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Abstract

This study aimed to present a model for portfolio risk premium assessment of companies listed in
Tehran Stock Exchange. In order to achieve this purpose, monthly data of 150 companies listed in
Tehran Stock Exchange during 2007-2017 was used. In this study, the predictive powers of Fama-
French three-factor model [11], Carhart four-factor model [1], Fama - French five-factor model [24],
Brousseau five-factor model [1§] and Roy and Shijin six-factor model [44] have been evaluated using
variables used in the mentioned models and then an optimal model has been developed for portfolio
risk assessment using stepwise regression. Findings showed that the Carhart four-factor model has
higher predictive ability (48.3%) than other mentioned models in the Tehran Stock Exchange. Ac-
cording to the results of stepwise regression, seven variables have been selected as effective variables
on portfolio risk premium. The explanatory power and predictive ability of the model developed
in the Tehran Stock Exchange was 55.7% indicating higher predictive ability respect to previous
models on portfolio risk premium. Investigation of the coefficients of the developed model showed
that market risk premium, size factor, value factor, momentum factor and accounting quality factor
have positive and significant effects on portfolio risk premium while investment factor and liquidity
risk factor have significant negative impacts on portfolio risk premium.
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Model, Carhart Four-Factor Model, Brousseau Five-Factor Model, Roy and Shijin Six-Factor
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1. Introduction

Standard pricing models are prospective and they use assumptions about investors’ tastes and portfo-
lio opportunities to predict how risk should be measured aa well as to study the relationship between
risk and expected return. In contrast, empirical models are also retrospective. In empirical models,
investors’ tastes and portfolio opportunities are included as patterns in average returns and proposed
models take them into account.

Since no study has been conducted in Iran to provide a new model for assessment of portfolio
risk premium during 2009-2015, this study has tried to present a model for assessing portfolio risk
premium compatible with the Iranian reporting environment in Iran following researches of Fama and
French [24], Brousseau [18] and Roy and Shijin [44]. Therefore, identifying a suitable model extracted
from the results of current study can be very effective in the economic decisions made by various
investors including actual and potential shareholders of companies to assess the accuracy of profit
management predictions. Reviewing literature and background of research in Iran makes it clear
that no research has been done on the of Fama - French five-factor model despite high importance
of factor models and their applications in financial issues and their various abnormalities. In this
study, the efficiency of the five-factor model of pricing capital assets has been fully investigated in
the Tehran Stock Exchange.

2. Theoretical Background and Literature Review

Investors feel that their capital is at risk when they are trading their assets in one or more types
of securities expected to get return in the future so they consider another factor in addition to return
called risk. Hence, in order to make a successful investment, it is necessary to pay attention to both
risk and return factors at the same time. This complexity and sensitivity has emerged a variety of
theories to quantify the relationship between stock price and the variables affecting them such as
return and risk. In recent decades, one of the most important advances in financial theory is to
discuss about risk in a measurable way. If it is clear how to accurately measure the financial risks
of fair pricing, it will be properly possible to assess risky assets. This will increase the efficiency
and optimal allocation of resources in the financial system. In other words, investors will be able to
allocate their savings for risky stocks.

After about 20 years, it became clear that the three-factor model is unable to explain cross-
sectional changes in average stock return. There is also evidence that profitability and investment
are related to average stock return. Recently, Novy and Marx [43] showed that the three-factor model
could not explain the average return concerned with profitability. Aharoni, Grundy and Zeng also
proved a significant but poor relationship between investment and average stock return [[15]. Fama
and French used a discounted cash flow model considering specific assumptions to explain why these
variables are associated with average returns [25]. Based on empirical evidence, Fama and French
added profitability and investment factors to their three-factor model.

The research purpose

The purpose of this study was to provide a model for assessing portfolio risk premium in the
Tehran Stock Exchange.
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3. Research methodology

3.1. Methods for collecting information and data

This research is applied in terms of purpose. Its plan is a quasi-experimental and ex-post facto
research and it is done using historical information. Journals, books, as well as available databases
have been used to collect information on the theoretical background of research. Also, the data
needed for the analysis was extracted from the Rahnavardnovin software, the information of audited
financial statements and the explanatory notes of the companies.

