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Abstract 

Capital Asset Pricing Model (CAPM) is developed on the basis of Modern Portfolio Theory 
and Capital Market Theory, which mainly describes the relationship between expected 
return of assets and risky assets. CAPM is one of the most important models in the 
financial field, and it is also the theoretical basis of asset pricing in financial market. In 
this paper, we first get the Capital Asset Pricing Model by mathematical derivation, and 
apply it to solve the asset pricing problem, and analyze its applicable conditions. On this 
basis, this paper uses the stock trading data of Shanghai Stock Exchange to make an 
empirical research on the model. The research results show that from January 1, 2016 
to December 31, 2020, there is a positive correlation between the excess return and the 
systemic risk of the stock portfolio, which is the same as the expectation of Capital Asset 
Pricing Model, but the intercept term is not zero, which shows that the model is only 
suitable for the stock market in the recent five years, but not necessarily for all the stocks 
in the market. 
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1. Introduction 

Capital Asset Pricing Model (CAPM) was first proposed by William Sharpe and John Lintner, 
which is an economic model and developed based on Modern Portfolio Theory and Capital 
Market Theory. CAPM assumes that the investor's investment utility is maximized under 
uncertain conditions. The model mainly describes the relationship between the expected 
return of assets and risky assets. It laid a solid foundation for modern financial theory and 
provided theoretical basis for financial asset pricing. 

After CAPM was put forward, it attracted the attention of many economists, and scholars began 
to improve and test the model one after another, so the model developed continuously. For a 
long time, many financial products have been priced according to CAPM, which promotes the 
prosperity and development of the financial market. At the same time, investment practice also 
provides sufficient power for the development of the model, and constantly tests the 
correctness and applicability of the model. 

In this paper, firstly, the Capital Asset Pricing Model is obtained by mathematical derivation, 
which is applied to the solution of asset pricing problem, and its applicable conditions are 
analyzed. On this basis, this paper makes an empirical test of the Capital Asset Pricing Model 
through the actual situation of China's capital market, so that investors can better understand 
China's capital market and also provide investors with more effective investment strategies. 
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2. Model Hypothesis 

The Capital Asset Pricing Model is proposed on the basis of Markowitz Mean-variance Theory. 
The model pursues the maximization of investors' utility and measures the relationship 
between returns and risks. Therefore, the model has the following assumptions for the market 
and investors: 

① Investors are risk-averse and pursue the maximization of investment utility. They pursue 
the minimum risk in the case of a given return and the maximum return in the case of a given 
risk. 

② Investors are rational, they make investment decisions based on the mean-variance analysis 
of Markowitz Portfolio Model. 

③ Investors have the same expectations for the same period and can borrow money at risk-
free interest rates. 

④ The market is effective, there is no information asymmetry, investors can get all the 
information free of charge. 

⑤ The market is frictionless without taxes and transaction costs. 

⑥ Expected return and risk are the two main factors that affect investors' decision-making. 

⑦ Everyone is the receiver of the price and has no ability to influence the price. 

⑧ All assets can be traded at will, and short selling and short selling are allowed. 

Based on the above hypothesis, William Sharpe obtained the concrete form of CAPM: 
E(Ri) − Rf = βi[E(Rm) − Rf] 

βi =
COV(Ri,  Rm)

σm
2

 

Where E(Ri)  represents the expected return of risk assets; E(Rm)  represents the expected 
return of the market portfolio; Rf  represents the risk-free interest rate; βi  represents the 
systemic risk of the i-th security; σm

2  represents the variance of the market portfolio return, 
COV(Ri , Rm) represents the covariance between the return on a security and the return on a 
market portfolio. 

3. Model Derivation 

CAPM shows that there is a linear relationship between the expected returns of different assets 
when the market is in equilibrium. Therefore, taking the equilibrium of the market as the 
precondition, this paper analyzes the conditions that the expected returns of assets should meet 
when the market is in equilibrium.This paper analyzes the Asset Pricing Theory in two ways 
and deduces the Capital Asset Pricing Model. In the process of deriving the model, U represents 
utility and R represents returns on assets; m represents the market portfolio, i represents any 
asset.  

