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This paper focuses on the stochastic analysis of
the daily variations in formulations dispensed at phar-
macies. A recent study showed that the cross-correla-
tion functions between the time variations can be used
for estimating the route and speed of influenza propa-
gation process in society. In reality, however, the peak-
shaped signals of the time variations and cross-corre-
lation function are so complicated and noisy that it is
almost impossible to know the original shape of the
signals. The aim of this paper is to give an answer to
this problem by considering the mathematical relation-
ship between the time variations and cross-correlation
function. Influenza anti-viral agents for adults and
children are taken as an example.
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INTRODUCTION

The spatial propagation of disease in human so-
ciety has been studied in the fields of medical and
pharmaceutical sciences.1–13) The focus in the dimen-
sion of the propagation is on time and space with

much regard for humans, culture, society, environ-
ment, geography, etc. The stochastic properties such
as auto-correlation, power spectral density, 1/f fluc-
tuation and chaos have been extracted from the time
series of disease processes.1–8) For the spatial under-
standing of the processes, choropleth maps and geo-
graphic information systems have been developed
in epidemiology.9–13)

The information necessary for the above study
is basically the number of patients diagnosed by
doctors and can be obtained through the nation-wide
surveillance, notification in communities, etc.1–5,9–12)

Recently, a new information source was proposed
for the same purposes9,10): the daily variations in for-
mulations dispensed at pharmacies and drug stores.
These data were analyzed with a method of spectral
analysis (cross-correlation function).9,10)

The present paper pays attention to the practical
use of the cross-correlation functions. Their typical
application is concerned with meteorological prob-
lems.14) For example, the precipitation in a moun-
tain area can be related with the water level at the
lower reaches of a stream. The cross-correlation
function between the time series of the precipitation
and water level has its maximum when the correla-
tion of the phenomena is the strongest. Because of
the definite causality between the precipitation and
water level, the position (day) of the maximum cor-
relation implies the time of the water flow from the
mountain to the lower reach.

Similarly, the route and speed of influenza in-
fection in Tokyo and its vicinity were estimated,
though tentatively, from the time lags of the cross-
correlation functions of the time series of an influ-
enza anti-viral agent dispensed at distant pharma-
cies.7) Two formulations of the influenza agents are
on the market: Tamiflu® capsule for adults and
Tamiflu® dry syrup for children. The above analysis
was performed for the same formulation but among
different pharmacies. If the time series of the differ-
ent formulations at a pharmacy are analyzed, the
following question can be handled: which are in-
fected earlier with influenza, adults or children.8)

The upper figure of Fig. 1 shows the time series
of the sales of the influenza agents for adults (...)
and children (___) at a community pharmacy and
the lower figure their cross-correlation function. The
time series start on November 1st in 2003 and the
pharmacy is located in Kanagawa prefecture. The
X-axis (τ) of the cross-correlation function denotes
the time by which one of the time series is sifted to
calculate the correlation coefficient (Y-axis). The
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hides behind the sales pattern of drugs. The aim of
this paper is to attempt to get a solution of this prob-
lem.

MATERIALS AND METHODS

The information about the prescriptions of in-
fluenza drugs was collected from the pharmacies
listed in Table 1. The pharmacy (No. 2, 9) is located
near an emergency hospital and the other pharma-
cies are near general clinics (but not emergency
ones). The pharmacy data were available through-
out the year, including those of weekends as well.

The cross-correlation function, R(τ), between
time series, A(t) and B(t), describes the correlation
coefficients between A(t) and B(t + τ) as a function
of τ:14)

R(�) =
E [A(t)B(t+ �)]

p
E [A(t)2]E [B(t+ �)2]

(1)

where E[.] denotes the mean over time, t, of the ran-
dom variables inside the square brackets.

The moving average method15) used here has a
window of seven days and the value at the central
point of the window is replaced by the calculated
average over the window. The time series shown in
Figs. 1–3 are smoothed by the method.

