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The primary purpose of this analysis is to forecast frequencies of new coronavirus cases and deaths as well as cumulative frequencies 
for the US and other regions over time. Novel coronavirus (COVID-19) cases data on the number of confirmed cases and deaths 
was downloaded from the United Nations Office for the Coordination of Humanitarian Affairs Human Data Exchange website on 
April 13, 2020 [13]. This public resource has collected epidemiologic data on coronavirus cases since January 22, 2020. Variables 
include region (i.e., country, province, state), observation date, and cumulative numbers of events (i.e., confirmed cases and deaths 
attributable to active coronavirus infections).

Wuhan, China first reported an outbreak of coronavirus (COVID-19) in December of 2019 and the outbreak was recognized 
as a global pandemic on January 30, 2020 [1]. The response to the pandemic has differed by region with varying success [2-4]. 
Forecasting the spread of the disease and impact on public health is important for healthcare planning, business operations, and 
communities [5-9]. However, poor data collection and delayed response to the pandemic have hindered accurate modeling and 
forecasts [10-12]. Here, the frequency of new and cumulative cases as well as deaths are forecast over time. Past forecasts are 
compared with the observed frequencies given the amount of information that was available at prior time points.

An auto-regressive integrated moving average (ARIMA) model is used to forecast future confirmed cases with 95% confidence 
intervals by region over time [14]. Estimates of new cases and deaths as well as cumulative frequencies are forecasted by region and 
time using an ARIMA (1,1,1) model. This model is a differenced first-order autoregressive model with smoothing using a first-order 
moving-average. It is equivalent to an ARMA (1,1) model. The model forecasts outcomes 30-days in the future for each week from 
March 8, 2020 through April 13, 2020. Series and line plots present the observed and forecasted estimates for comparison in the US 
and between regions over time. Models are developed for all regions in the dataset; however, this paper focuses attention on US data 
and comparisons with similar regions. SAS for Windows version 9.4 was used for all analyses [15].

Figure 1a summaries the observed and forecasted estimates of new, confirmed coronavirus cases for the US by date. Early forecasts 
have narrow confidence intervals, but are poor estimates of the observed future data. The wide variation and inconsistent data 
observed through March 29, 2020 for the US results in extremely wide confidence intervals that range from 0 to over 125,000 
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Abstract
The coronavirus (COVID-19) was recognized as a global pandemic in January 2020. Governmental and public response to the pandemic has 
varied by region. An important tool for influencing response is the ability to accurately forecast cases. However, slow response, poor data collection, 
and lack of testing have inhibited the collection of important information that can help improve model forecasts. Here, the frequency of new and 
cumulative cases and deaths attributable to the coronavirus are forecast over time. Weekly models, given the available data at the time of the model, 
are compared with future observed events. Forecasts are primarily made for the US, but comparisons with similar regions are also evaluated. Early 
models tend to markedly underestimate the number of cases and deaths. Accurate forecasts are not generally available until April 2020. 
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new cases expected per day by the end of April 2020. April 5 and 12 forecasts begin to converge, but the expected number of new 
coronavirus cases continues to increase for the US. Figure 1b presents observed and forecasted estimates by time and region. 
Forecasted estimates for Italy and Sweden tend to agree with the observed frequencies of new cases across all weeks. Forecasts for 
the US show marked departures from the observed data until March 29, 2020 where excessive variation is evident.

Figure 1a: Number of Confirmed Cases (US)

Figure 1b: Number of Confirmed Cases
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Figures 2a & 2b present the observed and forecasted cumulative frequencies of confirmed coronavirus cases. Figure 2a shows 
that the cumulative number of new cases in the US continued to outpace the prediction models until about April 5, 2020. At this 
point, the observed cumulative frequency begins to fit the forecast model. The forecasts for the cumulative number of cases tends 
to underestimate the observed frequencies for all three countries in early models (Figure 2b). However, the largest difference 
observed is for the US. Forecasts for the US and Italy are virtually identical on March 22, 2020. However, Italian cases began to level 
off on this date while the number of cases continued to increase in the US.

