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Abstract

According to researches conducted by leading European countries, the 

growth of vehicle traffic in advanced countries whose economic 

developments have reached a plateau tends to slow down and even decline 

in some countries(particularly several metropolitan area) as they entered upon 

2000s. That is, it takes on an a similar aspect to the growth curve model, 

which predicts the demand changed by the elapse of time. According to  

the growth curve model, a growth curve goes through the introductory 

period where it is slow and the growth period where it is exceedingly steep. 

Then, the curve becomes saturated at the maturation period and soon starts 

to decline slightly at the decreasing period. The predominant view nowadays 

is that the vehicle traffic in advanced economies is undergoing the 

maturation period, called 'Peak Car Travel'.

These countries show common changes in varied aspects and they are 

assumed to be the cause of the peak car. Among those changes are a low 

growth(a stabilization of economy), a slowdown of population growth, the 

worldwide economic problems(the rise of gasoline price, etc.) and they are 

generally regarded as the cause of the peak car in most researches. The 

change of transportation policy or environment which includes the increase 

of people who use public transportation, and the tendency of promoting 

walking and riding bicycles is also commonly suggested. Besides, transition 

of personal lifestyle preferences such as the tendency of owning cars, the 

development of Internet-based social network, the generalization of 

e-commerce and the actualization of remote working are brought up as well.

However, researches relevant to these common changes neither 

investigate in which direction nor how much they affect the peak car trend  
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respectively. Namely, those researches discuss the correlation between the 

statistically analyzed changes and peak car trend qualitatively, but do not 

present the cause-and-effect quantitatively. Thus, the current study aims to 

answer the following questions:

1) Does the vehicle traffic of Korea show the peak car trend in a 

similar way to advanced countries?

2) If so, what is the quantitative and structural causes of it? How 

much do they work on it?

One of the generally used units of analysis vehicle traffic is the Vehicle 

Kilometer Travelled. In this study, considering the object and the scope of 

the study, yearly total VKT per capita for private car by region 

estimated from daily average VKT data by Korea Transportation Safety 

Authority was used as an index of vehicle use volume. Also, after 

reviewing and categorizing preceding researches, this study formed a set of 

explanatory variables which has suitability considering the current state of 

Korea. Based on this, this study assessed prime predictors using the 

Structural Equation Model. The Structural Equation Model is a model 

composed of the confirmatory factor analysis based on the theory developed 

in the field of praxeology and multiple regression analysis developed in the 

field of econometrics. Therefore, the Structural Equation Model is 

appropriate for the case where combined influence of large number of 

factors causes the social multiple symptoms.

The major findings of this study are as follows. First, Korea has also 

shown the peak car trend similar to those of European countries, and the 
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quantitative values are alike as well. Daily average distance traveled per 

vehicle within investigated sample shows a definite decline, and the 

estimated VKT based on this tends to level off. Secondly, among four latent 

variables that affects the peak car, economic factor has largest carrying 

capacity, and then transport factor, land use factor and lifestyle factor 

by order. GRDP and gasoline price are identified as a economic factor 

significantly associated with the peak car. Public transportation is significant 

transport factor predicting the peak car. Social ageing and female rate of 

economically active population were shown to be the factor that predicts 

the peak car trend meaningfully. This indicates that higher income, low 

gasoline price, less public transport-oriented, not being under social ageing, 

lower rate of female who are economically active were associated with 

bigger vehicle traffic volume. In Korea's case, it can be said that we have 

met or are meeting the conditions mentioned above. As a result, the 

slowdown in growth(or an absolute decline) of vehicle traffic is predicted to 

last in the future. 

The peak car trend implies the decrease of car dependence, so the 

general and dominant view toward the future growth potential of the car use 

which have even been taken for granted for decades cannot subsist anymore. 

Since a great deal of transportation plans and policies is based on the 

prediction of future growth, the possibility of stagnation or even a 

meaningful decrease carries a heavy significance. The peak car trend 

suggests a potential change of the analysis and the prediction of the demand 

of road traffic, and thus can function as a criteria for decision making for 

when and how much to invest in facilities and services. Therefore, if 

sociocultural features that affects the peak car trend, including factors that 

were found meaningful in this study, are applied to the analysis for the 



demand of road traffic, policy makers may be able to cope with the change 

of the demand in a more anticipative way. Above this, as a context of 

environmentally sustainable transportation, primary issue for now and the 

upcoming era, the peak car trend can perform a role as a grounds for the 

policy of car diminution. 

There are currently uncertainties in judgement on whether the observed 

trends are transitory or a permanent change, and on what kind of aspect it 

heads toward. Above this, the factors that was originally meant to be treated 

weighty show low significance probability, which is considered to partially 

results from limitation of the panel data. If subsequent studies is being 

conducted by constructing the questionnaire that was structured to meet the 

purposes of the study, it will be able to construct more accurate model, 

complementing the limitation of aggregate secondary data presented in this 

study. It can also be possible to construct different models by regional 

groups or urban community types. Lastly, constructing available model for 

developing countries on growth in demand for road traffic is expected to 

contribute to the establishment of more advanced transport policy by 

predicting certain time or relevant demand for the peak car.

Key Words : Peak car, Total vehicle kilometer traveled, Structural 

Equation Modeling, Factor loading, Transportation policies

Student Number : 2011-23926
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I. Introduction

1. Background and Purpose

In most developed countries with advanced economies, growth trend 

of figures like total vehicle use volume, or car use per person, has 

leveled off since the early 2000s. In some countries it has even 

declined. After expanding rapidly in the 1960s and 70s, growth in 

road traffic slowed and seemed to approach the saturation point 

(Litman, 2009). This trend stresses the need to take account of such 

other factors as rising fuel prices and the distribution of wealth, as 

well as the scope of future transport demand trends in the emerging 

economies.

This study looks into the contribution of various factors to 

‘peak car’ in Korea. The term ‘peak car’ was coined to describe 

recent trend reversal in car travel growth observed in some 

industrialized countries. That is, ‘peak car’ means car travel trend 

characterized by growth for a long time but started to show signs of 

stagnation or even decrease in the last decade.