3.2. Statistical population, statistical sample and research temporal domain

According to spatial scope of the research, the statistical population includes all the companies
accepted in the Tehran Stock Exchange whose stocks have been traded in the first market from 2007
to 2017. Selectin of companies included in the statistical population should be done considering
spatial and temporal scope of the research based on the following criteria:

1. They have been accepted in Tehran Stock Exchange at least since March 3, 2007.
2. The sample companies are not investment and financial companies (banks);

3. Sample companies have not been suspended during 2007 to 2017 to get conventional stock
price.

4. Ending of their financial year is March 19.
5. Financial year of sample companies has not been changed during 2007 to 2017.

6. The information required to do the research should be reported to the stock exchange organi-
zation by the end of the fiscal year 2017 and it should be available.

According to the above conditions and restrictions, 150 companies have been selected as the statistical
sample among all companies listed in the Tehran Stock Exchange.

4. Research models

4.1. Fama-French Three-Factor Model

Fama and French have tried to justify the unusual reported observations using their three-factor
model [29]. They believed that if three-factor model is used instead of the Sharpe capital asset
pricing model, many observations that are not explained with Sharpe model can be justified. The
model provided by Fama and French is as follows:

where: R, — Ry is market portfolio excess return relative to risk-free return rate. SML (Small Mines
Large) is the difference between portfolio return of small size companies and the portfolio return
of large size companies. HML (High Mined Low) is the difference between the portfolio return of
stock with a large book value/market value ratio and the portfolio return of stock with a small book
value/market value ratio. b;, s; and h; are also return sensitivity respect to these factors.
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4.2. Carhart Four-Factor Model

In their four-factor model, has added tendency for past performance factor to Fama-French three-
factor model [[]. The performance is evaluated based on the difference between the average portfolio
returns of winning companies (companies with a tendency for high past performance) and average
portfolio returns of losing companies (companies with a tendency for low past performance). In the
Carhart model, the pattern used to test the research hypotheses is as follows: SMB, HML and WML
variables represent size factor, value factor and momentum factor, respectively [1]

4.3. Fama - French Five-Factor Model

In The Fama - French five-factor model [24], SMB, HML, RMW and CMA variables represent
size factor, value factor, profitability factor and investment pattern factor, respectively:

R, — Ry =b;(R,, — Ry) + si{(SML)+ h;(HML) 4+ ri{( RMW ) 4+ ¢;(CMA) + € (4.3)

where:

Portfolio (stock) excess return (R; — Ry) is the additional return above and beyond the risk-free
return obtained by an investor after buying the stock due to price changes or profit division during
the retention period and known as portfolio (stock) risk premium.

Market excess return (R,, — Ry) is the additional return above and beyond the risk-free return
obtained by an investor due to buying a market portfolio during the retention period and is known
as market risk premium.

SMB factor indicates the difference between the average portfolio return of small size companies
and the average portfolio return of large size companies.

HML factor indicates the difference between the average portfolio return of companies with a small
B/M ratio and the average portfolio return of companies with a large B/M ratio.

RMW factor indicates the difference between the average portfolio return of companies with strong
profitability and the average portfolio return of companies with low profitability.

CMA factor indicates the difference between the average portfolio return of companies with low
investment volume and the average portfolio return of companies with high investment volume.