Figure 2b: Cumulative Number of Confirmed Cases

Figure 2a: Cumulative Number of Confirmed Cases (US)
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Figures 3a & 3b present observed and forecasted estimates of the frequencies of new coronavirus deaths by time and region. Figure 
3a summaries the observed and forecasted estimates for the US by model date. Early forecasts have narrow confidence intervals, but 
are poor estimates of the observed future data. The wide variation and inconsistent data observed through March 29, 2020 for the 
US results in extremely wide confidence intervals that range from 0 to over 3,000 new deaths expected per day by the end of April 
2020. Sharp differences in the forecasted number of deaths continued in more-recent forecasts, and the expected number of new 
deaths continues to increase for the US. Forecasts for the US show marked departures from the observed data until April 12, 2020.

Figure 3a: Number of Confirmed Deaths (US)

Figure 3b: Number of Confirmed Deaths
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Figures 4a and 4b present the observed and forecasted cumulative frequencies of deaths. Cumulative deaths attributable to the 
coronavirus are markedly underestimated for the US (Figure 4a). Observed cumulative deaths are consistently underestimated 
through the April 5 model, However, cumulative deaths are poorly estimated for both the US and Sweden across all weeks 
(Figure 4b). Cumulative deaths in Italy are notably within forecasted estimated as early as March 22, 2020.

Figure 4a: Cumulative Number of Confirmed Deaths (US)

Figure 4b: Cumulative Number of Confirmed Deaths
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Final ARIMA (1,1,1) parameter estimates for the US are presented in Table 1. Current forecasts, based on these models, predict about 
33,847 new cases per day in the US (Figure 1) and over 1.42 (95% CI: 1.11, 1.73) million total confirmed cases by mid-May. Death 
rates are forecasted to be about 1915 deaths per day (Figure 3), and 68,82 (95% CI: 45,239, 92,408) cumulative deaths by mid-May.

The primary purpose of this analysis was to compare observed coronavirus cases and deaths with forecasts by model date and 
region. Early forecasting models tended to underestimate the number of new cases and deaths attributable to the coronavirus. 
Later models appear to be converging on estimates. However, the impact of early data continued to influence the model forecasts 
resulting in underestimates of observed frequencies.Timely and accurate data collection is difficult in any situation, and the global 
coronavirus pandemic is no exception [16]. Data quality is important for monitoring the pandemic and can impact patient health 
[17,18]. Unreliable data can bias forecasted results and influence models for extended periods [19]. The ARIMA models presented 
here demonstrate the impact on forecasting future events given the policies enacted for the coronavirus pandemic. Model forecasts 
were inconsistent with poor fits, and tended to underestimate observed frequencies. The effect of early observations on forecasted 
results continued for nearly 2-months. This study is limited by regional efforts to collect and report accurate data. Frequencies are 
likely to be underreported for a variety of reasons including a lack of screen test availability and mild symptoms for which patients 
recovered and did not seek testing [20].

Early data on coronavirus cases and deaths tend to provide poor forecasting results for the observed future events. Models may 
be biased from the inclusion of early data, and have difficulty correcting for this bias during later stages. The timely and accurate 
collection of data can improve model forecasts which may positively impact societal response and outcomes.

Discussion

Conclusion

µ MA(1,1) AR(1,1)

Scenario Estimate P-value Estimate P-value Estimate P-value

Confirmed cases 352.8 0.04 -0.94 0.001 -1 <0.001

Cumulative confirmed cases 2934.2 0.09 0.04 0.72 1 <0.001

Confirmed deaths 20.1 0.1 0.2 0.85 0.08 0.94

Cumulative confirmed deaths 100.6 0.42 0.01 0.94 1 <0.001

Table 1: Parameter estimates for ARIMA (1,1,1) models for the US
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