INVESTMENT FINANCE V

LECTURE 4
Market Efficiency
Essentially all market efficiency tests focus on the speed with which stock prices adjust to

new information.

Nobody claims that the information itself is worthless. But once it is publicly available, it is

already reflected in the stock price and no ordinary investor can profit from it.

The alternative definitions of market efficiency relate to the type of information that is

regarded as relevant and reflected in the current stock price.

Weak-form Efficiency
All the information regarding past price movements is reflected in the stock price. No amount

of charts or analysis based solely on past prices can help to obtain normal profit).

Semi-strong-form Efficiency
All publicly available information is reflected in the stock price. (One cannot make an
abnormal profit by looking at any of the publicly available information, such as stock price

movements, volume of trade, volume of short sales, the firm's income statements, etc.).

Strong-form Efficiency
All information, including non-public information, is reflected in the stock price. (The three
definitions of marked efficiency are due to Harry Roberts "Statistical versus clinical

prediction of the stock market", unpublished paper, Chicago 1967.
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Weak-form Efficiency and the Random Walk
The first to apply the notion of a random walk to security price movements was L. Bachelier,

"Théorie de la Spéculation”, Paris, Gauthier-Villars 1900.

Market Efficiency
In 1953, Maurice Kendall presented a paper to a meeting of the Royal Statistical Society in
London which dealt with the price behaviour of Stocks and Commodities. The purpose of the

paper was to analyse price cycles but Kendall couldn't find any.

M G Kendall, "The Analysis of Economic Time Series, Part 1, Prices", Part 1, Prices",
Journal of the Royal Statistical Society (1953). Each series was just like a set of prices drawn

from a table of random numbers, hence the name "random walk".

The random walk approach to security markets asserts that the period-to-period price changes
of a security are statistically independent, or very nearly so. If this hypothesis holds, the price

movements of securities will follow what statisticians call a "random walk".

Random Walk theorists usually take as their starting point the model of a perfect securities
market with a large number of competing investors. If current information relevant to security
pricing is available at little or no cost, then at any given point in time stock prices should
reflect the market's evaluation of currently available information. Price changes would be a
function of new information which would occur in a randomly unpredictable fashion. Price

movements in such a perfect market would be statistically independent of one another.

The analysis of current or past prices would tell us nothing about the future. Prices cannot tell
us anything about the future. Prices cannot be forecast on the basis of a historical time series

of price movements. Stock prices have no memory.
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If the random walk hypothesis is empirically confirmed, we may assert that the stock market

is weak form efficient.

DEA/Investment Finance VLECTURE4.Doc/3 Lecture 4
16/08/2010



Market Efficiency

E F Fama "The Behaviour of Stock Market Prices", The Journal of Business (1965).

"In statistical terms, the theory (random walk) says that successive price changes are

independent, identically distributed random variables".

The theory of random walks in stock prices is based on two hypotheses:

1. Successive price changes in an individual security are independent.

2. The price changes conform to some probability distribution.

Does this mean that on average stock price changes have a zero mean? Not necessarily,

Martingale, and sub martingale.

Various models have been used in the literature - *See Fama's classification.

Since investors are risk averse and stocks are risky, we would expect to find a positive mean
change in stock prices. For example, suppose you invest $100 in a stock. Flip a coin to win.
If a head comes up you lose 1% and if tail shows, you gain 5%. If you gamble only once your
average return is:

1/2 x $99 + 1/2 x $105 = $102
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Random Walk with Positive Drift (two-period case)

1/4%$110.25

15%$105

14$103.95

ki \
14%$98.01

Suppose you gamble again, say invest for another week. The expected terminal value is

1/4 x 98.01 + 1/4 x 103.95 + 1/4 x 103.95 + 1/4 x 110.25 = $104.04

Price changes are independent in each period - there is an equal probability of a rise or fall.
But on average, we earn 2% if we invest for one week and 4.04% if we invest for two weeks.
We have a random walk with "positive drift". In our example, the drift is equal to 2%, which

implies that on average the investment terminal value increases every period by 2%.