3.1. Deduction Based on Asset Price and Asset Expected Return  

3.1.1. Establish the Model 

According to the definition of equilibrium, when the market reaches equilibrium, all investors 
have reached the optimization, so there is no motivation to deviate from the status quo.For the 
investors who only hold the market portfolio, do not hold risk-free assets, and do not borrow 
at risk-free interest rate, their portfolio should be optimal.Suppose the following utility function 
is used to describe the risk preference: 

U(R) = E(R) − Aσ2(R) 

Where A is the coefficient representing the risk preference of the investor, so that the investor 
only holds the market portfolio and does not hold the risk-free assets in equilibrium. The value 
of A is temporarily unknown. 
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This also constructs a new portfolio for investors, w-weighted wealth is invested in asset i, and 
1-w-weighted wealth is invested in market portfolio m. Suppose that the expected return of 
asset i is E(Ri), the variance of the expected return is σi

2, and the covariance between expected 
return and the market portfolio return is σi,m . The new portfolio constructed by asset i and 

market portfolio m is named portfolio p. The utility of portfolio p to investors is as follows: 

U(Rp) = wE(Ri) + (1 − w)E(Rm) − Aw2(σi
2 + σm

2 − 2σi,m) − 2Aw(σi,m − σm
2 ) − Aσm

2  

It can be concluded that the marginal utility of transferring w-weighted wealth from market 
portfolio m to asset i is as follows: 

dU(RP)

dw
= E(Ri) − E(Rm) − 2Aw(σi

2 + σm
2 − 2σi,m) − 2A(σi,m − σm

2 ) 

Because market portfolio m is the best choice for investors, when the weight w = 0, the marginal 
utility should be 0. Therefore, transferring wealth from market portfolio to any other asset can 
not improve the utility of investors.Because the marginal utility of any kind of asset is zero, so 

the marginal utility of risk-free asset is also 0.If defined βi =
σi,m

σm
2  ,then the above marginal utility 

expression can be converted into the expression of CAPM: 

E(Ri) − Rf = βi[E(Rm) − Rf] 

3.1.2. Result Analysis 

When the market reaches equilibrium, all investors are optimized and have no incentive to 
deviate from the status quo. For the investors who only hold the market portfolio m, any 
portfolio adjustment can not increase its utility. 

3.2. Derivation Based on the Means of Asset Past Return And Asset Expected 
Return 

3.2.1. Establish the Model 

Use(σm, E(Rm))to represent market combination m. When the market reaches equilibrium, the 
portfolio constructed by all investors should be on the Capital Market Line (CML).The 
expression of CML is as follows: 

E(R) = Rf +
E(Rm) − Rf

σm
σ 

A new portfolio is constructed by using a certain risk asset and market portfolio m. Suppose 
that the weights of asset i and market portfolio m in the new portfolio are w and 1-w 
respectively. R represents the returns of the new portfolio, obviously, R is a random variable 
affected by weighted w.Through calculation, it can be concluded that the expectations of Rw are: 

E(Rw) = wE(Ri) + (1 − w)E(Rm) = w[E(Ri) − E(Rm)] + E(Rm) 
When weight w = 0, the portfolio constructed is the market portfolio m, so this curve intersects 
the Capital Market Line at (σm, E(Rm)). However, this curve can not be higher than the Capital 
Market Line, otherwise it means that the combination constructed by asset i and market 
portfolio m can achieve better than the point on the Capital Market Line, which is in 
contradiction with the definition of the Capital Market Line. Therefore, the slope of this curve 
at this point should be equal to that of the Capital Market Line, that is: 

dE(Rw)

dσ(Rw)
=

E(Rm) − Rf

σm
 

If defined βi =
σi,m

σm
2 , the above expression can be converted into the expression of CAPM: 

E(Ri) − Rf = βi[E(Rm) − Rf] 



Volume 2 Issue 6, 2021 

DOI: 10.6981/FEM.202106_2(6).0022 

123 

Frontiers in Economics and Management 

ISSN: 2692-7608 

3.2.2. Result Analysis 

The Capital Asset Pricing Model derived from the means of asset past return and asset expected 
return can get the expression of CAPM without mentioning utility function. However, the model 
has too many assumptions and is too idealistic to be applied in the real market. 

3.3. Model Evaluation 

3.3.1. Advantages of the Model 

CAPM decomposes the price of risk assets into three factors: risk-free rate of return, risk price 
and risk calculation unit, and organically combines these three factors, which is easy to solve 
the model and relatively simple. 

CAPM enables investors to evaluate and select various assets according to the systematic risk 
rather than the total risk. This method is widely adopted by investors in the financial market, 
and it is more practical to solve the general problems in investment decision-making. 

CAPM shows that there is a positive correlation between the return and the risk of assets. It can 
be used as a tool for investors to carry out portfolio management. It can better explain the 
problem of asset pricing , help to judge whether the stock price is reasonable, and guide 
investors' investment behavior. 

3.3.2. Disadvantages of the Model 

First of all, there are many assumptions in CAPM, so it is difficult to realize all of them; Secondly, 
due to the continuous development and change of economic form and the lack of historical data 
of some assets, β Values are constantly changing and difficult to estimate in CAPM; Finally, 
CAPM attributes all the systemic risks to the market risk of the portfolio and ignores the 
influence of other factors on the return on assets.Therefore, CAPM is not fully applicable, it has 
its own limitations. 

