) (0.00057)

Ind. & Stock 0.51 0.09 0.42
(0.0004) (0.00005) (0.0004)

standard error in parentheses.

Table C.1.14: Comparing Observed & Benchmark Probabilities. Each buy
observation in the Finnish data has two additional measures. First is a dummy vari-
able X that indicates whether the stock bought is among the familiarity set of the
individual at that time. The second measure is a benchmark probability P that a ran-
dom stock bought would mechanically be part of the familiarity set. The benchmark
probability is computed such that the probability of choosing any stock is propor-
tional to the trading volume of that stock on that day. The average of the dummy
variable is thus the observed probability and the average of the benchmark. Under
the null, the dummy X is an outcome of a Bernoulli distribution with probability
P. T present the average X, the average P and the average X — P. The first row
corresponds to average taken over the entire sample. For the second row, the three
averages are calculated first for each stock and then averaged over all stocks. This
gives each stock equal weight and ensures that the result is not driven by a single
stock that trades the most. The third row similarly is averaged for individuals first
and the final row is averaged first for each combination to individual and stock.
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Cross-Sec Stdv
All Stocks Fam. Sets Diff

0.40 0.35 -0.05
(0.0015)  (0.002)  (0.0015)

standard error in parentheses.

Table C.1.15: Cross-Sectional Dispersion of Betas. Betas are estimated from
backward looking daily returns of past one year for each Finnish stock. Each day
the cross-sectional standard deviation of beta is estimated from all stocks traded that
day. The average of all these standard deviations is presented as the first value. Each
day, a familiarity set can be constructed for each individual in the Finnish transaction
sample. The cross-sectional standard deviation of stocks within each familiarity set is
estimated. This estimates when averaged across all individuals on a particular date
should ideally provide an unbiased estimate of the cross sectional standard deviation
of all available stocks. Time series average of the cross sectional standard deviation
measured within familiarity sets is presented as the second value. The third value is
the average of the difference of the two measures at each date. The standard errors
are presented in parenthesis.
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AB ) (2) 3) (4) (5) (6)

Drico 0.0576  0.0494  0.0431  0.0351  0.0117  0.0244
(12.45)  (13.55)  (11.36)  (9.67) (3.58) (7.08)
Djam 0.001  0.002 0.002 0.002 0.002 0.002

(0.41)  (0.49) (0.49) (0.51) (0.49) (0.50)

Dfam X Drico | 0.0139  0.00707  0.00746  0.00866  0.000693 0.000972
(2.93)  (1.54) (1.64) (1.95) (0.18) (0.24)

Botd -0.519 -0.559 -0.686 -0.743 -0.789
(-108.44) (-114.44) (-148.51) (-235.68) (-186.63)

Oold 3.929 3.306 -0.691 -1.847
(12.22) (10.85) (-3.25) (-6.66)

AIVOL 2.175 1.967 -0.251 -0.868
(8.55) (8.16) (-1.15) (-3.75)

Constant -0.0617 0.339 0.263 0.390 0.583 0.710
(-17.77)  (59.96) (31.85) (47.87) (79.54) (16.70)

Fx. Eff. Inv. Year Inv.
Year

Observations | 488,472 488,472 488,472 488,472 488,472 488,472
Adjusted R? 0.015 0.269 0.276 0.380 0.444 0.454

t statistics in parentheses, standard errors clustered by date of new stock bought

Table C.1.16: Checking Interaction of Familiarity with Acquisition Effect.
The dependent variable in all six regressions in this table is change in beta. The
set of covariates are standard from the previous regressions except for the indicator
representing familiarity and its interaction with the negative return dummy. The
familiarity indicatorDy,,, takes the value of one when the stock bought is familiar ti
the investor and is zero otherwise.
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Stdv.  Sharpe
Ratio

market
return

All 1,063 0.785%  (0.167%) 5.427%  0.501

# rBAB  (std. err.)

-ve 407 -1.553%  (0.215%) 4.344% -1.238

-ve™! 407 0.070%  (0.251%) 5.062%  0.048

tve | 656 2.235%  (0.216%) 5.527%  1.400

Table C.1.17: Monthly Adjusted Betting Against Beta. Returns on the betting
against beta strategy for different market return months. The first column indicated
what the sign of market return was. —wvet! implies that the previous month was a
negative market return month. The second column represents the number of months
in the time series sample. In the third column, 7BAB is the time series average of the
monthly betting against return. The fourth and the fifth column lists the standard
error and the standard deviation of the monthly average return. The last column is
the Sharpe ratio which is annualized.
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Port.No. | Intercept Mkt.Ret. Lag(Mret) lag(Ret)
0 0.0024 0.0335 0.0375 -0.0244
(0.0001)  (0.0142) (0.0158)  (0.0132)

