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The World Health Organization declared the coronavirus disease 2019 a pandemic on
March 11th, pointing to the over 118,000 cases in over 110 countries and territories
around the world at that time. At the time of writing this manuscript, the number of
confirmed cases has been surging rapidly past the half-million mark, emphasizing the
sustained risk of further global spread. Governments around the world are imposing
various containment measures while the healthcare system is bracing itself for tsunamis
of infected individuals that will seek treatment. It is therefore important to know what
to expect in terms of the growth of the number of cases, and to understand what is
needed to arrest the very worrying trends. To that effect, we here show forecasts obtained
with a simple iteration method that needs only the daily values of confirmed cases as
input. The method takes into account expected recoveries and deaths, and it determines
maximally allowed daily growth rates that lead away from exponential increase toward
stable and declining numbers. Forecasts show that daily growth rates should be kept at
least below 5% if we wish to see plateaus any time soon—unfortunately far from reality
in most countries to date. We provide an executable as well as the source code for a
straightforward application of the method on data from other countries.
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1. INTRODUCTION

According to data in real time [1], confirmed coronavirus disease 2019 (COVID-19) cases are
growing exponentially in most countries around the world. In Italy and Spain the pandemic is
already overburdening the healthcare system [2], and shall the current trends persist, it will not
take long before this becomes the grim reality also in many other European countries and the
United States. Forecasting COVID-19 dissemination thus plays a key role [3-7]. In the first place, to
inform governments and healthcare professional what to expect and which measures to impose, and
secondly, to motivate the wider public to adhere to the measures that were imposed to decelerate
the spreading lest a regrettable scenario will unfold [8, 9].

Research on epidemic processes has a long and fruitful history in statistical physics [10, 11].
Simple mathematical models that describe the essence of epidemic spreading can be used to fit the
data with an overseeable number of parameters, and the obtained values can then be used to make
informed predictions. In recent years, the research community has also accumulated overwhelming
evidence in favor of complex and heterogeneous connectivity patterns in social networks [12-16].
These play a key role in determining the behavior of equilibrium and non-equilibrium systems in
general, and the spreading of epidemics and finding optimal containment strategies in particular.

Interdisciplinary explorations at the interface of statistical physics, network science, and
epidemiology, driven by massive amounts of data recording our health and way of life, have given
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rise to digital epidemiology [17] and to the theory of epidemic
processes on complex networks [10]. From classical models that
assume well-mixed populations, to the more recent models that
account for behavioral feedback and the structure of our social
networks, we have come a long way in better understanding
disease transmission and disease dynamics. We are now able
to use this knowledge to develop effective prevention strategies
[11], and more broadly, we can use the synergies between these
different fields of research to improve our lives and societies
[18,19].

Nonetheless, in times of urgency even the simplest model
can be too complicated, and the small gaps between different
fields of research can seem like gapping holes. In this paper,
we therefore present a simple iterative method to forecast
the number of COVID-19 cases, under the assumption that
governmental data is legitimate and truthful. The goal is not
to strive for meticulous accuracy nor to present our method
as the state of the art, but simply to provide first insights and
guidelines on elementary principles. We will be happy if our work
motivates further research to yield more elaborate and accurate
prediction methods.

2. METHOD

As input, our method requires only the readily available daily
values of confirmed cases. We denote these values as x;, where
i € [0, n) is the index of days. Assuming we have n values available
in total, we take the last m values of the x; series and determine
the average growth rate during this time according to

1 n—1 X;
= ¥ (). 1)

i=n—m

We also record the minimal and the maximal growth rate during
the last m days as G| and Gy, respectively. The simple iteration

Xit1 :Xi(l +GA) ()

already provides a decent forecast beyond i = n — 1, assuming
the original m values are described well by exponential growth.
This, however, does not take into account that after h ~
14 days the majority of infected will recover, and that after
d = 21 days a fraction p ~ 0.04 will die [1, 20-22] (see
also ourworldindata.org/coronavirus). By acknowledging these
case-recovery and fatality rates, we obtain a better forecast

x?+1 = Xi+1 — PXi—d — (1 —P) Xi—h> (3)

where the asterisk emphasizes that x}, ; is not the value that enters
back into Equation (2) at the next iteration. If that was the case,
the forecasted numbers of cases would drop fast. That might
be a reasonable assumption if the number of infected would
approach the population size, and if recovering from COVID-19
would mean becoming immune to the disease [23]. The former
is not yet the case, while the later is also questionable given that
there are reports of individuals being reinfected and the fact that
there are now more different strains of SARS-CoV-2 identified

and that the viral genome is evolving rapidly [24-26] (see also
nextstrain.org/#ncov). Also of note, the values h, d, and p for
COVID-19 vary significantly in the existing literature [1, 20-
22,27-29], but it is not the scope of this paper to determine them
accurately. Rather, we use what seem to be reasonable estimates to
illustrate our point. Importantly, sensible variations in h, d, and
p do not affect the forecast that significantly. The key factor is the
average growth rate G, determined as per Equation (1).

We have found 7 < m < 14 to yield good results, whereby
the lower bound ensures a reasonable statistics on Gx while the
upper bound should still satisfy n — 1 — m > d lest we run out
of data (i < 0) in x;_4 in Equation (3). We use m = 14 for the
forecasts shown in Figure 1. Lastly, if we wish to rely on actual
data in Equation (3) beyond i = n — 1, and taking into account
h < d, we have to impose a forecasting horizon no longer than
n—1+h.