4.4. Brousseau Five-Factor Model

In Brousseau five-factor model, SMB, HML, MKT, LIQ and AQF variables represent size factor,
value factor, profitability factor, liquidity risk factor and the accounting quality factor, respectively
[18]:

4.5. Liquidity Risk Factor (LIQ))

A stock with high Amihud non-liquidity ratio experiences a large price change for a small trading
volume. This ratio is obtained through dividing the absolute return by the trading volume during
a certain period. This measure is calculated as an annually average value. If the amount of non-
liquidity ratio is high, that stock has non-liquidity problem. It means that the stock price changes
considerably against small trading volumes. This criterion is interpreted as the reaction of the daily
stock price to the trading volume.
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4.6. Accrual quality
The accrual quality is calculated based on the MacNichols (2002) model. The MacNichols model
is as follows:

AW C; CFO; CFO; CFO; Asales;, PPE@
—’t:BOz ﬁlz - 621 L 531 as 541 : 5 z : +‘/i,t

Assetsi,t setsz,t Assets; it Assets; * setsl ¢ sets;
(4.5)

where AWC;, is the change in the working capital accounts of company ¢ in year t calculated as
follows:

Change in working capital accounts = increase in accounts receivable + increase in inventory +
decrease in accounts payable and debts + decrease in taxes payable + increase (decrease) in other
assets (debts)

o Assets;;: The average assets of company i in the year t

e CFO;;_;: Cash received due to operations of company i in the year t-1

o CFO,;;: Cash received due to operations of company i in the year t

e CFO;41: Cash received due to operations of company i in the year t+1

o Asales;;: Changes in the sales account of company i in the year t

« PPE;;: Machinery and equipment property of the company i in the year t
e Vi Residual error

The value of the residual error in Equation (@) indicates that the estimation error in the current
accruals is not related to the operating cash flow and it cannot be explained by changes in revenue
and machinery and equipment. In present study, the absolute value of residual error is used as a
representative for the quality of financial reporting.

4.7. Roy and Shijin Siz-Factor Model

In Roy and Shijin six-factor model [44], LBR, Rm-Rf, SMB, HML, RMW and CMA variables
indicate income growth factor, market risk premium factor, size factor, value factor, profitability
factor and investment factor, respectively:

R — Ry = b(Ry — Ry) + si(SML) + hy(HML) + r;(RMW) + ¢;(CMA) + ,(LBR) + ¢ (4.6)

5. Research findings

5.1. Descriptive Statistics

Tables EI presents some concepts of descriptive statistics for variables including mean, median,
minimum observations, maximum observations and standard deviations. The results show that
the mean portfolio risk premium is 0.0048 for the studied companies that indicate. High standard
deviation (0.1053) implies high volatility of portfolio risk premium. The mean (0.058), minimum
(-.0745) and maximum (0.1201) values of market risk premium variable with standard deviation of
0.557 show a high volatility of this variable.
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Table 1: Descriptive statistics for variables used in the model

The name of | Symbol of | Number of Mean | Median | Maximum | Minimum | SD
Variable Variable | observations
Portfolio Risk
. R; — Ry 19800 0.0048 | -0.0141 | 0.2693 20.1644 | 0.1053
Premium
Market Risk | p © . 19800 0.0058 | -0.0004 | 0.1201 | -0.0745 | 0.0557
Premium
Size Factor SMB 19800 0.0031 | 0.0033 | 0.0555 20.0486 | 0.0275
Value Factor HML 19800 20.0229 | -0.0207 | 0.0349 20.0928 | 0.0343
Momentum WML 19800 0.0366 | 0.0339 | 0.1363 -0.0336 | 0.0415
Factor
Investment CMA 19800 20.0229 | -0.0234 | 0.0365 0.0863 | 0.0326
Factor
Profitability RMW 19800 200229 | -0.0203 | 0.0515 -0.0926 | 0.0356
Factor
Liquidity Risk LIQ 19800 0.0085 | 0.0099 | 0.0665 | -0.0527 |0.0306
Factor
Accounting AQF 19800 0.0118 | 0.0084 | 0.0592 | -0.0246 | 0.0223
Quality Factor
Monthly Income |y pp 19800 -0.00044 | -0.0046 | 0.0334 20.0603 | 0.0244
Growth Factor

Table 2: Results of F Limer Test

Model | Test Statistics | Probability Result
1 0.6928 0.9983 Combined method
2 0.6994 0.9979 Combined method
3 0.6930 0.9983 Combined method
4 0.7092 0.9971 Combined method
5! 0.6929 0.9983 Combined method