1 0.0012 0.1496 0.0272 0.0891
(0.0001)  (0.0095)  (0.0107)  (0.0137)

9 0.001 0.2353 0.0348 0.0372
(0) (0.0076)  (0.0088)  (0.0131)

3 0.0009 0.299 0.0016 0.0956
(0) (0.0073)  (0.0088)  (0.0128)

4 0.0009 0.3679 -0.0256 0.0856
(0) (0.0067)  (0.0088)  (0.0127)

5 0.0008 0.4356 -0.0293 0.0861
(0) (0.0065) (0.009)  (0.0129)

6 0.0007 0.4927 0.0027 0.0369
(0) (0.0067) (0.0096)  (0.0127)

7 0.0007 0.58 -0.0295 0.077
(0) (0.0063)  (0.0101)  (0.0129)

8 0.0008 0.6406 -0.0122 0.0168
(0) (0.0063)  (0.0108)  (0.0129)

9 0.0006 0.7046 -0.0362 0.0756
(0) (0.0064)  (0.0115)  (0.0131)

10 0.0006 0.7664 -0.0459 0.0655
(0) (0.0064)  (0.0124)  (0.0133)

11 0.0006 0.8425 -0.0475 0.0498
(0) (0.0064)  (0.0131)  (0.0133)

12 0.0004 0.9023 -0.0594 0.074
(0) (0.0068) (0.0144)  (0.0135)

13 0.0003 0.9725 -0.0267 0.0355
(0) (0.0067)  (0.0152)  (0.0134)

14 0.0003 1.0534 -0.0266 0.0384
(0) (0.0064)  (0.0157) (0.013)

15 0.0001 1.1603 -0.0386 0.0555
(0) (0.0064)  (0.0169) (0.013)

16 -0.0001 1.2678 -0.0308 0.042
(0) (0.0072)  (0.0183)  (0.0128)

17 0 1.4125 -0.0433 0.0243
(0) (0.008) (0.0202)  (0.0127)

18 -0.0005 1.6093 -0.0579 0.0425
(0.0001)  (0.0103)  (0.0237)  (0.0125)

19 -0.0009 1.9305 -0.1387 0.0919
(0.0001)  (0.0152) (0.0301)  (0.0128)

Standard Error statistics in parentheses.

Table C.1.18: Regression of Portfolio Returns on Lagged (Positive) Market
Return. Twenty beta sorted portfolios are created with daily adjustment. Beta being
calculated from backward looking daily return of past one year. The daily return of
each beta sorted portfolio is regressed on the contemporaneous market return, the
lagged market return and the lagged return of the portfolio. The first column in the
table represents the portfolio number. Portfolio 0 being the lowest beta portfolio and
Portfolio 19 being the highest beta portfolio. A regression is run corresponding to each
portfolio and the results are presented in rows. The first column is the intercept the
second is the coefficient corresponding to the market return, which closely resembles
the beta and is increasing in the portfolio number. The third column is the coefficient
corresponding to market return. The final column has the autogression coefficient.

Standard Errors are presented below each estimate.
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Port.No. | Intercept Mkt.Ret. Lag(Mret) lag(Ret)
0 0.001 0.0307 0.1545 -0.0022
(0.0001)  (0.0139)  (0.0177)  (0.015)

1 0.0005 0.1614 0.1072 0.0586
(0.0001)  (0.0091)  (0.0121)  (0.0145)

9 0.0004 0.2633 0.0783 0.1052
(0) (0.0078) (0.011) (0.015)

3 0.0003 0.3273 0.0396 0.1016
(0) (0.0076)  (0.0114)  (0.0155)

4 0.0001 0.405 -0.0045 0.096
(0) (0.007) (0.0113)  (0.0157)

5 0.0001 0.4507 0.0132 0.0625
(0) (0.0067)  (0.0115)  (0.0155)

6 0.0001 0.5248 -0.0103 0.0754
(0) (0.0069)  (0.0124)  (0.0159)

