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Abstract:

We show that the dynamics of the number of deaths due to Covid in different countries
is to a large extent universal once the origin of time is chosen to be the start of the
lockdown, and the number of death is rescaled by the total number of deaths after the
lockdown, itself a proxy of the number of infections at the start of the lockdown. Such a
curve collapse is much less convincing when normalizing by the total population. We
argue that these model-free findings provide strong support for the effectiveness of the
lockdowns in mitigating the severity of the epidemic.

Introduction:

What was the real effect of lockdown measures in controlling the number of deaths in
western countries? Since the economic cost of the lockdown are expected to be very
high, it is an important question that sparks intense — and politically loaded — debates.
Some commentators have suggested that the lockdowns were in fact totally useless.
The dynamics of the pandemic, left on its own device, would have led to the same
decrease of cases.

In this short note, we provide some model-free evidence that the lockdown measures
played a direct role in the evolution of the number of deaths. It is of course difficult to
prove causality in absence of a control experiment. However, as suggested in our
previous post [1], the collapse of rescaled plots and the correlation of the total number
of deaths with respect to the delay of implementing the lockdown, provide a smoking
gun of the beneficial effect of lockdown measures.

Results:
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These plots show the number of daily deaths in each country time-shifted such
that the first day of the lockdown coincides with the origin and normalized by a)
the population size of each country and b) the total number of deaths up to the

latest available time. Link to data.

In Figure 1a) we plot the daily deaths normalized by the country’s total population. The
time shift is such that the time origin coincides with the starting of the restriction
measures in each country, t°. We already see a strong hint of the effect of the
lockdown: all curves peak roughly 20 days after t°, independently of when the lockdown
was actually implemented. Since the number of cases at the moment of the lockdown
(i.e. the development stage of the epidemic) varies from country to country, this is
already quite remarkable.

Furthermore, the plot shows that Germany has one of the lowest death rates per
inhabitants while Belgium one of the highest. If the reproduction rate of the virus was
still above 1 after the beginning of the lockdown, it would have eventually reached the
whole population. Since one expects a similar fraction of susceptible people, roughly
the same fraction of the population should have died in all countries. In other words, we
would in that case expect a collapse of all the curves for different European countries
when normalized by the total population size.

Instead, Fig. 1a) shows that countries that responded faster, had a much smaller 3/6
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Instead, Fig. 1a) shows that countries that responded faster, had a much smaller
impact in terms of daily deaths contradicting our initial assumption of a freely circulating
virus.

Hence, we investigate the opposite extreme assumption: the lockdown did completely
stop the circulation of the virus, meaning that the virus would not affect the whole
population but only individuals who were already infected. If this was true, the collapse
of the curves should happen when normalized by the number of infected at the time of
lockdown t° instead of the total population. Since we do not have the real number of
infected at t°, we use a proxy given by the total number of deaths from lockdown t° up
to the latest available time t*. Indeed, the total number of deaths in perfect isolation, is
proportional to the number of infected at the first day of lockdown. Figure 1b) shows the
collapse of the curves of daily deaths time-shifted and normalized by the total number
of deaths up to the latest available time.

We can see by eye that the collapse in Figure 1b) is better than the one in Figure 1a),
in line with our assumption that only infected people at the start of the lockdown
contributed to the subsequent death rate. In order to quantify the quality of the collapse,
we plot the average of all the curves (after a 10-days moving average) normalized by
population size (red) and by total number of deaths (black) and their dispersion in
Figure 2. The dispersion around the peak is found to be a factor 2.2 smaller for the
curves normalized as in Figure 1b).

We could argue that in reality the lockdown was not perfect and differed from country to
country: this could justify the variability when the number of deaths becomes smaller.
This simple argument suggests that lockdown measures, when implemented faster,
reduce the number of infected sharply after lockdown and consequently the number of
deaths.

In addition, there is another argument suggesting that the lockdown controlled the
number of deaths. As mention above, all the curves show a peak at tpeak~20 days after
t°. This value is also equal to typical time from infection to death, Tlag. Thus, most of
the individuals that contributed to the daily deaths were infected Tlag days before the
peak, exactly at t°. We want to stress that the distribution of time from infection to
death, ϱ(T), is log-normal, i.e. very broad and not sharply peaked as was assumed by
the author of Ref. [2]. This means that the results presented in [2] are misleading. If the
distribution of time from infection to death, ϱ(T), was sharply peaked around Tlag days
with a variance σ, we could have learned the death growth rate (called γ in [2]) in
absence of lockdown measures simply by fitting the curves from patient-0 day to time
t°+Tlag-σ. But in fact ϱ(T) has fat tails: people start dying much before the average lag
time. This means that the effect of lockdown on the daily deaths curves was already
important from day 1 to Tlag after t°, while this effect is completely disregarded in the
analysis of Ref. [2].
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The dots and the error bars show the average and the dispersion of the 10-days
moving average curves shown in Figure 1a) (red) and in Figure 1b) (black). Since

the two average curves have different y-ranges, we fix their integral to be one.

Conclusions:

Due to their high economic cost, there has been a huge debate on the contribution of
lockdown measures on the spreading of the epidemic. Arguing that the effect of the
lockdown could not be visible until the average delay from rising of the symptoms to
deaths, some papers, like [2], even claimed that in absence of any lockdown measures
the number of deaths would have been less than actually observed. As shown in [3],
this is not the case. The distribution of time delay from infection to death is very broad
(log-normal) and positively skewed, so we expect that more than half of the people
would have died before the average lag time. So, it is misleading to fit the data just after
lockdown to estimate what would happen without implementing the lockdown.

In this note, we showed evidence of the effect of lockdown on the curve of daily deaths.
Firstly, we see that all curves peak ~20 days after t°: this corresponds to the number of
days from infection to death when we expect more than half of the infected at t° to have
died already. After t°, the number of new infections becomes negligible so the majority
of people dying were those infected before the lockdown was implemented.

A possible alternative explanation is that the virus had in fact reached all susceptible 5/6



A possible alternative explanation is that the virus had in fact reached all susceptible
people in each country. But in this case, the total deaths should have been correlated
with the size of each nation, not to the number of infected people at the start of the
lockdown. However, rescaling by population size leads to a dispersion 2.2 times larger
at the peak than rescaling by the total number of deaths (Figure 2), suggesting that the
saturation hypothesis is not warranted. Even if correlation does not prove causality, the
quality of the curve collapse shown in Figure 1b) and the analysis proposed by the
authors in [4,5] provide strong evidence of a positive effect of lockdown measures in
controlling the number of deaths.

We thank F. Zamponi and M. Kolanovic for useful discussions.
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