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Abstract—The purpose of this study is to develop a model to
predict the number of vehicles owned in consideration of recent
circumstances of emerging countries. In the previous studies,
prediction models have been developed from different viewpoints
such as energy issue. However, recent growth of the number
of vehicles owned in the emerging countries has been more
rapid than the predictions. On the other hand, big city in those
emerging countries introduced the traffic restriction to prevent
aerial pollution from the latter half of 2000s. In this paper, an
attempt is made to develop a prediction model based on GDP,
income gap and historical transition. Using statistical data of 47
countries from 1952 to 2014, the applicability of the proposed
model is verified.

Keywords—vehicle ownership, economic development, predic-
tion model, developed countries, emerging countries

I. INTRODUCTION

Historical process of countries indicates that there is sig-
nificant relationship between vehicle ownership expansion and
economic development. In many countries, per capita vehicles
tend to increase in association with economic growth. In
particular, the number of per capita vehicles rapidly increases
when economy remarkably develops. On the other hand, vari-
ation of vehicle ownership is saturated under mature economy.
Focusing on these features, future prediction is performed by
using statistical data such as GDP, population and number of
vehicles owned, and that result is applied to policy planning
related to transportation, fuel and environmental issues.

In the research area, prediction of vehicle ownership for
some emerging countries, such as China, Brazil, and India, is
a big issue in recent years because saturation levels of owned
vehicles vary in different countries. Focusing on this issue, sev-
eral researchers have addressed the development of prediction
model [1, 2, 3]. Their models forecast the number of owned
vehicles and saturation level of each country in consideration
of income, fuel problem and transportation. However, their
models have possibilities not explaining recent circumstances
of those emerging countries. One possible reason is that the
growth of the number of vehicles owned has been more
rapid than predictions. On the other hand, big cities in those
emerging countries, like China and India, introduced traffic
restriction using license plate number. This policy considers
issues related to transportation and environment. Thus, satura-
tion of vehicle ownership in the emerging countries is expected
to occur at lower level than previous predictions.
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The purpose of this study is to predict the number of
vehicles owned in consideration of recent circumstances which
include the cases of the developed and the emerging countries.
In this paper, an attempt is made to develop prediction model
based on per capita GDP, income gap and patterns of countries
economy growth. Through the analysis using statistical data of
47 countries observed from 1952 to 2014, the applicability of
the proposed model is verified.

The remainder of the paper is organized as follows. In
section II, we review the relevant literature which addressed
the relationship between countries’ vehicle ownership and their
economic development historically. Section III introduces the
study design and data, followed by descriptions of variable
measurements. In section IV, we estimate the traditional linear
regression as benchmarks and then elaborate on nonlinear
estimation approach with a Gompertz model. And last, section
V concludes the study with its contributions, and directions for
future research.

II. LITERATURE REVIEW

While there are many studies related to the relationship
between vehicle ownership and economic development [4, 5], a
few researchers address forecast of future vehicles owned using
panel data of countries. Furthermore, issues which developing
countries face in term of economic growth increase across the
years. For example, environmental problems such as emission
of CO2 from vehicles emerged in China and India. Thus, it is
necessary to periodically reconsider the applicability of model
for the prediction of vehicle ownership.

In Medlock and Soligo’s study, effects of economic growth
on vehicle ownership was verified by using panel data of 28
countries [1]. Moreover, they discussed future issues of energy
based on their forecasts. Their model was developed by using
the concept of user cost related to capital and the notion that
the demand for vehicles can be saturated. From the forecast
with data from 1978 to 1995, they found that saturation levels
of vehicles varied in countries, and that user costs were a
significant factor in the evolution of vehicle stocks.