Tests of Weak-form Efficiency
The random walk hypothesis is usually tested by looking for association between stock price

changes on consecutive days. The tests fall into two broad groups:

Parametric tests (i.e., regression analysis)

Non-Parametric tests (i.e., runs tests)
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(a) Regression Analysis
The simplest way to test the random walk theory is by calculating the stock price
change APt for everyday t, and then regressing today's price change AP+ on yesterday's
price change APt-1.
APt =a+b APt-1

Such regressions may produce one of the three general patterns shown in the diagram.
The intercept term a measures the expected price change, unrelated to previous price

changes. This is the "positive drift" of the random walk process.

If prices behave like the first two diagrams, then past price changes are important and

trading rules developed on the form of past pale data may have economic worth.

However, if prices conform to the last diagram, this is consistent with random walk
theory, as future price changes are independent of past price changes. Most empirical

studies have found that the last diagram tends to be the best description of the data.

Tests of Weak-form Efficiency
Fama (1965) found that the correlation between APt and APt-1 is very low and in most

cases is not significant different from zero. The table gives details of Fama's results. *
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PABLE 3

Sample Autocorrelations of Daily Raturn on the Dow-Jones Industrials for Lagsr=, 2., 70
LAG i)
STOCK 1 2 3 4 5 3 7 8 9 10 T
Allied Chemical ;M7 -.042 007 =001 027 004 -017 =026 -.017 -.007 1223
Alcoa RAL:N 03|\ -014 022 =022 009 017 007 -0 =033 1180
American Can - 087" -.024 034  -085° -.017 -006 015 025 =-.047 -.040 1219
ATET -038 ~-.097* .000 026 005 -.005 002 027 -4 007 1719
American Tobacco 11 -109*  -060* -.065° .007 -.010 011 048 039 041 1283
Anaconda 067° -061° -047 -.002 000 -.038 002 016 -.014 -056 1193
Bethicham Stesl 013 -.085° 009 o1 =053 -088° -010 004 -002 -p021 1200
Chrysler 012 -086° -016 ~-.007 =.015 003 037 056" -.044 021 1682
Du Pont 013 -.033 060 027 -.002 -.047 020 011 -034 001 1243
Eastman Kodak 025 o4 -o031 005 =-.022 o2 007 008 2008 002 1238
General Electric 011 -038 -0 031 -.00 000 =008 .04 -.002 010 1693
General Foods 061* -.003 045 002 -015 -052 -006 -014 -024 -017 1408
General Motors 004 -056° -037 -008 -.038 -.006 019 006 -016 009 1446
Goodyear =123 017 -044 043 -002 -003 035 004 -015 007 1182
International Harvester =017 =028 -.031 037 -.052 -021 -001 002 -046 ~016 1200
International Nickel 096° -.033 -.019 020 027 059 -038 -008 -.016 034 1243
International Paper D46 -011  -058" 053" 049 -003 -026 -.019 -003 -.021 1447
Johns Manvilie 006 -.038 -027 ~-023 -029 -080° .40 .08 -.037 029 1205
Owens lilinois -021  -.084" -.047 068* 086" -.040 011 -.040 0B7* -.043 1237
Procter and Gamble 099° =009 -.008 008 -.015 02 012 -012 -022 -0 1447
Sears 097* 026 028 025 005 -054 =-006 -010 -008 -.008 1236
Standard Oil (Calif.) 025 -030 -051" -025 -.047 -.034 -010 072" -049° -035 1633
Standard Oil (N. J.) 008  -.116° 016 014 -047 -018 -022 -.026 -.073° 081° 1156
Swift and Co. -0 -01s -.010 012 057 012 -043 014 012 001 1446
Texaco 094" -049 -024 -018 =017 =009 031 032 -.013 008 1158
Union Carbide 07 -.012 040 046 -.036 -.034 003 -.008 -.054 -037 1118
United Aircraft D4 =033 -022 -.047 -.067" ~-.053 .45 037 015 —.019 1200
U5, Steel 040 -074° 014 011 -012 =02 041 037 -.021 -044 1200
Westinghouse =027 -022 -036 -.003 000  -054° -020 ;M3 014 D08 1448
Woolwarih 028 -018 015 014 007 -.039 013 003 -.088" -.008 1445