7 0.0001 0.5887 -0.0272 0.069
(0) (0.0064)  (0.0128)  (0.0156)

8 0.0001 0.6498 -0.024 0.0524
(0) (0.0066)  (0.0137)  (0.0157)

9 0.0002 0.7184 -0.0232 0.0585
(0) (0.0065)  (0.0143)  (0.0154)

10 0.0001 0.7715 -0.0101 0.0327
(0) (0.0064)  (0.0146)  (0.0152)

11 0.0001 0.8265 -0.037 0.048
(0) (0.0065)  (0.0155)  (0.0152)

19 0.0001 0.9245 -0.0696 0.0798
(0) (0.0065)  (0.0164)  (0.015)

13 0.0001 0.972 -0.0585 0.0577
(0) (0.0065)  (0.0169)  (0.0151)

14 0 1.0707 -0.0964 0.0576
(0) (0.0065)  (0.0184)  (0.0155)

15 0.0002 1.1738 -0.0875 0.0509
(0) (0.0067)  (0.0199)  (0.0156)

16 0.0003 1.281 -0.1632 0.0846
(0) (0.0071)  (0.0218)  (0.0158)

17 0.0004 1.4138 -0.1268 0.0587
(0) (0.0082)  (0.0243)  (0.0159)

18 0.0006 1.6199 -0.149 0.0391
(0.0001)  (0.0105)  (0.0281)  (0.0161)

19 0.0012 1.9344 -0.2236 0.0643
(0.0001)  (0.0149)  (0.0345)  (0.0158)

Standard Error statistics in parentheses.

Table C.1.19: Regression of Portfolio Returns on Lagged (Negative) Market
Return. Twenty beta sorted portfolios are created with daily adjustment. Beta
being calculated from backward looking daily return of past one year. The daily
return of each beta sorted portfolio is regressed on the contemporaneous market
return, the lagged market return and the lagged return of the portfolio. The first
column in the table represents the portfolio number. Portfolio 0 being the lowest
beta portfolio and Portfolio 19 being the highest beta portfolio. The first column
is the intercept the second is the coefficient corresponding to the market return,
which closely resembles the beta and is increasing in the portfolio number. The
third column is the coefficient corresponding to market return. The final column
has the autogression coefficient. Standard Errors are presented below each estimate.
The results are presented for regression run for the CRSP sample between 1965-2016
where the lagged value weighted market return was negative.
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C.2 Figures
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Figure C.2.1: Difference in Beta of Old Stock and the New Stock vs. Real-
ized Return in Percentages. The vertical axis is the difference in Beta computed
as AP = Brew — Boig- The horizontal axis is the realized profit from the buy-sell trans-
action in percentages. The solid line represents the moving average line through fifty

nonparametric estimates of Af while the dotted lines are 2 standard error confidence
intervals.
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Figure C.2.2: Difference in Beta of New Stock and the Old Stock vs. Real-
ized Return in Dollar Amounts. The vertical axis is the average of the difference
in Beta AB for each bin, where Af = Bhew — Boa. The horizontal axis is the real-
ized profit from the buy-sell transaction in dollar amounts. The solid line represents

the moving average line through fifty estimates of AS while the dotted lines are two
standard error confidence intervals.
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Figure C.2.3: Difference in Beta (Less Frq. Traders) vs. Realized Return
in Dollar Amounts. Ap plotted against dollar profits for individual traders who

trade relatively less frequently. The entire sample of individual traders is split into
two groups of higher and lower frequency traders.
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Figure C.2.4: Difference in Beta (More Frq. Traders) vs. Realized Return
in Dollar Amounts. Exactly same as previous graph now for individual investors
who trade more frequently.
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(b) Difference in volatility, Ac and difference in idiosyncratic volatility, AIVOL

Figure C.2.5: Difference in 3, ¢ and IVOL vs Holding Period Profit. The
x-axis in both the figures represent holding period profit of the old stock, II. The
graphs are plotted for profit range Pi € [—20%,20%)]. Fig. C.2.5a represents the non
parametric kernel regression estimate of the function f : IT € [—20%, 20%] — AfS € R
where AB = Bhew — Bog- In Fig. C.2.5b similar non parametric kernel estimates are
plotted for the change in volatility Ao (blue dashed line) and change in idiosyncratic
volatility AIVOL (red solid line).
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Figure C.2.6: Difference in Acquisition Effect for Different Expertise Levels.
The red and the blue lines represents the low and high expertise investors respectively.
Expertise here being measured by how frequently an individual trades, more frequent
is assumed to be signal of higher expertise. The shaded area around the lines represent
bootstrapped confidence intervals.
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(b) Difference in idiosyncratic volatility, AIVOL as the main dependent variable.