Next, Dargay et al. attempted to expand the prediction
model developed in their previous study [2, 6]. By using urban-
ization and population density observed from 45 countries that
include 75 percent of the world’s population, they developed
a model that considered differences in saturation level of
countries. The result of prediction to 2030 based on data from
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Fig. 1. Vehicle ownership and GDP per Capita from 1952 to 2014

1960 to 2002 indicated that Chinese vehicle stocks increase
nearly twenty-fold, and that the speed of vehicle ownership
expansion encourages rapid growth in oil demand.

Focusing on within-country income distribution factors,
Chamon et al. explained the relationship between per capita
GDP and vehicle ownership by using 122 countries’ panel
data and performing the household level survey for largest
emerging markets [3]. They performed the analysis with data
from 1963 to 2003. The number of vehicles owned tends to
increase rapidly due to the economic growth. They found that
the tendency begun when per capita GDP exceeded about
5,000 US dollar. When their research was performed, this
increase tendency was not observed in China and India.

This study attempts to develop a model that considers
circumstances of developing countries after the previous stud-
ies performed. In this paper, we use countries panel data
from 1952 to 2014. The relationship between the economic
development and the number of vehicles owned for several
countries is shown in Figure 1.

Figure 1 represents the historical transition of per capita
GDP and vehicles owned per 1,000 persons from 1952 to
2014. In this figure, relationship about 5 countries (USA,
Japan, Republic of Korea, China and India) is plotted. The
two indexes of all countries basically increase across the years.
Except for India, the increased amount of vehicles per 1,000
persons proportional to the increase of per capita GDP is
similar across countries. In addition, it is found that the vehicle
ownership is saturated in USA and Japan.

Compared to the forecasts of existing studies described
above, vehicles owned per 1,000 persons in China and India
have greatly increased at 2014. On the other hand, big cities of
developing countries, such as Beijing and New Delhi, recently
introduced the traffic restriction to prevent aerial pollution.
Under this restriction, available vehicles at one day are decided
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by their license plate number. For example, the availability of
vehicle is decided by whether its license plate number is odd
or even. By spreading this policy in developing countries, it is
expected that their saturation levels of vehicle ownership be-
come lower than advanced countries. It is necessary to develop
a new prediction model in consideration of this circumstances.

III. DATA AND VARIABLES

In this section, we need to combine data on economic
development and auto industry, the two of which are col-
lected from independent sources. Economic development data
are primarily collected from the Penn World Table 9.0 and
International Monetary Fund (IMF), which mainly involve the
statistics of population and real GDP for each country in each
year. Similarly, auto industry data are available from Interna-
tional Organization of Motor Vehicle Manufacturers (OICA)
and Japan Automobile Manufacturers Association (JAMA),
where we chiefly to obtain the number of vehicle ownership
for each country in each year. We focus this study on GDP
and vehicle popularity rate relationship at an overall level. The
details of the study design and data collection processes are
described subsequently.

A. Economic Development Data

Based on the statistical data of economic development
level which were aggregate by IMF, we conducted a simply
fundamental analysis to obtain the change law of GDP per
capita in each country. We selected GDP per capita instead of
the total GDP due to the reason of population. Some countries
have a high total GDP but a relatively low GDP per capita, such
as China and India.! The economic and social development
level is measured not only by the general target but also
by the per capita target, which is more important [6, 7]. In
addition, relevant literature also usually uses GDP per capita
as a measure to predict vehicle density [3].

Figure 2 depicts the movements of GDP per capita for the
major economies from 1952 to 2014. From this figure, we
notice that GDP per capita generally keeps rise all along in
those countries, and its index for the developed countries is
obviously higher than that for emerging countries.

B. Auto Industry Data

We follow previous studies and conducted a content anal-
ysis of auto industrial scale structure include in the economic
development data to obtain the density of vehicle for each
country or region. Vehicle density is measured by the number
of vehicle ownership per 1000 people [3, 6].

Figure 3 shows the annual fluctuations of vehicle density
for world’s leading economies from 1950s to 2010s. Compared
with the steady growth in the west, although there is a rapid
rising in auto penetration in about 1990s, the numbers of
automobiles owned by emerging countries are still relatively
low.

