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1. Capital Asset Pricing Model (CAPM) as
Foundational Concepts of Portfolio Theory
and Asset Pricing

apital Asset Pricing Model (CAPM) is based on
Markowitz securities investment
portfolio theory, as cornerstone of modern
corporate finance by giving accurate forecast of relation-
ship between asset risk and rate of return. CAPM theory
solves relationship between asset return and asset risk for
potential investment project by CML and SML. CAPM
model enables us to make reasonable corporate valuation
for those assets not traded in public market (Xiao et al,
2017). One of CAPM assumptions is that investors could
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CAPM theory that solves relationship between asset return and asset risk
for potential investment project by CML and SML, is illustrated in the
first section as an introduction of further analysis of corporate valuation
techniques. Fama and French three factor model is perceived as a revision
of CAPM, although it stills has severe weaknesses. CAPM theory solves
relationship between asset return and asset risk for potential investment
project by CML and SML.

evaluate investment portfolios reasonably according to
expected rate of return and variations during a certain
period (Anon, 2005). It is assumed that all investors are
rational in economic sense and pursuing minimum vari-
ation of investment portfolios. CAPM also assumes that
all investors tend to choose portfolios that generate higher
expected rate of return. Capital market is indivisible and
all investors have free access to related information given
market effectiveness (Xiao et al, 2017). Assets are divisible
unlimitedly and all investors could sell assets of arbitrary
amount. Investors could borrow or lend at risk free rate
without transaction cost and tax.

There are massive amounts of investors and each
investor’s wealth is marginal as for all investors’ aggre-
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gate wealth. All investors are price takers and each one’s
behavior could pose marginal effect on security price in
completely competitive market. Given single period in-
vestment, all investors could plan their own investment
portfolio of all publicly traded financial assets and any
asset that could be lent or borrowed at fixed free interest
rate (Bai et al, 2019)". Since all investors master Mar-
kowitz securities investment portfolio theory, they have
homogeneous expectations on securities expected return,
standard deviation, covariance and economic conditions.
All investors have the same expected return vector and
covariance matrix (Bai et al, 2019). Then, there is a single
frontier border and single efficient frontier. Given allow-
ance of short selling, investors could invest in risky assets
by funds from short selling assets. Adding risk free assets
to the risky assets portfolio forms a new portfolio and in-
creasing investment opportunities greatly change original
efficient frontier. Thus, the optimal portfolio changes and
the new efficient frontier is a straight line.

CAL reveals equilibrium relationship between expect-
ed return and standard deviation of efficient investment
portfolios™. Single risky security itself is an ineffective
portfolio always under CAL. SML confirms equilibrium
relationship between single securities expected return and
portfolio covariance (Mishra and O’brien, 2019). SML
contains all securities and all portfolios. Thus, SML con-
tains market portfolios and risk free assets. Since expected
return is negatively correlated to security price, risky asset
pricing formula is giving as following.

E(Ri) = Rf +[E(Ry) — Rf] * BiM
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For single security, random return satisfies following
functions.
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Investment portfolio i risk is divided into diversified
risk and systematic risk.

Giz = Bi;zn *0; + Var(e)
Using CML could price arbitrary security.
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CAPM implies pricing any investment portfolio that for
any investment portfolio q, any investment portfolio on the
upper frontier and zero covariance portfolio, particularly
market portfolio and a portfolio zcm or tangible portfolio e
and L, pricing formulas are:

2. CAPM’s Empirical Problems May Reflect
Theoretical Failings, the Result of Many Sim-
plifying Assumptions

CAPM’s empirical weaknesses are reflected in application
ininvestment assessment. In the first place, beta of the
project itself is not equivalent to corporate

beta and the two coefficients have to be separated. A
way to differentiate the two coefficients is that company
beta is regarded as beta of different activities, weight-
ed average of fair value of related assets in the activity
(Campbell et al, 2018). However, it is hard to obtain the
fair value through different types investment activities.
Another difficulty is that corporate capital structure is hard
to access in order to calculate related gearing ratio. For
instance, many of companies have relatively complicat-
ed capital structure, namely, its have different corporate
financing methods (Campbell et al, 2018)"”. At the same
time, some companies are likely to have bond funds raised
in non-public market or using complicated financing meth-
ods, such as convertible bonds (Abdoh and Varela, 2018).
Besides, in order to simplify calculation, it is assumed that
beta coefficient is zero, this assumption is likely to raise
uncertainty of discount rate of the project.

