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Abstract. Prediction of 1,000,000 COVID-19 cases outside of China based on

WHO situation report has been computed by a heuristic for March 30, 2020. It is

not modeling the COVID-19 pandemic but predicting a number of cases only.

The proposed heuristic is based on a simple observation that the plot of the given

data is well approximated by an exponential curve. Parameters of the curves have

been computed by R code. The exponential curve is used for forecasting the growth

of new cases. It has been tested for the last situation report of the last day. Its

accuracy has been 1.29% for the last day added and predicted the by 54 previous

WHO situation reports. Preliminary �ndings will be posted at WWK and submitted

to arXiv for expeditious posting.

1. Introduction

Using WHO situation reports for Coronavirus disease 2019 (COVID-19), this study

forecasts 1,000,000 con�rmed cases outside of China in approximately two weeks. So

far, 55 situation reports have been posted by WHO.

Due to potentially overwhelming numbers of severe COVID-19 patients, medical

resources need to be allocated wisely. With hospital beds and life-saving machinery

such as ventilators in limited supply, preparations should be made ahead of time on

how to allocate these �nite resources. More information about COVID-19 can be
1
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found in [2], [3], and [7]. The best course of action to ��atten the curve� is to follow

WHO guidelines. The best way to keep hospitals under capacity is social distancing.

Limiting or cancelling large gatherings, only traveling when necessary, and keeping a

distance from others all help to prevent the spread.

Heuristic

1. Load WHO situation report data into data frame.

2. Use R package nls to �t the non-linear model:

y = f(x) = a ∗ eb∗x

to data by computing a and b.

3. Set x to the day number of the WHO situation report data.

4. In a look, use the exponential curve f(x) = a ∗ eb∗x

to compute the predictions.

2. Heuristic prediction

The presented heuristic is based on the exponential growth of the data collected by

WHO situation reports for days 31 to 55. abductive reasoning in [5] describes reason-

ing as inference to the best explanation. As pointed out in [4]. In the 1990s, research

in the �elds of computer science, law, and arti�cial intelligence utilized abduction.

Today, abduction is frequently used in diagnostic expert systems. The abductive rea-

soning (or inference) process was used for this study. It is a type of logical inference

which starts with a set of observations and then searches for the simplest and most

likely explanation for the observations. In our case, the most likely explanation is

exponential growth. This process yields a plausible conclusion but may not always



HEURISTIC FORECASTING FOR THE COVID-19 CASES 3

positively verify it. Abductive conclusions are heuristics (see [1]), hence involve un-

certainty, which is expressed by the bounded rationality as satis�cing. Satis�cing is

a decision making process which takes into account the costs of optimization into the

optimization process, thereby producing an e�cient but suboptimal result. This can

be compared with maximizing, which produces an optimal result at the expense of

suboptimal costs.

Extrapolation is a mathematical estimation, predicting unknown future values

based on existing values. Compared to interpolation, which determines unknown

values between existing values, extrapolation is less accurate. The best method for

extrapolation is dependent on which method was used to initially acquire the data.

Figure 1. WHO report � Countries, territories or areas with reported
con�rmed cases of COVID-19, 07 March 2020

Due to the risk of the data from any individual country being biased or politically

motivated to misreport data, we decided to use data from many countries; as such,

any doctored data becomes statistically insigni�cant. In China, where COVID-19
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originated, the situations seems to be under control as the Fig. 2 indicates.

Figure 2. WHO situation report for China

For this reason, including data about China would deviate the results or at least

make them di�cult to obtain.

The visual inspection suggested the exponential growth, but could not be assumed.

As such, R code was needed to be used for it with its 'nls' function. According to [6]:

Nonlinear Least Squares ('nls' )

determines the nonlinear (weighted) least-squares estimates of the pa-

rameters of a nonlinear model An nls object is a type of �tted model

object. It has methods for the generic functions anova, coef, con�nt, de-

viance, df.residual, �tted, formula, logLik, predict, print, pro�le, resid-

uals, summary, vcov and weights.
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Variables in formula (and weights if not missing) are looked for �rst

in data, then the environment of formula and �nally along the search

path. Functions in formula are searched for �rst in the environment of

formula and then along the search path.

For more details see [8]. We consider a non-linear model of the form:

(2.1) yi = f(xi; a, b) + εi, i = 1, ..., n

with type exponential function f(.) of the form:

(2.2) f(x) = a expbx

The WHO situation report #31 (see [7]) has been assumed as the starting data point

since it shows, for the �rst time, over 1,000 cases outside China, see [7]. In order to

estimate the parameters a, b, we apply the non-linear least squares method, in which

the residual sum of squares is minimized, see [8]:

(2.3) Sn(a, b) =
n∑

i=1

[yi − f(xi; a, b)],

where yi is the number of total infected by COVID-19 outside China. In a, b param-

eters estimation we use well-known nls function from R program receiving:

par. Estimated Std. Error p-value

a 10.45 1.11 0.00

b 0.16 0.002 0.00
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The residual standard error is Su = 741. According to this results, we predict

1,000,0000 COVID-19 cases outside of China by the WHO situation report day 70

which is March 30.

Two lines of the plot, up to the last day of WHO situation report, are:

1. the line connecting WHO data,

2. the exponential curve computed by R to be as close as possible to the line in

point 1.

The vertical bar shows where the WHO data ends and where the predicted results

start. For this reason, on the right hand side of the vertical bar there is only one line

which is the computed exponential curve.

Evidently, we do not have knowledge of how long (in terms of days) such an expo-

nential curve will be an acceptable extrapolation; a million cases in 16 days, however,

seems to have a high likeliness. Such a �nding has considerable importance and should

not be ignored.

3. Conclusions

To the best of our knowledge, it may be the �rst study proposing a heuristic for

computing parameters a and b for the approximating exponential curve a ∗ exp(b ∗ x)

and for using x as the day number. The more people know about our �nding, the

better chance that they may regard the self-care as a major contribution to prevention

spreading COVID-19. Our assumption do not consider the complexity of a pandemic.

In particular, it does not consider �attening of the approximating exponential curve.

Simply, it is a short term prediction model but it is very simple and very accurate.
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Figure 3. Prediction of 1,000,000 cases of COVID-19 by WHO situa-
tion report data for outside China
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As for the prediction standards, 1.29% error is more than acceptable for the short

term predictions.

We regard the WHO situation report #31 as the starting data point since it shows

over 1,000 cases outside China for the �rst time. The presented approach is based

on a heuristic solution and makes a realistic assumption that the current trend can

continue for the next 17 days. Evidently, it is a mathematical abstract model. The

reality may be di�erent and COVID-19 situation may change in just a few days.
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