- . -
) Sample autocorrelation is at least two standard deviations to the left or to the right of its expected value under the hypothe-
sis that the true autocorrelation is zero.

e uoans F. Esma. "The Behevior of Stock Market Prices " Jowrnal &f B = 38 {Januarye 1QE5). 79

— ——— -

THOLE §.2
Avrocorreiations of Monthly Rerurns on the DoweJones sy
far duly 1963-June 196R

COMP AN Ry, Riga) PR Ripg) iR Rjgal
Adled Chemical m7 -6 144
Abooa = Ao ATE 472
Ameracan Can - DE1 003 A62
ATET =117 L) A7
Amarican Tobaceo a8z - 058 158
Anasonos =087 - A7 J66
Birth b Seed 034 = el R L]
Chirgilar 207 =020 -3
D Posnn - 076 =023 st
Essrman Kok 08 ~A76 it
Ganaral Electric -z -0l = S
Garersl Foods -001 =023 are
General Motors -8 - &0 354
Goodyear —.034 -1t -4
Incernationnl Hammster =050 236 40
Intarnatsonal Mizkgl =198 -3 -05R
Incarnatsomal Papss = 0 - 367" -]
Jokims Mamwilla (a1 -.1z8 -3
Cwani Ilinn Rk 176 =.2BR"
Pristtir gnd Gamble =183 k] - 077
Forars -A06 - 020 263
Stancard Oil (Calif.) -1 k] 207
Standard Oil (M. J.} — .02 a3z 242
Swift and Ca. Halil 0os -0
Texaco Oné =148 004
Union Carbide —.00 ez a7
Urined &ircratt =143 136 1]
L5, Smaal =113 023 AET
Weitinghouss o] - 008 - 54
Woalwmorth ora ez L
Aunrages - .04 =06 0EE

*Sample autooornelathan i at last teo standard deviations 1o The left or
1o the right of s axpecied valus under The ypoihesis that 1he frue aubos

correlation if paro
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For the one day lag regression, Fama obtains that 22 out of 30 correlation co-efficient are
positive, and 9 out of the 22 positive numbers are significantly different form 0.
However, from an economic point of view, the magnitudes are very small. On
average, for all 30 stocks, less than 1% of the variation in stock price changes in

period 1 can be explained by stock price changes in period t-1.

(b) Runs Tests

Regression analysis may be distributed by the presence of outliers. This bias can be
avoided by the use of the non-parametric runs test which takes into account only the

signs of APt-1 and APt and not their magnitude.

Denote a price increase APt>0 by "+" and a price decrease by "-". Check the daily
price changes and construct a series of "+" and "-" which describes the past behaviour,

e.g., suppose that one observed the following prices on consecutive days:

Stock price $100 $101 $95  $94 $93 $120

Stock price change +1 -6 -1 -1 +27

Thus, we have the following series of price change signs:

+ - - - -+

Tests of Weak-form Efficiency

In the above example, we have three runs. If stock prices are positively associated, we would

"nn

expect to have long runs of "+" and long runs of negative signs. Thus, any series of
observations would be expected to break into a few long runs if stock prices are negatively

associated, we would expect to find + - + -, i.e., many reversals - thus we will have many
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short runs. If, in fact, price changes are independent, we can calculate the expected number of

runs for any given observations from a standard statistical formula.

a a 2 e
;ﬂf[gﬂg‘l"Nl:."l'-l-l:']-?ﬂrgﬂf—'ﬂ” (14)

N(N-—1) !