Then why we have to cognize, or put emphasis on ‘peak car 

travel’ trend? The statistical facts of a reduction in growth, low 

growth or stability at national level, and reductions in specific 
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locations especially some larger urban areas seem broadly agreed by 

most analyses. ‘Peak car’ trend is one of those low growth trends. 

Phil Goodwin(2012) delineated the significance of ‘peak car travel’ in 

his research paper as follows:

“Since a very large part of the policy and planning of  

transport has been based on forecasts of future growth, the 

possibilities that car use may grow significantly less, 

stabilize, or reverse, are of profound importance. As a 

caveat, it should be said that a full analysis of this 

question really should be located in much wider 

methodological and empirical issues of travel demand 

analysis. Such a wider discussion would take on board the 

multi-disciplinary literatures on demand elasticity, induced 

and suppressed traffic, and the effects on travel choice, in 

the short and long run, of infrastructure provision and 

policy interventions. Of particular importance is the 

emerging empirical evidence on the impacts of policies 

aimed at reducing car use such as pricing, 

pedestrianisation, public transport improvements, cycling, 

and land-use planning.”

The economic recession and relatively high fuel prices may 

explain part of the decline in the growth of travel, but not all of it. 

What other factors than GDP and fuel prices are making the change 

in car use growth? Do the trends being observed reflect the approach 
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of the saturation point via a decoupling of the growth rates for traffic 

and income (Millard-Ball and Schipper, 2010)? Is this decoupling 

manifesting itself first in the most densely populated regions and/or 

over a certain standard of living? Or does the levelling-off of traffic 

result rather from a cancelling out of opposite trends(continued growth 

in rural and suburban areas and decline amongst residents of the most 

densely populated areas) (Goodwin, 2010)? 

Some people posit the assumption of a reduction in travel in 

the developed countries in the short and medium terms, attributable to 

a variety of socio-economic factors (Litman, 2011). One could well 

ask whether this is a socio-demographic phenomenon (population 

ageing, re-densification of large city areas, fewer but more-intensive 

workdays, etc.) or an economic one linked to rising and volatile fuel 

prices and the recession (Gardes et al., 1996).

Understanding the determinants of aggregate volumes of 

vehicle use, and particularly of changes in the weight or the nature of 

such determinants, is of interest to policy-makers and to industry. 

Designing mobility policies, including but not limited to planning 

infrastructure development, requires forward-looking analysis of the 

demand for mobility. It can help to making supply plans about road 

traffic more precise and accurate. If it turns out that the drivers of 

demand are changing, projection methods need to be revised. 

This study is not expected to contribute limitedly to transport 

in a narrow sense. If car use is likely to grow more slowly than in 

the past, this may affect decisions on land-use, on environmental and 
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climate change policy. Therefore, defining key factors and 

relationships among the factors for the growth saturation can 

contribute to national weighty policies and enables making provision 

for the upcoming era.

2. Scope and Method

In this study, vehicle kilometer traveled is measured as the indicator 

for the vehicle travel volumes. Many different studies have used  

different methodologies and definitions, but it has been observed that 

car use, or total car traffic, or road total traffic are shown by vehicle 

kilometer traveled(or that per capita) or passenger kilometer traveled(or 

that per capita). In a few countries, there have been similar studies of 

the distance travelled by all modes added together, which have shown 

a similar trend in terms of national travel. 

Considering availability of data, this study analyses vehicle 

kilometer traveled and car kilometer. Comparison among total vehicle 

kilometer traveled, that per household, and that per capita will be 

shown in Chapter Ⅲ-1.

The study is conducted by the form of panel data. For the 

time-series, the data from 2000 to 2012(13 years) is used, and the 

data based on province level(16 provinces) is used for the 

cross-section analysis. Therefore, 208 of observation points are 

collected and comprise this study.
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3. Structure of Thesis

A simple flow of this study is shown in Figure 1.

Figure 1. Research flow of this study
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Ⅱ. Advanced Research and Literature Review

The principal objective of this study is to provide policy implications 

regarding methods by which government policy makers can formulate 

policies related to new trends of peak car. This work is constructed 

on the basis of quantitative and qualitative exploration of various 

factors. The qualitative methods are used in the theoretical part and 

the quantitative analysis is used for empirical analysis part. The 

research starts by reviewing the related literature on peak car travel, 

and structural equation modeling(SEM). The bases of the analysis 

depend on the dataset, which is explained in Chapter Ⅳ of this 

thesis.

1. Analysing Worldwide Trends

1) Aggregate Observed Trends at National Level

According to Bureau of Infrastructure, Transport and Regional 

Economics (BITRE) Australia, in Australia as other countries around 

the world, traffic growth has been a feature of the post World War 

Two experience. The automobile and commercial vehicles have 

multiplied, as living has increasingly been intertwined with mobility.

BITRE(2012) examined the trends in the growth of road 
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traffic(vehicle kilometers travelled) in 25 countries around the world, 

from 1963 to 2010. Some countries experienced an early period of 

faster growth in traffic. On the other hand, after rapid growth in the 

sixties and seventies, the levelling-off, or deceleration in traffic growth 

is apparent in several countries. In addition, Australia, the United 

Kingdom and the USA seemed to decline since around 2005. The 

main results of this study are models of VKT per capita as a 

function of real petrol prices, fluctuations in the economy and of a 

saturating effect of time. 

Figure 2. Patterns of traffic per person in 25 countries
Source: BITRE(2012)
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An early piece of research to speculate that a levelling off of 

growth was occurring on an international scale was by Schipper et 

al.(1993), and he continued this work until in 2010. It included some 

influential and often cited graphs on 8 industrialised countries. In 

2011, the International Transport Forum showed similar figures. 

Despite those international signs show a substantial variation, there’s 

no doubt but it seems to be a widespread phenomenon. Accordingly, 

many studies have suggested various factors for this phenomenon.