Although there are some differences in economic founda-
tion and potentials among each country, we expect to educe
the correlation between vehicle popularity rate and economic
development, and to find out some generalities.

'China ranks 2nd in total GDP but 75th in GDP per capita in 2015.
Similarly, India ranks 7th in total but 141th in per capita that year.
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Fig. 2. Changes in GDP per Capita of Major Countries

C. Data Matching

We match the economic development data and auto indus-
try data collected from these independent sources. We select
years in the auto industry data that matched the economic
development data by year and country. Note that all countries
in our sample were featured with a long time span because
of a relatively long lifecycle of automobile. We obtained
unbalanced panel data for 47 countries with 63 years (from
1952 to 2014) after the matching.’

Figure 4 provides a plot of the relationship between GDP
per capita and vehicles per 1000 people in major countries.
The plot shows that the relationships in those countries are
extremely similar on the whole with non-linear correlation, so
care must be taken in modeling, which may affect fitting and
estimation.

D. Variables

To simplified model to explore the common trend of auto
penetration, we focus this study on two indicators, namely
vehicle density and economic level. It is currently difficult
to obtain accurate assessment of expenditure levels and the
gap between rich and poor for each country with a long time
span, thus we provide GDP per capita as a surrogate for the
economic level. We follow previous studies and measured the
vehicle density through two variables: vehicles per 1000 people
[3], and vehicle population ratio [2, 6]. These two variables are
similarly calculated by number of vehicle ownership divided
by national population. Table I presents the panel summary
statistics for the entire data of this study.

IV. MODELING AND ANALYSIS

In this section, we first provide a pooled regression with
traditional linear model and logarithm linear model to briefly
confirm the correlation between vehicle density and economic
level, followed by estimations of a panel version of it. A
Durbin—Wu—Hausman test was used to verify the endogeneity
of fixed effect model (FE) and random effect model (RE).
Next, we apply a Gompertz model to estimation because
the plot of the relationship between GDP per capita and

2Economicdevelopment data in some countries have gaps due to the missing
value of statistics.

United States

New Zealand
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vehicles per 1000 people shown by Figure 4 display slow-
fast-slow growth rhythm, the curves of which showed S-
shaped basically. Fitting degree among each approach are also
compared in this section.

To investigate the accuracy of the prediction, this study
divides the entire data into two parts: the year before 2005 for
estimating and the rest for prediction.

A. Classic Estimations

A naive approach to assessing the effect of economic
development on vehicle ownership is to include these factors in
a whole linear model which easily regard all samples as cross-
section without considering the possibility of autocorrelation
among error terms. We called this approach pooled regression.

Based on the relevant literature, the simplest version of the
pooled regression, we called Model 1, is specified as follows:

Y = Qo + Q1T + €

where yy, indicates the number of vehicles ownership per 1000
people in sample k, and z is the value of GDP per capita.
Error term ¢ represents factors other than z; that affect yy
and be assumed to be i.i.d. normally distributed, that is, €5 ~
N (0,02).

Table II shows the estimation results of Model 1. Consistent
with the results in prior research, parameter estimates of Model
1 indicate that GDP per capita has a significant and positive
effect on vehicles per 1000 people with the coefficient of 0.01
(at p < 0.01). However, we also notice that the fitting of Model
1 is very weak (Figure 5). This is because the slope estimates
we obtained with the value of 0.01 means that each additional
$1000 of GDP per capita is predicted to nearly increase the
number of vehicles ownership by 10 for all situations due to
linear nature. It may not be reasonable in fact.

Given the “Law of Diminishing Marginal Utility,” the
marginal effect of GDP per capita on vehicles ownership
should be decreased. Therefore, as an alternative model, log-
arithmic regression seems to be more reasonable. We specify
the Model 2 as follows:

Y = Bo+ Bilnzy + €
where all variables are defined the same as previously.

