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Abstract: We use the Autoregressive Integrated Moving Average (ARIMA) model and Facebook Prophet model to predict 

the closing stock price of Google during the COVID-19 pandemic as well as compare the accuracy of these two models’ 

predictions. We first examine the stationary of the dataset and use ARIMA(0,1,1) to make predictions about the stock price 

during the pandemic, then we train the Prophet model using the stock price before January 1, 2021, and predict the stock price 

after January 1, 2021, to present. We also make a comparison of the prediction graphs of the two models. The empirical results 

show that the ARIMA model has a better performance in predicting Google’s stock price during the pandemic. 
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1. Introduction 

Since the full-scale outbreak of COVID-19 in the middle of 2020, the financial markets have been severely 

hit. The world economy was subsequently affected by the spread of the pandemic, which resulted in 

financial markets slumping, stock prices plummeting, and worldwide companies being affected. Therefore, 

this time-specific series of changes has its research significance and can provide valuable references for 

future generations of the financial markets. We selected the closing price of GOOGL from 2007 to 2022 

from Yahoo Finance for our research. We chose Alphabet Inc. as our research subject because the parent 

entity already has a market cap of 1.79 trillion U.S. dollars, which is over Amazon, thus making it the most 

valuable internet company. Moreover, the firm had over 257.6 billion in revenue in 2021, creating the 

highest annual net income at 76 million dollars [1]. Therefore, the study of Alphabet Inc. has significant 

implications for the financial markets. In this research, we use two models, which are the Autoregressive 

Integrated Moving Average (ARIMA) model and the Facebook Prophet model, to forecast the stock price 

during the pandemic and compare them with the actual situation in order to discover the advantages and 

disadvantages of the two models. 

In the literature review section, we present the current research achievements of ARIMA and Facebook 

Prophet as well as the reason we choose these two models to predict stock price during the pandemic. In 

the method section, we first confirm the stationarity of the data, and then introduce the ARIMA and 

Facebook Prophet methods, respectively, while explaining their design principles. In the experimental 

analysis section, we conduct the experiments and analyze the prediction results. This includes the source 

of the data and its interpretations, the application of the algorithms, and the analysis of the predictions 

separately with graphs. We then we present a comparative analysis of the two models using errors. In the 
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conclusion section, we highlight the value of this research and its implications in real life. 

 

2. Literature review 

There are some literatures that emphasize on the use of the ARIMA and Facebook Prophet model. ARIMA, 

as an abbreviation of “Auto Regressive Integrated Moving Average,” is a class of models that interprets a 

given time series based on its past values, i.e., its lags and lagged forecast errors, to use the equation to 

predict future values. Stevenson highlights the significance of the predicting method in the stock market, 

revealing that ARIMA models are instrumental in predicting broad market trends, but the forecasting results 

differ significantly from reality while using other models [2]. Jadevicius and Huston argue that ARIMA can 

be used to evaluate a wide range of market price changes, which can help governments and central banks 

to forecast the increase in national housing prices and enable investors to predict how to invest [3]. ARIMA 

is an effective model to forecast what we are focusing on in short-term, which is in line with the pandemic 

period. 

Facebook Prophet is an open-source procedure for forecasting time-series data, which works best with 

time series that have strong seasonal effects and several seasons of historical data. Ignacio Medina et al. 

first introduced this web-based algorithm – Prophet. There are two main options, which are “train” and 

“predict.” Under the “train” part, Prophet builds a prediction rule based on genes by finding the optimal 

predictor, then the rule is applied to give the prediction of a new dataset with high accuracy [4]. Wen-Xiang 

Fang et al. used Prophet in the finance markets to forecast the stock value of Microsoft Corporation (MSF), 

and the empirical results showed that Prophet has certain advantages in predicting future price trends [5]. 

Sumedh Kaninde et al. also used Prophet to predict the stock price and concluded that this model can be 

used to predict stock prices for a long period of time with reasonable accuracy [6]. Due to its training 

characteristic and effectiveness in predicting future time-series data, including stock prices, we use it to 

predict the closing stock price of GOOGL during the COVID-19 pandemic to determine whether the model 

can constantly predict with high accuracy under the contingency. In addition, we also compare the 

prediction of ARIMA and that of Facebook Prophet. 

 

3. Methodology 

In order to ascertain reliable predictions of the closing stock price during the COVID-19 pandemic, two 

algorithms are used. Before performing the algorithm, we need to check the stationary of our data by 

applying the augmented Dickey-Fuller (ADF) test. Thereafter, we will use the ARIMA model and Facebook 

Prophet model to predict the stock price during the pandemic. 