2) Diagnosis of Factors

The impact of various socio-demographic characteristics on travel 

demand can be described as a factors for ‘peak car’. It is 

generalizations and simplifications of empirical observations which are 

not valid for all specific cases, but intended to capture average or 

regularities. 

Kuhnimhoff et al.(2012) provide a systematic comparison of 

six countries; France, Germany, UK, Japan, Norway, USA. Travel 

survey data on 1995 and 2005 are used for the study. In itself, 

population ageing has a negative impact on car travel in all studied 

countries. However, the negative effect of ageing is counteracted by 

the increase in car ownership at higher age in all studied countries 

except for the USA. Car ownership among young adults has declined 

in Norway, the UK, Germany, and the USA. In the middle age 
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groups, there were declines in Germany and the USA and increases 

elsewhere. Reduced car ownership among young adults is key to 

explaining the aggregate pattern in Germany, the UK, and Norway. 

The effect of mode choice differs between countries. In Germany and 

the UK, modal shifts away from the car contribute strongly to 

reduced car use. In japan the effect is small, and in France and 

Norway there was a shift in the reverse direction.

According to Le Vine and Jones(2012), the number of car 

trips, their length, and occupancy rates were roughy constant from 

1995 to 2007. With comparison of British travel survey data of 1995, 

2000, and 2005, travel declined most for the young men. For women 

aged 20 to 29 travel was stable, and it increased most strongly for 

the oldest. There is also evidence that persons born outside the UK 

travel less than those born in the UK. The decline of car driving 

over time is visible in all income brackets except the lowest, and is 

stronger as income is higher. Nevertheless, higher incomes remain 

associated with more driving. The largest decline in car travel is for 

shopping and visiting friends and relatives.

Van der Waard et al.(2012) shows that total car kilometers by 

drivers leveled off since 2005, and car kilometer by passengers 

declined. Car ownership kept rising and so did license-holding excepts 

for 25~29 year olds. Mobility among young adults fell notably for 

18~29 year olds, and more moderately for 30~39 year olds. This is 

both because of group size and changes in group behavior. Men aged 

18~29 travelled 16% less in 2009 than in 1995 while women 
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travelled 6% more. These changes appear to be linked to strong 

reurbanisation and to a rising share of students and declining share of 

workers in this age bracket. Their cheap public transport might have 

a substantial affect on students’ travel choices. There is no evidence 

of a shift in preferences for car towards smartphones or tablet 

computers.

For the USA, Davis et al.(2012) emphasize the role of young 

adult’s travel choices in explaining the observation that per capita car 

travel started declining in 2004. Household travel survey data show 

that per capita car travel in the age group 16~34 fell by 23% 

between 2001 and 2009. The share of 14~34 year olds without a 

license increased from 21% to 26% over same period. Increased use 

of other modes suggests a degree of substitution, and this substitution 

is facilitated by increased urban living. Within urban areas real estate 

development and land use patterns are changing, with less urban 

fringe and car-oriented development. Furthermore, Barriers to driving, 

including high gas prices and tougher licensing laws matter too.

Madre et al.(2012) emphasize contrasting developments 

between large urban areas and less dense regions. in France In large 

urban areas, fewer car trips were made per person in 2004 than in 

1998. In lower density regions, there are more cars and they are used 

for longer trips. Car ownership declined, and there was a slight 

decline in license-holding among young adults. These changes took 

place irrespective of income levels. Fuel prices increases around 2000 

play a role in explaining the declining growth rate.
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Country
Measurement 
for peak car Methodology

Observed factors 
related

Kuhnimhoff 
et al.(2012)

France, 
Germany, 
UK, Japan, 
Norway, 
USA

car 
kilometers 
per 
tripmaker(age 
20 and over)

comparison 
of the 
descriptive 
analysis 
result

age distribution, car 
ownership, vehicle 
mode share

Le Vine 
and 
Jones(2012)

UK
car 
kilometers 
per capita

descriptive 
analysis with 
travel survey 
data

age distribution, 
gender, income, travel 
purpose, company car 
use(case of London)

Table 2. Summarize of studies on supposed factors for the peak car

Hyodo(2012) shows that car kilometers in Japan fell as of 

1999, as a result of shorter trips and despite an increase in the 

number of trips and passengers. Low growth, translating particularly 

into rising numbers of low income households, and high gas prices 

drive part of this result. Other changes, including later age of 

marriage, smaller households, and population ageing and a decline of 

the total population(since 2009) work in the same direction. Fewer 

younger drivers and decline of younger female drivers is pronounced.

To summarize, various factors for measurement from former 

studies are as follows(Table 1). They observe aggregative tendency 

and suppose it to be the causes for peak car, but do not define how 

much on which direction it occurs.
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Van der 
Waard et 
al.(2012)

Netherlands

person 
kilometers, 
car 
kilometers 
per person

descriptive 
analysis 

car ownership, driver 
license holding, travel 
purpose, 
re-urbanisation, 
income, labour 
participation by 
women, changing in 
travel times, changing 
mobility of young 
adults, internet based 
society, increased 
international mobility

Davis et 
al.(2012)

USA
car 
kilometers 
per person

descriptive 
analysis 

age distribution, driver 
license holding, mode 
share, increased urban 
living

Madre et 
al.(2012)

France
car trips per 
person

descriptive 
analysis 

urbanisation, car 
ownership, Fuel price, 
income, population 
density

Hyodo
(2012)

Japan

vehicle 
kilometer per 
person, 
passenger 
kilometers

descriptive 
analysis 

car ownership, license 
holding, population 
size, ageing rate, 
number of households, 
marriage age, gas 
price, GDP growth 
rate, income, travel 
time
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2. Review of Structural Equation Model

Structural equation model(SEM) is the methodology that multivariate 

regression model, or path analysis, and confirmatory factor analysis, 

based on measurement theory from sociology and psychology, are 

combined (Bae, 2011). It is appropriate for the research that combined 

influence of large number of factors causes certain social multiple 

symptoms (Fox, 2002).

