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Abstract: Contemporarily, it’s common to see unrest in global financial market, so some cor-
responding analysis on investing risks have made, e.g., CAPM model. For the similar reason,
in order to obtain an efficient and safe method to do stock investment in any market environ-
ment, we mainly investigate the risks caused during the process of stock investment based on
stocks of ten different corporations. This study analyzes people’s investment actions in bull
market and in bear market, and carry out classifications of possible risks in the stock invest-
ment. According to the risk analysis, portfolio is important for reducing risks and then choose
stocks of ten famous corporations to do portfolio design. On the test data, linear regression
and CAMP model are adopted to obtain the B and get a covariance table of these ten stocks.
In terms of these two judgement values, we judge the level of risk and acquire appropriate
portfolio by Python. Based on the evaluation, one can get a clear process of risk analysis and
this research will have certain guiding significance for future stock investment. These results
shed light on guiding further exploration of how to reduce investing risks.
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1. Introduction

There are two different states of global market: bull market and bear market. Bull markets have a
declining hazard function although the best market gains come at the start of bull market, while vol-
atility increases with duration in bear markets [1]. As time goes, two different states switch to each
other and the market keeps the corresponding economy mode for several years. According to the
International Monetary Fund (IMF), considering the usual 30 countries, an average decrease of -3%
in GDP is expected in 2020 as shown in Figure 1. This situation was estimated by considering that
the outbreak will be under control in approximately 1.5 months. If the process is extended to 3 months,
this value is predicted to be more than 6.3%, and if it is extended to 4.5 months, it is more than 10.7
[2]. In this case, there is a tendency that bear market is coming [3].

Nowadays, most of investors know that they should invest those potential stocks though these
stocks have more risks in bull market and they would like to do stable investment in bear market [4].
However, due to the lack of the knowledge of economy, they can’t do right judgement completely
which means they may underestimate the risks of stocks in bull market and hesitate to do stock in-
vestment in bear market. Relying too much on their own judgement instead of the analysis of science
and technology tools is the reason why they often make mistakes during stock investment.

© 2023 The Authors. This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0
(https://creativecommons.org/licenses/by/4.0/).
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In order to get rid of this kind of situation, the study does risk analysis in stock investment by
doing classification of risks and using some specific stocks to do portfolio design. It is wished that
the methods and results presented here have a guiding significance to investors’, especially rookies’,
stock investment. The rest part of the paper is organized as follows. The Sec. 2 will classify different
kinds of risks. The Sec. 3 will do describe the data origination. The Sec. 4 will present the portfolio
design which is also an implementation of the risk analysis. The Sec. 5 will discuss the defects and
drawbacks of the study as well as present a outlook for further study. Eventually, a brief summary is
given in Sec. 6.

The World compared: Economic growth in 2020

Figure 1: Global real GDP growth in 2020 (Economic Growth in 2020-2030 2020).
2. Classiftying Risks

As usual, risks in stock investment can be divided into two different kinds [5]. One is called unsys-
tematic risk, which is mostly caused by some microcosmic reasons. This kind of risk includes finan-
cial risk, operational risk and some other risks caused by one corporation. For instance, LETV, a
corporation from China, whose stock price once peaked at ¥44.7, delisted in 2019 with only ¥0.18
due to business failures [6]. Business failures are factors beyond our control, but they are no doubt
part of unsystematic risk, which must be taken into consideration.

The other risk is systematic risk, which consists of many kinds of macroscopic risks, such as policy
risks, purchasing power risks and interest rate risks. The decreasing stock price of some corporations
like WuXi AppTec (2359.HK) in September, 2022 is the example of systematic risk, because related
party companies are sanctioned by the new policy introduced by American government.

As the old saying goes, “don’t put all your eggs into one basket”, which means if we put all eggs
into the same basket, the risks we break more eggs will increase. Therefore, for the unsystematic risk,
we can use the same method following the concepts, which is also called portfolio, to avoid risk.
However, for the systematic risk, it can’t be easily avoided by portfolio, but we can reduce it in
portfolio. Portfolio design is also part of risk analysis in stock investment.