 

3.1. ARIMA 

ARIMA is obtained from combining differencing with autoregressive model and moving average model, 

in which the integration refers to the reverse of differencing. It was first popularized by Box and Jenkins 
[7], and it belongs to a class of models that interprets a given time series based on its past values, i.e., its 

lags and lagged forecast errors, to use the equation to predict future values [8].  

The ARIMA model can be written as follows: 

 

𝑦′𝑡 = 𝑐 + ∅1𝑦′𝑡−1 +⋯+ ∅𝑝𝑦
′
𝑡−𝑝

+ 𝜃1𝜀𝑡−1 +⋯+ 𝜃𝑞𝜀𝑡−𝑞 + 𝜀𝑡                                                                                               

 

where 𝑦′𝑡 is the differenced time series data, and the functions on the right contain the lagged values of  

𝑦′𝑡, which can be used as the predictors for prediction. Any “non-seasonal” time series that exhibits a pattern 

and is not random white noise can be modeled with an ARIMA model. An ARIMA(p,d,q) model is 

characterized by three terms: p, d, and q [9]. 

(1) 
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(1) p: The order of the autoregressive term 

(2) q: The order of the moving average term 

(3) d: The number of differences required to make the reversed time series stationary 

We will use the backshift notation when building the complicated models, the equation can be written 

as follows [8]: 

 

(1 − ∅1𝐵 −⋯− ∅𝑝𝐵
𝑝)(1 − 𝐵)𝑑𝑦𝑡 = 𝑐 + (1 + 𝜃1𝐵 +⋯+ 𝜃𝑞𝐵

𝑞)𝜀𝑡 
 

3.2. Facebook Prophet 

Facebook Prophet is a time-series data forecasting algorithm, which was developed by Facebook’s data 

science team. It is based on an additive model, in which the nonlinear trend fits to the seasonality of the 

year, week, and day, along with the holiday effect [10].  

The Prophet model can be expressed as follows:  

 

𝑦(𝑡) = 𝑔(𝑡) + 𝑠(𝑡) + ℎ(𝑡) + ɛ(𝑡)                                                                                                                                            

 

where 𝑦(𝑡) refers to the additive regression model, 𝑔(𝑡) refers to trends, 𝑠(𝑡) refers to seasonality, 

which shows periodic changes, ℎ(𝑡) refers to holiday, which reflects predictable annual abnormal days on 

irregular schedules, ɛ(𝑡) refers to error, which is typically modeled as normally distributed noise, showing 

information that is not included in the model [12]. Due to the seasonality and holiday components, Prophet 

is most effective for time series with strong seasonal effects and historical data of several seasons (however, 

we do not expect seasonal or holiday effects for stock market data). 

. 

4. Empirical analysis 

The data set comprises 15 years of stock prices from 2007–2022 from Google Inc., whose ticker symbol is 

“GOOGL.” We use the R package “Quantmod” to obtain publicly available data from Yahoo Finance. The 

data selected include the company’s close price on Google. Moreover, we have a total of 3,946 data with 

no missing values. The structure of the data is shown in Table 1. The average closing price of Google Inc. 

is 41.065, and the minimum value is 6.443. 

 

Table 1. Summary statistics 

Variable N Mean Std. Dev. Min Pctl. 25 Pctl. 50 Pctl. 75 

GOOGL.Close 3945 41.065 34.853 6.442 14.515 28.065 55.84 

 

4.1. Data analysis and processing 

Figure 1 clearly shows the trend of the stock over a period of time. The volatility of the stock market can 

be seen clearly. Though there are peaks and troughs in the short term, we can see a clear upward trend in 

the long term, but it is not linear. At the same time, we can see a significant downward trend in the share 

price after the COVID-19 period. We want to ascertain whether a simple linear regression can capture the 

trend of the data and help us forecast the stock price. We assume that a simple linear regression does not 

capture the trend of the data.  

We use date as the independent variable and stock price as the dependent variable. We obtain a 

goodness-of-fit of 74.4% through the linear regression model. By comparing the p-value tables, the results 

are found to be statistically significant since the p-value is less than 0.001, thus the original hypothesis is 

rejected. This means a relationship exists between the date and the stock price. The coefficient of the date 

(2) 

(3) 
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indicates that with each changing day, the closing stock price increases by $0.02. 

 

 
Figure 1. Google stock price trend over time 

 

Based on Figure 2, we can clearly see that the time series is not stationary, i.e., its variance is not 

constant across time. In addition, a clear positive trend indicates that there is no recovery to a constant value, 

thus suggesting that the time series is not stationary on average. In general, these two properties are 

undesirable for better and easier time-series modeling. In order to confirm that it is non-stationary, we 

compared the original time-series data with the transformed data. We applied log transformation and Box-

Cox transformation to do so. Moreover, we used the popular log transformation method to determine the 

mean stationarity. 