Unlike the more traditional multivariate linear model, the 

response variable in one regression equation in a SEM may appear as 

a predictor in another equation. Indeed, variables in SEM may 

influence one-another reciprocally, either directly or through other 

variables as intermediaries. These structural equations are meant to 

represent causal relationships among the variables in the model. In 

this case, the factors have a large number of sub-variables.

Figure 3. Relationship among variables in SEM
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A model of factor analysis and path analysis into one 

comprehensive statistical methodology is referred to as structural 

modeling (Kaplan, 2000). SEM is a comprehensive statistical 

approach, and it evaluates the hypothesis in relation to the latent 

variables and the observed variables (Hoyle, 1995). SEM enables 

researchers to answer a set of interrelated questions within a single, 

systematic, and comprehensive analysis by simultaneously modeling 

the relationships among multiple independent and dependent constructs 

(Gerbing and Anderson, 1988). This is a viable multivariate tool, and 

has been utilized by communications researchers for the past 

quarter-century; however, it can also be employed in different fields 

of study, including economics, biology, marketing science, and medical 

science (Tenko and Marcoulides, 2000). SEM generally incorporates 

latent variables which cannot be measured directly. According to the 

seminal work conducted by Joreskog and Van Thillo in 1972 (Yevette 

and Lindsay, 1999), SEM began as a tool for inspecting the 

relationship between unobserved latent variables and observed 

variables.

The SEM technique was derived from the following three 

separate lines of mathematical and statistical analysis: (1) path 

analysis, (2) factor analysis, and (3) simultaneous equation modeling. 

Path analysis is commonly attributed to Wright(1934), who 

demonstrated the manner in which correlations among variables might 

be associated with the parameters of the represented model. While 

Wright was refining his path analysis method, Thurstone(1947) was 
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advancing his approach to factor analysis. Similarly, individuals 

conducting research in the field of econometrics began to refine the 

simultaneous equation modeling technique.

The SEM begins with model specification, as per the 

researchers’ expectations, in order to estimate what type of 

relationship actually exist between latent variables and observed 

variables. Here, the latent variables represent the theoretical or 

hypothetical constructs of the researchers1) (Christoper, 1999). These 

two variables are connected by arrows, which may be one-way or 

two-way, based on the researcher’s hypothesis or the theoretical plan. 

A one-way arrow represents the path and two-way arrows refer to the 

correlation between two variables (Tenko and Marcoulides, 2000).

Figure 4. Measurement model and Structure model

1) The latent variables are presented in circles or ellipses whereas observed 
variables are number or fact presented in rectangles.
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The SEM model contains two interrelated models: the measurement 

model and the structural model. Both models are defined explicitly by 

the researchers. The measurement model defines the constructs(latent 

variables) in the model we use herein, and assigns observed variables 

to each. The structure then defines the causal relationship among the 

latent variables. The measurement model employs factor analysis to 

evaluate the degree to which the observed variables load on their 

latent constructs.

1) Path Diagram of SEM

Figure 5. General form of the path diagram of SEM

Figure 5 is a general form of the path diagram of SEM. Rectangle 

form is for the observable variables, while oval form is for 
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non-observable ones. In addition, single arrow means direct causal 

relationship between two components, and arrow towards both sides 

means interrelation.

2) Mathematical Formulation of SEM

The structural equation model can be expressed generally in terms of 

the LISREL model, which was introduced by Joreskog in 1972 and 

refined by Fox(2002), in drawing the path diagram:

 represents observable exogenous variables. If there were 

latent exogenous variables in the model, these would be represented 

by ’s, and ’s would be used to represent their observable 

indicators.

’s are employed to represent the indicators of the latent 

endogenous variables, which are symbolized by ’s. If there were 

directly observed endogenous variables in the model, then these two 

would be represented by ’s. ’s and ’s are used, respectively, for 

structural coefficients relating endogenous variables with exogenous 

variables and to one another, and ’s are utilized for structural 

disturbances. The parameter, , represents the covariance between 

the disturbances  and .

In the measurement sub model, ’s represent the regression 

coefficients relating the observable indicators to the latent variables. 
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The superscript  in  shows that the factor loadings in this model 

pertain to indicators of latent endogenous variables.

The ’s represent the measurement error in the endogenous 

indicators; if there were exogenous indicator in the model, then the 

measurement errors associated with them would be represented by ’s.

The SEM is expressed as follows:

 

              ………………………………(Equation 1)

 

Identifying many of the parameters in Equation 1 requires that some 

of the parameters are typically set to 0 or 1, or defined as equal.

Unknown parameters can be estimated by the dataset, in which 

a positive sign signifies that the observed variable(or latent variable) 

positively affects the latent variable(or the observed variable). As the 

former increases, in other words, the latter also increases. This 

relationship can be observed among the whole variables, including the 

observed variables and latent variables. Path analysis distinguishes three 

types of effects: direct, indirect, and total effects. The decomposition of 

effects always occurs with regard to a specific model. If the system of 

equation is altered via the inclusion or exclusion of variables, the 

estimates of total, direct, and indirect effects may change.
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3) Evaluating Goodness-of-fit of SEM

However the issue of how the model that best represents the data 

reflects underlying theory, known as model fit, is by no means 

agreed. It is essential that researchers using the technique are 

comfortable with the area since assessing whether a specified model 

‘fits’ the data is one of the most important steps in structural 

equation modelling (Yuan, 2005). 

The following description about classification and 

recommendation of fit indices are extracted and summarized from the 

Guideline for determining model fit (D. Hooper et al., 2008).