Tn =

TABLE 12

TOTAL ACTUAL AND EXPECTED NUMBERS OF RUNS FOR ONE-, FOUR-,
NINE-, AND SIXTEEN-DAY DIFFERENCING INTERVALS

DALY Fars-Day Hye-Day Smcrees-Day
STOCK
Actual | Expacted | Actual | Expected | Actual | Expecied | Actesl | Expected

Allied Chemieal, .. ........| @683 13 .4 160 162.1 71 1.3 I KL N
AMOR. .o icranrnnarinreai| G 650, ¥ 151 135.7 il 6.9 41 300
Amerlean Can. . o.oooea..| T30 755.5 1a 172.4 71 73.2 48 43.9
RTLBT, ey viiiaaiy 637 G848 4 165 155.9 G T0.3 34 ar.1
American 'Iuha.l:r:n ......... 700 T47 .4 178 172.5 i 1.9 i1 40,4
Anaconda. ceee.| 638 G801 | 166 160.4 G a6, 0 6 37.%
Bet!‘lkhcm !‘.11.1:|:l Lol TR T19.7 163 159.3 & 1.8 41 42,2
Chryaler. .. ..covvvwnann..| -3 0321 223 2.6 100 Q6.9 34 33.a
D Pont. ... .| 672 o, 7 | 100 1619 T8 71.8 43 in.4
Fastran Eadak . . G578 G790 154 1601 i) 0.1 43 40,3
General Electric. . ... D18 053G, 3 215 2147 101 a6.9 L1 51.%
{innnf;l}‘m............ T4 825.1 185 191 .4 Bl 758 a3 40.5
General Motors, . R I EoR. 3 | 202 205.2 B3 858 44 46. 8
Goodyear. : ...| 681 6r2.0 | 131 157.6 ] 65.12 3 36,3
InLq:rna.lluna.] Harveater....| 70 713.2 159 14,2 B4 126 40 37,8
Intemational Nideel . ., .. .. T T12.6 163 16 ] i0.5 3 3.6
International Paper........| 762 826.0 | 190 193.9 Bl 82,8 51 4.9
%ﬂ-]‘unluiamillc et wwawea| OBE G99 1 173 160.0 64 a9 .4 K 40.4
wens Ilbnods. ... ........ 713 T43.3 171 168 6 G FE T 15 39.2
Procter & Gamble. ... ..., 326 b 150 1.6 1] 1.2 40 41,9
Sears. B L ) T48.1 167 172 & ] 0.6 4 348
Sl:and.i:ﬂi I'_'h] E{.nhf} veo| 972 0700 | 237 28 4 o7 98. 6 S 543
Eiand:rdﬂ:l] N]] R T4 O 159 1302 Gl 68,7 0 ﬂz.ﬂ-
Swift & Co.. veaee.| BTR BT7.6 | 204 197.2 B3 H3. 8 50 a7k
Texaca. . i R e i 6542 143 155.2 37 634 it 35,0
Union Carbide. - s a05 Gl b %%2 iﬁi ?; E ; ig iﬁ? 15

United Aircraft . . : GGl 6993 ] 161. : :
7.5, E-tn-l:].......,_...._.. 651 G62.0 162 158.3 fé 0.3 37 41.2
Weatinghowse. . .. .........[ 320 825.5 ) 198 193.3 87 E4.4 41 45 &
Woalworth. . _....oooeoaa. ]| 847 RS 4 193 1958.9 78 B0 48 a7 7
AVETREES . +2vveranra--| J1353.1 750, 8 175,7 175 4 .6 753 41.6 | 41.7

*The table shows Fama's (1965) results.
The actual number of runs is very close to the expected number under the random
walk hypothesis. For the one-day lag, the actual number is slightly less than the

expected number.

Testing Filter Rules
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A popular trading rule based on past prices is the filter rule.

- "If the price of a security moves up at least 7%, buy the security and hold it until its price
moves down at least 7% from the subsequent high, at which time sell the stock and go short;
the short position is maintained until the price rises 7% above the subsequent low, at which
time cover the short position and buy the stock. If the stock price changes by less than 7% up

or down, simply do not make any transactions". Such trading rules are called 7% filters.

