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Abstract: With the continuous accumulation of theoretical knowledge and progressive
applied research, analyzing financial time series data gradually becomes everlasting
research in modern days. The simpler Dickey-Fuller originally is a test commonly used
in econometrics and finance to test the stationarity of financial time series data. There-
after, simpler Dickey-Fuller is eventually extended to the augmented Dickey-Fuller test
to examine the stationarity of financial time series data such as stock prices, returns,
and so on. This paper mainly focuses on the utilization of the augment Dickey-Fuller
test and tests the stationarity of stock prices and returns for Nike, and Amazon. Both
the stock price which is non-stationary, and the return, which is stationary, illustrate
that these two companies are market-efficient. Additionally, the paper provides plots of
stock prices and returns for these two companies by executing Python code. The results
from the augment Dickey-Fuller test not only verify the characteristics of these plots
but also indicate that the augment Dickey-Fuller test is useful to predict stock price and
return.
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1. Introduction

The Dickey-Fuller test (DF test) was originally developed by Dickey and Fuller to demonstrate the
presence of a unit root. A unit root characteristic of a “non-stationary time series” character theoreti-
cally means that the mean and variance of the series are not constant over time. Nyarko mentioned
the stationarity of time series data that non-stationary time series data exhibit variant properties with
respect to the mean and variance. For time series data that is stationary, the mean and variance will
not change over time [1]. This test is a mathematical model that represents the relationship between
a time series and its lagged values.
The formula for the DF test as formula 1:

Yi=pY;—1+¢ (1)

® Y, isthe value of the time series at time t,

® p isthe coefficient on the lagged value of the time series, and

® & isanerror term.

The null hypothesis is that Y; is not stationary and p = 1, the error term in the Dickey-Fuller test,
is identical and independently distributed [2]. The null hypothesis for the DF test is that p = 1, which

© 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/).

101


mailto:Zhg27@pitt.edu

Proceedings of the 7th International Conference on Economic Management and Green Development
DOI: 10.54254/2754-1169/44/20232198

means the time series contains a unit root. However, the alternative hypothesis does not contain a unit
root, and p should be smaller than 1. Additionally, if the calculated T statistic in absolute value ex-
ceeds the critical value which is usually 0.05, the time series is stationary, but if the calculated T
statistic in absolute value is less than the critical value, the time series is non-stationary [3]. The
augmented Dickey-Fuller test is an extension of the simple DF test to determine whether financial
time series data is stationary or not. This is widespread for statistical tests in econometrics.

The formula for the ADF test as formula 2:

Ay, =a+ B +vy: — 1+ 061Ay, — 1+ 820y, — 2+ - + OpAy, —p+ &, (@)

Ay, is the first difference of the time series y, a is a constant term,
B; is a linear trend term,

y: — 1 isthe lagged value of y, Ay, — 1, Ay, — 2,......,

Ay, — p are the lagged differences of y up to p lags,

® &, isthe error term.

Compared to the DF test, the ADF test includes additional terms to account for potential trends
and serial correlations in the time series. The constant term and linear trend term are helpful to capture
any deterministic trends in the time series. Moreover, the lagged value of y, Ay, — 1, Ay; — 2,......,
Ay, — p can improve the accuracy of the test by reducing type Il error when the time series is non-
stationary. Similar to the DF test, the null hypothesis is that the time series contains a unit root, which
means the series is non-stationary. The alternative hypothesis is the time series is stationary. The
series contains a unit root once the series is non-stationary and the first difference is stationary. The
ADF test is commonly used to determine the presence of unit roots [4]. For time series data, the ADF
test is more flexible and accurate since the financial time series data contains trends or serial correla-
tion.

Since the ADF test can be performed throughout Python, this paper investigates the stationarity of
financial time-series data from Nike, and Amazon from 2012 to 2022 by executing the ADF test
throughout Python. By using the ADF test to predict stock price and return, The data analysis industry
can monitor various listed companies and prevent the crisis caused by the stock market.

2. Methodology
2.1. Data Resource

The monthly stock price for each individual company can be collected from Yahoo Finance. Bitcoin
features and prices are freely accessible online. The data to forecasting Bitcoin is collected by using
Python 3.6 [5]. Plus, D Shah mentions that the selected financial data of six Indian banks involved in
activity between 2004 and 2010 were collected from Yahoo Finance [6]. It illustrates that Yahoo
Finance is a trustworthy website to collect data.

After executing the code, there is a data frame for these companies. In this frame, the stock price
for each individual company is completely different every day. In other words, financial data is read-
ily available as soon as the data period ends, and today’s stock price is available as soon as the today’s
market closes. Fu states that time series can be easily obtained from scientific and financial applica-
tions including weekly sales, the price of mutual funds, and stocks. The nature of time series financial
data incorporates large data sizes, high dimensionality, and continuous updating [7].
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2.2. Process

Once the data is obtained from Yahoo Finance, the author chose the ADF test to test the stationarity
of financial time-series data for each company.The augmented Dickey-Fuller test is one of the most
useful ways to check the stationarity of time series data. Rhif etc al. state that the wavelet transform
(WT) method which decomposes the non-stationary time series into the time frequency domain, is
another way to test the stationarity of time series data.

