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In this paper, the time series analysis was utilized to carry out the exploration for the covid 19 dataset form different countries and cities. The paper tried to find the pattern of confirmed cases with Holt-Winters seasonal method as the virus spread and further more to forecast the future confirmed cases to help the people and government to coordinate the plan for time, expenses and resources. Also, the data visualization for the cases trend and distribution will also be provided. We find the Holt model can predict pretty good for the future cases using training and testing set validation
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1. Introduction
[bookmark: _Toc93673617]1.1 Background Information
COVID-19 (coronavirus illness 2019) is a disease caused by the SARS-CoV-2 virus, which was found in Wuhan, China, in December 2019. It is very infectious and has spread rapidly over the world.
COVID-19 is most commonly associated with respiratory symptoms that resemble a cold, the flu, or pneumonia. COVID-19 has the potential to infect more than only your lungs and respiratory system. The condition may also affect other sections of your body.
The COVID-19 pandemic has resulted in a significant loss of human life throughout the world, and it poses an unprecedented threat to public health, food systems, and the workplace. The pandemic's economic and social effects are devastating: tens of millions of people are at risk of sliding into severe poverty, and the number of people who are undernourished, which is presently estimated to be around 690 million, might rise to 132 million by the end of the year.

[bookmark: _Toc93673618]1.2 Research Objectives
This study looks at the amount of COVID-19 cases in different states and how they are progressing based on the number of cases expected in 2020. The main time series model would be the Holt model. Mathematical analysis might be used to create a model that can predict the number of instances in a given number of days based on nation and then test the model's accuracy. Government authorities would be able to forecast the severity of COVID-19 in their nations in the future and develop required protective actions to keep the virus from spreading, as well as visually examine the infection's evolution.

[bookmark: _Toc93673619]2. Methodology
[bookmark: _Toc93673620]2.1 Dataset Overview
The data contains the confirmed cases, death cases of each state and county, ranging from 2020-01-21 to 2021-09-21. The cases and death are both the newly increasing value of that date. Here is an example of the dataframe:
[image: ]

[bookmark: _Toc93673621]2.2 Holt Winters Seasonal Method
You must first assess the properties of your dataset before choosing a prediction technique. To see if your time series data is suitable for Holt-Winters, make sure that it meets the following criteria:
Isn't it random? If it's random, it's an excellent candidate for Single Exponential Smoothing.
There is a pattern.Seasonality is present. To put it another way, your data has patterns that repeat at regular periods. If you were monitoring traffic statistics, for example, you would see a peak in the middle of the day and a reduction in activity at night. Your seasonal period might be one day in this situation.

[bookmark: _Toc93673622]2.3 How Single Exponential Smoothing Works
I'll describe how Single Exponential Smoothing works before we get into Holt-Winters or Triple Exponential Smoothing. The simplest exponential smoothing approach is Single Exponential Smoothing (SES). Exponential smoothing is a technique for smoothing time-series data in which past observations are given exponentially decreasing weights. The Nave Method is the foundation of this system. The projected value is equal to the latest observed value using this approach.
It's hard to imagine Nave would desire credit for such a simple model, yet it turns out it's really excellent at forecasting financial data. Taking the % difference between the actual and anticipated values can also be a useful tool for detecting seasonality.
[image: https://cdn.analyticsvidhya.com/wp-content/uploads/2018/01/eq.png]
There are two versions of this approach, each with a different seasonal component. When seasonal variations are fairly constant across the series, the additive technique is recommended, whereas the multiplicative method is preferable when seasonal variations change proportionally to the series level. The seasonal component is represented in absolute terms in the scale of the observed series using the additive approach, and the series is seasonally adjusted in the level equation by removing the seasonal component. The seasonal component will add up to zero at the end of each year. The seasonal component is represented in relative terms (percentages) via the multiplicative approach, and the series is seasonally adjusted by dividing through by the seasonal component.

[bookmark: _Toc93673623]3. Results
[bookmark: _Toc93673624]3.1 Basic Data Visualization 
First we want to know more about the dataset. The following shows a time series trend of New York State as an example: 
[image: ]
[image: ]
It clearly shows that there is a slowing down around 2020-07 to 2020-11, indicating that the virus spread has been slowed down due to the people’s precaution methods and isolation policy. However, in the winter season the virus became more widely spread as the temperature became more suitable for virus survival.

Also, here is a cases map we retrieved from CDC website:
[image: ]

The following is the total cases by 2021-09 of each state. 

[image: ]
Obviously, the California and Texas are in the worst situation in terms of the confirmed cases. In this two states there would be a huge pressure to the medical resources and people’s living. The state government should also be aware of the policy adjustment and health care benefit in the covid period.

[bookmark: _Toc93673625]3.2 Model Estimation and Forecast
Now comes to the forecast with our model. We split the data set into two part, the training set and the testing set. A strategy for measuring the performance of a machine learning algorithm is this train-test split. It may be used for any supervised learning technique and can be utilized for classification or regression tasks. Taking a dataset and separating it into two subgroups is the technique.

Here we use the seasonal period as 7 days (1 week) and we assume there exists trend in the confirmed cases growth. The following plot shows our prediction:
[image: ]

The red line is the prediction of 30-days cases using the Holt model and the blue line the true time series data. We found that our prediction is very close to the true time series, indicating that our model has captured the main time series trend and seasonality features inside the dataset. 

[bookmark: _Toc93673626]4. Discussions
[bookmark: _Toc93673627]4.1 Model Limitations
Users can smooth a time series and utilize that data to forecast areas of interest using the Holt-Winters forecasting technique. Exponential smoothing reduces the value of the weight for older data by assigning exponentially decreasing weights and values to it.
Despite producing the finest predicting results, the Holt-technique Winter's has some flaws. The multiplicative property of seasonality is one of this algorithm's fundamental flaws. The problem of multiplicative seasonality concerns how the model operates when time periods with relatively small quantities are used. While a time frame with a data point of 10 or 1 has an actual difference of 9, but a relative difference of roughly 1000 percent, the seasonality, which is stated as a relative term, might alter dramatically and should be taken into account when creating the model.

[bookmark: _Toc93673628]4.2 Potential Improvements
People and researchers have been spending a lot of efforts finding better time series prediction model. For a covid 19 prediction, the situation can be influenced by other factors like the policy, travel, and virus evolvement. So a simple improvement would be collecting more factor data and make the time series prediction be affiliated with those important factors. Some advanced techniques like LSTM or Nonparametric regression may help.

[bookmark: _Toc93673629]5. Conclusion
Coronaviruses are a broad category of viruses that may make people and animals sick. Animal coronaviruses can occasionally mutate, infect people, and then transmit between people, as witnessed with MERS and SARS. It is very important for government to predict the covid 19 cases in order to warn the people and prepare for the medical resources. Also, the prediction can help the researchers to understand the society and virus evolvement better, updating the solution like vaccination development and distribution process. 
The Holt-Winters model can predict very well for the next 30 days. However, it does have some limitation in terms of initial point decision and the lack of considering other essential influential factors. Thus other advanced model like Neural network or regression can be further explored.
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