6. Reliability of research variables

According to Table H and based on the tests listed in the tables, all independent, dependent and
control variables are reliable during research since probabilities of all variables are less than 5%. As
can be seen, all variables are reliable and co-integration test is not required. Therefore, there is
not pseudo regression problem in estimation coefficients. In the significant pseudo regression, the
coefficients are pseudo.
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Table 3: Reliability results of research variables
Symbol | Levin-Lin-Chu test Im, Pesaran, Fisher-ADF test Fisher-PP test
of and Shin test =S
Variable | Variable Test Probab- | Test Probab- | Test Probab- | Test Probab- | £
statistics ility statistics| ility statistics| ility statistics| ility =
Portfolio
Risk ?Dd
. R; — Ry | -135.56 0.000 -122.79 0.000 | 9811.3 0.000 9964.7 0.000 =
Premium =
&
Market
Risk ?D:J
. Ry, — Ry | -98.99 0.000 -85.24 0.000 | 6344.6 0.000 | 6192.2 0.000 =
Premium &
)
Size =S
SMB -140.45 0.000 -115.78 0.000 | 9259.4 0.000 | 9078.5 0.000 =
Factor 2.
&
Value ?D:J
HML -137.23 0.000 -129.56 0.000 10439.9 0.000 10490.1 0.000 =
Factor &
)
Moment
- =
i WML -110.74 0.000 -90.28 0.000 | 6839.1 0.000 | 6109.1 0.000 =
Factor =
)
Investm
- =
ent CMA -144.10 0.000 -124.25 0.000 | 9999.5 0.000 | 9946.5 0.000 =
Factor &
o
Profitab
-ility =~
RMW | -138.07 0.000 -122.64 0.000 | 9862.1 0.000 | 9862.1 0.000 =
Factor =
)
Liquidity
Risk ?D:J
LIQ -134.88 0.000 -118.93 0.000 | 9539.6 0.000 | 9544.8 0.000 =
Factor )
o
Account
i =
118 . AQF -99.88 0.000 -88.19 0.000 | 6526.6 0.000 | 6763.2 0.000 =
Quality e,
Factor o
Monthly
=]
Income -y pp | 1707 | 0000 | -10818 | 0.000 | 8561.8 | 0000 | 87681 | 0000 | &
Growth £
Factor o
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7. Results of estimating models of the research

Table 4: Results of estimating second model of the research (Carhart four-factor model [1])

. Symbol of | Estimated | Standard . .
Variable \};ariable Coefficient Error t-Statistic | Probability

Constant Value C 0.006155 | 0.001327 | 4.638172 0.0000
Market Risk Premium | R, — Ry | 0.491908 | 0.005263 | 93.46353 0.0000
Size Factor SMB 0.143570 | 0.015778 | 9.099123 0.0000
Value Factor HML 0.322715 | 0.009231 | 34.95888 0.0000
Momentum Factor WML 0.259999 | 0.007060 | 36.82691 0.0000
Adjusted Coefficient of Determination 0.483
Durbin-Watson 1.999
F-Statistic 4633.38
Probability (F-Statistic) 0.0000

According to Table @, the results of Carhart four-factor model estimation show that the F-
probability value (or significance level) is 0.0000. because this value is less than 0.05, the null
hypothesis is rejected with 0.95 confidence interval indicating the model is significant [[]. The Durbin
-Watson statistic is 1.999 which indicates that the errors are not auto-correlated. The results of the
adjusted coefficient of determination show that approximately 48.3% of the variability in portfolio
risk premium are explained by four factors including market risk premium factor, size factor, value
factor and momentum factor. In other words, the explanatory power and predictive ability of the
four-factor Carhart model [1] in the Tehran Stock Exchange is 48.3%. Careful study of the coefficients
shows that according to the Carhart four-factor model [1], all four factors are significant in the model
at 95% confidence level. In other words, at the 95% confidence level in the Iranian Stock Exchange,
all four market risk premium, size, value and momentum factors have positive and significant effects
on portfolio risk premium at 95% confidence level.
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