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Abstract: This paper explores the application of the index model in portfolio analysis,
highlighting its significance in both macro and security analysis for the optimization of
portfolios. Utilizing data spanning from October 2018 to November 2023, the study draws
several key conclusions. Firstly, it identifies the optional consumption industry as particularly
susceptible to market fluctuations, exhibiting higher sensitivity compared to the daily
consumption industry. Secondly, an active portfolio comprising Costco, Walmart, Lululemon,
and Under Armour, alongside short positions in risk-free securities, yields the optimal
portfolio with a maximized Sharpe ratio. However, the study acknowledges limitations,
notably the relatively small sample size and the impact of the COVID-19 pandemic, which
introduces extreme risks and potential errors in the analysis. Future research directions
include modifying the index model to incorporate volatility adjustments and exploring multi-
factor investment models to mitigate errors and enhance portfolio efficiency. This study
underscores the importance of continuous refinement and adaptation of analytical
frameworks in portfolio management amidst dynamic market conditions.
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1. Introduction

In recent years, the outbreak of the COVID-19 epidemic has seriously affected the operations and
production of various industries around the world, and has also had a greater impact on GDP. In order
to alleviate the legacy impact of this turbulent period on various enterprises and prevent enterprises
from falling into financial crisis, risk portfolio management of enterprises has become an urgent
problem to be solved [1]. Effective risk management assessment of the portfolio is the key to the
success of the project portfolio, which is consistent with the strategic objectives of the investor [2].
As a type of investment portfolio planning, the index model well solves the problem of high cost
caused by complex calculation, and it involves tracking specific market indexes and taking into
account the market environment risks outside the company [3]. It can better conduct a reasonable
evaluation of multiple assets, thereby helping to reduce the risk of the asset portfolio.

As a risk portfolio management method, the index model divides risk uncertainty into system
macro and company internal micro factors. At the same time, it uses the return rate of stock indexes
such as the S&P 500 as an effective proxy indicator of common macroeconomic factors. Enables
businesses to track a specific market index to achieve returns similar to that index [4]. This model is
estimated through regression analysis of excess returns. The constructed risk portfolio is composed
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of an active investment portfolio and a consumer market portfolio. In this way, the market index
portfolio can be used to improve the diversification level of the entire portfolio and increase the
diversification level of the entire portfolio. Portfolios involve multiple assets to avoid investors being
overly concentrated in one area, thereby reducing risk.

Among them, consumption, as an important part of GDP, has also been affected by the epidemic
and has experienced relatively strong fluctuations [5]. The consumption industry is selected as the
research object, mainly considering that consumption is related to people's needs [6]. The
consumption industry is divided into daily consumption and optional consumption. For daily
consumption, even during the economic downturn caused by the epidemic, the daily consumption
industry has relatively stable demand than other industries. For example, some consumer companies
produce daily necessities, and there is still demand even in the economic downturn. It has certain anti-
cyclicality. For optional consumption, the optional consumption industry can reflect social trends and
economic conditions to a certain extent. The overall economic conditions of society determine the
purchasing power of such products. Therefore, studying this industry can reveal some more valuable
macro information. In addition, there are many large consumer companies with global markets and
operations around the world, which can reduce the impact of regional economics on risk planning.

2.  Methodology
2.1. Analysis of the Investment Mechanism of Index Model Theory

In the past, investors usually used the company's financial data and indicators to evaluate investment
risks, ignoring the impact of the external market on the investment portfolio to a certain extent. The
index model is not only concerned with the weight allocation of the active portfolio of the portfolio,
but also focuses on the market index used to measure the market performance, comprehensively
assessing the risk level of the stock and reducing the specific risk [7]. The most important thing about
index models is timing, which provides a framework for macro and security analysis, which is
essential for the efficiency of an optimal portfolio.

The index model framework separates the sources of fluctuations in macro forecasts and return
expectations for securities, reducing analytical variability [8]. Based on the above investment
philosophy, the index model is applied to the portfolio model, and the risk is measured by input data:

(1) Macroeconomic analysis, which is mainly used to estimate specific market indices and
premiums.

(2) Statistical analysis for estimating B coefficients and residual variance values.

(3) Prediction of security-specific returns based on security characteristic lines, used to estimate o
value, reflecting the incremental risk premium from the information found in the analysis [9].

The above steps are the preparatory steps of the exponential model framework, which provide a
theoretical basis for subsequent research.