As Table III shows, log-GDP per capita positively relates to
the number of vehicles ownership as expected (at p < 0.01).
In this model, we obtained the coefficient of 138.61, which
means that each additional 1% of GDP per capita is predicted
to increase vehicle ownership nearly by 1.4 units. Compared
with Model 1, this result is relatively reasonable. Meanwhile,
fitting degree in Model 2 is also better (the value of R-sq is
0.59).

B. Panel Estimations

As we introduced before, the approach of pooled regression
regards all samples as cross-section under the condition that
any of two error terms are independent of each other. That
is to say, the covariance of ¢; and ¢; for each k& # j must
equal to zero. In our study, however, given the characteristic of
panel data, there is usually autocorrelation among error terms
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TABLE 1.

SUMMARY STATISTICS FOR THE DATA

Variable Mean Std. Dev. Min Max Obs.
GDP Overall 16775.44 18275.28 542.99 221818.50 N=2773
Capif:r Between 16855.32 1738.40 10994800  n=47
Within 10764.94 -36682.42 128646.00 T-bar=59
Vehicl 1000 Overall 207.79 207.55 0.09 832.77 N=2773
emeies P Between 159.61 403 63286  n=47
people
Within 131.34 -157.27 592.81 T-bar=59
Vehicl Overall 0.21 0.21 0.00 0.83 N=2773
CUCC T Between 0.16 0.00 063 n=47
Ratio
Within 0.13 -0.16 0.59 T-bar=59
800
TABLE II. PARAMETER ESTIMATES OF MODEL 1 700 Fittod Lin
Vehicles per %600 .
1000 people Coef. Std.Err t g 500
GDP per capita 0.01 0.00 30.99 i 400 xx T
Intercept 94.89 4.30 22.09 ¥k g 300 - &
Obs. 2303 § 200 xS { E:?*x
F(1,2301) 960.07 - . o e R f
AdjR-sq 0.29 ey o
Note: *** p < 0.01, ** p < 0.05, * p < 0.1 0 6 N 7 3 9 10 11 12
log-GDP per capita
Fig. 6. Fitting of Model 2

Vehicles per 1000 People

Fig. 5.

Fitted Lir[e, P
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GDP per capita
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Fitting of Model 1

TABLE III. PARAMETER ESTIMATES OF MODEL 2

Vehicles per

1000 people Coef. Std.Err t
log-GDP per capita 138.61 2.40 57.76 ***
Intercept -1080.49 21.96 -49.19 ##*
Obs. 2303
F(1,2301) 3335.82
AdjR-sq 0.59

Note: *** p < 0.01, ** p < 0.05, * p < 0.1
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in time series especially for the same individual. Thus, the
pooled regression approach may not apply to our dataset.

Given the multi-dimensional data frequently involving
measurements over time, we proceed to Model 3, in which
we introduce the time span and composite error term. Model
3 is denoted as follows:

Yig = Bo+ Brilnw;; + ey

€t = Ui T+ €5t

where 7 is the individual dimension and ¢ is the time dimension,
which identify country and year respectively in this study.
u; is individual-specific and time-invariant effects, while e; ;
represents the error which is dependent with both individual
and time. As well, GDP per capita is fetched logarithm.
Different assumptions can be made on the precise structure
of this general model.

Due the model describes the case where no lag of ex-
plained variable is used as regressor, we simply compare the
estimation result with fixed effects (FE) and random effects
(RE). Table IV shows that the mean parameter estimates,
standard errors, and some other statistical parameters of error
terms. A Durbin—Wu—Hausman test is used to differentiate
between fixed effects model and random effects model in our
study.> The result from the Wu-Hausman statistic indicates

3Random effects (RE) is preferred under the null hypothesis due to higher
efficiency, while under the alternative fixed effects (FE) is at least consistent
and thus preferred.