3. Data

Ten different corporations are selected in hk.finance.yahoo.com. As illustrated in Fig. 2, they are
Ubiquiti, Amazon, Cisco System, Fedex, JPMorgan Chase&Co., General Motors Company, Tesla,
Apple Inc., Twitter Inc., and Alibaba Inc. To satisfy the demand of timeliness and universality, the
range of stock prices we choose are from 14, September, 2017 to 14, September, 2022, which lasts
for 5 years.
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Figure 2: Five-year-round stock prices of ten famous stocks.

4. Results & Discussion
4.1. Calculation of

The following step on portfolio design is choosing five appropriate stocks from these ten into one
portfolio according to two judgement values, B coefficient and covariance. The first step is to calcu-
late and compare P coefficient. B is a coefficient in CAPM model to reflect the correlations between
stocks and market index. Low B value means there are small fluctuations in stock prices with the
market environment changing [7]. There are two different ways to calculate B coefficient value, and
we choose SNP as the market index and the stock of Ubiquiti Inc. (UI) as an example stock. The first
way to calculate B coefficient value is using the equation as

o =15+ Bt — 15) (1)

Here, ra means the mean value of the return of one stock; rr means risk-free rate, and we consider
this variable as zero in our research; rm means the mean value of the return of the market index. Using
this equation and the tools from python, Scatters for the return of the stock(ra) and the return of the
market index(rm) are as shown in Fig. 3 [8].
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Figure 3: Scatters for the return of the stock(ra) and the return of the market index(rm).

In this way, the coefficient we get from linear regression is . The B coefficient value between
SNP and the stock of Ubiquiti Inc. (UI) is 0.969444. The second way to calculate B coefficient value
is using the definition of B coefficient. B coefficient is given by the equation [9]:
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The covariance between SNP and the stock of Ubiquiti Inc. (UI) is 0.000149 and variation of the
market index (SNP) is 0.000153. Therefore, according to the computational formula of B coefficient,
it is easy to get that: f=0.970, which is similar to the result from linear regression. For the rest nine
stocks, we can use any of these two methods to calculate. As the results listed in the Table. 1, 5 stocks
with smallest B coefficient values and 5 stocks with biggest § coefficient values are found. The small-
est B coefficient values are BABA, CSCO, AMZN, FDX and UlI, and the biggest  coefficient values
are TSLA, GM, AAPL, TWTR and JPM.

Table 1: The results of B coefficient values.

Stocks B coefficient
Ul 1.103
AMZN 1.071
JPM 1.121
CSco 1.012
GM 1.230
AAPL 1.216
TWTR 1.180
TSLA 1.440
FDX 1.101
BABA 0.950

The second step is calculating covariance to reduce systematic risks which is caused by stocks and
stocks. It means that one should make sure there are not two stocks with high correlations existing in
a portfolio, because high correlations lead to the similar change between two stocks, and low corre-
lations cam reduce the risk that caused by one stock price changes [10]. For these 10 stocks research-
ing on, we can plot this covariance heatmap as illustrated in Figure 4. One can set a boundary covar-
iance value to judge them. If the covariance between two stocks is larger than the boundary value, it
means that these two stocks are not suitable for existing in the same portfolio.

= 0.0016
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— 0.0008
— 0.0006
0.0004
0.0002

The final work of portfolio design is calculating stock weights, and we consider bear market as the
example market state, which means we choose five smallest 3 coefficient values. Through the corre-
lation analysis, we selected AMZN, CSCO, FDX, BABA, and Ul as our portfolio component stocks.

GM

TSLA

AAPL

AMZN M CSCO GM TSLA  AAPL TWTR  FDX BABA ul GSPC

Figure 4: Covariance table of ten stocks.