2.2. Modeling
2.2.1.Exponential Model

The index model, which provides a decentralized perspective for investors to conduct investment
activities, was first proposed by Sharp. The main point of this model is that it is representative of the
market, by tracking the market index, so as to make a reasonable analysis of the market, and reduce
the risk of a specific stock or industry.

The capital asset pricing model and linear regression are used to estimate the sensitivity of specific
securities to market indexes, and the excess return of securities in the consumer industry is regressed
to obtain the regression equation:
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Ri(t) = o5 + BiRm (D) + e;(t) (1

Where R; (t) is the excess return of securities in the consumer sector, and the intercept a indicates
the expected excess return of the consumer sector when the excess return of the market index is 0. 3
represents the sensitivity factor, which represents the systemic risk of an asset relative to the market
and measures the sensitivity of an asset relative to the market portfolio. Considering that all the assets
in the market form a market portfolio, M is used to represent the market index, and the excess return
is Ry, which represents the average return of the entire market. e; is referred to as residual values and
represents other risks that have been stripped by the system and are not accounted for by the model.

2.2.2.The Optimal Risk Mix under the Index Model

Under the index model, the optimal risk portfolio is determined by the capital market line, and the
goal is to maximize the Sharpe ratio through the selection of portfolio weights to obtain the portfolio
Sharpe ratio:

E(Rp) = a, + E(R,)B, = T wioy + E(Ry) I ;s )
1 1
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Maximizing the Sharpe ratio on the capital market line means oy, the smallest point is the optimal
risk portfolio, where oprepresents the variance of the risk portfolio.

2.2.3.Portfolio Optimization Process

Calculate the original position for each security of the active portfolio:

aj
O = e ®)

Adjust the original weights so that the combined weights are 1:
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Calculate the o value of the positive combination:
ap = Xizg 004 (7)
Calculate positive combination residuals:
0%(ep) = XL, wi®0?(ey) (8)
Calculate the original position of the active combination:
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Calculate the B value of positive combinations:

Ba = Xit1 0ifi (10)
Adjust the original position of the active combination:

e — 11
PA T T a-poe} (1

The weight of the optimal risk portfolio at this point:
wy =1 —wy; 0] = ww; (12)
2.3. Metric Selection and Data Sources

When researching the portfolio of the consumer sector, the author chooses Costco, Walmart as the
two representative stocks of daily consumption, and Lululemon and Under Armour as the
representative stocks of optional consumption. Among them, Costco is the largest chain of
membership-based warehouse stores in the United States, and Wal-Mart is one of the world's largest
retailer giants, both of which have a leading position in the daily consumption industry and have
business all over the world, and both companies have relatively strong brand reputation, and are two
strong representative companies in the daily consumption industry. For optional consumption, Under
Armour and Lululemon are both well-known sports brands and have great influence. Under Armour
offers a wide range of sports and leisure products with a wide range of market lines and a strong brand
presence in the sports and exercise space thanks to partnerships with some of the most well-known
athletes. Lululemon specializes in the design and sale of high-quality, high-end sports equipment and
yoga apparel, and is an important brand in the consumer discretionary industry. The four companies
selected have strong influence in the corresponding industry and have good representativeness.

The data is selected from October 2018 to November 2023, and the opening and closing prices are
counted on a monthly basis, and the average monthly yield is calculated. All data comes from the
iFinD database, which uses the S&P 500 as the market characteristic index to represent market
conditions, and uses short-term U.S. Treasuries to represent risk-free assets.

3.  Results and Discussion
3.1. Empirical Analysis
Walmart (WMT):
Rwmt = awmt + BwmTRspsoo() + ewmr(t) (13)

The above equation describes the linear relationship between Walmart's excess return and changes
in economic conditions represented by the S&P 500 return.

Table 1: Regression statistics of Walmart.

Multiple R 0.558772031

R Square 0.312226182

Adjusted R Square 0.300368013

Standard Error 0.04336166
Observations 60
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As can be seen from Table 1, the correlation between Walmart and the S&P 500 Index reaches
0.5588, indicating that Walmart does not move significantly in the same direction with the
fluctuations of the S&P 500 Index R2. is 0.3122, indicating that the variance of the S&P 500 index
can explain approximately 31.22% of Walmart's. The adjusted is R%slightly smaller than the original

RZ, corrected for using o and B estimates rather than true values. The regression result is shown in
Figure 1.
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Figure 1: The correlation between Walmart and the S&P 500 Index.