When CAPM is used to evaluate project investment,
there is an assumption that regulated investment period is
one year. Although this assumption is convenient for data
comparison, this assumption is far from empirical evi-
dence that actual investment is usually crossing standard
periods. The biggest problem of CAPM in empirical study
is that fluctuation is defined as risk (Sanghera, 2010)".
This practice misleads many people. Asset fluctuation is
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fluctuation itself and risk refers to the possibility of not
reaching expected return. Fluctuating asset is not neces-
sarily risky and diversification makes it not a problematic
issue (Sanghera, 2010)"”. Investment portfolio theory uses
irrelevance of assets. In this way, return could be raised
given the same uncertainty or portfolio fluctuation could
be lowered given low rate of return.

In empirical study, if we use monthly data to do re-
search, beta could not be accurately assessed because of
short time span and market value effect. If using monthly
data to estimate beta, no matter in economic sense or
statistical sense, beta has been turned effective. In empir-
ical study, from long-term perspective of CAPM, CAPM
makes sense. For such equilibrium model, only in long
term, its constraints occur (Sanghera, 2010). CAPM is
fundamentally a long-term problem. Thus, many research
studies use short-term data and generate totally opposite
conclusions against CAPM. As pointed by Jagannathan
and McGrattan (1995), academic circle is keen on linear
relationship between short-term risk and expected return
and its circulations. But in long run, CAPM effective-
ness has been proved®. For instance, in empirical study
done by Ang and Chen (2007), they used annual data
from 1926 to 2001 and research conclusion is effective
to support CAPM definitely beta keeps changing. Some
other empirical studies could defuse Fama and French’s
criticism of CAPM. For example, empirical study by
Amihud in 1993, they use GLM instead of OLS methods
to re- calculate and they found that beta still reflects asset
price. Kim (2015) found that Fama’s method has variable
errors'”. Kim (2015) supported CAPM using UK data and
they concluded that Fama and Fench two-step validation
method mainly accounts for failure of CAPM. Kim initiat-
ed a stunning research in 2015 and he stated that CAPM is
a failed reform in finance sector. However, a large portion
of his statement is excessive.

CAPM core theory concentrates on existence of mar-
ket portfolio that is required to include all risky assets and
use market value as weighted factor. However, Roll (2012)
stated that this kind of market portfolio is inaccessible.
For most tests of CAPM, they are tested by using stock
market index that fails to contain all stocks. This prob-
lematic issue leads to difficulty to test CAPM. However,
this does not mean that CAPM is a complete failure and
the problem goes to the empirical study itself. Roll (2012)
stated that market model is the core of CAPM and if we
cannot find such portfolio, it is a malarkey to test CAPM.
From his perspective, test of CAPM has to guarantee that
any arbitrary investment portfolio meets requirement of
return-risk curve. This requires that all portfolios have the
linear relationship between return and risk. However, Roll
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(2012) casted doubt on CAPM that whether we could find
a market portfolio as a benchmark. Actually, we partially
acknowledge that CAPM is wrong to some extent. But the
issue is that what the extent of failure is on earth or wheth-
er CAPM is always or occasionally wrong. Most perspec-
tives claimed that CAPM is a complete failure™. The right
way is to realize weaknesses of CAPM and we have to
use CAPM carefully.

A main problem of CAPM is that we are too strict
towards beta calculation. Garcia et al (2011) assumed
that we live in the world that completely meets CAPM
assumptions and there are merely two scenarios of CAPM,
poor state and wealthy state!'”. In order to simplify dis-
cussion, they thought there were merely two stocks in the
market, stock A and stock B. Their beta keeps changing in
the market and risk premium keeps changing in the mar-
ket. This last column lists average condition. We notice
that two stocks have different beta and have the same risk
premium, which is inconsistent to what CAPM defines
(Garcia et al, 2011). Then, we find that no matter which
state we are in, the whole market could meet requirement
of CAPM. This example tells is that if beta volatility is
ignored, our understanding of CAPM has trouble.

