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Abstract
Change point refers to the time when a process really shifts from a normal condition to an unexpected condition.
Identification of the change point leads one to an effectiveness root cause analysis of the process. In the case
that there exists a multi-dimensional data sets i.e. panel data, an expert can analyze a variable of a cross-section
on a determined time series at the same time. This research attempts to detect and analyze the change point
based on the number of cars manufactured by different companies around the world in the last 19 years. This
paper first identifies the change point of each country separately and then addresses the change point of all
countries simultaneously using panel data approach. The comparative report of this paper helps one to analyze
factors performed the change of the production volume.
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1. Introduction
Change point analysis of panel data well addresses a valuable time to identify the factor(s) influenced the
process. The change point refers to the time when the process departures from a natural condition to an
unexpected performance. Identification of the change point helps experts and managers to identify the root
cause of the new condition.
Bai (2010) used the least square error (LSE) method to estimate the common change point in means of a panel
data and also used the quasi-maximum likelihood (QML) method to estimate the change point in mean,
variance, and both. Horváth & Hušková (2012) investigated the statistic of the change point estimator in the
panel data means generated by the Bai (2010) and proposed approximately the distribution of the statistic.
Horváth & Hušková (2012) used their proposed method to identify change in the Gini coefficients of 33
countries, including European countries, Australia, the United States, South America, China and Taiwan. De
Wachter & Tzavalis (2012) proposed a test to detecting the change point in the structure of a dynamic linear
panel data model and used it to identify the effects of the 1997 Asian crisis on investment decisions of Asian
companies. Enomoto & Nagata (2016) extended the Mahalanobis – Taguchi (MT) method proposed by
Taguchi (2002) using Bayes inference to identify the change point in a panel data. Enomoto & Nagata (2016)
used their proposed method to detecting the change point in the annual consumption of four beverages in states
of Japan for the years 2001 - 2013. They identified the change point in 2010 for Kagoshima state and Shiman
state, and in 2011 for Tokyo. Peštová & Pešta (2015) propose a test to identify a common change point in
means of the panel data. Their proposed statistic is based on the LSE method and they use the Bootstrap
method to determine the test criteria. Peštová & Pešta (2017) proposed a common change point estimator in
the panel data means. Their proposed method is also derived from the LSE method. In the case that the last
observation is addressed as the change point of the panel, it indicates the lack of the change point, otherwise,
it is used to detection of the change point using the bootstrap method proposed by Pestova & Pesta (2015).
Cho (2016) proposed a method for identifying the change point in panel data using CUSUM method. Cho
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(2016) also used his method to identify change points in financial data sets from stock prices of S & P 100
index components over a one year period.
This paper attempts to investigate the presence or the lack of the change point in automobile production of
different countries of the world from 2000 to 2018. For this purpose, we use a change point identification
method in panel data and a change point identification method in time series data.
This paper is organized as follows: In the next section, detection methods proposed for identifying the change
point in panel data is described. Section 3 is allocated to identifying the change point in time series. Section
4, investigates the presence of the change point in the volume of cars manufactured by different countries of
the world. Finally, the last section of this paper is allocated to conclusion and remarks.

2. Detection method of the change point in the panel data
Assume the panel data model is as follows:
(1)

Yit = μi + δi |{t > τ} + eit , 1 ≤ i ≤ N , 1 ≤ t ≤ T

Where N denotes the number of cross-sectional units and T represents the length of time series for each crosssectional unit of a panel data, and τ addresses the change point. In equation 1, μi denotes the mean of the crosssection i under the in-control condition, eit shows the process error in cross-section i and time t, and δi ≠ 0
case indicates the size of the shift in μi after an unknown time of τ ∈ [1, T).