(1) Absolute fit indices 

Absolute fit indices determine how well an a priori model fits the 

sample data (McDonald and Ho, 2002) and demonstrates which 

proposed model has the most superior fit. These measures provide the 

most fundamental indication of how well the proposed theory fits the 

data. 

a) Model chi-square () 

The Chi-Square value is the traditional measure for evaluating 

overall model fit and, ‘assesses the magnitude of discrepancy between 

the sample and fitted covariances matrices’ (Hu and Bentler, 1999: 2). 
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A good model fit would provide an insignificant result at a 0.05 

threshold (Barrett, 2007), thus the Chi-Square statistic is often referred 

to as either a ‘badness of fit’ (Kline, 2005) or a ‘lack of fit’ (Mulaik 

et al, 1989) measure. While the Chi-Squared test retains its popularity 

as a fit statistic, there exist some limitations in its use. Where small 

samples are used, the Chi-Square statistic lacks power and because of 

this may not discriminate between good fitting models and poor 

fitting models (Kenny and McCoach, 2003).

b) Root mean square error of approximation (RMSEA) 

The RMSEA is the second fit statistic reported in the LISREL 

program and was first developed by Steiger and Lind (1980, cited in 

Steiger, 1990). The RMSEA tells us how well the model, with 

unknown but optimally chosen parameter estimates would fit the 

populations covariance matrix (Byrne, 1998). Recommendations for 

RMSEA cut-off points have been reduced considerably in the last 

fifteen years. Up until the early nineties, an RMSEA in the range of 

0.05 to 0.10 was considered an indication of fair fit and values above 

0.10 indicated poor fit (MacCallum et al., 1996). However, more 

recently, a cut-off value close to .06 (Hu and Bentler, 1999) or a 

stringent upper limit of 0.07 (Steiger, 2007) seems to be the general 

consensus amongst authorities in this area. 
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c) Goodness-of-fit statistic (GFI) and the adjusted 

goodness-of-fit statistic (AGFI) 

The Goodness-of-Fit statistic (GFI) was created by Jöreskog 

and Sorbom as an alternative to the Chi-Square test and calculates the 

proportion of variance that is accounted for by the estimated 

population covariance (Tabachnick and Fidell, 2007). By looking at 

the variances and covariances accounted for by the model it shows 

how closely the model comes to replicating the observed covariance 

matrix (Diamantopoulos and Siguaw, 2000). This statistic ranges from 

0 to 1 with larger samples increasing its value. It has also been 

found that the GFI increases as the number of parameters increases 

(MacCallum and Hong, 1997) and also has an upward bias with large 

samples (Bollen, 1990; Miles and Shevlin, 1998). Traditionally an 

omnibus cut-off point of 0.90 has been recommended for the GFI 

however, simulation studies have shown that when factor loadings and 

sample sizes are low a higher cut-off of 0.95 is more appropriate 

(Miles and Shevlin, 1998). 

Related to the GFI is the AGFI which adjusts the GFI based 

upon degrees of freedom, with more saturated models reducing fit 

(Tabachnick and Fidell, 2007). AGFI tends to increase with sample 

size. As with the GFI, values for the AGFI also range between 0 and 

1 and it is generally accepted that values of 0.90 or greater indicate 

well fitting models. 
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d) Root mean square residual (RMR) and standardised root 

mean square residual (SRMR)

The RMR and the SRMR are the square root of the 

difference between the residuals of the sample covariance matrix and 

the hypothesised covariance model. The range of the RMR is 

calculated based upon the scales of each indicator, therefore, if a 

questionnaire contains items with varying levels (some items may 

range from 1~5 while others range from 1~7) the RMR becomes 

difficult to interpret (Kline, 2005). The standardised RMR (SRMR) 

resolves this problem and is therefore much more meaningful to 

interpret. Values for the SRMR range from zero to 1.0 with well 

fitting models obtaining values less than .05 (Byrne, 1998; 

Diamantopoulos and Siguaw, 2000). 

(2) Incremental fit indices 

Incremental fit indices, also known as comparative or relative fit 

indices, are a group of indices that do not use the chi-square in its 

raw form but compare the chi-square value to a baseline model. For 

these models the null hypothesis is that all variables are uncorrelated 

(McDonald and Ho, 2002). 
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a) Normed-fit index (NFI) 

The first of these indices to appear in LISREL output is the 

Normed Fit Index (NFI: Bentler and Bonnet, 1980). This statistic 

assesses the model by comparing the  value of the model to the 

 of the null model. Values for this statistic range between 0 and 1 

with Bentler and Bonnet (1980) recommending values greater than 

0.90 indicating a good fit. A major drawback to this index is that it 

is sensitive to sample size, underestimating fit for samples less than 

200 (Mulaik et al., 1989; Bentler, 1990).

b) CFI (Comparative fit index) 

The Comparative Fit Index (CFI: Bentler, 1990) is a revised form 

of the NFI which takes into account sample size (Byrne, 1998) that 

performs well even when sample size is small (Tabachnick and Fidell, 

2007). As with the NFI, values for this statistic range between 0.0 and 

1.0 with values closer to 1.0 indicating good fit. A cut-off criterion of 

CFI ≥ 0.90 was initially advanced however, recent studies have shown 

that a value greater than 0.90 is needed in order to ensure that 

misspecified models are not accepted (Hu and Bentler, 1999). From this, 

a value of CFI ≥ 0.95 is presently recognised as indicative of good fit 

(Hu and Bentler, 1999). Today this is included in all SEM programs and 

is one of the most popularly reported fit indices due to being one of the 

measures least effected by sample size (Fan et al, 1999). 
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(3) Parsimonious fit indices 

Having a nearly saturated, complex model means that the estimation 

process is dependent on the sample data. This results in a less 

rigourous theoretical model that paradoxically produces better fit 

indices (Mulaik et al., 1989; Crowley and Fan, 1997). To overcome 

this problem, Mulaik et al.(1989) have developed two parsimony of fit 

indices; the Parsimony Goodness-of-Fit Index (PGFI) and the 

Parsimonious Normed Fit Index (PNFI). The PGFI is based upon the 

GFI by adjusting for loss of degrees of freedom. While no threshold 

levels have been recommended for these indices, Mulaik et al.(1989) 

note that it is possible to obtain parsimony fit indices within the .50 

region while other goodness of fit indices achieve values over .90 

(Mulaik et al., 1989). 
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Fit Index Acceptable Threshold Levels Description

Absolute Fit Indices

Chi-Square()
Low  relative to degrees of 
freedom with an insignificant p 
value (p > 0.05)