Tests of Weak-form Efficiency

. The effectiveness of a filter strategy is compared with a naive buy and hold policy. The
table gives some details of Fama & Blume's (1966) results, E F Fama & M Blume "Filter
Rules and Stock Market Trading", Journal of Business (1966). Only small filters before
transactions costs seemed to provide a higher return, and transactions costs would wipe these

out - filter rules do not provide any excess return.
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TABLE 16

SUMMARY OF FILTER PROFITABILITY IN RELATION TO
NAIYE Buy-aND-HoLp TECHNIGQUE®

Prorrrs ree Fiateadt
Srocx Without With R
Commissions Commissions o g
(¥ (3] [E)]

Allfed Clerndeal. .. .. ... ..., 648, 37 1 =10,280_33 2,205 .00
F i e S L L 3,207 .40 — 3,920 42 — 30500
Ameriean CaN, oo vernrinrnnss — B4 32 — 5, 802 BS 1,387.50
ATET. oo 16,517, 26 4,512 B4 200, (N5 Ok
American Tobaceo. 8,342 61 — 1,467.71 7,205, 00
Anaconds. ... .. —- 18,26 = 7,145 82 86250
Bethlehem Steel. —  BAT. — 6,564 80 631_50
Chrysler. , .. .... . — 054 68 —12 258 61 — 1,500 00
DaPont . ..ovcvnnen i, 50, 21 — 405 35 0,550 _0d
Enstman Kedak. . ............ 6,384 95 — 5,024, 10 11,560, 50
General Electrie. . ............ = 107046 = B,6i0,28 2, 1
General Foods. ... .. _...... 11,3703 2, M6, 8D 11,4200, (0
General Motora. .. ... ... — 1,050 40 = B 440 42 2,025, (00
Goodyear. . ..ovvcvneicennas — 1,241 248 —17,323. 20 2,920,730
International Horvester, ..., .. —  F35.45 — 7444 02 3,045.00
International Nickel, .. ........ §5,231.25 — 3,509.97 5,802, 50
International Paper........... 2,266.82 = 7,9%76.68 — 7810
ohns Maswville, .............. — 1,00 22 = B,368.44 1,462, 50
wens Illioods. ., .............. 12727 — 506003 3,437 .50

Procter & Gamble, . ..... St 12,002 B3 4 50152 &, 550,00
51 1 I g P 4 871,36 HiE. 65 5,195,000
Standard Ofl (Calif.}......._.. - 3 630.79 =21, 055.08 5,326, 50
Standard Ol (N, J.)__ ... _.... — 1,416.48 = i, 208 68 1,350, 0
Swilt B2 Co,. . ...evnricrmrenen —  BIZOT — B, 161.T4 352,50
1B 0 T - LT U A Ll 2 503,98 — 5a2i. 11 O, 3406 50
Uniom Carbide. . ..o vernrenns 3, 564,02 — 1,602 83 1,592 50
United Adrcraft... . .oooiaiinin ~ 1,190, 10 — B, 300 88 562, 50
S Steal ..o iciicianicianaa 1,068, 23 — 5,650,03 AT5.00
Weatinghouse. . ... ........... =  }38.85 =12, 034, 56 745,00
Woalworth, ... ......ccvnvenns 4,190, 78 = I,403 34 3, 225.00

* All figures are compated on the basis of 100 shames, Column (13 & tetal profits sinus total |osses on afl
filters, divided by the number of diffecent filbers tried an the security. Column (2) & fheasme ki codamn (1) except
H:.ul; tastal paoiils a]ﬁ_lmﬁ.n_-} el 1 net of n Cialyssn (3) b last [lrldt ples any dvidends paid
during the pericd, mimas the: initial pricy for (e period,

T The diffecent filters am from 0.3 per cemt 0 § per cent by abeps of 0.5 per cest; from 6 per cent o 10 per
meng Ey;rp;.;-r | per cnk; From 13 per cemt s 30 per cenl by sieps of T per cent; i.nEI. then 25 per cent, 30 per
cend, 40 per cend and 50 per cenl.

Semi-strong-form Efficiency

All public information should be reflected in the stock price. Publicly available information is
so large and heterogeneous that it is impossible to test market efficiency relative to all sources
of information. However, one can test several types of information which are conceived to

have a major effect on stock prices.

Stock Splits
E F Fama, L Fisher, M Jensen and R Roll "The Adjustment of Stock Prices to New

Information". International Economic Review (Feb 1969).

