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electronic cigarettes and monitoring tax avoidance and
smoking cession after cigarette tax increases [15, 16].

Abstract—Discovering temporal patterns and changes in
tobacco use has important practical implications in tobacco
control. This paper presents one of the first comprehensive
international studies of seasonal smoking patterns based on
online searches performed. Using periodogram and crosscorrelation, we find that smoking-related search behavior shows
strong seasonality effect across countries. In addition, there are
significant pairwise associations between such seasonality in
different countries.

Our study is based on publically-available data provided
through Google Trends [17]. We collected search volume data
for query term “smoking” from five English-speaking countries
and for query term “吸烟” (i.e., the Chinese translation of
smoking) from China. Searching for the term “smoking” and
“ 吸 烟 ” means that the user has the need for smoking
information. Based on the previous studies [10-15], we assume
that the trend of smoking behavior in real life can be reflected
by the trend of the corresponding searching behavior on the
Internet. Then we applied the periodogram method to detect the
seasonality, and calculated the pairwise cross-correlations
among these countries. Empirical findings indicate that the
seasonality effect of smoking-related search behavior is quite
strong in these six countries and there are significant pairwise
associations between the seasonality of smoking-related search
behavior in different countries.

Keywords—behavior informatics; search behavior; smoking;
seasonality

I.

INTRODUCTION

Tobacco is one of the main behavioral risk factors leading
to a substantially large number of potentially preventable
deaths worldwide [1]. About the deaths of 5 million people are
caused by direct tobacco use across the world each year, and
many of these deaths occur prematurely [2]. Given its
importance, tobacco control is a global public health priority.

II.

One important aspect of smoking behavior analysis is
concerned with discovering related temporal patterns. Findings
on seasonality of smoking may have major implications for the
timing of tobacco control measures and interventions [3].
There have been some studies about seasonality of smoking
behavior [3-7]. These studies show that seasonality exists in
cigarette sales [3], onset of youth smoking [7], the initiation of
smoking among adolescents [5], and sales of nicotine
replacement therapies [4], using U.S. survey data. Such data
are costly to obtain, often lack timeliness, and might not be
representative of the ground truth in the populations [8, 9]. In
addition, to the best of our knowledge, no comprehensive
studies have been conducted at the international scale.
In this paper, we make use of Web search queries to fill in
this important gap in tobacco control research. Web search
queries have been used to monitor infectious and noninfectious
diseases such as influenza epidemics [10-12] and other diseases
[13, 14]. Tobacco control researchers have used Internet search
queries to explore issues such as tracking the popularity of
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DATA SET

The search query trend data are downloaded from Google
Trends, a public service provided by Google Inc., which allows
Internet users to examine trends of certain search terms by time,
geographic location, and category. We used “smoking” as the
search query term to collect the search query trend data about
smoking behavior in five main English-speaking countries (i.e.,
USA, UK, Canada, Australia, and New Zealand), and used “吸
烟” as the query term for the trend data in China. The query
term "smoking" is chosen as it is general to the area of smoking
behavior. We compared the search volumes of "smoking",
"cigarette smoking", "tobacco smoking", "cigarette" and
"tobacco", then we found that "smoking" was the most
commonly searched term. We chose the query term “吸烟” in
the same way. The category of the above search volumes is
limited to health, because such category can exclude search
queries irrelevant with the act of smoking tobacco or other
substances. The time interval covered by our research is from
January 4, 2004 to December 29, 2012. Note that the query
index on Google Trends is not the raw search volume, but
rather the total search volume for a search query term in a
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geographic region divided by the total search volume of that
region at a given time.
III.

horizontal line indicates the seasonal component whose period
is the whole time interval (i.e., 468 weeks ≈ 1/2.137×10-3
cycles/week) in the six search trend data. In addition, the peak
near 0.04 indicates the seasonal component with half year as
the period.

METHODOLOGY

The time series plots of the raw trend data are shown in Fig.
1. The horizontal axis is the time line with one week as the unit
time. The periodogram, ideal pass filter and cross-correlation in
the time series tools of MATLAB [18] were applied to analyze
the trend data.

As illustrated in Fig. 3, the seasonal components with one
year as their period are extracted from the raw smoking-related
trend data by using ideal pass filter, when we select the
frequency range from 0.015 to 0.025 in the periodograms. This
frequency range is selected to only cover each peak shape near
0.0192 but not cover other peak shapes in Fig. 2. For Fig. 1 and
3, we can observe that the relative search volume of the
countries on the northern hemisphere (i.e., the U.S., Canada,
UK, and China) has an approximate sinusoidal pattern with the
peak nearby January and the trough nearby August. The
relative search volume of the countries on the southern
hemisphere (i.e., Australia and New Zealand) also has an
approximate sinusoidal pattern with the peak nearby June and
the trough nearby December.

