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Food safety incidents in Beijing: occurrence
patterns, causes and wider social implications

Feiyan Liu', Yang Liu', Jianbo Gao'? and Jianfang Zhang3

ABSTRACT Food safety incidents have the potential to result in a range of adverse health
effects, including diarrhoeal diseases and various forms of cancer. Furthermore, they also
have a disruptive effect on the economy, trade and tourism. As Beijing strives to become a
global centre of politics, economy and culture, serious food safety incidents continue to be
frequently reported in the city. It is clear that a large number of food safety incidents, such as
those that have occurred in China, and in some other parts of the world, cannot be fully
tackled by means of conventional analysis, which focuses on biological and chemical factors,
but which often ignores potential human factors (which may be intentional in nature). In this
article, we dynamically examine the time intervals between successive distinct food safety
incidents that were mainly caused by human factors. Our intention is to identify information
that could be of use to governmental and other bodies in efforts to curb the occurrence of
food safety incidents. We analyse data spanning a 10-year period from 2004 to 2013, during
which time 295 food safety incidents occurred in Beijing. We find that the occurrence of food
safety incidents was drastically different from Poisson processes, suggesting that their causes
may have been systemic in nature. We further found that the sequence of time intervals had
persistent long-range correlations, characterized by a Hurst parameter of H=0.65, sug-
gesting that food safety incidents occurred in bursts. Finally, we propose scenarios that may
be responsible for these long-range correlations. Our quantitative findings may not only hold
in Beijing and elsewhere in China, but also in other parts of the world where human factors
are an important cause of food safety incidents. In all those situations, our proposed sce-
narios for long-range correlations may be used as part of efforts to devise strategies to curb
or prevent future food safety incidents.
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Introduction

ood safety is crucial to every city, not least to Beijing, the

capital of the world’s most populous nation, which is

striving to become a global centre of politics, economy and
culture: serious food safety incidents that occur in Beijing have
the potential to endanger a significant number of people (Jia and
Jukes, 2013; Lam et al., 2013; Wu and Chen, 2013; Liu et al,
2015b). It is therefore of concern that serious food safety
incidents continue to be frequently reported in Beijing (Liu et al,
2015b). Although the infamous wide-spread melamine-tainted
milk incident of 2008 did not occur in Beijing (Lancet,
2009,2012), the capital did not fare much better than elsewhere
in mainland China (Liu et al, 2015b): in 2009, from a survey on
food safety conducted by the Beijing Municipal of the National
Bureau of Statistics, it was found that only 51.1% of the
respondents surveyed believed overall food safety standards in
Beijing to be acceptable (Wang and Tong, 2009). By 2011, while
surveys showed improvements, only approximately 70% of those
surveyed considered food in the capital to be safe (Wang and
Tong, 2011).

An especially damaging class of food safety incidents that has
occurred in Beijing is that caused by human factors, sometimes
intentional. Examples include recycled gutter oil sold as cooking
oil for profit (Wang, 2011); poisonous egg-like substances sold as
eggs (Patrick, 2012); bean sprouts grown in poisonous chemicals
to enhance their appearance, weight and value (China Daily,
2013); rat meat sold as mutton by street-side vendors (Burkitt,
2013); and expired food served in fast-food restaurants (Filloon,
2014). A pressing question, therefore, is whether the Beijing
municipal government (and authorities elsewhere in China) can
curb the occurrence of such food safety incidents.

While much research has been conducted on food safety
management in Beijing, this has tended to focus on food
production (Khan et al., 2008; Wang and Qiao, 2011; Du et al,
2012; Fan et al.,, 2012), distribution and consumption (Cheng
et al., 2009; Wang et al., 2009, 2011; Mao and An, 2012) and
supervision (Zhou, 2009; Ren et al., 2011), rather than on human
factors. As an important step towards confronting this question,
in this article we set out to uncover salient patterns behind food
safety incidents that have occurred in Beijing, and then examine
whether those patterns could be used as part of an effort to devise
strategies to curb or prevent food safety incidents.