3. Drivers of Expected Stock Returns and
Various Multifactor Models to Capture These
Return Patterns as Suggested by Fama and
French

Fama French three factor model is an extended version
of CAPM. CAPM states that there is a positive linear
relationship between expected return and market beta,
and higher beta, higher asset expected return. Market beta
necessarily explains for expected security asset (Boutabba,
2015)"". However, Eugene Fama and Kenneth French
added two factors to CAPM, namely SMB also referred
to size factor, and HML, book to market factor, also called
value factor. They claimed that market factor, SMB and
HML could better explain for asset weighted average
return. When CAPM has been raised, many researchers
found that beta could not completely account for expected
asset return.

Some empirical studies show that size, book to market
ratio, leverage ratio and E/P could well explain for stock
return (Boutabba, 2015)"'. However, CAPM could not
explain for these abnormalities. Thus, Fama and French
published an article in 1992 as a synthesizer of further
improvement of CAPM. They took these factors into con-
sideration and did research on stocks publicly traded on
NYSE, AMEX and NASDAQ during the period from 1963
to 1990 besides financial stocks about how their average
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weighted return relates to these factors.

In cross-section regression model, the four factors
showed strong accountability for average weighted return.
In multi-factor linear regression, market value and book
value have accountability of the other two factors in ex-
planation of weighted average return and evolve as deci-
sive variables of explaining for average return (Trigeorgis
and Lambertides, 2014)!"". In 1993, Fama and French
published another article Common Risk Factors in Returns
on Stocks and Bonds as a benchmark of establishment of
three factor model. In this literary works, they illustrate
that three factors could better explain for weighted aver-
age stock returns and intercept of regression analysis is
approaching to zero. This implies that market factor, size
factor and the ratio of book to value market value together
explain for stock returns.

Fama French three factor model is listed as following.

E(Rit) —Rft= Bi[E(Rmt—Rf1)] +siE(SMBt) +hiE(HMIt)

Rft refers to risk fre rate of return at time t

Rmt refers to market rate of return at time t

Rit is return of asset i at time t

E(Rmt) — Rft is risk premium

SMBt is a size factor short for simulated small minus
big rate of return at time t

HMTIt is short for high minus low rate of return, book to
market value ratio at time t beta, si and hi are coefficients
of three factors

regression model is listed as following.

Rit— Rft= ai+ Pi(Rmt— Rft) + SiSMBt+ hiHMIt+ ¢it

However, we are consciously aware of the fact that the
three-factor model does not mean completeness of capital
asset pricing model. In empirical studies, there are some
omitted factors in three factor model, including short term
reversion, medium term momentum, fluctuation, skewness
and gambling (Trigeorgis and Lambertides, 2014)"*.

Fama and French examined returns of publicly traded
stock on NYSE, AMEX and NASDAQ in spite of finan-
cial stocks. They categorized stocks into ten groups by
market value and divide each market value portfolio into
ten squads by beta. And then a hundred of stock portfolios
are given. As shown in table 1, in horizontal sense, beta
value increases from left to right, from low to high. In verti-
cal sense, from up to bottom, market value increases, from
small to large. The number in table 1 represents monthly
return of each investment portfolio. Then, we could see
a phenomenon that is against what we have learned from
CAPM that for each investment portfolio, beta in each
column is not equal. However, CAPM states that beta is
the single factor that accounts for stock return, which is

66 Distributed under creative commons license 4.0

equivalent to the statement that is beta equals, stock return
is the same. As market value decreases, stock return goes
up (Clark and Kassimatis, 2011). That is to say, for each
group, beta, small market value stocks witnessed greater
return than stocks of large market value.