Adjusts for sample size

RMSEA
2:1 (Tabachnik and Fidell, 2007)
3:1 (Kline, 2005)

Values less than 0.03 
represent excellent fit

GFI/AGFI Values greater than 0.95
Scaled between 0 and 1, 
with higher values 
indicating better model fit

RMR/SRMR
Smaller is the better(RMR) Unstandardised

less than 0.08(SRMR) Standardised version of the 
RMR

Incremental Fit Indices

NFI values greater than 0.95

Assesses fit relative to a 
baseline model which 
assumes no covariances 
between the observed 
variables. Has a tendency 
to overestimate fit in small 
samples

CFI values greater than 0.95 Normed, 0~1 range

Table 3. Fit indices and their acceptable thresholds 
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Ⅲ. Data Analysis

1. Dependent Variable: Observed Trends in Korea

1) Basic Information on Data

The main database used for this thesis is the kilometrage of vehicles 

created and annually updated by the Korea Transportation Safety 

Authority. 

The kilometrage of vehicles is thought of as one of 557 

evaluation factors with which IRTAD(International Road and Traffic 

Accidents Database) rates OECD members by means of international 

competitiveness and traffic safety level annually(Korea Transportation 

Safety Authority, 2012). In addition, the kilometrage of vehicles is 

used for development of plans for road safety, decision of traffic 

policies, making standards for the imposition of environmental 

improvement contributions, the calculation of the greenhouse gas 

emissions, and training materials for the transportation companies.

At 1985 Korea has set to investigate the kilometrage of 

vehicles for the first time, thereafter being done at unevenly-spaced 

intervals, since 1999 up to the present time it keeps estimating the 

annual kilometrage of vehicles that is used for various purposes.
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Traffic Volume (VKT) = Number of Vehicles * Distance Travelled   

= VKT per person * number of people

VKT measures the total distance traveled by all vehicles and treats a 

kilometer travelled by a car. It is the best available general measure 

of traffic volume. The estimation of VKT has been required for 

planning purposes, environmental monitoring, accident analysis, 

highway fund allocation, and estimation of vehicle emissions. In 

addition, VKT is a widely used international proxy for the pressures 

of road transport on the environment and human health(BITRE, 2012).  

VKT estimates can also contribute information necessary to inform 

infrastructure investment decisions and road safety policy(BITRE, 

2010). Due to its high impact on policy decisions, it is critical to be 

able to measure, model and forecast traffic growth, as represented by 

VKT.

For the estimation of VKT, vehicles under obligation to 

undergo an automobile inspection from January to December each 

year were collected. The vehicles under obligation are classified by 

usage(official, business, and private), by vehicle type(car, van, truck, 

and special automobile), by fuel(gasoline, diesel, and LPG).  Besides, 

as a mean of reliability checking, two data sets extracted from the 

total set of vehicles examined are rated as around 0.1% in order to 

make better the sampling process. By the use of SQL(Structured 

Query Language) the data of VKT were tabulated(Korea 

Transportation Safety Authority, 2005). Supposing a sample of 3,000 



- 28 -

vehicles yearly average, the sampling error moves around 0.01%, 

which is effective for both cases(a total set, 2 alternative sets), hinting 

at that the reliability and the representative problem can be solved 

within this sampling size(Choi, 2005).

The parent population of inquiry is total vehicle registered in 

the Ministry of Land, Infrastructure and Transport. Then the vehicles 

investigated in automobile inspection on each year are defined to be 

the convenience sample. In the case of 2012, 6.07 million vehicles 

are used for the convenience sample. This is about 32.7% of total 

registered vehicles. Samples are classified with vehicle type, fuel type, 

and usage. Then daily average VKT of samples for each year is 

calculated, and yearly total VKT is calculated by multiplying the 

registered number of vehicles2) for relevant year. Process for data 

collection in case of 2012 is as follows (Figure 6).

2) Registered number of vehicles at June 30 for relevant year is regarded to 
represent the yearly registered vehicles.
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Figure 6. Process for VKT data collection(2012)
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2) Changing Trends of the Vehicle Kilometer Traveled 

   in Korea

According to daily average distance traveled per vehicle within 

investigated samples from the Korea Transportation Safety Authority, 

similar tendency with other 25 countries in advanced economies dealt 

with in BITRE(2012) got visually and intuitionally captured (Figure 7 

and Attached Table A).

 It has generally decreased from 1984 to 2012 in every types 

and usages, and whole group average. The whole group average has 

dropped off by about 30 percent in the same period, and private car 

decreased constantly.

Figure 7. Daily average distance traveled per vehicle 
within investigated sample for all vehicle types and private car

(km)
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However, it cannot be said that the data of daily average 

distance traveled per vehicle within investigated samples exactly reflect 

real situation. The reasons are as follows. First, it cannot represent 

the traffic demand from overall view because continuously increasing 

number of vehicles registered is not reflected. In addition, as a result 

from growth of average income of household, it is natural that daily 

average distance travelled per vehicle has constantly decreased because 

of increased number of vehicles per household. Consequently, to make 

an appropriate diagnosis for real state from the aspect of traffic 

demand, it is more reasonable to analyse this on the basis of total 

VKT data. 

At the initiatory stage, two aspects of VKT are considered on 

this thesis. One is for all types of vehicle, the other is only for 

private cars. However, the former is not suitable in terms of the 

purpose of the research because it consists of all types of vehicles 

which have significantly different travel characteristics. For this reason, 

data for the trend of private car only is separately considered. It is 

directly concerned with the scope and purpose of factors this research 

focuses on, and also has semantic correlation with explanatory 

variables. And to conclude, data for the trend of private car make it 

possible to make a relatively accurate judgement. 

It's necessary to examine VKT by regional groups, because it 

shows different aspect by regions that have different socioeconomic 

characteristics. Regional VKT data are examined by 3 different types 

- total, per household, and per capita. But total VKT understandably 
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increase because of its calculation process3). To exclude this bias, 

VKT per household or per capita is rather appropriate instead of total 

VKT. VKT per household can exclude the impact of increasing 

number of household, and VKT per capita doesn't include that of 

population.