The selection of food safety incidents we examine is inspired by
the recent success of applying quantitative analyses to various
aspects of human behaviour (Perc, 2013; Kuhn et al., 2014). These
have largely been driven by important advances in theory as well as
the availability of vast amounts of numerical and non-numerical
data—collectively, sometimes termed metaknowledge (Evans and
Foster, 2011). The diverse array of human behaviours that has been
examined using these approaches includes travel and mobility
patterns (Brockmann et al., 2006; Gonzalez et al., 2008), infectious
diseases (Balcan et al, 2009), epidemics (Hufnagel et al., 2004),
malware (Hu et al, 2009), online popularity (Ratkiewicz et al,
2010), language (Lieberman et al., 2007; Puglisi et al., 2008; Loreto
et al., 2011; Perc, 2012,2014; Petersen et al, 2012a) and culture
(Leetaru, 2011; Michel et al., 2011; Gao et al., 2012; Petersen et al.,
2012b). The extensive media reports of food safety incidents in
China have provided the metaknowledge for us to use as a basis for
investigating this problem. We choose to examine food safety
incidents in Beijing since media reports about this issue in the city
are among the most abundant in China. This is not surprising
given that Beijing, as the capital and the country’s most populous
city, has been at the forefront of food safety management in China
(Liu et al., 2015b).

In the present study, we specifically examine whether it is
possible to gain new insights into prevalence of food safety
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incidents by applying random fractal theory (Mandelbrot, 1982;
Gao et al., 2007) to the series of time intervals between successive
food safety incidents—which we call the inter-event-interval (IEI)
series. First, we examine the distribution of the IEIs: if the IEIs
follow an exponential distribution, then the occurrence of food
safety incidents may be said to follow a Poisson process.
Exponential distributions and the underlying Poisson processes
do not possess any memory. Many physical processes, including
radioactive decay, belong to this category. If this is the case with
food safety incidents in Beijing, suggesting that the occurrence of
incidents resulted from purely stochastic factors, then it could be
concluded that there is very little the government could do to
drastically reduce the occurrences of such incidents. We expect
food safety incidents in Beijing to be highly non-Poissonian, as
many incidents are intentional. Second, and more importantly,
we examine whether the IEIs possess long-range correlations by
computing the main scaling exponent from random fractal
theory, the Hurst parameter H, which characterizes the nature of
correlations (memory) contained in the irregular IEI time series.
In general, data with long-range correlations are an important
subclass of 1/f* noise (Press, 1978; Bak et al., 1987; Bak, 1996),
which is characterized by a power-law decaying power spectral
density (PSD). In addition, having a power-law decaying rank-
ordered eigenvalue spectrum, the dimension of 1/f* noise cannot
be reduced by principal component analysis (Gao et al., 2003).
Processes that generate time series with such properties are said
to have antipersistent correlations, are memory-less or have only
short-range correlations, and have persistent long-range correla-
tions (long memory) if 0<H<1/2, H=1/2 and 1/2<H<]1,
respectively (Mandelbrot, 1982). If the IEIs do possess long-range
correlations, then the question is how the Beijing municipal
government could design innovative strategies to break the long-
range correlations in IEIs. Such successful interference may lead
to a drastic fall in overall food safety incidents—it is desirable that
remaining incidents occur sporadically and resemble a Poisson
process.

Data and methods

Our research data are taken from ZCCW.info (http://www.zccw.
info/index), which is a database of food safety incidents in China
created by volunteers (Wu, 2012). This database is regularly
expanded and comprises information sources obtained by
searching reports in the public domain since 2001 relating to
food contamination, covering all mainland China. By 2013,
ZCCW.info had collected more than 3,000 food safety incidents
from across China. As such, the food safety incidents covered by
the ZCCW.info database may be considered representative of
what the Chinese government permits society to be aware of.
Few reports can be found on the Internet before 2004, most likely
because before this date media and governmental authorities in
China generally did not use these outlets to disseminate
information on food safety to the general public. This reflects,
to some extent, the underdevelopment of China’s Internet
infrastructure before 2004, and changes in openness as well as
greater political concerns over food safety after 2004.

When studying the dynamical nature of food safety incidents,
it is prudent to confine an analysis to a single city, given the
inevitable differences in hygiene levels, climate, and economic
and political conditions; here we focus on Beijing, specifically
focusing on food safety incidents that occurred over the period
from January 2004 to August 2013. The raw data were
preprocessed to remove irrelevant, incomplete and repeated
entries. After data preprocessing, the total number of food safety
incidents in Beijing was 295; that is approximately 10% of
mainland China’s incidents, recalling that there were a total of
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about 3,000 incidents during this period. This percentage is high,
considering that Beijing’s population only counts for 1.6% of the
national population. However, as Beijing is widely considered to
have been at the forefront of food safety management in
mainland China, it is perhaps not surprising that there has been
an apparent greater degree of reporting of such incidents in the
city (Liu et al., 2015b). The datasets that we analysed have been
made publicly available in the Dataverse repository (Liu et al.,
2015a).

