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a b s t r a c t

Trust in the reported data of contagious diseases in real time is important for policy makers. Media and
politicians have cast doubt on Chinese reported data on COVID-19 cases. We find Chinese confirmed
infections match the distribution expected in Benford’s Law and are similar to that seen in the U.S. and
Italy. We identify a more likely candidate for problems in the policy making process: Poor multilateral
data sharing on testing and sampling.

© 2020 Elsevier B.V. All rights reserved.
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1. Chinese Reporting on the coronavirus

Contrary to popular speculation, we find no evidence that the
hinese massaged their COVID-19 statistics. We use a statistical
raud detection technique, Benford’s (1938) Law, to assess the ve-
acity of the statistics. This empirical finding is important because
hina was affected first. Policies to combat the global pandemic
re informed by its response. Skepticism about the Chinese data
ay result – and may indeed already have resulted – in poor
olicy choices. Data sharing practices at the early stages of the
andemic were inadequate and led to costly policy errors.
The media frequently claim the Chinese government has un-

erstated the numbers of those affected.1 Politicians echo these
laims with President Trump declaring the reported death toll
nd infections seemed ‘‘a little bit on the light side’’. Much of
he concern about Chinese data manipulation can be attributed to

✩ The views expressed in this paper are those of the author and are not
necessarily reflective of views at the Federal Reserve Bank of Dallas or the
Federal Reserve System. Any errors or omissions are the sole responsibility of
the authors.
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1 ‘‘What to make of China’s Coronavirus figures’’ Foreign Policy, April 1st
020, James Palmer. "Can China’s COVID-19 statistics be trusted?’’ The Diplomat,
arch 26th 2020, Scott Romaniuk and Tobias Burgers.
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geopolitical tensions and foreign governments’ need for a scape-
goat.2 The on-going doubts over the credibility of its published
data are problematic as it impacts subsequent policy choices by
countries that saw epidemics later. Papers that rely on Chinese
data for calibration and analysis include: Models of economic
activity and the trade-off with deaths such as Atkeson (2020),
Jones et al. (2020) and Alvarez et al. (2020); Fang et al. (2020)
predict the effect of movement restrictions on the spread of the
disease.3 Since countries patterned their social distancing and
lockdown policies on the choices made by China,4 policy makers
need to know the data is reliable.

Lack of confidence in Chinese data may have contributed to a
slower response in Europe to the emergent pandemic. Chinese
provinces neighboring Hubei province, the Chinese epicenter,
imposed movement controls, quarantines and checks on January
23rd at a time when the number of confirmed cases in Hubei
was 444 and the number of deaths was 17.5 In comparison Italy,
Europe’s initial pandemic hotspot, reached 445 cases on February

2 ‘‘China’s ambassador to US slams Trump for COVID-19 blame’’ ABC News,
ugust 5th 2020, Mike Levine.
3 One interesting note is that an early and influential paper on the macroe-

onomic effects of pandemics Eichenbaum et al. (2020) does not rely on the
hinese data for calibration.
4 See Qiu et al. (2020).
5 Hubei province has a population of 58.5 million, the city of Wuhan has a
opulation of 11 million, making these entities roughly similar to Italy and the
ombardy region.
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Fig. 1. Confirmed cases in Chinese provinces, U.S. States and Italian Regions.

6th and 17 deaths the following day. It took until March 9th for a
ational lockdown. Similarly, restrictions on international travel
ere too late and too mild. By February 26th, Hubei had seen
ases rise to 65,187 and deaths to 2615.
Fig. 1 shows the similarity in trajectory between the Italian

nd Hubei number of confirmed cases. It took approximately a
onth for the number of cases to plateau in Hubei and this

nformation was available to the Italians when their case num-
ers matched those of Hubei in late February. The 11 day delay
xplains the far higher number of cases in Italy.
Skepticism about politically motivated manipulation of Chi-

ese state statistics is deeply rooted. Anecdotal and academic
vidence point to lower level officials manipulating data to meet
argets. In 2007, Chinese Premier Li Kejiang called all GDP mea-
ures ‘‘man-made and therefore not reliable’’ when discussing
ata on Liaoning province.6 Lyu et al. (2018) find evidence that
egional growth rates are manipulated to meet growth targets. In
he case of the SARS outbreak in 2002–3, criticism of the Chinese
esponse surfaced. The World Health Organization (WHO) sus-
ected that China underreported the number of cases (see Parry,
003).7
Data manipulation took place early in the epidemic.8 The

umber of cases reported by the Wuhan authorities was ‘‘frozen’’
t 41 during the Hubei provincial Chinese People’s Political Con-
ultative Conference and the Wuhan People’s Congress (Lianghui)
between January 12th and 17th, 2020. A member of the WHO
emergency committee, John Mackenzie, told the Financial Times
on February 5th that China must have been withholding informa-
tion on new cases.9

2. Benford’s law

Benford’s Law is used to detect fraud or flaws in data collection
based on the distribution of the first digits of observed data. A
Benford distribution of first digits arises naturally for exponential
processes with multiple changes of magnitude, Michalski and

6 U.S. diplomatic cable March 15th, 2007. Leaked to Wikileaks.
7 Since the SARS outbreak, there have been improvements to Chinese domes-

ic disease control. In the 2013 H7N9 outbreak the Chinese public health system
orked well (Wang, 2013).
8 The obvious example being the treatment of Li Wenliang who died after

ontracting the coronavirus Green, 2020.
9 ‘‘WHO expert says China too slow to report coronavirus cases’’ Financial
imes, February 5th 2020, Primrose Riordan and Sue-Lin Wong.
2

Stoltz (2013). The spread of COVID-19 demonstrates exponential
growth and changes of magnitude.