Table 1

Average Returns, Post-Ranking §s and Average Size For Portfolios Formed on
Size and then §: Stocks Sorted on ME (Down) then Pre-Ranking § (Aeross)
July 1983 to December 1990

Partfulion are formed yearly. The breakpoin:s for the sive (ME, price times shares outstanding) deciles aro dotesmined in
June of year [ {1 = 18631990 using all NYSE stocks on CRSP. All NYSE, AMEX, and NASDAG stocks that meet the
CRSP-COMPUSTAT data requirements ar allosated to the 10 siee portiolios using the NYSE breahpaints, Each slen
decile i subdivided into 10 8 portfolics using prerankiog G of individual siecks, estimated with 2 to & yoars of monthly
raturng (a5 avallable} ending in June af yenr f, Wo use only NYSE stocks that meot the CREP-COMPUSTAT data
requirements to establish the @ breskpoints. The rqual weigiited manthly returns on the resaiting 100 portfolios are then
enleulnted for July of year ¢ to June of year ¢+ 1

The post.ranking As use the full (July 1963 th Decomber 1990) sample of post-raniking seturns for mach portilio. The
pre- and postranking s (here and in all ather tables) ure the sum of the slopes from o regression of monthly returns on
the current and prior month's returns on the value-weighted portfolio of NYSE. AMEX, wnd fafier 1972) NASDAQ stoeks,
The average return is the time-serien average of the monthly equal weightod portfolio returns, in percent, The sverage sie
of a portfalip in the timeseries average of monthly averages of IniME; for stecks in the partfolio st the end of Juno of tach
year, with ME denominated in millions of dollars

The wverage numbar of stocks per month for the wime-3 portfolios (n the smallest sl docilo varies from 70 ts 177 The
avernge tumber of stocks for the size-d partfalios in sise deciles 2 and 3 is hetween 15and 41, and the average number lar
the lnrgest 7 size decibes is between 11 and 2.

The All eolumn shows statistics for equnlweighted sizedecile (ME) pertfolios, The All row shows statistics fur
equal-weighted portfolios of the stocks in each d group

Al Lows g2 B3 a4 (2] a8 87 48 40 Higha |
Panet A Avernge Monthly Returns fin Pascont)
Al 125 13 12 138 13 183 138 13 1m 186 14
Small-ME 182 171 157 17 & 160 a0 vao BT 1e 160 L2
ME-2 128 1.25 142 136 f 1% 166 wen § 13T 1m0 14 (81
M3 1.24 112 3L 107 § 1w 2o v fois 188 138 076
ME-4 1.35 1.7 113 1A | 106 13 Lo6 | 1e1 117 136 098
ME-5 138 L 1428 1.9 148 L4z 118 113 1Lz 118 108
ME& 117 108 153 127 118 L20 L L18 104 107 L2
ME-7 107 0.95 121 1% | 1 118 L1 | 1M e 192 0.76
ME-§ 110 1.0% 1.05 147 1.20 127 ndR 118 1.02 101 L]
MES 095 O8E 0B 102 | 114 107 133 | 0% 0B OBB naa
Large.ME ok | opo 083 L0 | 084 083 oM | 108 am 054 0.56

As for book to market value ratio, same stocks are
divided into ten groups. As for their return, in horizontal
sense, from left to right, market value ratio increases and
return goes up. However, this is not completely owed to
beta. As shown in beta column, there is insignificant dif-
ference, which is equivalent to the statement that given in-
significance of beta, those stocks of higher book to market
value ratio, witnessed higher returns (Clark and Kassima-
tis, 2011). This is against what CAPM tells.