TABLE IV. PARAMETER ESTIMATES OF MODEL 3
Vehicles per FE Model RE Model
1000 people Coef.  Std.Err Coef.  Std.Err
log-GDP per capita 156.77 3.37 #H* 154.91 3.29 #xx
Intercept -1245.68 30.73 ##*  -1233.68 32.80 #**
sigma_u 97.52 91.70
sigma_e 82.89 82.89
rho 0.58 0.55
Obs. 2303 2303
R-sq Within  =0.49 Within ~ =0.49
Between =0.62 Between =0.62
Overall =0.59 Overall =0.59
Note: *** p < 0.01, ** p < 0.05, * p < 0.1
that the fixed effects model is preferred (x2(1) = 5.89,

p < 0.05) to obtain accurate assessment of the effect of
economic development on vehicle ownership. In addition, the
outcomes of model fitting in panel estimation are also better
than it in pooled regression approach.

C. Nonlinear Estimation

In the previous section, we noticed that the plot of eco-
nomic development and vehicle ownership relation displays
slow-fast-slow growth rhythm, the curves of which appears
to be nonlinear. Building on this finding, we apply a typical
sigmoid function, namely Gompertz model, which is a type of
mathematical model for a time series, where growth is slowest
at the start and end of a time period. We specify the following
model, which is called Model 4.

Zig =a-exp{—f-exp{—v-zi}}

In Model 4, parameter « indicates an asymptote,* 3 sets
the displacement along the x-axis, and ~ sets the growth rate.
Both  and + in theory are positive numbers. For the sake of
brevity, in this model, we use vehicle population ratio as z;;
instead of the specific numbers of vehicle ownership to simply
keeping the parameter o with a constant value of 1.

The parameter estimates of the Gompertz model appear in
Table V. Satisfying the theory prerequisite, estimation results
for the parameters 8 and « in the model are significant and
positive. Through testing with related experimental data, we
notice that the model has high fitting degree and applicability.
Figure 7 provides the plot and its fitted curve of the distribu-
tions of economic development and vehicle ownership relation.

Table VI outlines the estimates for the major countries in
the world. Meanwhile, their fitted curves are shown in Figure
8. The results indicate that both the values of parameter S and
~ are much smaller for the traditional developed countries than
that for the emerging countries, which means motorization is
relatively less developed in emerging countries but progressing
fast in future.

Finally, actual results and prediction curve of the relation-
ship between vehicle ownership and economic development in

4 15 . _A. . = . =
Jim a-exp{—f-exp{—7 - 2}} = a-exp{0} =

TABLE V. PARAMETER ESTIMATES OF MODEL 4
Vehicle Ratio Coef. Std.Err t

Beta 3.38105 0.072 46.99 ***
Gamma 0.00005 0.000 47.33 ik
Obs. 2303

AdjR-sq 0.75

Note: *** p < 0.01, ** p < 0.05, * p < 0.1
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TABLE VI

GOMPERTZ ESTIMATION FOR MAJOR COUNTRIES

Developed Countries
Australia Japan New Zealand Republic of Korea  United Kingdom United States

Coef. Std. Err. Coef. Std. Err. Coef.  Std. Err. Coef. Std. Err. Coef. Std. Err. Coef.  Std. Err.
Beta 2.88886  0.186 3.73915  0.181 3.54639  0.338 5.10660  0.218 325280  0.186 2.59467  0.151
Gamma  0.00006  0.000 0.00006  0.000 0.00008 0.000 0.00006 0.000 0.00005 0.000 0.00006 0.000
Obs. 45 53 53 52 53 53
AdjR-sq 0.796 0.987 0.987 0.978 0.981 0.996
Emerging Countries

Brazil China India

Coef. Std. Err. Coef. Std. Err. Coef. Std. Err.
Beta 406349  0.172 7.58400  0.170 8.04886  0.230
Gamma  0.00007  0.000 0.00012  0.000 0.00025  0.000
Obs. 52 51 53
AdjR-sq 0.935 0.956 0.925

Note: *** p < 0.01, ** p < 0.05, * p < 0.1

those representative countries appear in Figure 9. The figure
intuitively provides the evidence for the fitting of model.
Additionally, the comparison with prediction shows that the
development of motorization consists of three phases: (1)
below the forecast level, followed by (2) exceeding, and then
(3) below again, which consistent with the theoretical tendency
proposed by prior research [5, 8].