We provide an executable as well as the source code in C
for a straightforward application of the above method on any
data. The executable searches for the file data.txt in the directory
and reads the daily values of confirmed cases, which should be
provided one number per line. The executable also asks for the
year, month, and day of the first entry in the data.txt file, and for
the value of m. The first output file is actual.txt, which contains
three space separate columns, being the date, the number of cases
on said date (returns what is in data.txt minus those recovered
and dead up to then), and the growth rate during the previous
day. The second output file is forecast.txt, which also contains
three space separate columns, being the date, the forecasted
number of cases on said date, and the average daily growth rate
used for the prediction. The forecast is made for thirty different
average daily growth rates, starting from a 20% increased G; (as
determined whilst calculating Ga via Equation 1) and decreasing
in equal intervals toward growth rate zero. Forecasts obtained
with different growth rates are separated with an empty line.

3. FORECAST

Results of the method are shown in Figure 1 for the United States,
Slovenia, Iran, and Germany for 2 weeks onwards from March
29th. If the average growth rates during the past 14 days,
corresponding to ~ 30.6% for the United States, &~ 9.0% for
Slovenia, &~ 7.5% for Iran, and &~ 18.7% for Germany, persist,
we will be looking at ~ 3.9 million cases in the United States,
~ 1,200 cases in Slovenia, & 63, 000 cases in Iran, and ~ 380, 000
cases in Germany by April 12th, as shown by the solid blue lines
in each graph. If the daily growth rates miraculously dropped
to zero overnight, we would see what is shown with the solid
green lines. That is of course completely unrealistic, but serves
to illustrate what would be the best-case scenario. Solid red lines
show the forecast obtained if the maximal daily growth rate
recorded during the past 14 days, corresponding to ~ 48.9% for
the United States, &~ 15.5% for Slovenia, ~ 9.9% for Iran, and
~ 34.2% for Germany, would increase by 20%. This is not the
worst-case scenario, but it is arguably bad enough. According
to this, Slovenia would have ~ 7,300 cases by April 12th,
for example.
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FIGURE 1 | Forecasts of COVID-19 cases for the United States, Slovenia, Iran, and Germany. Black solid line denotes the actual data, which were for this analysis last
updated March 29th. From this date onward we thus have the predicted values, where the solid blue line denotes the continuation of the trend of the past 14 days,
i.e., if nothing would change. The uppermost solid red line denotes the prediction obtained if the maximal daily growth rate recorded during the past 14 days Gy would
increase by 20%, while the lowermost green line denotes the prediction if the daily growth rate would drop to zero from March 29th onward. Orange and olive dashed
lines denote predictions for equally spaced decreasing daily growth rates from top to bottom. Plateaus in the next 14 days would be reached if: United States target
daily growth rate ~ 5.9% (4th line from the bottom), Slovenia target daily growth rate ~ 3.7% (7th line from the bottom), Iran target daily growth rate ~ 3.6% (10th line
from the bottom), and Germany target daily growth rate ~ 5.5% (5th line from the bottom).

Given that the exponential growth still persists in all four
examples considered in this work—note that the vertical scale in
all graphs is logarithmic, and that straight lines thus correspond
to exponential growth—the first goal is to arrest this very
worrying trend. Between the green and the blue line we show
forecasts obtained for daily growth rates between zero and the
average of the past 14 days with dashed olive lines. By following
the lines from bottom upwards, starting with the solid green line,
we can identify the one that flattens out by April 12th. For the
United States, for example, it is the 4th line, which corresponds
to the ~ 5.9% daily growth rate from March 29th onwards. This
would thus be the target if we wished to see a plateau in the next
2 weeks there. For Germany the same target is & 5.5% (5th line
from the bottom), for Slovenia it is ~ 3.7% (7th line from the
bottom), and for Iran it is &~ 3.6% (10th line from the bottom).

These are of course only approximate target values, but
by and large, targeting daily growth rates below at least 5%
seems reasonable and in line with what the countries that have

thus far successfully responded to the COVID-19 pandemic
have achieved.

4. OUTLOOK

As we hope the presented forecasts clearly show, epidemic growth
is a highly non-linear process, where every day lost to inaction is
a day too much. Even just a few days down the road not acting
today can mean the difference between a manageable situation
and a hopelessly overburdened healthcare system. The outlook
very much depends on whether we take these facts to heart and
act accordingly, or not. Governments can impose traveling bans,
close down shops and restaurants, and encourage us to stay at
home. Ultimately, however, it is on each one of us to respect these
restrictions and to do all that we can to minimize the chances for
further infections.

Keeping the daily growth rates at least below 5% is an
important target for a promising outlook. Data from China,
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where the COVID-19 pandemic seems to be coming to an
end, confirm this prognosis. Around mid February the daily
growth rates there dropped to around 4% and then to 3% and
lower. This marked the beginning of the plateau of confirmed
cases, which together with recoveries and deaths led to declining
numbers of infected individuals. Singapore, South Korea, and
Hong Kong, have also successfully turned their epidemics around
by employing strict tactics used in China. Unfortunately, this has
not been the case in many other countries [30].

We have two options. The first is to show collective
intelligence and restrict our behavior so that new COVID-19
cases will not grow as rapidly as they do now. The second is
that we continue to let it slide, until the situation will become so
dire that draconian governmental decrees will force us to restrict
our behavior [30]. There is still time to act, but a rosy outlook is
moving away from us exponentially fast.
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