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Introduction 
COVID-19 (Novel Coronavirus) is a pandemic which has obtained the attention of the public in the entire world. As of 13th June 2020, the number of COVID-19 cases reported in the world were 7,739,831 followed by 428,337 deaths (Worldometer, 2020). In Sri Lanka, the first infection was identified on 11th March 2020.  At the time of writing 1,880 of COVID cases and 11 deaths have been reported in Sri Lanka. The number of infections increase daily, forcing researches to start modelling the epidemic. A statistical modeling approach plays a vital role in this regard. Particularly, Autoregressive Integrated Moving Average (ARIMA) is one of the univariate time series modelling approaches which can be used to model and predict the COVID-19. In this study, daily cumulative COVID-19 cases in Sri Lanka were modelled using ARIMA approach in order to predict the number of infections in future. Anticipation of the cases will be useful in managing and the controlling the pandemic. Several studies were applied ARIMA approach in modeling the COVID-19 cases in other countries (Bayyurt, 2020, Ding et.al.,2020). Literature reveals that ARIMA modelling approach is suitable in short-term forecasting. 
Methodology
Data from 11th March 2020 to 1st of June 2020 were used for model development and data from 2nd of June 2020 to 10th June 2020 (10% of data) were used for model validation. 

After the time series plot of daily cumulative COVID-19 cases was examined, stationarity of the series was tested by applying Augmented Dickey Fuller test (ADF), KPSS test and Phillips-Perron (PP) test. The original series was not stationary and transformed it into a stationary one by differencing the data. The autocorrelation function (ACF) and partial autocorrelation function (PACF) of stationary series were used in determining the order of processes in the ARIMA model. The most appropriate model was selected based on AIC and BIC measures. In model diagnostic checking, residuals of the model followed a white noise which is drawn from a constant mean and variance. If the assumptions are not held then another model needs to be investigated otherwise the model can be used to make predictions after validation (Box, 1970). Therefore, the assumptions of the most appropriate model were tested and validated using the test data. The mean absolute percentage error was less than 10% revealing that the model is appropriate in forecasting (Lewis, 1982, p.40). 
RESULTS AND DISCUSSION

The time series plot of daily cumulative COVID-19 cases in Sri Lanka is shown in Figure 1.  A trend in the series is apparent for the period.
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Figure 1. Time series plot of COVID-19 Cases
ACF of the series is shown in Figure 2. It is shown a pattern of a non-stationary series. 
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Figure 2. ACF of the Original Series

ADF, PP and KPSS tests were confirmed the non-stationarity of the series and the first order differencing has not removed the non-stationarity. Therefore, the second order differencing was applied and it removed the non-stationarity. Stationarity of the second order differenced series was confirmed by the ADF, PP and KPSS tests at 5% level of significance (corresponding p values were 0.01, 0.01 and 0.1 respectively). ACF and PACF plots of differenced seires (Figure 3 and 4) were examined to identify the orders of AR and MA processes. Different candidate models were tested and summary measures of some of the models were illustrated in Table 1. 
Table 1: Summary Measures of Candidate ARIMA Models

	Model
	AIC
	BIC

	ARIMA(0,2,0)
	727.35
	729.78

	ARIMA(1,2,0)
	727.19
	732.06

	ARIMA(0,2,1)
	725.46
	730.32

	ARIMA(1,2,2)
	719.69
	729.42

	ARIMA(2,2,1)
	721.68
	731.4

	ARIMA(2,2,2)
	716.84
	728.98

	ARIMA(3,2,2)
	717.65
	732.24

	ARIMA(2,2,3)
	717.94
	732.53

	ARIMA(1,2,1)
	718.92
	728.99

	ARIMA(1,2,3)
	720.34
	732.49

	ARIMA(3,2,1)
	722.25
	734.40

	ARIMA(3,2,3)
	719.65
	736.67


The best ARIMA model was selected based on the minimum AIC and BIC measures. The best ARIMA model for the series was ARIMA (2,2,2). The model equation is as follows:
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Residual analysis of the selected model is shown in Figure 5. Assumptions of the model were verified by applying Ljung-Box test (null hypothesis of autocorrelations are equal to zero) on residuals as well as on squared residuals( to validate the constant error variance asuumtion) at 5% level of significance (corresponding p values were 0.4123 and 0.3145 respectively). 
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Figure 3. ACF of Differenced Series
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Figure 4. PACF of Differenced Series
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Figure 5. Residual Analysis

The most appropriate model was validated using the 10% data and the corresponding MAPE was 1.86%. Therefore, the selected best model is appropriate in forecasting COVID-19 cases in Sri Lanka. The forecasted value plot for next 30 days is shown in Figure 6. Forecasts of the model can be used under the model assumptions.
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Figure 6. Plot of Forecasted values

conclusions/RECOMMENDATIONS
This study successfully models the daily cumulative COVID-19 cases in Sri Lanka using ARIMA approach. The best model selected for the COVID-19 cases in Sri Lanka is ARIMA (2,2,2) model. The MAPE value of the validation set was less than 10%, suggested the best model is appropriate in forecasting future values of the series. Availability of an effective prediction model will helpful in anticipating the cases and to take timely actions to control the COVID-19 incidence. Unexpected recordings cannot be modelled and predicted by the fitted models. Sudden deviations in daily incidents may be possible due to imported cases. These types of uncertainties always limit the effectiveness of a model, specially, an epidemic like novel coronavirus.
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