Food safety incidents have a variety of causes at different stages
of food supply chain. Orthodox approaches for studying food
safety usually focus on chemical and biological factors as the
major risk factors (Luning et al, 2006; Liu et al, 2015b).
Unfortunately, this approach is often not sufficient when
investigating incidents that have arisen largely from human
factors, especially intentional actions (for example, criminal
behaviour), whose origins may be manifold (for example,
political, economic, cultural and value system). Consequently,
food safety incidents may not occur sporadically, but in bursts
with certain structure. To better reveal the dynamic, and possibly
organized behaviours in food safety incidents, we choose to focus
on an analysis of IEIs.

To analyse IEIs, we first perform distributional analysis,
checking whether IEIs may follow two specific distributions.
One is exponential distribution, which may be expressed by its
probability density function (PDF):

fx(x) =2, x>0, 2>0, (1)
or its complementary cumulative distribution function (CCDEF),
P(X=x)=e™ x>0, 1>0. (2)
The other is power-law distribution, whose PDF is:
flx)~x* x> 0.

And whose CCDF is:

PXzx)~x"% x— 0. (3)

We also examine whether the IEI series may possess long-
range correlations. A covariance stationary stochastic process
X={Xst=0,1,2,...}, with mean y, variance % and autocorrela-
tion function r(w), w>0, is said to have long-range temporal
correlation if r(w) is of the form (Cox, 1984)

r(w)~w?2 asw— o, (4)
where 0<H<1 is the Hurst parameter. When 1/2<H<]1,
X, r(w) =00, leading to lox}_}g—range temporal correlation. The
process X has a PSD of 1/f2H~ 1. Tts integration, called a random
walk process, has a PSD of 1/f2H*1, Being a 1/f process, it cannot
be aptly modelled by a Markov process or an ARIMA model (Box
and Jenkins, 1976), as the PSD for those processes are distinctly
different from 1/f. To adequately model a 1/f process, a fractional
order process has to be used. A well-known process of this class is
the fractional Brownian motion model (Mandelbrot, 1982).

One of the most popular methods for estimating the Hurst
parameter H is detrended fluctuation analysis (DFA) (Peng et al.,
1994). Given a time series X, X, X3, ..., Xn» DFA works as follows:
first one constructs a random walk process

n

u(n) =y (% —%), n=1,2 ..., N, (5)
k=1
where X is the mean of the series x;,i=1, 2, .... Then one divides

the constructed random walk process, which is of length N, into
[N/I] non-overlapping segments, each containing / points. Next,
one defines the local trend in each segment to be the ordinate of a
linear least-squares fit or best polynomial fit of the time series in

that segment, and computes the “detrended walk”, denoted by
ui(n), as the difference between the original “walk” u(n) and the
local trend. The Hurst parameter H is given by the following
scaling relation:

l
Fy(l) = <Zu,(i)2>~z”’7 (6)

i=1

where the angle brackets denote ensemble averages of all the
segments.

We note that the best linear or polynomial fits of DFA may
have large discontinuities at the boundaries of adjacent segments.
To overcome this problem, recently, a new method, called
adaptive fractal analysis (AFA), has been proposed (Gao et al.,
2011, 2012). AFA involves first fitting a globally smooth trend
signal v(n) to the u(n) time series for window size w (Gao et al.,
2010; Tung et al, 2011). The residual, u(n) — v(n), characterizes
fluctuations around the global trend, and its variance yields the
Hurst parameter H according to

1

1 N

F(w) = [ﬁzlwn) - v(n))z] ~w. 7)

Results
By examining the contents of the food safety incidents that
occurred in Beijing over the period from January 2004 to August
2013, we identified 293 food safety incidents caused by human
factors, which accounted for approximately 99% of the cases
(295) collected by the database. It should be emphasized that the
human factors may be classified into two categories: un-
intentional (human errors); and intentional or deliberate (inten-
tional behaviours). In the present study, distinguishing between
these two categories is sometimes difficult. There are two reasons
for this: first, some incidents may involve both factors; second,
media reports may lack sufficient detail as to determine the cause.

Figure 1 shows the monthly number of food safety incidents
reported in Beijing over the period from January 2004 to
August 2013.