 

 
Figure 2. Log-transformed closing price of Google over time 

 

The ADF test is a standard statistical test used to determine whether a given time series is stationary. 

It is one of the most commonly used statistical tests when analyzing the stationarity of a series, which is 

largely dependent on the presence of a unit root. The time series is non-stationary if the unit root is present. 
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The null hypothesis of the ADF test is as follows: the covariance of the first lag of Y is equal to 1. When 

the test statistic is below the critical value, we reject the null hypothesis and infer that the time series is 

stationary. The ADF test was performed on the original closing price, and the closing price was Box-Cox 

transformed. Three sets of p-values were derived from the ADF test when the lag order is 15 (Table 2). 

 

Table 2. ADF test on three variables 

Variable Dickey-Fuller p-value 

GOOGL.Close -1.68 0.715 

GOOGL.log_close -3.15 0.0967 

GOOGL.bc_close -3.33 0.647 

 

Although the transformed p-values dropped sharply, we cannot confidently reject the null hypothesis 

at 95% significance level. In order to address the non-smoothness of the mean, we calculated the first-order 

lag of the closing price. However, we also have outliers that deviate more than most points. By running an 

ADF test on the first-order lagged closing price to see if we have achieved the mean stationary property, 

the p-value is apparently equal to 0.01 when the Dickey-Fuller is equal to -15.484, below the critical value 

of 0.05. This indicates that the series is now stationary. 

 

4.2. ARIMA model 

We will use Akaike information criterion (AIC) and Bayesian information criterion (BIC) to evaluate the 

performance of the model. According to the BIC value, the order of the best model is c(0,1,1). We then 

bring ARIMA(0,1,1) into the model. 

In Figure 3, the dashed line represents the model’s prediction, and the solid line represents the actual 

value. As we can observe from Figure 3, the dashed and solid lines have a very high degree of overlap, and 

ARIMA(0, 1, 1) has an excellent performance in predicting stock prices. It not only predicts the overall 

upward trend of stock prices well, but also the upward and downward fluctuations of stock prices in the 

short term, except that the value of the predicted fluctuations is higher than the actual stock prices. Moreover, 

this model perfectly predicts the overall downward trend of stock prices after the COVID-19 pandemic. 

 

 
Figure 3. In-sample prediction for the best model 
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The root mean square error (RMSE) for the ARIMA model is 0.01842, which means that the error 

between the predicted value and true value is 0.01842461, signifying a relatively small error. This indicates 

that this model completes the prediction with a relatively high degree of accuracy. We will predict five time 

periods from the best model.  

 

4.3. Facebook Prophet model 

We consider the data before January 1, 2021, as the training dataset and the data from January 1, 2021, to 

present as the test dataset. 

In Figure 4, the x-axis is time in years, while the y-axis is the closing price of Google, which is the 

target variable. The black points represent the real data, whereas the blue points represent the predicted 

values; the light blue area represents the 95% confidence interval. Using the dataset before January 1, 2021, 

the Prophet model predicts the stock closing prices with relatively high accuracy. However, when predicting 

short-term fluctuations, the value of the fluctuations is in fact lower than the real data. Using the dataset 

from January 1, 2021, to present, the model predicts a continuous upward trend in the closing stock price, 

which is also not consistent with the actual situation, in which the stock price shows a significant downward 

tendency.  

 

 
Figure 4. GOOGL price forecast using the Prophet model 

 

4.4. Comparison between ARIMA and Facebook Prophet 

There are some parameters that can be used to examine the performance of the Prophet model. We use 

RMSE for comparison, in which the lower the RMSE, the lesser the error. The RMSE of ARIMA and 

Prophet is 0.01842 and 47.56, respectively. Comparing the values, the error of the Prophet model is 

significantly larger than that of ARIMA. This indicates that ARIMA outperforms Prophet in terms of 

accuracy and overall performance when predicting Google’s closing stock price. Moreover, considering 

the negative impact of COVID-19 on stock prices, ARIMA well predicts this situation, while Prophet 

derives the exact opposite trend, further validating its imperfection in predicting stock prices. 

 

5. Conclusion 

In this study, we used both the ARIMA model and the Facebook Prophet model to predict the trend of stock 

prices during the pandemic period. The RMSE shows that the error of the ARIMA model is less than that 
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of the Facebook Prophet model, indicating that the ARIMA model is more accurate than the Facebook 

Prophet model. This suggests that the ARIMA model will play a significant role in forecasting the trend of 

stock prices during a particular time series. Therefore, the ARIMA model merits further investigation. 
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