As a result of comparison, all possible dataset types seem to 

have analogous shape one another. Thus, it might well not be 

unreasonable that this is a nationwide and general trend, which means 

each figure can be used as a dependent variable of empirical study or 

quantitative modeling. However, dependent variable must be 

semantically related to the explanatory variables to meet the purposes 

of the study. Explanatory variables of this study are intended to be 

focused on personal propensity and lifestyle change, total VKT per 

capita for private car is set for the final dependent variable(see 

Attached Table C and Figure C).

3) Increase of total VKT directly includes increase of registered vehicles, which 
intuitionally results from increasing number of household and population.
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2. Measurement of the Explanatory Variables

The result of collecting and categorizing all the factors referred to in 

the previous studies mentioned above. On this basis, items which are 

strongly correlated in semantic with each other is are integrated or 

removed to avoid overlapping. Given the characteristics of the data of 

this study4), unavailable data are unavoidably removed as well. 

Furthermore, data which is in accordance with study purpose and can 

reflect our actual situation are added. As a result of the above 

process, the final composition of variables are set.

1) Latent Variables

Latent variables are composed of economic factor, transport factor, 

land use factor and lifestyle factor. 

2) Observed Variables

GRDP(Gross Regional Domestic Product), gasoline price, car insurance 

cost compose the economic factor, and public transport, traffic 

accident, parking area are components of transport factor. Land use 

factor includes urbanization index and urbanized area, while ageing, 

licence age, female labor market participation, necessary travel time 

4) All items must have data which are constructed annually, and available by region 
at the relevant years. 
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Notion Measurement 
unit

Expected 
correlation with 

dependent 
variable

Dependent variable total VKT per capita for 
private car km

Economic

GRDP
GRDP(converted into 2011 

based value using GDP 
deflator(2006=100))/population

thousand won/ 
person ＋

gasol
converted into 2011 based 
value using consumer price 

index(2010=100)/litre
won/L －

insur original premium of car 
insurance/population

thousand won/ 
person －

Transport

pubtra transport result of urban 
railway and intra-city bus

million 
person －

accid annual number of cases of car 
accident per thousand cars

cases －

park
entire parking area/number of 

registered cars ㎡ ＋

Table 3. Detailed notion and definition of relevant factors

compose the lifestyle factor. At first gender ratio is considered as one 

of the factors, it is resultingly removed after examining 

multicollinearity. It is shown that gender ration and female labor 

market participation have multicollinearity, with variance inflation 

factor value(VIF) 12.640, 14.449. When VIF is over 10, the existence 

of multicollinearity has to be considered. 

Detailed notion and definition of each factor can be found in 

Table 3 below. 
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Land use
urban

standardized sum of 
population density, birth rate, 

college graduate rate
ㅡ －

urbare build-up area/entire area % －

Lifestyle 
& 

preferences

ageing portion of the population 
aged over 65 % －

licen license acquisition age age －

ecofe
female proportion of 
economically active 

population 
% －

necetra

the time required for 
commute to work or 

school(factor for 
housing-and-jobs proximity)

min. ＋

Note. gasol: gasoline price; insur: car insurance cost; pubtra: public transport; accid: 
traffic accident; park: parking area; urban: urbanization index; urbare: urbanization 
area; licen: license age; ecofe: female rate of economically active population; 
necetra: necessary travel time
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3. Data Analysis Procedure

The aim of this study is to identify factors associated with the peak 

car trend in Korea with the specific focus of exploring the change of 

lifestyle and preferences in predictors. Data taken from the annual 

automobile inspection by the Korea Transportation Safety Authority, 

and from a number of relevant institutions were analyzed according to 

the procedures presented in this section.

First, descriptive analyses were performed to identify 

characteristics of explanatory variables. The weighted values are 

recommended to be reported along with descriptive statistics to 

estimate the characteristics of the national population from the sample 

employed in certain study, but this study don’t need them because of 

the type of panel data. 

Second, Examined in this step as well were missingness, 

normality of data, and multicollinearity to observe whether 

distributions of study data were adequate for analysis with structural 

equation modeling (Bae, 2009).

Third, data analysis using structural equation modeling was 

conducted to examine the effects of the latent and observed variables 

on the peak car. In structural path modeling, a general rule of thumb 

is that statistically insignificant paths are fixed to improve the 

research model (Schmacker & Lomax, 1996 as cited in Ju, 2010). In 

this study, correlation paths among observed variables that were not 

statistically significant with p > .05 were fixed at zero, with the 
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ultimate research objective of exploring within-group variations in 

predictors on the peak car.

In sum, the study examined missingness and normality of data 

in order to understand data distributions, followed by structural 

equation modeling and goodness-of-fit test. Descriptive analysis was 

conducted using the SPSS 18.0 statistical package. Structural equation 

modeling were performed using the AMOS 21.0 software.
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Ⅳ. Research Model and Hypothesis

1. Research Hypothesis

▌Research Question 1

   What are the economic, transport, land use, and lifestyle factors 

predicting the VKT of private car per capita?

∥Hypothesis 1-1

   Economic factors will be significantly associated with the VKT of 

private car per capita.

    Hypothesis 1-1-1  GRDP per capita will be positively 

associated with the VKT of private car per 

capita.

    Hypothesis 1-1-2  Gasoline price will be negatively associated 

with the VKT of private car per capita.

    Hypothesis 1-1-3  Insurance premium for car own will be 

negatively associated with the VKT of 

private car per capita.

∥Hypothesis 1-2

   Transport factors will be significantly associated with the VKT of 

private car per capita.

    Hypothesis 1-2-1  The number of people who use public 
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transport  will be negatively associated with 

the VKT of private car per capita.

    Hypothesis 1-2-2  The number of traffic accident will be 

negatively associated with the VKT of 

private car per capita.

    Hypothesis 1-2-3  Parking area for cars will be positively 

associated with the VKT of private car per 

capita.

∥Hypothesis 1-3

   Land use factors will be associated with the VKT of private car 

per capita up to a point.