Table 2

Praperties of Portfulios Formed on Book to Market Equity (BE/ME) and Earnings-Price Ratin (E /P
July 1963 to December 1900

At the end of saek year | - L 12 portfoliss are formed on the bass of rorked valuss of BE

wursables. The buttoes and top 2 portfoliss (LA, 1B, 104 and 1081 split the bottom and Lop dscilos in

16 slocks with mgative B/ Since BE/ME and E/F are not strosggly related o wxchunge K

E/P. Portfnlies 9B cover decilen of the ranking
half. Pur E/P, thers wra- 13 partfolios: portfabio 0

. their porifalio bewnkguints arw deswrmined on the
b of commoe

‘Dacit af this Fasbed values of the varisklos for il socks that satisfy the CHSP-COMPUSTAT dota roquiremenia. BE is the book
equity plus balascs-sbert defiorred tanes. A s total book aseets and E s o

thly eeaal weighted ceturs fur July of yuer £t June of year ¢ = 1, and thes reform the pocthlion sl tho

iy pqund-weightad partfolio noturns fin peresnty, InME), IntBE /ME), In(A /ME}, IniA /BE:, Bi+)/F,
thee monthly average values of thisy rusiabivs i each portiadio’ Sines the E/P 0 mhen
re nagutioy, B/ dummy gives the aversge pripertion of socks with negativ

% ify. Stnchn are aislgmed the post swiking & of the sire& portfalio thoy ane in at. the snd of June
wraged lo compiste the monthiy ds for sach pertfielio Sor duby of year ¢ to Juse of your o + §
rAfiedin rach manth

af year ¢ (Tuble It .
Firms bs the avernge oumbes of sbicks

Partclio v [IA B 2 # + 5 & 7 5 ¥ oA \uul

Pl A Enchs Sartedt on Hook to Market Squity (1, ME) e
Return 030 8T &Y 0.97 Log 117 130 L Ls0 .58 1w 183 |
& 1% 134 152 190 124 137 [ LI - o 0 I N
TEAME] TS TET £ T R TH 435 408 3 a8 Abe 368
I=dBE MEY a2 “18 -1m -0.75 - 081 03y 014 03 o a2 .6 102
=4/ ME) -2 ~0.7% 040 -0 [0 0.40 LE ) 0T am [BH] 1.3 15 ]
IedA /BE) LS a7L 068 0 on . oTa &8 aTg ar 0t nIs
E /P dummy 0m 015 8w [T T 0.5 om0 01 415 0@ 03
E(4)P am .0 508 [ 0a6 Al B 01 Q12 041 60
Firma 89 = 2 o a2 230 BE 2T me e am

At last, they divided stocks into ten groups by market
value and divide each group into ten segments in compar-
ison (Clark and Kassimatis, 2011)!"". As following table
shows, from left to right, market value increases from low
to high and increases from up to down, small to large. It is
obvious that the stock portfolios in top right corner of table
V, their return is much higher than others. The stock port-
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folios feature small market value and high book value.

Table 3

Average Monthly Returns on Portfolios Formed on Size and
Book-to-Market Equity; Stocks Sorted by ME (Down) and then
BE/ME (Across): July 1963 to December 1890
In June of each year f, the NYSKE, AMEX, and NASDAQ stocks that meet the CRSP-
COMPUSTAT data requirements are allocated to 10 size portfolios using the NYSE size (ME)
breakpoints, The NYSE, AMEX, snd NASDAQ stocks in each siee decile are then sorted
into 10 BE/ME portfolios using the book-to-market ratios for year ¢ — 1. BE/ 'ME is the book
valoe of equity plus bal heet deferred taxes for fiscal year f - 1, over market
equity for December of year ¢ — 1. The equal-weighted monthly portfolio returne are then

caleulated for July of year ¢ to June of year { 4 1

Average monthly return is the time-series average of the monthly equal-weighted portfolio
returns (in percent).

The All column shows average roturns for eq d size decile po The All row
shows average returns for equal weighted porllulms of the stocks in each BE/ME group.

Book +to-] M:rke; Pnrtlnlm

AL |low 2 3 4 & 5 7 8 8 Hg|

Al 123 084 098 106 117 124 126 1398 140 1.50 1.63

mallME] 147 070 114 1,20 143 1566 151 170 191 182 182
ME-2 122 043 105 086 119 193 119 158) 128 143 179
ME-3 122 056 088 123 08 136 130 130| 140 154 160
ME-4 119 039 072 106 136 113 121 134 159 151 147
ME-5 124 088 085 108 147 113 143 144| 126 152 149
ME-6 1LI5 070 098 114 123 084 127 119 11§ 1L -
ME-7 107 085 100 099 083 089 113 089 116 LI10 147
ME.8 168 066 113 081 08 089 101 115 105 129 165
ME-9 085 044 089 082 100 105 085 082 111 104 122
Large-ME | 0.88 083 O0R8 0B84 071 D79 083 081 09 087 118

Thus, in statistical sense, we could conclude that market
beta at least not capable of explaining for stock returns dif-
ferential, while market value and book value are two per-
suasive factors in explanation of weighted average return
of stock portfolios.