4. Empirical Research 

4.1. Data Selection 

In order to test the model, this paper selects the stocks listed in Shanghai Stock Exchange as 
data samples.First determine the selected industries, then select the representative stocks of 
each industry, and finally exclude the stocks with incomplete data. In this way, the selected 32 
stocks can better represent the performance of China's capital market.The selected stocks 
involved 11 industries, including Industrial and Commercial Bank of China Limited 
(6001398.SH), Kweichow Moutai Co. Ltd. (600519. SH), Jiangsu Hengrui Medicine Co. Ltd. 
(600276. SH), China State Construction Engineering Corporation Limited (601688. SH), Anhui 
Conch Cement Company Limited (600585. SH), etc. If the daily closing price is used as the 
sample, the transaction may be out of sync; If the weekly closing price is used as the sample, 
there may be continuous suspension without data. In order to make the selected data 
reasonable, this paper selects the monthly closing prices of 32 companies from January 1, 2016 
to December 31, 2020 as data samples. 

This paper selects the Shanghai Composite Index as the market portfolio.This index is weighted 
by equity, which is a value weighted index and meets the requirements of CAPM for portfolio 
construction. 

When foreign scholars test CAPM, they mostly use one-year treasury bond interest rate or 
interbank offered rate as risk-free interest rate; when Chinese scholars test the model, they 
mostly use three-month fixed deposit interest rate or five-year fixed deposit interest rate as 
risk-free interest rate.However, the interest rate in China has not been fully marketized, in 
addition, medium and long-term treasury bonds account for the majority of the market, so the 
risk-free interest rate can not be replaced by one-year short-term treasury bond interest rate.In 
this paper, when testing the Capital Asset Pricing Model, the risk-free interest rate is not a fixed 
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value, but the five factor data released by China Asset Management Research Center. Because 
the risk-free interest rate changes with time, this test is more in line with the actual situation. 

4.2. Data Processing 

4.2.1. Yield 

The yield of a single stock and the yield of market portfolio can be expressed as follows: 

Ri,t =
Pi,t − Pi,t−1

Pi,t−1
 

Where Pi,t−1 represents the monthly closing price of the i-th stock in the t-1 month. 

4.2.2. Systemic Risk of Single Stock 

The expression of CAPM is as follows: 

E(Ri) − Rf = β[E(Rm) − Rf] 

Where E(Ri) represents the expected return of the i-th stock. By regression calculation of the 
above formula, we can get βi, αi, εi and determinable coefficient Ri

2 of 32 stocks. 

4.2.3. Systematic Risk of Market Portfolio 

The expression of CAPM is as follows:  

E(Rp) − Rf = β[E(Rm) − Rf] 

Where E(Rp) represents the expected return of the market portfolio. Take the variables on the 

left side of the equation as dependent variables and the risk premium on the right side of the 
equation as independent variables to make regression calculation on the constructed market 
portfolio: 

E(Rp) − Rf = αi + β[E(Rm) − Rf] + εi  

From the above formula, we can get β, αi, εi  and determinable coefficient  Ri
2  of the market 

portfolio. 

4.3. Empirical Research 

The test of CAPM can be attributed to whether the test results satisfy the following three 
characteristics: first, whether the intercept term of regression equation is zero; second, 
whether the β coefficient fully describes the fluctuation of expected return; third, whether the 
risk premium of market portfolio is positive. 

4.3.1. Calculate 𝐄(𝐑𝐩) by Arithmetic Average 

The selected 32 stocks are constructed into a portfolio, and the monthly return of 32 stocks is 
used for arithmetic average, and the result is taken as the expected return of this combination 
in the month.Calculate E(Rp) − Rf and E(Rm) − Rf, and make regression calculation. 

The regression equation is Y = 0.8964X − 0.012 ,from the equation, we can see the value of 
slope β is 0.8964, the determinable coefficient is 0.819, and the intercept is -0.012. The value of 
the determinable coefficient is close to 1, which indicates that the regression result is ideal. 
There is a gap between the value of Slope β and 1, which indicates that we can continue to 
optimize the results. 

4.3.2. Calculate 𝐄(𝐑𝐩) by Fixed Weight 

The weighted average method is used to calculate the expected return of the portfolio: 

E(Rp,t) = ∑ wiRi,t

i=1

 

Where wi represent the ratio of the arithmetic means of the total market value of each stock in 
60 months to the arithmetic means of the total market value of the portfolio in 60 months, and 
it is taken as the weight; Ri,t represents the monthly yield of the i-th stock in month t; E(Rp,t) 

represents the expected return of the portfolio in month t. According to the formula, we can 
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calculate the monthly return rate of the combination for 60 months and carry out regression 
calculation. 