After the test of stationarity, this paper compares the results from the test of stationarity with the
plots of stock price and return.

3. Results

3.1. The ADF Test

Based on the Figure 1, the p-values for stock prices are all significantly larger than 0.05, which means
it fails to reject the hypothesis. The stock prices of these two companies are non-stationary. However,
the p-values for returns are equal to 0, which is smaller than 0.05 (Table 1 and Table 2). In other
words, it rejects the null hypothesis. The returns of these two companies are stationary. Shafiee men-
tions that tomorrow’s stock price is equal to today’s price plus a random shock. The Predictions of
non-stationary series do not have any relationship. The movement follows a random work [8].

Table 1: The ADF test for the stock prices.

Variable ADF stat p-value 5% criti v #Lags #0Obs
AMZN -1.1335 (0.7015) -2.8626 27 2740
NKE -0.9994(0.7535) -2.8626 27 2740

Table 2: The ADF test for the returns.

Variables ADF stat p-value 5% crit V #Lags #0Obs

AMZN -53.1475 (0.0000) -2.8626 0 2766

NKE -13.3337 (0.0000) -2.8626 15 2751
3.2. Nike

Figure 1 indicates that the stock price for Nike follows a strong trend, which means the stock price is
non-stationary. Figure 2 indicates that the plot of return for Nike does not have a trend, which means
the return is stationary. Figure 3 indicates that the autocorrelation of stock price stick to 1, the auto-

correlation of return stick to 0.
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Figure 1: The plot of stock price for Nike.

103



Proceedings of the 7th International Conference on Economic Management and Green Development
DOI: 10.54254/2754-1169/44/20232198

Time Series Plots
15

10

'
w

-10

A2 0‘\9' 0‘\& 0’\3 Qﬂp 01‘1'
20 7 % " pate ¥ 2

Figure 2: The plot of return for Nike.
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Figure 3: The Autocorrelation of stock price and the autocorrelation of return for Nike.

3.3. Amazon

Figure 4 indicates that the plot of the stock price for Amazon has a strong trend, which means the
stock price is non-stationary. Figure 5 indicates that the autocorrelation of stock price sticks to 1, and
autocorrelation of return sticks to 0. Figure 6 indicates that the return for Amazon does not have a
trend, which means the return is stationary.
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Figure 4: The plot of stock price for Amazon.
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Figure 5: The plot of return for Amazon.
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Figure 6: The autocorrelation of stock price for Amazon(left); The autocorrelation of return for Am-
azon(right).

3.4. Analysis

Based on these graphs, all the plots of stock price are non-stationary since they all have a strong trend,
and all the autocorrelation sticks to 1. This is because the stock price is unpredictable. Compared to
the plots of stock price, the plots of return do not have a trend at all. All the autocorrelation sticks to
0. So, Nike and Amazon are all market efficient during 2012-2022. The results satisfy that the ADF
test, which is used to test the stationarity of financial time-series data, is useful to predict stock price
and return for different listed companies since all the p-values for the stock price of these two com-
panies are smaller than 0.05, and all the p-values for the return of these two companies are larger than
0.05. A company could be treated as market efficient once the stock price is non-stationary, and the
return is stationary. Furthermore, the ADF test testifies to the characteristics of the plots for stock
price and return. Whereas lags refer to the number of lagged differences in the time series being tested
that could affect the result of the ADF test. Since the number of lags in the Python code is 30, the test
may not fully capture the auto-correlation present in the data. A few lags can lead to a higher proba-
bility of a false negative result, which means it fails to reject the null when the series is stationary.
Too many lags included may over-correct the auto-correlation, and it rejects the null when the series
is non-stationary. Based on the autocorrelation structures and sample sizes, an appropriate number of
lags can be picked for the ADF test, and the Akaike Information Criterion (AIC) is one of the various
methods to determining the optimal number of lags.
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Conclusion

This paper mainly introduces the ADF test which is a unit root test to test the stationarity of the
financial data. By using the ADF test, it can be concluded that the stock price of Nike and Amazon
are non-stationary, and the return of Nike and Amazon are stationary. These two companies are mar-
ket efficient. The ADF test indicates it is a useful way to predict stock price and return. Since the
length of the research date in this paper concentrates on 10 years, the data range may be relatively
narrow. Once the range is changed, the null hypothesis of the stock price in the ADF test may be
failed to reject, and the null hypothesis of return in the ADF test may be rejected. The data analysis
industry may consider that listed companies have potential investment risks.
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