Cho (2016) proposed double CUSUM statistic for identifying the change point in panel. Let 𝕐𝕐iτ∈[1,T) denote
CUSUM statistic for the cross-sectional unit i, as follows:
𝕐𝕐iτ∈[1,T) =
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Where σ2i is the variance of the observations at cross-section i. The double CUSUM statistic is defined as
follows:
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Where Dm is denoted as double CUSUM statistic operator which takes the ordered CUSUM values
(1)
(2)
(N)
�𝕐𝕐𝜏𝜏∈[1,T) � ≥ �𝕐𝕐τ∈[1,T) � ≥ ⋯ ≥ �𝕐𝕐τ∈[1,T) � at each τ, and φ∈{0, ½}. The test statistic proposed by Cho (2016) to
detecting the presence of the change point over a given interval [1, T] is defined as follows:
(i)

N

PN,T = max max Dm ���𝕐𝕐τ∈[1,T) ��
τ∈[1,T)1≤m≤N

i=1

�

(4)

According to the properties of the general dynamic factor model, Cho (2016) proposed a bootstrap method to
determine the test criterion considering both cross-sectional and within-series correlations (See Forni et al.
(2000) for details of the general dynamic factor model). In this case the test statistic PN,T is compared with the
test criterion πNT . Where the panel experiences the case of PNT > πNT , the location of the change point is
estimated as follows:
(i)

N

τ�N = arg max max Dm ���𝕐𝕐τ∈[1,T) ��
τ∈[1,T)1≤m≤N

i=1

�

(5)

The density of the number of cross-sectional units influenced the change point estimation is estimated as
follows. This density addresses the number of countries affected by a non-random variability.
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(i)
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�

3. Method of identifying the change point in time series data
Pettitt (1979) proposes a nonparametric test to identify the change point in the mean of time series. His method
is suitable for short time series. Let yt for t = 1, …, T denotes a random variable. Assume a change point
occurs at time τ of time series. In this case, yt follows a common distribution function F1 for t = 1,..., τ and
follows a common distribution function F2 for t = τ+1, ..., T, where F1 ≠ F2 . It is possible to define a sequence
Ut for t = 1, …, T as follows:
Ut = ∑ti=1 ∑Tj=t+1 sgn(yj − yi )

(7)

Where the function sgn(.) is defined as:
1
sgn(x) = � 0
−1

if x > 0
if x = 0
if x < 0

(8)

The test statistic proposed by Pettitt (1979) to identifying the presence of the change point over a given interval
[1, T] is defined as follows:
−6k2

(9)

PT = 2 × eT3+T2

Where k is addressed as:
(10)

k = max |Ut |
1≤t<T

In this study, we propose the following Monte Carlo simulation to obtain the test criteria:
1) Obtain the change point location estimation for the observations y1 , y2 , … , yT via Equation 11:
τ� = arg max |Ut |
1≤t<T

(11)

2) Estimate the error values of the observations based on Equation 12:
e� t = �

yt − y� τ� , t ≤ τ�
yt − y� τ� , t > τ�
1

(12)

�
yt and y� τ� =
Where y� τ� = ∑τ𝑡𝑡=1
τ�

1

T−τ�
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3) Consider n1 = min e� t and n2 = max e� t then, we perform the Monte Carlo simulation in order to
1≤t<T

1≤t<T

obtain the empirical distribution from PT test statistic using random sampling of the uniform
distribution U (n1 ,n2 ).

4) We obtained the test criterion by the standard error α= 0.05. If the test criterion is equal to πT and
PT < πT , then the null hypothesis of no-change is rejected and the achieves the change point
estimation via Equation 11.
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4. Analyzing the change point in the world car production
The analyzed data in this study includes annual car productions in all countries of the world in the time interval
of 2000 to 2018, which is accessible at the internet address http://www.oica.net/production-statistics/. This
research investigates the presence of the change point in mean of car productions volume for each country
separately using the method described in the previous section. The results of the analysis are shown in Table
1. In Table 1, the value of the test statistic is compared with the test criteria obtained by the Monte Carlo
method. In the case that the value of the test statistic is smaller than the test criteria, one is led to the presence
of the change point. Table 1 also addresses the estimated location of the change point if the analysis indicates
the existence of the change point. The last column of Table 1 addresses the increase or decrease of the mean
value of the production after the detected change point. The change point analysis reported in Table 1 for the
annual car production in separate time series are obtained based on 5% error and with 1000 time iterations. As
shown in Table 1, most countries experienced a change in mean of their car production volume between 2006
and 2009.
As shown in Figure 1 the panel data investigation of this research for car production volume corresponding to
the interval 2000-2018 addresses the change point in the year 2008 (2008 is addressed by b=9 in Figure 1). In
addition, using Equation 6 the density of cross-sectional units number for the estimated change point is
� N indicates that 22 countries lead the calculation to identifying the
addressed by m
� N = 22. The estimated m
common change point. In this investigation R software is used.
As shown in Figure 1 the test statistic value is PNT =15.94188 and the test threshold is πNT =9.3776. Since the
statistic value is larger than the threshold, the presence of the change point in the panel data is confirmed and
the location of this change point is the 9th time (As b=9 addressed in Figure 1), which is related to 2008. The
result is also approved by the economic analysis reports.
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Table 1. The change point in the mean of car productions for each country separately
Country
1. Argentina