The regression equation is Y = 0.9443X − 0.0073, from the equation, we can see the value of 
slope β is 0.9443, which is very close to 1. Compared with the result of arithmetic average, the 
change of yield of the portfolio is closer to that of market portfolio. The determinable coefficient 
R2  is 0.7716, which is smaller than the result of arithmetic average; the intercept value is -
0.0073, which is close to 0. 

4.3.3. Calculate 𝐄(𝐑𝐩) by Changing Weight  

Different from the above method of fixed weight, this method takes the ratio of the total market 
value of each stock in each month to the total market value of the portfolio in that month as the 
weight, where the weight changes with time: 

E(Rp,t) = ∑ wi,t ∙ Ri,t

i=1

 

Where wi,t  represents the weight of the i-th stock in month t. The monthly return of the 
portfolio can be calculated by the formula, and the regression calculation can be carried out. 

The regression equation is Y = 0.9055X − 0.0079, the value of slope β is 0.9055, which is close 
to 1, but it is not as good as the fixed weight β close to 1; The determinable coefficient R2 is 
0.7524, which is smaller than the result of fixed weight. The intercept value is -0.0079, which is 
close to 0. After considering the time variation of weight, the result is not as good as that of fixed 
weight. 

5. Research Conclusion 

According to the above test, we can draw the following conclusions: first, for a single stock, the 
value of β of the most stocks is distributed around 1, which indicates that the stock price 
fluctuation of the selected stocks is more consistent with the market, but there are also 
individual stocks which β have a big difference between the value and 1 ,which indicates that 
the stock price fluctuates greatly, the yield is not consistent with the market, and it is highly 
speculative. Second,by observing the value of β and the determinable coefficient of 32 stocks, it 
is found that the regression result of single stock is poor. The smaller coefficient of 
determination indicates that a single stock may not be suitable for CAPM, so the test is invalid. 
Thirdly, the selected 32 stocks are combined and then regressed. The regression result of stock 
combination is obviously better than that of single stock.Because the stock portfolio disperses 
the non systematic risk, the decision coefficient of the stock portfolio is basically above 0.7, the 
value of β is above 0.9. Compared with single stock, stock portfolio is more suitable for CAPM. 
Fourth, when regression the value of β, the result of E(Rp) calculated by the weighted average 

method is closer to 1 than that by the arithmetic average method, but at the same time, its 
determinable coefficient is also smaller. 

Through the empirical test, we find that there is a positive correlation between the excess 
return of the constructed stock portfolio and the value of β. It shows that the excess return of 
stock portfolio in Chinese capital market is positively correlated with systemic risk, and the 
result is consistent with the expectation of the Capital Asset Pricing Model. However, the 
intercept term of the regression results calculated by the three methods is not zero. According 
to the Capital Asset Pricing Model, such a result may be due to the fact that the model is only 
suitable for the capital market in the last five years, but not necessarily for all the stocks in the 
market. The specific reasons are as follows: first, in China's capital market, investors are more 
inclined to speculate. Risk preference investors tend to invest in high-risk assets in order to 
obtain excess returns, rather than enjoy the time value of assets, which leads to investors' 
speculative demand for assets greater than investment demand in China's capital market. 
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Second, the premise of capital asset pricing model, assuming that the capital market is 
completely effective, but China's capital market is not very standardized, the information 
transparency is not high, the market participants have information asymmetry and other 
problems, which affect the operation efficiency of the market.Third, compared with the 
developed countries, China's capital market starts late and develops slowly, which leads to the 
failure of various functions of the market, and the stock return is greatly affected by the non 
systematic risk. In addition, the supervision of institutional investors and listed companies is 
not strict enough, which makes investors not act according to market rules, but act according 
to the thinking mode under the planned economic system, which leads to the distortion of 
China's capital market by a kind of non market forces, and has a certain impact on the 
applicability of the Capital Asset Pricing Model. Fourth, the government's policies may also have 
a greater impact on the stock market. 

As an important part of China's financial system, the stock market plays a vital role in the 
development of China's financial market. Only by further developing and improving the stock 
market can we improve the core competitiveness of finance and realize the integration with the 
international financial market. In this process, the applicability of the Capital Asset Pricing 
Model will gradually improve, it provides an important theoretical basis for the research of 
China's stock market, and also provides experience and enlightenment for investors and policy 
makers. 

6. Research Limitations 

First of all, in the process of empirical research, this paper selects the monthly closing price of 
the stocks in the recent five years as the test data. Due to the short time span of the data, there 
may be occasional fluctuations in a single stock. Secondly, this paper selects 32 stocks as the 
test sample, because the number of stocks is small, there may be accidental error. Last, when 
determining the weight, this paper uses the methods of arithmetic average, fixed weight and 
variable weight to calculate the weight, which may be different from the actual situation, thus 
affecting the test results. If cross-section data analysis, time series analysis and other methods 
are used, the test effect may be better. 
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