By the definition of the cross-correlation func-
tions, we can see that if two time series have the

Fig. 1. Time series of Tamiflu® Capsule (...) and Tamiflu® Dry
Syrup (___) and their Cross-Correlation Function at a
Pharmacy

No. 6 of Table 1 lists the location of the pharmacy, time period of
the drug sales and results of analysis. The Y axis denotes the number of
capsules or weight (g) of dry syrup (the scale is arbitrary).

shape of the peaks in the time series is so compli-
cated and noisy that it is difficult or almost impos-
sible to estimate the original shape of the peaks by
the visual inspection. If possible, we can know some-
thing (here, a feature of the life style of people) which

Table 1. Difference between Days of Time Series Maxima (∆), Days of Cross-Correlation
Function Maxima (CF) and Difference between Gravity Centers of Time Series
(DG) for Tamiflu R Capsules and Dry Syrup

No. Pharmacy Location ∆ CF DG

Period: 11/01/2003–10/31/2004

1 Shinmachi, Hanno, Saitama 3 1 2

2 Tanashi, Nishi-Tokyo, Tokyo 12 6 8

3 Tanashi, Nishi-Tokyo, Tokyo 3 2 3

4 Kouhoku, Yokohama, Kanagawa 6 7 1

5 Nakagawa, Adachi, Tokyo 5 0 �2

6 Tana,Sagamihara, Kanagawa 6 2 1

7 Asaka-machi,Koriyama, Fukushima 0 �1 �1

Period: 11/01/2004–10/31/2005

8 Shinmachi, Hanno, Saitama �14 �11 �11

9 Tanashi, Nishi-Tokyo, Tokyo �1 �2 �5

10 Tanashi, Nishi-Tokyo, Tokyo 4 4 1

11 Kouhoku, Yokohama, Kanagawa �19 �2 �1

12 Nakagawa, Adachi, Tokyo �4 �6 �7

13 Tana,Sagamihara, Kanagawa 0 0 �2
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Fig. 2. Time Series of Tamiflu® Capsule (...) and Tamiflu® Dry
Syrup (___) and their Cross-Correlation Function at a
Pharmacy

No. 7 of Table 1 lists the location of the pharmacy, time period of
the drug sales and results of analysis.

Fig. 3. Time Series of Tamiflu® Capsule (...) and Tamiflu® Dry
Syrup (___) and their Cross-Correlation Function at a
Pharmacy

No. 8 of Table 1 lists the location of the pharmacy, time period of
the drug sales and results of analysis.

same peak shape, the difference between the peak
maximum positions is equal to the maximum posi-
tion (time lag) of the cross-correlation between the
time series. If not, they are not necessarily the same.
First, we examine how the asymmetry of time se-
ries model peaks affects the time lag and second,
take some practical examples with close reference
to the effects of the model experiment.

RESULTS AND DISCUSSION

Figure 4 shows the four types of model peaks
which are expressed as time series, A(t) and B(t) in
Eq. (1): peak 1: symmetrical narrow peak; peak 2:
symmetrical wide peak; peak 3: tailing peak; peak 4:
leading peak. The peak tops are all fixed at the same
position. The cross-correlation functions, R(τ), (hav-
ing gray backgrounds) are calculated between ev-
ery combination of the peaks. In this paper, the time
series are assigned to A(t) and B(t) such that if B(t)
lags behind A(t), R(τ) has the maximum where τ > 0
(positive time lag) and that if not, R(τ) has the maxi-
mum where τ ≤ 0 (zero or negative time lag).

From the diagonal elements of Fig. 4, we can
see that the cross-correlation function has the maxi-
mum when τ = 0, if the time series peaks are the
same in shape, irrespective of asymmetry [see (1,
1), (2, 2), (3, 3) and (4, 4)]. The cross-correlation
functions between the symmetrical peaks, even if
the width is different, have no time lag [see (1, 2)
and (2, 1)]. If the shapes of the peaks are different
and if at least one of them is deformed, the cross-
correlation functions have the maxima when τ ≠ 0
[see (1, 3), (1, 4), (2, 3), (2, 4), (3, 1), (3, 2), (3, 4),
(4, 1), (4, 2) and (4, 3)].

The center of gravity of the symmetric peaks, 1
and 2, coincides with the positions of the peak tops,
but that of the asymmetric peaks, 3 and 4, is 7 data
points away from the peak top positions. The width
of the fatty half of the asymmetrical peak is 50 data
points and so is the half width of the symmetrical
wide peak. Then, we can see the level of asymmetry
as follows: the center of gravity is 14% of the half
width away from the peak top.