Fama, Fisher, Jensen and Roll tested the impact of stock splits on the excess return of stocks.

For each stock, they ran the regression
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Ri+ = ai + Bi Rmt + eit

where

Ri+ = the return on stock i in month t

Rmt = the return on the market index in month t

o1, Bi = constants

eit = the deviation from the regression line in the month t
DEA/Investment Finance V/LECTURE4.Doc/12 Lecture 4
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Tests of Semi-strong-form Efficiency
They examined the difference between the actual return on the stock in month t and the return
predicted by the model (i.e., the deviation term eit). This difference is defined as the excess

return. Then they calculated the cumulative excess return

over the period from 30 months before the split to 30 months after the split.

*The diagram summarises the results
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Source: Eugene F. Fama, Lawrence Fisher, Michael Jensen, and Richard Roll, "' The
Adjustment of Stock Prices to New Information,” /nternational Economic Review
10(February 1969): 1-21. Reprinted by permission.

The cumulative average excess return stated increasing as early as 30 months before the split,

while after the split it levelled off. The explanation might be that it is the profitable firms

FIGURE 5.3b

Cumulative Average Residuals—All Splits
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who split their stock after it reaches a high price level.

When they divided their samples into two groups, one with firms which increased their cash

dividends after the split and the other with firms that did not, they found that the cumulative

156 20 25 30
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average excess return of the first group continued increasing while for the latter group it

declined. The result seemed consistent with semi-strong-form market efficiency.
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Fama's four models of market equilibrium
(a) Expected Returns are Positive
The first model of market equilibrium simply says that the market sets the price of any
securities in such a way that the market's expected return on the security from time to

time is positive.

- P.—-P._
Rjt = J—Jl (1)
Py

The market always sets Pj,_; so that, given its assessment of the expected price at t,

" Em([)]t etlfl_Pjt—l)
o, )= P >0 @)

Em(Rjt

Market efficiency says that in assessing distributions of future prices, the market has

all available information and uses it correctly.

fm(Pit|6r )= £ (Pitl6.,) 3)

which implies

Em (f’jr

g, )=E(Pjrlg_,) )

Em (Rjr

o )=E(Rjtl6_,) 5)
If the above holds the true, expected return on any security, it is always positive.

E(Rjt|6,.,)>0 (6)
'basis' for filter tests.

(b) Fama's Four Models of Market Equilibrium

Expected Returns Are Constant

The market sets the current price of securities so that, given its assessment of the
o)

expected value of the future price - Em(f’jt
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The model says that E(Rj) is constant through time but different securities can have
different expected returns based on differences in risk.

This implies

E(Rjt|6,,) = Em(Rjt

0" )=E(Rj) (8)

The above implies that for all 6_,E (ﬁjt|d_l) , the regression function of ﬁjt on 0,

is the constant E (ﬁj) . The usual way of testing the model is

E(Rjt|Rj._,)=0r+VzRj,_, 9)

where Y7 is the autoregression or autocorrelative Co-efficient for lag .
The prediction is that autocorrelation of the returns on any security is zero for all

values of the lag 7.

(c) Fama's Four Models of Market Equilibrium

The basic assumption is that the joint distribution of security returns of
f(R,....R,

Hr_l) is multivariate normal. This implies that the market model holds
E(Rjt|6,.,.Rmt)=a, + B, Rmt (10)

The market's assessment implies market model equations, which are

Em(Rjt|0m,_,,Rmt)=a" + B Rmt (11)
m(léjt, Iémt) - ~
B” =Cov2(—R), and a" = Em(Rjt|6, ) - B} Em(Rmt 6", (12)
(o} mt
Rjt =" + BI'"Rmt +&f (13)
Em(E} |6, Rmt)=0.0 (14)
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The above is the basis for the 'event' studies.

The fourth approach is to assume that returns conform to a risk-return
relationship

These tests use variants of the CAPM as their basis.