Next, we analysed the series of time intervals between
successive food safety incidents, or IEI series. Denoting the time
for the ith food safety incident to occur as T;, then IEI series is

Monthly number of Incidents

2008 2010 2012

Time (year)

2006

2004

2014

Figure 1 | The monthly number of food safety incidents reported in
Beijing over the period from January 2004 to August 2013. The number
of food safety incidents reported in September 2005 and December
2006 is the largest, reaching 12; the number of food safety incidents
reported in May 2005 and May 2011 follows, reaching 11; in the majority
of months, the number of food safety incidents reported mainly falls
below six.
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simply T;,, — T} therefore, the length of IEI series is 294. Here, we
distinguish between two types of IEIs. One corresponds to the T;
being reported by the media; the other to the T; that actually
occurred. Figure 2 shows these two time series; note that a large
IEI means a large time period without a food safety incident,
which is clearly the desired situation.

We estimated the CCDF for the two IEI series (Fig. 3). If the
distribution is exponential, then in a semi-log plot for the CCDF
we should observe a straight line. Yet this is not the case; instead,
we observe good linear fittings in double-logarithmic plots for the
CCDFs. Therefore, the distribution resembles a power law,
suggesting that the occurrence of food safety incidents in Beijing
is highly non-Poissonian.

We used DFA and AFA to estimate the Hurst parameter from
the IEI series (Fig. 4). We observe power-law scaling behaviour.
In particular, the Hurst parameters estimated by DFA and AFA

(a)
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200 |
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Figure 2 | Series of IEls: (a) reported, (b) actual. Note the intermittent
pattern—time periods with small IEls correspond to clustered occurrence
of food safety incidents, or bursts; large intervals means long periods
without food safety incidents; this is the desired situation.
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are consistent. The average H is close to 0.65. Therefore, the IEI
series possesses long-range correlations. Note that the value of H
is closer to 0.5 than to 1. This is consistent with the fact that more
incidents were caused by human errors instead of intentional
behaviours (Liu et al., 2013).

Following Gao et al. (2012), we also attempted to first remove
the trend from the IEI time series, then estimate the Hurst
parameter. It turns out the trend is not significant, and the Hurst
parameter for the original and the detrended data are almost the
same (0.645).

For the series of IEIs, the Hurst parameter is larger than 0.5.
This means that a large IEI is more likely followed by another
large IEI, while a small IEI is more likely followed by another
small IEL That is to say, food safety incidents occur as bursts: in
one period, many incidents would occur leading to small IEIs;
then, a safer period with fewer food safety incidents and larger
IEIs would follow.

Conclusion and discussion

Food safety is a critical issue worldwide. Beijing has experienced a
specific class of food safety-related incidents, particularly those
caused by human factors, sometimes purely intentional in nature.
Based on data from the ZCCW.info database, over the period
from January 2004 to August 2013, we found that 99% of the 295
food safety incidents that occurred in Beijing were caused by
human factors (the remaining incidents were caused by the
victims themselves, and thus were due to negligence). We
analysed the time intervals between successive food safety
incidents, and found that they did not follow an exponential
distribution; hence, food safety incidents were distinctly different
from Poisson processes, suggesting that they may have systemic
causes. Furthermore, we found that the time intervals between
successive food safety incidents had persistent long-range
correlations, characterized by a Hurst parameter of H=0.65.
This suggests that food safety incidents would occur as bursts: in
one period, many incidents would occur leading to small time
intervals between incidents; then, a safer period with fewer food
safety incidents and larger time intervals would follow.

The results presented above could be used as part of an effort
to devise novel strategies to curb or prevent food safety incidents.
As perceived by the general public in China, the current strategy
adopted by the Beijing municipal government and the Chinese
central government for combating food safety scandals involves

0
-0.5
n 1.2+0.09
|_
a -1
>
kel
-15
actual
_2 C
0 1 2 3

logsot

Figure 3 | Log-log plot of CCDF for the series of IEls (red circles): (a) reported, (b) actual. Blue lines in the subplots are the linear fits. The coefficient
of determination (R2) in the linear fitting of (a) and (b) is 0.985 and 0.979, respectively, thus suggesting power-law behaviour in CCDF.
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Figure 4 | Fractal analysis of IEl series: (a) reported, (b) actual. The linear fittings are good, with coefficient of determination (R?) of at least 0.98.
The slopes of the linear fittings yield the estimation of the Hurst parameters H. The estimations of the Hurst parameter using DFA and AFA are
consistent. With H larger than 0.5, the IEl series have long-range correlations.

not reporting incidents to the general public if they are
considered to be related to malfeasance or corruption, or may
cause public panic; a small subset of incidents tends to be
reported in the hope that those incidents presumably arouse
general vigilance and warn off further food safety malpractice.
Information control in China remains a wide-spread practice.
While some incidents are reported, exactly what, how many and
how to expose the incidents depends largely on the reasoning by
the privileged groups such as government and corporations
(Yang, 2013). Food Safety Law was revised in China in 2013, the
first draft of which stipulated that any information about food
safety incidents should be censored by a governmental agency
before it could be released to the general public (LAOSC, 2013).
Fortunately, this requirement was removed in the second draft
(The Standing Committee of the National People’s Congress,
2014). This may be considered a big step forward for the
disclosure of food safety information.