The frequency with which the first digit is ‘‘1’’ is 30.1%, the
first digit is ‘‘2’’ is 17.6% etc., declining to the first digit being ‘‘9’’
only 4.6% of the time. Since it takes a 100% increase to go from
‘‘1’’ to ‘‘2’’ and a mere 11.1% increase to go from ‘‘9’’ to ‘‘1’’, this
logarithmic distribution makes sense. See Table 1

P(d) = log10
(1 + d)

d
for d ∈ (1, . . . , 9)

(Benford’s Law)

The use of Benford’s Law to detect fraud has been widely
demonstrated in economics and accounting (Varian, 1972). Ben-
ford’s Law has been used to detect manipulation of economic
statistics: Nye and Moul (2007), Gonzales-Garcia and Pastor (2009)
Rauch et al. (2011), Holz (2014) and Nigrini (1996).

3. No evidence of data manipulation

We compile data from the Johns Hopkins University Corona Vi
rus Research Center, for China and the Centers for Disease Control
for the U.S. For Italy our data comes from the daily Dipartimento
della Protezione Civile bulletins. The time period for each country
matches the period when the pandemic goes through its expo-
nential growth phase and then declines as measures to combat
the infection such as quarantines and lockdowns are instituted
as in Table 2.

We focus on the daily number of confirmed cases by political
subunit — Chinese provinces, U.S. states, and Italian regions.
The number of confirmed cases understates the true number of
infections as China was unable to test those who did not present
at hospitals. Limited testing capacity was also a problem in both
Italy and the U.S. As long as the choice of sampling methodology
does not change, the number of confirmed cases will also follow
an exponential path and thus Benford’s Law.

As sampling changes, through testing different groups or chang
ing definitions, we would expect to find a drift away from Ben-
ford’s Law. For example, if a country only tests those who present
at hospital with symptoms, this sample will grow exponentially
along with the overall number of infected. If the country then
increases testing to those who are symptomatic, but not hospital-
ized, this sample will also grow exponentially, but will not be the
same series as the hospital sample. Frequent sampling changes,
in terms of the populations, definitions, or accuracy will lead to
deviation from Benford’s Law.

The sample periods match the exponential growth phase of
the pandemic and the subsequent deceleration. We expect the
period pre-lockdown to follow a Benford distribution, the period
post-lockdown is a treatment period that should disrupt the
Benford distribution. We follow Kissler et al. (2020) and assume 9
days between infection and hospitalization and assume infections
are detected with hospitalization. We use the dates given in Fang
et al. (2020) as proxies for Chinese provincial lockdowns. For Italy
we use the national lockdown on March 9th for all regions. For
U.S. states, we use the date of a ‘‘stay-at-home order’’.

Fig. 2 shows that for Chinese provinces, U.S. states and Italian
regions the number of confirmed cases the distribution of the
first digits shows a decline from 1 to 9 in line with the expected
distribution of Benford’s Law pre-lockdown.

Tests of significance for Benford’s Law require that the ‘‘true’’
distribution should follow the Benford distribution. Our null hy-
pothesis is that the observed distribution follows the theoretical
(Benford) distribution. The most common test is the Chi-Square
test of Goodness of Fit:

D2
= n

9∑ (hd − pd)2

p
(Chi-Square test)
d=1 d
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able 1
enford’s law distribution of first digit.
First digit 1 2 3 4 5 6 7 8 9

Benford distribution probability 0.301 0.176 0.125 0.097 0.079 0.067 0.058 0.051 0.046
Table 2
Data sample periods for confirmed cases.
Country Start End Number of geographic units

China Jan 21, 2020 Mar 16, 2020 31 Provinces
U.S. Feb 29, 2020 Jun 30, 2020 50 States and D.C.
Italy Feb 21, 2020 Apr 16, 2020 19 Regions and 2 Autonomous Provinces
Fig. 2. First Digit Distribution Pre-Lockdown number of confirmed cases in
hinese Provinces, U.S. States and Italian Regions.

here n denotes the number of observations, h is the observed
requencies of the digits and p is the Benford’s Law distribution.
We also use a Kuiper test (a modified Kolmogorov–Smirnov test).

TK =
(
D+

n + D−

n

) [
√
n + 0.155 +

0.24
√
n

]
(Kuiper test)

Where D+
n = sup(Hd − Pd) and D−

n = sup(Pd − Hd) and Hd and
d represent the cumulative frequencies of the first digit d in
he observed data and the Benford distribution. We also calculate
he m (max) statistic where m = maxd=1,...,9 |hd − pd| and the d

distance) statistic d =

√∑9
d=1(hd − pd)2.