DEA/Investment Finance VLECTURE4.Doc/18 Lecture 4
16/08/2010



Efficient Capital Markets: 11

E F Fama - Journal of Finance, Dec. 1991

Takes the market efficiency hypothesis to be the simple statement that prices fully reflect all
available information

- issue of trading costs

- prices reflect information to the point where the marginal benefits of acting on information

(profits to be made) do not exceed the marginal costs.

The joint hypothesis problem
Market efficiency per se is not testable - it must be tested jointly with some model of

equilibrium.

He suggests that because it has improved our understanding of the behaviour of security
returns, the past research on market efficiency is among the most successful in empirical

economics.

The main areas of research

Instead of weak form tests suggest a more general category: tests for return predictability.

- includes work on forecasting returns with variables like dividend yields and interest rates.

Some market efficiency and equilibrium pricing issues are inseparable - we should include
under this heading the cross-sectional predictability of returns, that is, tests of asset-pricing

models and the work on anomalies.

Time varying predicted returns
- short horizon returns
- autocorrelation of weekly returns (Lo and Mackinky 1988) stronger for portfolios of

small stocks
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- non-synchronous trading effects?
- French and Roll (1988) stock prices are more variable when the market is open

- differences in information flows?

- long horizon returns
Shiller (1988) and Summers (1986) present simple models in which stock prices take large,
slowly-decaying swings away from fundamental values (fads, or irrational bubbles), but short

horizon returns have little autocorrelation.

However, Fama and French (1988) emphasize that temporary swings in stock prices do not
necessarily imply irrational bubbles - they suggest that the movement implied by the existence
of irrational bubbles in stock prices is indistinguishable from that implied by rational time

varying expected returns.

The Contrarians

De Bondt and Thaler (1985, 1987) find that NYSE stocks identified as the most extreme
losses over a 3-5 year period tend to have strong returns relative to the market during the
following years. Conversely, the extreme winners tend to have weak returns relative to the

market in subsequent years.
- is it the result of failure to risk-adjust returns?

Other forecasting variables

Dividend yields (%) - fractions of returns explained grow with the horizon period.

Similarly, % have forecasting power.

The predictability of returns from D/P or % is not evidence against market efficiency. In an

efficient market, D/P says prices are high relative to dividends when discount rates and

expected returns are low and vice versa.
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Fama and French (1989) suggest the variation in expected returns tracked by % and the

default spread increase from high-grade bonds to low-grade bonds, and from large stocks to

small stocks correspond to intuition about the riskiness of stocks.

Volatility tests
Volatility tests of market efficiency, pioneered by Le Roy and Porter (1981) and Shiller

(1979) have mushroomed into a large literature.

- Fama takes the view that the tests are not informative about market efficiency.

- A central assumption in the early volatility tests is that expected returns are constant and the
variation in stock prices is driven entirely by stocks to expected dividends. Fama suggests
that by the end of the 1970s, evidence that expected stock and bond returns vary with
expected inflation rates, interest rates, and other term structure variables was becoming

commonplace.

Return Seasonality

Day of the week effect, (French (1980), holiday (Ariel) (1990) - last day of the month Ariel
(1987) - beginning and end of day - intra day returns Harris (1986), Keim (1988) argues that
seasonals are anomalies in the sense that asset pricing models do not predict them but they are

not necessarily embarrassments for market efficiency.

Cross-Sectional Return Predictability
SLB Black Model - early 'success' - anomalies Basu (1987), %ratios, Banz (1981) size,

Bhandhari (1988) leverage, Fama and French (1991), book/market equity.

- anomalies appear to be related

Multifactor models - consumption based asset-pricing models
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Event studies

Event studies are now an important part of finance.

- market efficiency - the typical result in event studies on daily data is that on average, stock
prices seem to adjust within a day to event movements.

- some anomalies but the bulk of evidence is supportive.

Tests for private information

1. the profitability of insider trading is established in detail.

2. there is evidence that security analysts (e.g., value line) have information not reflected in
stock prices.

3. there is mixed evidence about whether professional investment managers have access to

private information.

Fama concludes that we can hope for a coherent story that
(1) relates the cross-section properties of expected returns to the variation of expected returns
through time

(2) relates the behaviour of expected returns to the real economy in a rather detailed way
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