V. CONCLUSIONS AND DISCUSSION

Although prior research has been used in statistical model
to predict the relationship between vehicle ownership and
economic development, most of them are confined to involving
a small number of specific countries with short-term data.
In addition, estimation method in the previous studies are
limited in linear prediction. Relevant literature lacks a more
accurate estimation approach, particularly in using panel data
which involve multi-dimensions. In this study, we matched
economic development data and auto industry data, predict
the relationship between vehicle ownership and GDP per
capita with different approach involving linear and non-linear
estimations, and compare their accuracy of the prediction and
the fitting precision of the models.

Our study attempts to grasp the motorization process. In
order to do that, we investigate the relationship between the ac-
tual number of vehicle ownership and economic development,
and develop the concept of its prediction curve. Furthermore,
to locate the situation in the motorization process of each
country, this paper also analyze the divergence of the two
indexes — actual and predicted value. Through strict statistical
estimations, in this study, we confirmed the positive correlation
between vehicle ownership and economic development, and
clarified their non-linear feature rather than linearity in the
literature. Utilizing Gompertz model, this study obtains a better
fitting result and effectively reveals the influences of per capita
GDP, income gap and patterns of countries economy growth
on the level of motorization.
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An interesting finding generated by our analysis demon-
strates that similar with the feature in traditional approach,
divergence of the actual and predicted value of vehicle own-
ership in our proposed approach — nonlinear estimation — also
will face three stages. In first and third stage, the number of
actual vehicle ownership is no more than the prediction in
most of the countries, while this relationship has been upside
down in the second stage, in which we define as the period of
motoring.

This study contributes to the existing literature in two ways.
Compared to traditional linear estimation, the approach of
nonlinear regression used in our study has more accurate as-
sessment of prediction. Meanwhile, we contribute by providing
the empirical evidence for improving the theory development
with more relevance and effectiveness.

Inevitably, there are also some limitations to this study.
First, we listed only a limited number of representative coun-
tries as the case study in our paper. Second, explanatory
variable in the present study is only one — GDP per capita. The
problem of omitted variables may result in non-unbiasedness
and inconsistency of the estimators. In light of these, we
suggest that it is necessary to further discuss the prediction
model with more accurate indicators and richer cases to
further validate the conclusions and to analyze the trend of
motorization continually.
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APPENDIX

In addition to the modeling on vehicle ownership and
economic development relation, our study also proposes an
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Fig. 9. Prediction of Vehicle Ownership and Economic Development

autoregressive model to explore the change over time in vehicle
ownership. The ARIMA (autoregressive integrated moving
average) model, used herein, is a model that is fitted to
univariate time-series data. In this model, p is the order of the
autoregressive model, d is the degree of differencing, and ¢ is
the order of the moving-average model, expressed as follows:

p q
Ay, = Z GilN Yy + Ney + Z%Adet—j

i=1 j=1

where Ay, and A, express the difference of time series
and residuals, respectively, whereas ¢ and ¢ are coefficients.
In this paper, we shall use ARIMA(p,d,q) to represent use
of the ARIMA model with variables p, d and q. We must
note here that depending on the combination of these three
parameters, there can be a great number of ARIMA models
available. As AIC (Akaike information criterion) is commonly
used as a standard for model selection, this analysis will also
select models based on AIC. We choose three typical countries,
the United States, China, and New Zealand, to estimate the
parameters and to validate the model.