We find in Table 3, as expected, pre-lockdown matches Ben-
ford far more than the overall period for Italy and China. The U.S.
distribution is close to Benford for the entire period and does not
appear to change significantly before and after the lockdowns are
announced.

Table 3 shows that the Chi-Square test does not support a Ben-
ford distribution. However, as noted in other papers on Benford’s
Law, the Chi-Square test is extremely sensitive for large sample
sizes and tends to reject statistical significance even for small
differences. The Kuiper test does not reject the null hypothesis
that the distribution is Benford for China for the entire time
period and pre-lockdown and for Italy pre-lockdown. For China
and Italy pre-lockdown, the d and m tests also do not reject the
null. The U.S. results show that for the full period, the Kuiper, d
and m tests do not reject the Benford distribution, but show that
pre-lockdown the null is rejected at the 10% level for d and m
tests and at the 5% level for the Kuiper. Post-lockdown in the U.S.
the m test does not reject the null that the distribution is Benford.

The U.S. follows Benford over the full time period, but does not
display a Benford distribution pre-lockdown. We attribute this to
3

relative lax adherence and the piecemeal policy measures (Dave
et al., 2020).

4. The Italian delay

Given the doubts about the reliability of Chinese data, why
did the Italians delay? The likely reason is in the sampling of
infections. The Italian government believed they were detecting a
far higher proportion of infected than the Chinese had managed
at the same point in the pandemic. On February 27th, ‘‘Public
health officials have said that Italy contributed to fears of an
epidemic in Europe with its zealousness in testing’’10 and Dr.
Walter Ricciardi, an Italian government adviser and World Health
Organization (WHO) official, was quoted as saying there was ‘‘too
much testing’’.11 In retrospect, the Italians had not ‘‘tested too
much’’ and their rate of virus detection was no better than that
of the Chinese.

Information on the extent of testing early in the pandemic is
lacking in both China and Europe. Hubei authorities were able
to undertake 4000 tests per day by February 4th. Even Germany,
lauded for its testing regimen, had not published data on the
number of tests in late February, leading to Dr. Ricciardi claiming
as late as March 7th ‘‘from an epidemiologic point of view, it is
not plausible that Italy ... accounts for more cases than Germany
and France’’.12

5. Focus on sampling

It is possible to create data series that fit Benford’s Law (Diek-
mann, 2007). To manipulate the Chinese data requires coordina-
tion of daily announcements across all provinces while accurately
forecasting future infection rates. This is improbable. With the
benefit of hindsight, we now know that the Italians had a similar
sampling method to China. Both countries’ distributions of first
digits for confirmed cases pre-lockdown follow Benford’s Law.
A key insight from our analysis is a focus on the underlying
data sampling processes. The ongoing geopolitical dynamics and
escalation of policy rhetoric between the U.S., European coun-
tries, and China have obscured one of the causes of poor policy
responses. We conclude a refinement of the International Health
Regulations Article VI §2 to share timely, accurate and sufficiently
detailed information on the extent and reliability of testing is
necessary.

10 ‘‘Italy blasts virus panic as it eyes new testing criteria’’ AP News, February
27th 2020, Frances D’Emilio and Nicole Winfield.
11 ‘‘Coronavirus accounting is looking vulnerable’’ Bloomberg Opinion, March
2nd 2020, Lionel Laurent.
12 ‘‘Leap in coronavirus cases tests limits of Italy’s health system’’ Al-Jazeera,
March 7th 2020, Michele Bertelli.
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Country Time Leading digit N χ2-Stat d∗
n m∗

n Kuiper

1 2 3 4 5 6 7 8 9 V ∗

China Full Sample 249 128 90 57 60 48 37 23 13 705 25.33*** 1.72*** 1.38*** 0.91
China Pre-Lockdown 194 106 72 51 52 38 36 22 10 581 16.04*** 1.16 0.79 0.33
China Post-Lockdown 63 28 19 7 10 11 3 1 3 145 23.78*** 1.89*** 1.61*** 1.87*

Italy Full Sample 326 142 98 94 91 61 65 53 50 980 18.13*** 1.69*** 0.99** 1.84***
Italy Pre-Lockdown 113 68 50 36 26 19 17 19 11 359 5.00*** 0.65 0.29 0.64
Italy Post-Lockdown 213 74 48 58 65 42 48 34 39 621 39.61*** 2.31*** 1.42*** 2.81***

U.S. Full Sample 1682 962 700 578 438 351 295 263 210 5479 15.19*** 1.07 0.64 0.91
U.S. Pre-Lockdown 608 343 222 177 147 101 103 84 82 1867 11.40*** 1.31* 1.06* 1.34**
U.S. Post-Lockdown 1074 619 478 401 291 250 192 179 128 3612 20.03*** 1.25* 0.85 1.53**

***Denotes statistical significance at the 1% level.
**Denotes statistical significance at the 5% level.

*Denotes statistical significance at the 10% level.
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