Test statistic

Test criteria

0.021

0.12

2. Austria

Change point
location
2005

Increase or decrease
of production
increase

no change point

3. Belgium

0.002

0.10

2008

decrease

4. Brazil

0.020

0.12

2006

increase

5. Canada

0.002

0.10

2008

decrease

6. China

0.002

0.12

2008

increase

7. Czech Rep.

0.002

0.12

2008

increase

8. Egypt

0.013

0.10

2011

decrease

9. Finland

0.034

0.12

2013

increase

10. France

0.002

0.10

2008

decrease

12. Hungary

0.006

0.12

2006

increase

13. India

0.002

0.15

2008

increase

14. Indonesia

0.002

0.10

2009

increase

15. Iran

0.021

0.12

2007

increase

16. Italy

0.004

0.10

2007

decrease

17. Japan

0.021

0.10

2008

decrease

18. Malaysia

0.003

0.12

2007

increase

19. Mexico

0.002

0.12

2009

increase

11. Germany

no change point

20. Others

no change point

21. Poland

no change point

22. Portugal

0.043

0.12

2006

decrease

23. Romania

0.002

0.10

2008

increase

24. Russia

0.021

0.10

2009

increase

25. Serbia

0.013

0.15

2012

increase

26. Slovakia

0.003

0.12

2010

increase

27. Slovenia

no change point

28. South Africa
29. South Korea

no change point
0.003

0.12

2009

30. Spain

no change point

31. Taiwan

no change point

increase

32. Thailand

0.002

0.10

2009

increase

33. Turkey

0.007

0.12

2006

increase

35. Ukraine

0.034

0.10

2012

decrease

36. USA

0.016

0.12

2006

decrease

37. Uzbekistan

0.007

0.10

2006

increase

0.002

0.10

2009

increase

34. UK

Total

no change point
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Figure 1. The result report of the software
The result of this research is confirmed by the economic report. The crisis of automotive industries in 20082010 was reported as a part of the financial crisis of 2007-2008 leading to a great recession (Chakraborty Das
2008, Associated Press 2008). The crisis of automotive primarily reported for American industries and then
the crisis affected European, Canadian, and Asian industries.
The change point addressed in this research is about the time that a substantial increase in the automotive fuel
price experienced and automotive industries decided to change their strategies. Three big American
companies, General Motors, Ford, and Chrysler, encouraged to focus on vehicles with high profit margin. The
Chinese government reduced automotive taxes in order to spur flagging sales, in 2008.
In fact, the results of this paper addresses the value time in a scientific method. The change point can be
focused on experts to analyze the source of the unnatural condition. In addition to, the method of used by this
paper is capable of applying for monthly, weekly or daily observations.
It should be noted that this crisis affected on each country differently, for example, China experienced an
increase in average car production after 2008, while this is the reverse for Canada. Thus identifying the change
point in time series observations of the sum or mean of the world car production may mislead us into the
accurate estimation of the change point. As can be seen in Table 1, the change point of the total of the world
car production is estimated the 2009. In other words, the influence of the various external factors, at one time
or at different times, may vary from one cross - sectional unit to another. The panel data provides the
opportunity of the considering the effects of the cross - sectional units.

5. Conclusion
This paper analyzed car productions by the world countries in terms of the presence of a common change point
in the mean. Change point identification provides the opportunity of analyzing the sources(s) manifested itself
to the process. Change point addresses the time that really an assignable cause(s) has been experienced by the
process. This paper focused on the annual automotive productions of the world and provided a panel data. The
change point analysis of this panel using two approach addressed a valuable time i.e. the change point. The
identified change point of this paper is confirmed by the economic reports. The method used in this paper can
be approached by professional industrial management. This professional approach leads managers to eliminate
the special cause of the process as soon as possible.
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