4.2. Calculating Stock Weights
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Since we have calculated the beta of each stock and the correlation between the constituent stocks in
the portfolio, one can calculate the return corresponding to the standard deviation of the portfolio.

An effective portfolio is one that optimizes expected return for a given level of risk or minimizes
risk for a given level of return. The aim is to search for an effective frontier because there are numer-
ous optimal portfolios. The weights or relative amounts of each stock in the portfolio are the only
information that missed because we are aware of which equities are included in it. To determine the
efficient frontier, we will essentially just test a huge variety of weight combinations, compute the
historical risk, and return for each portfolio, and visualize those results [11].

As shown in the Figure 5, all the points in the diagram are the risks and corresponding rewards of
our portfolio under different weights. However, not every combination is meaningful to us. The for-
mula of the Sharpe ratio is the difference between the return of the portfolio and the return of the risk-
free asset divided by the standard deviation of the portfolio. Therefore, Sharpe ratio maximization
means maximizing the corresponding return per unit of risk in the portfolio. This is the best Sharpe
ratio when the Sharpe ratio of the portfolio is maximized. At the same time, another portfolio that
makes sense to us is the portfolio with the lowest risk because it minimizes our losses. Therefore, for
these portfolios with different weights, one needs to find the weight of the portfolio in the case of the
portfolio with the highest overall Sharpe ratio or lowest risk.

@ bestsharpe: 1.01
lowest risk: 0.26 .
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Figure 5: Simulated portfolios with five stocks.

We first use the formula to calculate the Sharpe ratio of the portfolio that is randomly weighted.
Next, the max command is utilized to maximize the Sharpe ratio by assigning weights to each stock
and limiting the sum of the weights to 1. The investment portfolio corresponding to the Best Sharpe
ratio is the red dot in the above part of the Figure 5. The weights of each stock in the portfolio are
AMZN 0.456 CSCO 0.0916, FDX 0.00905, BABA 0.0278 and UI 0.416 respectively. Under this
circumstance, the a coefficient value is 0.000771.

In order to find the portfolio with the lowest risk, we also need to limit the sum of these stocks to
1. Subsequently, one calculates the total risk of the portfolio, and through the min command. Finally,
the portfolio with the lowest risk is derived. The weights of each stock in the portfolio are AMZN
0.193 CSCO 0.424, FDX 0.224 and BABA 0.110 and UI 0.0486, respectively. In this way, we can
get portfolios in different market state. Under this circumstance, the o coefficient value is 0.000081.

5. Limitations & Prospects

Although one can get the portfolio, which caters for some certain demands of markets and risks, some
limitations still exist. For the covariance table of stocks return, the standard of selecting the boundary
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covariance value is uncertain, which can affect the accuracy of the results. Meanwhile, in the
YAHOO. Finance website, we cannot get those corporations which only listed in China market.
Therefore, if one wants to add them into our portfolio, this research cannot work. It is wished these
results make guiding significance in the future and it is witnessed to change these python codes in the
research into API in order to gather them in a convenient software. For the future development of
portfolio, searching and popularizing play equally important roles, because only popularizing the
knowledge well among investors can we make our research meaningful.

6. Conclusion

In summary, this paper investigates the way to reduce investing risk using a relatively conservative
portfolio based on the stocks of ten different famous corporations. According to the analysis, the best
way to reduce unsystematic risk is design a proper portfolio by adjusting the proportion of each stock
in the portfolio. Besides, B coefficient, which reflects the correlations between stocks and market,
should be low to hedge this kind of risk. In addition, high correlation stocks should be avoided exist-
ing in the same portfolio. Specifically, the conditions in bull market should be considered in an op-
posite method. Nevertheless, the standard of selecting the boundary covariance value is uncertain,
which can affect the accuracy of results. In the future, we wish more aggregate research will be carried
out on risk analysis and some helpful tools can be designed for investors. Overall, these results offer
a guideline for investors to balance risks and design a relatively proper portfolio.
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