COSTCO:

Reostco = costco + BeostcoRspsoo(t) + ecostco(t) (14)

Table 2: Regression statistics of Costco.

Multiple R 0.678374202

R Square 0.460191557

Adjusted R Square 0.450884515

Standard Error 0.046189187
Observations 60

The correlation between Costco and the S&P 500 Index (see Table 2) reaches 0.6784, indicating
that Costco moves in the same direction as the S&P 500 Index fluctuates. R%is 0.4602, indicating that

the variance of the S&P 500 index can explain approximately 46.02% of Costco. The regression result
is shown in Figure 2.
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Figure 2: The correlation between Costco and the S&P 500 Index.

Under Armor (UA)
Rya = aya + BuaRspsoo () + eya(t) (15)
Table 3: Regression statistics of Under Armor.
Multiple R 0.6261589%4
R Square 0.392075018
Adjusted R Square 0.381593552
Standard Error 0.114565745
Observations 60

In the same way, it can be seen from Table 3 that the correlation between Under Armor and the
S&P 500 Index reaches 0.626 2, indicating that Under Armor moves in the same direction as the S&P
500 Index fluctuates.R%is 0.3921, indicating that the variance of the S&P 500 index can explain about
39.21% of Under Armor. The regression result is shown in Figure 3.

0.4

04

Figure 3: The correlation between Under Armor and the S&P 500 Index.
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Lululemon (LULU)
RiuLu = oLury + BLuLuRspsoo () + epuLu(t) (16)
Table 4: Regression statistics of Lululemon.
Multiple R 0.70856531
R Square 0.502064799
Adjusted R Square 0.493479709
standard error 0.0787854
Observations 60

The correlation between Lululemon and the S&P 500 Index (see Table 4) reaches 0.7086,
indicating that Lululemon moves in the same direction as the S&P500 Index fluctuates, and the range
of changes is relatively drastic. R%is 0.5021, indicating that the variance of the S&P 500 index can
explain about 50.21% of Lulu lemon. The regression result is shown in Figure 4.
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Figure 4: The correlation between Under Armor and the S&P 500 Index.

3.2. Correlation and Covariance Matrix Analysis

3.2.1. Analysis of Excess Return and Volatility

Figure 5 to Figure 8 depict the excess returns of stocks selected from the S&P 500 Index of Daily
Consumption and Discretionary Stocks. According to the information in figures, it can finds that the
volatility of optional consumption is greater than that of daily consumption [10].
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Figure 5: S&P500 and Walmart excess returns.
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Figure 6: S&P500 and Costco excess returns.
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Figure 7: S&P500 and Under Armor excess returns.
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Figure 8: S&P500 and Lululemon excess returns.

3.2.2.Conclusion on the Optimal Investment Portfolio

Table 5 shows the estimates of risk parameters for the S&P index and four securities. The importance
of diversification can be seen from the standard deviation of the residuals. The § value represents the
sensitivity coefficient of each company to the market. The larger the  coefficient, the more sensitive
it is to market changes. As can be seen from Table 5, the B value of the optional consumption industry
is significantly higher than that of daily consumption and the S&P Index, and it is more sensitive to
market changes. High sensitivity to changes.

Table 5: Global investable risk parameters (annual).

Standard deviation B System standard | standard | Correlation coefficient
of excess returns SD deviation error with S&P 500
S&P 500 0.1941 1.00 0.1941 0.0000 1.00
Costco 0.2159 0.75 0.1465 0.1600 0.68
Walmart 0.1796 0.52 0.1003 0.1502 0.56
Under Armor 0.5047 1.63 0.3160 0.3969 0.63
Lulu lemon 0.3835 1.40 0.2717 0.2729 0.71
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Table 6 shows the correlation matrix of excess return residuals from the regression of securities
against the S&P Index. The shaded part shows the correlation of the same sector. Under normal
circumstances, the cross-industry correlation is generally much smaller. In the table, the correlation
coefficient between Costco and Walmart's residual value reaches 0.6354, which is a strong correlation.
Due to the particularity of the discretionary consumer industry, which is affected by consumers'
personal preferences and brand positioning characteristics, the residual value correlation coefficient
between Under Armor and Lululemon is low.

Table 6: Residual value correlation coefficient.

Costco Walmart Under Armor
Costco 1
Walmart 0.6354 1
Under Armor 0.4629 0.3824 1
Lululemon 0.5760 0.6326 0.3721

Table 7 shows the co variances obtained by the single-index model. The variances of the S&P 500
index and individual stocks are located on the diagonal.