United States

Utilizing data from 1952 to 2004 for our model fitting, we
forecast the variation in the time-series from 2005 to 2014.
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This analysis does not utilize indicators such as growth rates,
instead directly applying the time-series model to the data.
Our parameter estimation for the United States model led us
to adopt ARIMA(3,0,1). This model, rounded to the nearest
thousandth, is as follows:

Yt = 1.783yt71 — 0.592:!},572 — 0-192%73 + e — 0.7596,571

We return to an ARMA (autoregressive moving average
model), another type of autoregressive model, for the purpose
of ensuring there is no difference in our model. Figure 10
shows the results of our forecast. The vertical axis represents
vehicles owned per thousand persons, and the horizontal axis
represents the number of calendar years after the ¢ period. The
black line represents the time series data fitting, whereas the
red points and lines represent test data and those interpolations.
The blue line represents the prediction of the model, with
the darker shaded region the 70% confidence interval and the
lighter shaded region the 95% confidence interval. Though all
forecast data falls within the 95% confidence interval, half of
these do not fall within the 70% confidence interval. Though
a moderately-asymptotic state is forecasted, this can also be
expressed as a Gompertz curve. The results are that in the
forecast, all points are included within the 95% confidence
interval, and that half of the points are included in the 70%
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Fig. 10. Demand Prediction in the United States

confidence interval.

China

China presents a somewhat special case. The recent eco-
nomic boom has led to what can be considered non-linear
acceleration in motorization. Given the more drastic changes
versus the United States, we use five years of data here for
validation purposes. For fitting, we utilize forty-three years of
data from 1967 to 2009, using five years of data from 2010 to
2014 for model comparison. Our ARIMA model adopted here
is ARIMA(1, 1, 3).

Ayt = 0976Ayt_1 + Aet — 0.517A6t_1
—0.671Ae4_2 + 0.731Ae;_3 + 2.673

Figure 11 shows the results of forecasting using the same
model used for the United States. Despite the use of a short
five-year period, this vehicle ownership data grows beyond
that of the model’s forecast. This explosive growth is not only
effected by autoregressive trends but also the economic climate
and environmental policy in concert.

New Zealand

We conclude by analyzing New Zealand. This case is
special from the rest in that ownership in this nation is
observed as having linear growth. The data structure is the
same as that of the US; we use sixty-three years of data from
1952 to 2004 for fitting, and use ten years of data from 2005
to 2014 for forecasting model comparison. Our model adopted
here for New Zealand is ARIMA(4, 0, 0).

ye = 1.001y,_1 + 0.300y,_o + 0.031y;_3
— 0340y, _4 + €, + 486.283

This is a simple autoregressive forecasting model, with
results shown in Figure 12. Four points fall within the 70%
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Fig. 12. Demand Prediction in New Zealand

confidence interval, with three points falling only within the
95% confidence interval. This forecast was unable to take into
account for an unknown factor that caused a severe drop in
ownership in 2006. The model predicted a moderate drop in
ownership, but actual data reveals that a growth trend does
continue (after the aforementioned severe drop) in the opposite
direction of the forecasted data.

Model Validity

It is ideal for residual to be independent and normally-
distributed in a time-series model. The results of a Ljung-Box
test on that independence are displayed in Table VII. Residual



TABLE VII. TEST RESULTS OF LJUNG-BOX AND JARQUE-BERA

Ljung-Box Jarque-Bera
X-squared  p-value X-squared  p-value
USA 0.002 0.965 13.059 0.001
China 0.761 0.383 5.867 0.053
New Zealand 0.508 0.476 20.408 0.000

for each nation’s model was independent. Further, the results
from a Jarque-Bera test on normal distribution reveal that the
only model that cannot reject the null hypothesis at the 5%
level is the China model (see Table VII). This likely means
that there is room for improvement in defining variables for
the United States and New Zealand.
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