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Effect of Travel restrictions on the number of confirmed COVID-19 cases
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Background and Significance
There have been multiple studies evaluating the effectiveness of mobility restrictions on curtailing the spread of COVID-19. In a study done by Costantino, Heslop, and MacIntyre (2020), it was concluded that travel restrictions were highly effective on containing the spread of the virus in Australia at a time when it was in its peak in China. The country put the restrictions when the virus was still largely localized to China, thereby averting a much larger outbreak in the country. The researchers used data of disease incidence from China as well as international movements between China and Australia. They modelled three scenarios to evaluate the effect of international travel ban. In scenario one, there was no ban while scenario two and three used a full and partial lifting of the ban where more than 100,000 students were allowed to enter Australia, but not tourists. It is evident that the study focused on the effect of international travel restrictions, thereby failing to account the effect of local spread from the cases that had already been reported before imposing the ban.
[bookmark: _GoBack]In another study, it was found that while countries can receive infected travelers to enter their border in absence of travel restrictions, these cases contribute little to the control of the pandemic. Conversely, the bans have debilitating effects on the social and economic cost. However, this argument is realistic only when most of the cases reported are from local spread. In such instances, stringent travel rules would have limited impact on the epidemic control. Only countries with low local incidence rates and large numbers of travellers from other countries can use the ban on international travel as a convenient tool for fighting the virus (Russell et al., 2020). This also can be alluded to the interstate and intercity travel in the United States. Therefore, it is imperative to assess the impact of local restrictions such as banning of gatherings, internal movement, and stay-home restriction as well as the international travel restrictions and stringency index. The goal of this experiment is to test the combined effect on number of reported cases based on all these variables.
Methods
Data for the experiment was obtained from COVID-19 Data Hub for the period between January 12, 2020 and September 22, 2020. The purpose to establish the impact of bans in gathering, stay-home, internal travel, international travel, and stringency index on the number of COVID-19 in the state of California. This database was created in response to the pandemic to aid researchers and policy developers in studying the trend of the numbers as impacted by the various control measures. The center for Systems and Engineering in collaboration with ESRI and John Hopkins University is maintained a web-based platform to track COVID-19 in real time (Dong, Du, & Gardner, 2020). The data is made freely available for interested parties. While the data is available at different levels of granularity, this experiment used variables at state level (Guidotti & Ardia, 2020). There was no question of consent because the data base does not provide any private information that can be used to trace the individuals who tested positive for the virus.
The days to be used in the analysis were assigned randomly using R according to the block variables: gathering restrictions, Internal travel restrictions, stay-home restrictions, international travel restrictions, and stringency index. The data was then analyzed using R studio. Descriptive statistics for the number of cases as affected by the various variables were presented in a tabular format as seen in table 1. Using a multiple linear regression model, hypothesis tests were conducted on the data to determine the change on daily number of confirmed cases as affected by the variables used in the study. The first linear regression model tested all the variables i.e. gathering restrictions, Internal travel restrictions, stay-home restrictions, international travel restrictions, and stringency index. The test was then altered by removing the single least significant variables based on their p-value from the multiple linear regression test. This procedure was repeated until all the insignificant variables were eliminated, thereby remaining with the variables with the most significant impact on the number of COVID-19 cases. The results of this model is displayed in table 2. The R2 value for the variables in the model was assessed to establish if any of the significant variables had a greater effect on the number of COVID-19 cases. The presumptions for the linear regression model were analyzed using the Shapiro Wilk test, Residual vs. fitted plots, and QQ plots with the charts for these plots being shown in the appendix.
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