Table 2 lists the time lags of the cross-correla-
tion functions of Fig. 4. The time lags observed are
0, ± 5, ± 7 and ± 13 data points. The signs, plus and
minus, depend on the assignment of the peaks to
A(t) and B(t) as mentioned above. Since the peak
top for every model peak is located in the same po-
sition in Fig. 4, we can assert that the cross-correla-
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tion functions refer to the centers of gravity of the
peaks, rather than the difference of the peak top po-
sitions (see below).

As an example, the cross-correlation functions
of the symmetrical narrow peak and tailing peak give
a time lag of ± 5 points [see (1, 3) and (3, 1)] and the
time lag is nearly the same as the difference between
the centers of gravity (= ± 7). The time lags of the
symmetrical wide peak and tailing peak are equal to
the difference between the centers of gravity [= ± 7;
see (2, 3) and (3, 2)]. The cross-correlation function
between the tailing and leading peaks has its maxi-
mum when the time lag is ± 13 points [see (3, 4) and
(4, 3)]. The time lag (= ± 13) corresponds to the dis-
tance between the centers of gravity of the asym-
metrical peaks (= ± 7 × 2).

Referring to Fig. 4 and Table 2, we reconsider
the time series of Fig. 1. Here, the time series of the
influenza anti-viral agent for adult is assigned to A(t)
and that for children is B(t). From the real data of

Fig. 1, we can safely assume the asymmetry of the
time series peaks. Then, there remain four possible
situations in Fig. 4: (3, 3), (3, 4), (4, 3) and (4, 4). It
is observed that the maximum positions of the time
series differ by + 6 days, whereas the time lag is
+ 2 days. If the time series had the same peak shape,
the time lag should be + 6. However, the observa-
tion implies that the actual peak asymmetry makes
the time lag shift from + 6 to + 2 so that the time lag
should take a minus value in Table 2. Then, the case
(3, 4) is the only possibility. The time series of the
adults agent will be a tailing peak (peak 3) and that
for children will be a leading peak (peak 4). This
peak shape is relative interpretation.

There can be various etiologies of the estimated
peak shape (3, 4). We should note that the Tamiflu®

agents cannot be administered repeatedly to the same
patient. As for Fig. 1, the relatively faster decrease
after the peak top of the children prescriptions might
suggest that in the area examined (Tana, Sagamihara,
Kangawa), the influenza epidemic subsided more
rapidly for the children than for the adults. The tem-
porary close of classes at elementary schools and
kindergartens would play an important role.

It is not easy to find a general explanation of the
pattern of the time series shown in Fig. 1. However,
the thirteen case of Table 1 are indicative. Eight
cases, including the case of Fig. 1, have the time lags
smaller than the differences between the peak top
positions of the time series. Three have the equal

Fig. 4. Influences of Peak Shape of Time Series on Shape of Cross-Correlation Function
The triangle peaks denote the time series. Peak 1 is a symmetrical narrow peak; 2 symmetrical wide peak; 3 tailing peak; 4 leading peak. The round

peaks with the gray background denote the cross-correlation functions of all the combinations of the time series. Figure (i, j) denotes the correlation
function between time series i [= A(t)] and j [= B(t)]. The edge-to-edge width of the symmetrical narrow peaks is 50 data points, that of the symmetrical
wide peaks is 100 data points and that of the asymmetrical peaks is 75 data points.

Table 2. Maximum Positions (Time Lags) of Cross-Correlation
Functions between Model Peaks of Fig. 4

Peak A(t) Peak B(t)

1 2 3 4

1 0 0 5 �5

2 0 0 7 �7

3 �5 �7 0 �13

4 5 7 13 0
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values and two have the larger values. Figure 2 (see
No. 7 of Table 1) demonstrates the same sales pat-
tern as Fig. 1. However, the shift due to the peak
asymmetry is the minimum and it is difficult to dis-
cern the difference of the peak shape of the time se-
ries (... and ___). In Fig. 3 (also see No. 8 of Table 1),
the time series of the children drug has two peaks
(___) and the methodology of this paper is not ap-
plicable.

Table 1 shows that the differences between the
gravity centers of the time series are close to the
time lags, rather than the differences between the
peak top positions of the time series, also in the real
situations. This can corroborate the above-mentioned
property of the cross-correlation functions.

In conclusion, it is difficult or almost impossible
to find some essential elements hiding behind the
time series of drug sales at pharmacies, e.g., Fig. 1,
by visual inspection. The comparison of the peak
top positions of the time series with the time lags of
their cross-correlation functions is one of the meth-
ods for this purpose.
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