Periodogram (also known as spectral plot) is applied to
determine whether the seasonality of smoking exists in the
Google Trends data. In this paper, the periodogram is
computed as the scaled absolute value of the square of fast
Fourier transform of the search trend data, which is the
unbiased estimate of the power spectral density of a set of
search trend data. The corresponding frequency vector is
calculated in cycles per week and has the same length as the
power vector. The periodogram is scaled in order that the mean
equals the variance of the periodogram. A peak in the
periodogram indicates there is a seasonal component near the
value corresponding to the peak. To extract a seasonal
component from the raw trends data, ideal pass filter is applied
for the periodogram to filter the raw trend data, with the
frequency interval covering the peak shape in the periodogram.

In Table I, the values in each cell contain two parts: a
correlation coefficient and a time lag in the parenthesis (week
as unit time). These lags are selected to provide the highest
correlation for each pair. From Table I, we can observe that the
lengths of the time lags corresponding to the correlation

To examine the associations between the trends in different
countries, we calculated the pairwise cross-correlations of the
raw search trend data in the mentioned six countries. Crosscorrelation is used to measure the degree of the linear
relationship between two search trends with limited time lags
(fifty weeks in this study). A specific lag corresponding to a
high correlation of two trends data may indicate that these two
trends have certain same influencing factors and a time delay.
IV.

RESULTS

Fig. 2 shows the periodograms of the search trend data. The
salient peak near 0.0192 on the horizontal line in the
periodograms indicates that there is an important seasonal
component in each set of the six search trend data and the
period is about one year (i.e., 52 weeks ≈ 1/0.0192
cycles/week). Another salient peak near 2.137×10-3 on the

Fig. 2. The periodograms of the search trends data of USA, UK, Canada,
Australia, New Zealand and China.

Fig. 1. Search trends on smoking in USA, UK, Canada, Australia, New
Zealand and China from Google Trends, from January 4, 2004 to December
29, 2012.

Fig. 3. The seasonal components of the search trends data of USA, UK,
Canada, Australia, New Zealand and China.
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TABLE I.

CROSS-CORRELATIONS OF THE SEASONAL COMPONENTS OF THE SMOKING-RELATED SEARCH TRENDS
Countries

US
UK
Canada
Australia
New Zealand
China

Countries
US

UK

Canada

Australia

New Zealand

China

1.000
------

0.920(2)
1.000
-----

0.956(-1)
0.956(2)
1.000
----

0.844(-19)
0.889(-20)
0.908(-18)
1.000
---

0.783(-21)
0.796(-20)
0.828(-19)
0.960(0)
1.000
--

0.780(-8)
0.859(-8)
0.895(-10)
0.769(-8)
0.670(-8)
1.000

[5]

coefficients on the same hemisphere are larger than on the
different hemisphere except for China. The reason for the
observation may be that the similar weather condition
(especially temperature) on the same hemisphere leads to the
similar smoking-related search behavior on the same
hemisphere, because some studies show that the weather
condition (especially temperature) may be a factor contributing
to the seasonal variation of smoking behavior [3, 6]. As shown
in Table I, except for the correlation between New Zealand and
China, all the correlations of the seasonal components of the
smoking-related search trend data are above 0.769, then we can
infer that seasonal components in the smoking-related search
trend data of these English-speaking countries and China are
similar each other and the seasonality of smoking behavior in
these countries are also similar each other.
V.

[6]
[7]
[8]
[9]

[10]
[11]

DISCUSSION AND CONCLUSION

[12]

The findings of this paper have the following limitations.
First, the study focuses on English and Chinese search terms
only and covers six countries only. Second, the factors that
attribute to the seasonality of the search trends about smoking
are not investigated in detail. Our ongoing research is
addressing these limitations, and we plan to explore the
collective intelligence in the collective search behavior using
social computing [19-22] approaches and new data analysis
methods [23-24].

[13]

[14]
[15]

The findings indicate that the seasonality of smokingrelated search behavior widely exists in many countries. The
findings can help tobacco community with the timing of
tobacco control effort and provide a novel Internet-based
evidence for the seasonality of smoking behavior.

[16]
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