Table 7: Exponential covariance matrix.

S&P 500 Costco Walmart Under Lululemon
Armor
B 1.00 0.75 0.52 1.63 1.40
S&P 500 1.00 0.0377 0.0284 0.0195 0.0613 0.0527
Costco 0.75 0.0284 0.0466 0.0147 0.0463 0.0398
Walmart 0.52 0.0195 0.0147 0.0322 0.0317 0.0273
Under Armor 1.63 0.0613 0.0463 0.0317 0.2547 0.0859
Lulu lemon 1.40 0.0527 0.0398 0.0273 0.0859 0.1471

Table 8 shows that the a of Costco, Walmart, and Lululemon are positive and higher than the S&P
500 index , indicating that the premium of these three stocks is higher than that of tracking the market
index fluctuation trend, indicating that these three stocks are undervalued, investors will
correspondingly increase their proportion in the risk portfolio when investing. On the contrary, if
Under Armor's alpha value is negative, it means that the security is overvalued, and investors will
reduce the weight when investing.

Table 8: Macro prediction and a value prediction.

S&P 500 Costco Walmart Under Armor Lululemon
a 0 0.0107 0.0047 -0.0250 0.0097
risk premium 0.0076 0.0165 0.0087 -0.0126 0.0204

Table 9 shows the calculation of the optimal risk portfolio. The final calculation results show that
when the active portfolio composed of these four companies accounts for 132.31 % and risk-free
securities account for -32.31%, that is, when shorting risk- free securities, the most risky portfolio
can be achieved to achieve its Sharpe ratio maximum. Notice that each security in the active portfolio
has the same label as a. When short selling is allowed, the positions of the aggressive combination
are larger, so this is an aggressive combination.

39



Proceedings of the 2nd International Conference on Management Research and Economic Development
DOI: 10.54254/2754-1169/84/20240775

Table 9: Calculation of optimal risk asset portfolio.

S&P 500 Active Costco | Walmart | Under | Lululemon
combinatio Armor
n
Residual variance 0.0256 | 0.0226 0.1575 0.0745
Original position ! 0.5995 0.4189 | 0.2091 | -0.1586 0.1302
; 1 0.6987 | 0.3488 | -0.2646 0.2171
Oriinal positi
rigimaz postion 04882 | 0.1217 | 00700 | 0.0471
squared(w,)
Alpha value o 0.0179 0.0075 | 0.0016 0.0066 0.0021
residual 0.0298 0.0125 | 0.0027 0.0110 0.0035
The quglnal p9s1t19n ofothe 29713
active combination my
Positive portfolio beta 0.5807 0.5273 | 0.1803 | -0.4309 0.3040
Adjugtf:d actlv.e‘portf?ho 13231
original position ®j
Optl.rnal I'I*Sk portfoho 0323096842
weight oy, risk-free
Optimal risk portfolio
weight ©" active portfolio 1323096842
Optimal risk poﬂfoho risk 0.0270
premium
The beta value of the
optimal risk portfolio 0.4453
The variance of the optimal
risk portfolio 0.0090
Information ratio of active 00107
combination
The Sharpe ratio S of the 0.1106

optimal risk portfolio

4. Conclusion

The application of the index model to portfolio analysis provides a framework for macro analysis and
security analysis, which is essential for the efficiency of optimal portfolios. After the above data and
research, the following conclusions can be drawn: First, according to data and analysis, the optional
consumption industry is more subject to market fluctuations and more sensitive to the market than
the daily consumption industry. Second, the active portfolio composed of Costco, Walmart,
Lululemon, and Under Armour accounts for 132.31%, and the risk-free securities account for -
32.31%, that is, when the risk-free securities are short, the optimal portfolio can be reached, and the
Sharpe ratio of the portfolio is the largest.

However, there are still shortcomings in this study. Although the data from October 2018 to
November 2023 are selected, the sample size is still relatively small for the study of this theory, which
may bring errors due to the small data scale. In addition, due to the influence of the overall
environment of the novel coronavirus epidemic, the overall economic situation in part of the time is
bad, and the market economy environment is in a relatively extreme situation, resulting in extreme
risks, which is difficult to reflect regularly through the data, and will also cause certain errors in the
research results. In future follow-up studies, the index model can be modified based on volatility, or
the multi-factor investment index model can be formed by adding factor variables to reduce errors.
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