Against the context of the above discussions, we can better
understand the mechanisms for the long-range correlations in
IEIs. Three distinct scenarios can be identified. First, a wave of
incidents with small IEI is uncovered when governmental
agencies become more serious and diligent. This corresponds to
a sequence of small IEIs. Second, food safety incidents often co-
occur, in the sense that when a fraud on a specific type of food is
not cracked down on by the government, similar incidents tend to
be seen reoccurring. Moreover, malpractice affecting one type of
food may be adapted to different types of food. There might also
be a possibility that overexposure of one fraud may divert public
attention and provide opportunities for similar frauds to occur on
other types of food. This scenario is the basis for observing small
IEIs when food frauds are cracked down on. Third, following an
intense period of monitoring and cracking down, fewer unlawful
intentional activities are conducted, and the number of un-
intentional incidents also decreases as many vendors become
more cautious. This is the basis for observing large IEIs.
A sequence of small IEIs followed by a sequence of large IEIs is
the very reason for long-range correlations to occur. It is now
clear that the very long-range correlations observed in the present
study were closely related to the very involvement of government
in combating food safety scandals. The question is whether a
more effective strategy may be devised to reduce the number of
incidents. We suggest that this is possible. In particular, we

propose that there are two fronts where the Beijing municipal
government and similar bodies elsewhere in China can take
action: invest in ways to better uncover incidents, such as
purchasing advanced food testing equipment; and expose more
incidents to the general public. To understand the latter, it is
important to emphasize that the number of food safety incidents
reported to the general public is only a very small subset of the
incidents that have actually occurred (Lam et al., 2013). While the
concern of avoiding public panic is legitimate, we believe the risk
of public panic caused by such reporting is not significant, and
may even be negligible, particularly given that the Chinese public
has long been accustomed to food safety scandals over the past 10
years or more.

These strategies alone may not be sufficient for preventing food
safety incidents from occurring, as the underlying motives are
many and varied. Besides a more concerted effort to tackle food
fraud, the application of new legislation and the enforcement of
the law are of paramount importance. To this end, Beijing has a
lot to learn from Hong Kong (whose food is mostly supplied by
mainland China), which has an admiringly high and stable food
safety rate. Since 2001, the overall food safety rate in Hong Kong,
in line with the international Codex Maximum Residue Limits
(Chu, 2009), remained above 99.5% for 13 consecutive years
(HKCEFS, 2014). The main driving force for this is Hong Kong’s
effective laws and regulations (Hong Kong Legislative Council,
2012; Wu et al, 2014; HKCFS, 2015) and the government’s
effective application of the law.

To facilitate proper implementation of the above approaches,
scientific and technological efforts to support food safety
supervision also have to be strengthened. This includes improving
techniques for food preservation and food hygiene, introducing
advanced detection techniques to examine food safety issues, and
developing food safety traceability systems (Jia and Jukes, 2013;
Liu et al., 2013). Finally, there is scope to improve food safety
education. This includes greatly elevating food producers’ and
processors’ knowledge about food safety, as well as tremendously
raising public awareness of the issues in question and their
capabilities for dealing with various types of risks associated with
food safety incidents.

We acknowledge that our study has some limitations. These
relate to the scarcity of the data and the shortness of the IEI series.
Moreover, as we pointed out, sometimes it is difficult to clearly
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distinguish between human error and intentional behaviour.
When more food safety incidents become declassified and
released to the public, and sufficient information is made
available that can help distinguish the main causes (human error
or intentional behaviour), an analysis of the series of the IEIs of
food safety incidents resulting from these two causes could be
carried out. We surmise that the property of long-range
correlations in the IEI series of food safety incidents mainly
involving intentional behaviours will be more salient than that
involving human error. Specifically, the Hurst parameter in the
series of IEIs due to intentional behaviours may be significantly
larger than 0.5, as intentional behaviours are more closely related
to systemic causes, while H in the series of IEIs due to human
errors may be around 0.5, as human errors resemble simple
stochastic factors.
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