Figure C.2.7: Plot of Regression Estimates. Semi percentiles of the holding
period return is estimated and fifty dummy varies are assigned, one to each bin.
The top figure, Fig. (C.2.7a) represents the coefficient plot corresponding to the
regression where AS = Bew — Bog 18 the dependent variable. Similarly, the bottom
plot, Fig (C.2.7b) corresponds to AIVOL. Year and individual level fixed effects are
included in the regressions. The volatility of the old stock and any linear trend is
controlled for. Additionally for regression corresponding to A3, AIVOL is controlled
for and vice versa. The dots in the figures are coefficient estimates corresponding to
forty nine of the fifty dummy variables plotted against the median return of each
semi percentile.The solid blue line is a smoothed moving average plot through the
coefficient estimates and the dashed lines correspond to 95% confidence interval.
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Figure C.2.8: Old Beta & New Beta vs. Holding Period Return. The beta of
the stock sold and the beta of the stock bought are plotted against the holding period
return of the stock sold. The red dots represent the average old beta for a particular
bin of holding period return. The blue dots represent average beta of the new stock
for each bin of the holding period return. The solid lines are smoothed moving average
plots which are a weighted average of neighborhood points. It weights two points on
each side of the bin concerned; so five points in all with weights 0.1, 0.2, 0.4, 0.2 and
0.1 with the maximum weight given to the central point. The vertical axis is the beta
of stocks measured from past one year daily returns, and the horizontal axis is the
holding period return in percentages.
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Figure C.2.9: Beta Difference Across Different Initial Beta Holdings. The
three plots in this graph corresponds to three different levels of beta for the initial
stock. The top plot is for low initial beta stock, the middle one is for medium initial
beta and the bottom one is for high initial beta stocks. The vertical axis is AS and

horizontal axis is return in percentages.
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Figure C.2.10: Prospect Theory Utility Function A utility function, V(W —
W,er), consistent with the prospect theory (Kahneman and Tversky (1979)) can be
defined as V(W —=W,ep) = (W —=W,ep)* for W > W,y and V(W —=W,ep) = =X (—(W —
Wiep))® for W < W,.p. W is the wealth from which utility is to be gained while W,
is the reference wealth. « is the curvature parameter which takes positive values
less than one. So the function is concave in the positive domain and convex in the
negative domain. A is the loss aversion parameter which takes positive and greater
than one value. Loss aversion implies that a loss hurts much more than a gain of
similar magnitude provides utility. The graph is plotted for wealth W € [80,120]
with reference wealth W, = 100; parameter values used for this figure are o = 0.78
and A = 2.25. The curvature parameter is set different than that calibrated in Twersky
and Kahneman (1992) to accentuate the shape which otherwise looks quite flat.
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Figure C.2.11: Cross Section of Market Return and the 2-Factor Model I use
the top 1000 stocks by market capital from CRSP from 1965-2016 and sort them into
twenty beta sorted groups every month. Beta’s are computed on a rolling basis using
monthly returns of past thirty-six months, not including the current month. Twenty
corresponding portfolios are formed weighing stocks within each group according to
their market capital. The monthly return of the twenty portfolios are plotted against
the beta of the portfolios in blue dots. The expected stock return according to the
CAPM is plotted in green. The expected returns according to a calibrated 2-factor
model is plotted as red dots.
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Figure C.2.12: Percentage of Sell Transaction with Following Trade vs. Day
of following Trade. The number of days are counted as the number of trading
days from the ‘sell’ transaction of the buy-sell pair in the data. The zero-day on the
horizontal axis represents the number of sell-transactions that had another a buy or a
sell by the same account holder, in a different stock on the same date. So 46% of the
sell-transactions in the data had another sell-transaction on the same date, and 37%
had a buy transaction. The rest of the numbers represent the number of trading days
after which the same account holder made her first transaction after the initial sell.
For example, 34.72% of all sell-transactions are followed by a sell-transaction on the
next day while a buy-transaction follows 36.24%. Similarly, 9% of all sell transactions
saw the next transaction two days later, and it was a sell, while 9.89% saw the next
transaction as a buy, two days later. For this graph, I consider followup transaction
up to a month(21 days). If a sell-transaction does not have a follow-up transaction
within a month, it is grouped as > 21. From day 1 to day 21 and the > 21 sums
up to 100% for both buy and sell transaction. Also of all the sell-transactions in the
data, 77.75% have at least one following sell transaction within 1 and 21 days while
78.96% have at least one buy.