4. Exante Cost of Equity in Analyst’ Earnings
Forecasts and Stock Prices to Overcome the
Limitations Associated with Using Traditional
Asset Pricing Models Stock Dividend Growth
Model

Calculation function is K=D/P+G

Where K is cost of equity, D is expected annual stock
dividend, P is normal stock price and G is normal stock
dividend growth rate.

Related data could be found in annual financial state-
ment by trend analysis and linear regression analysis. If
common stocks have financing cost when issuing, the cal-
culation function has to deduct financing expense.

Calculation function is K=D/P*(1-f)+G where f is fi-
nancing cost ratio.

Z(Hk}

Where V is internal value of each stock, Dt is expected
stock dividend value at time t, and k is expected discount
rate or expected rate of return.

The calculation function shows that stock internal val-
ue is the aggregate of discounted present value of future
cash flows (Yagil, 1986). According to special dividend
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payout method, DDM model has some simplified versions
of functions.

4.1 Zero Dividend Growth Model

Given circumstance of zero dividend growth, future div-
idend payment is fixed amount. Calculation function is
V=DO0/k where V is corporate value, DO is current stock
dividend and K is investors’ required rate of return or cost
of capital (Yagil, 1986).

4.2 Permanent Dividend Growth Model

If stock dividend growth is g, calculation function is
V=D1/(k-g) where D1=D0(1+g) is stock dividend of next
round rather than current stock dividend.

If dividend growth rate changes, the calculation func-
tion could evolve as two periods, three periods and multi
period dividend growth models. The two period dividend
growth model assumes that at time 1, stock dividend
grows at gl and then stock dividend growth rate turns to
g2 after the first period (Cornell, 1999)"®. The three-peri-
od dividend growth model is quite similar as the two-pe-
riod stock dividend model but for an extra time point and
an extra growth rate of g3.

Stock price is determined by supply and demand in
market economy. Stock price does not necessarily reflect
real intrinsic value of the corporation but fully reflected
in the company’s continuing business operation (Cornell,
1999). Thus, corporate stock value is decided by stock
dividends paid annually. Then, the amount of stock div-
idend is directly related to business operation. Stock in-
trinsic value isdirectly decided by the company’s business
performance (Cornell, 1999). It is of great importance in
reality to doing research on a company’s intrinsic value to
make strategic investment decision. This DDM has pos-
itive meaning of overcoming partial weaknesses of con-
ventional capital asset pricing model (Cornell, 1999)!'”

4.3 Discount Cash Flow Model (DCF)

CF,
( 1 -+ l‘)t

P=D,
t=1

P refers to corporate value, n is the company’s opera-
tion life, CFt is cash flow at time t and r reflects discount
rate of expected cash flows.

DCF model has an advantage that the result reflects
intrinsic value of the company by calculating discounted
free cash flows. DCF model is the most reasonable valu-
ation technique. A weakness of DCF model is that future
cash flow cannot be confirmed accurately and the calcu-
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lated result is greatly affected by discount rate (Cornell,
1999).

5. Conclusion

In brief summary, we partially acknowledge that CAPM is
wrong to some extent. But the issue is that what the extent
of failure is on earth or whether CAPM is always or occa-
sionally wrong. Most perspectives claimed that CAPM is
a complete failure. The right way is to realize weakness-
es of CAPM and we have to use CAPM carefully. Fama
French three factor model has a severe weakness. Market
beta at least not capable of explaining for stock returns dif-
ferential, while market value and book value are two per-
suasive factors in explanation of weighted average return
of stock portfolios.
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