103



Aggregated - Segregated Utility

S eSS Sy
e
e e e
oSS
S i S e
e
S S S S S SO SO SN N
< e

100 105

95
WO, (Wref=100)

90

85

80

Figure C.2.13: Utility Difference Plotted Against Beta and Current Wealth.
(AU = Uagg — Usey vs. f x Wp). The utility difference, Uggy — Usey = [0E(V (W7 —
Wee )=V (Wo — Wiep) + SE(V (W1 — Wy))], depends on future wealth W, = Wy (1+
Ry), current wealth Wy and reference wealth W,.s. I assume the time period to be
monthly and thus assume away the time discount of utility, 0 = 1. The reference
wealth is fixed at hundred, W,.; = 100. Stock is picked from a continuum consistent
with CAPM: Ry — Ry = B(R,, — Ry) + €. The market return and the idiosyncratic
error both follow normal distributions, R,, ~ N(u,02,), € ~ N(0,02). Parameters,
p = 087%, Ry = 0.3%, 0, = 4.4% and o, = 9% are calibrated using monthly
US stock data from CRSP between 1960 and 2015. Surface plots are generated for
current wealth from 80 to 100, which implies a profit range of +20%. Beta is allowed
in range 5 € [—0.5,5]. The points in the surface with Z-axis value above zero implies
Uagg > Useq, and thus aggregated mental account utility is more profitable than the
segregated counterpart.
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Figure C.2.14: Expected Utility plotted against Choice of Beta and Current
Wealth. One period ahead expected utility E(V (W} — W,.r)) depends on future
wealth W7 due to optimally chosen beta 3, reference wealth W,.; = 100 standardized
to one hundred and current wealth W, . The red locus along the surface represents
the future expected wealth due to optimally S for a given current wealth W,. Plots
are generated for current wealth from 80 to 100, keeping the reference wealth at 100,
which implies a profit range of £20%. Beta is allowed in range 8 € [—0.5, 5].
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Figure C.2.15: Trading Volume in US Brokerage Transaction Data. The y-axis represents the average number of sell
transactions per day in the US brokerage data. The days are split into positive and negative market return days. Within
the market return each sell transaction is categorized according to Fig. (C.2.15a) corresponds to the sell volumes being split
according to value weighted market return, while Fig. (C.2.15b) corresponds to the market return being measured as equal
weighted.
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Figure C.2.16: Regression Coeff. for Lagged (Positive) Market Return
Twenty beta sorted portfolios are created with daily adjustment. The betas are com-
puted from backward looking returns (past one year daily returns or past three years
monthly) from 1965-2016 in the CRSP database. Each portfolio return is regressed
with the value weighted contemporaneous market return, lagged market return and
lagged return of the portfolio. The coefficient of interest is the one corresponding
to lagged market return. I plot the regression coefficients corresponding to twenty
regressions run on each portfolio and plot it against the value weighted mean beta of
each portfolio. This graph corresponds to the estimate where the sample was selected
where lagged market return was positive. The upper figure is for daily data, the lower

figure is for monthly data.
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Figure C.2.17: Regression Coeff. for Lagged (Negative) Market Return
Twenty beta sorted portfolios are created with daily adjustment. The betas are com-
puted from backward looking returns (past one year daily returns or past three years
monthly) from 1965-2016 in the CRSP database. Each portfolio return is regressed
with the value weighted contemporaneous market return, lagged market return and
lagged return of the portfolio. The coefficient of interest is the one corresponding
to lagged market return. I plot the regression coefficients corresponding to twenty
regressions run on each portfolio and plot it against the value weighted mean beta of
each portfolio. This graph corresponds to the estimate where the sample was selected
where lagged market return was negative. The upper figure is for daily data, the

lower figure is for monthly data.
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