.

    Hypothesis 1-3-1  Urbanization will be negatively associated 

with the VKT of private car per capita.

    Hypothesis 1-2-2  Proportion of urbanized area will be 

negatively associated with the VKT of 

private car per capita.

∥Hypothesis 1-4

   Lifestyle factors will be associated with the VKT of private car 

per capita up to a point.

.

    Hypothesis 1-4-1  Proportion of population aged over 65 will 

be negatively associated with the VKT of 

private car per capita.
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    Hypothesis 1-4-2  Ageing of acquisition for driver license will 

be negatively associated with the VKT of 

private car per capita.

    Hypothesis 1-4-3  Female rate of economically active 

population will be negatively associated with 

the VKT of private car per capita.

    Hypothesis 1-4-4  Time for necessary travel will be positively 

associated with the VKT of private car per 

capita.

▌Research Question 2

   Which factor is stronger for the VKT of private car per capita 

among latent variables?

∥Hypothesis 2-1

   Economic and transportation factors will be significantly associated 

with the VKT of private car per capita.

∥Hypothesis 2-2

   Land use and lifestyle factors will be meaningfully associated with 

the VKT of private car per capita.
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2. Research Model

The path diagram based on research hypothesis previously set is 

shown in figure 8. In the diagram, the two-way arrows represent the 

correlation between exogenous latent variables, but do not mean that 

causality clearly exists. In the model, this study has set the correlation 

among F1, F2, F3 and F4 which mean four latent variables by order 

(see p.34). F5 represent the synthesized importance factor. Error terms 

e1~e17, except e17, are measurement error of observed variables, and 

e17 is residual of endogenous latent variables. It means unexplained 

variation from latent variables. Lastly, measurement error means the 

extent to which the observed variables are not describing the latent 

variables.(Bae, 2011).

Figure 8. Path diagram for the hypothetical model
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Predictors min. max. mean standard 
deviation

GRDP 8,640.26 61,880.40 19,050.28 8.41

Gasoline price 1,225.95 1,998.59 1,486.75 207.33

Insurance premium 280.79 1,261.60 551.94 52.71

Public transport 972.43 5,406.25 2,113.61 352.70

Traffic accident 6.52 14.05 12.44 181.37

Parking area 10.75 29.05 22.86 32.83

Urbanization 508.31 896.73 629.18 65.76

Table 4. The descriptive statistics of economic factors

Ⅴ. Research Findings

  

This chapter reports the findings of the data analysis. It presents 

descriptive statistics of the study variables used for the research. 

Furthermore, it reports the results of data analysis using structural 

equation modeling.

1. Descriptive Statistics of the Study Variables

The descriptive statistics of the economic, transport, land use, lifestyle 

and preferences factors of the car use are illustrated in Table 4.



- 44 -

Urbanized area 19.53 100.00 35.30 447.21

Ageing 4.00 20.41 11.28 3.67

License age 23.66 28.39 27.57 1.84

Female labor market 
participation 42.30 51.22 48.65 2.91

Necessary travel time 82.95 112.15 101.02 36.60

2. Data Examination

For data analysis using structural equation modeling, missingness, 

normality of data, multicollinearity of study variables were examined 

(Bae, 2009).

Table 5 provides missing rate and normality information assessed 

by skewness and kurtosis for the economic, transport, land use, and 

lifestyle and preferences factors as well as the VKT of private car per 

capita. Missing data might reflect loss of information, and thus ignoring 

them would bias analytic results. However, Cohen and Cohen(1983) 

suggested that it is acceptable for data analysis to have 5 - 10% of 

missing data on study variables (as cited in Ju, 2010). In the current 

study data, Insurance premium for car own was the only variable found 

to have missing values, with 7.7 % missing rate, which suggests that 

data analysis with structural equation modeling is reasonable.
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Variables N
Missing Rate

(%)
Skewness

(SD)
Kurosis

(SD)

Economic

GRDP 208 .00

-.27(.07) -1.31(.13)Gasoline price 208 .00

Insurance cost 192 7.7

Transport

Public transport 208 .00

1.86(.08) 4.27(.12)Traffic accident 208 .00

Parking area 208 .00

Land Use
Urbanization 208 .00

2.25(.07) 4.38(.13)
Urbanized area 208 .00

Lifestyle
and

preferences

Ageing 208 .00

2.66(.08) 12.39(.13)
License age 208 .00

Economic female 208 .00

Necessary travel 208 .00

Table 5. Missing Rate and Normality of the Study Variables

Structural equation modeling generally utilizes the Full 

Information Maximum Likelihood (FIML) estimation, by which 

parameters and missing values are estimated based on the Missing at 

Random assumption, which considers values as dependent on other 

values available in the data (Jeon & Kahng, 2006). When using FIML 

estimation, the study data should follow a multivariate normal 

distribution. Therefore, skewness and kurtosis of each continuous 

variable of the current study were evaluated in order to determine 

multivariate normality of data (Kline, 2005). 

The correlation matrix of the study variables is presented in 

Table 6. The correlation matrix displays the presence of relations as 
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well as size and direction of correlations among variables (Choi, 

2008; Lee, 2011). Correlation coefficients with absolute values greater 

than .85 indicate the existence of high collinearity (Kline, 2005). 

When intercorrelations among study variables are considerably high, 

research findings might be biased due to the disability of variables to 

measure different socio-psychological construct (Ju, 2010). However, 

the correlation coefficients in the current study did not indicate the 

presence of high multicollinearity among variables.

1 2 3 4 5 6 7 8 9 10 11 12 13 14

1 1

2 .502 1

3 .380 .091 1

4 .073 .072 .098 1

5 .108 .021 .009 -.244 1

6 -.097 -.039 .067 .031 .054 1

7 .318 .210 .005 .389 .082 .032 1

8 .622 .337 .102 .412 .055 -.094 .744 1

9 -.170 -.083 .155 -.240 .043 .034 -.202 -.143 1

10 -.088 -.068 .171 -.021 .134 .112 .042 -.076 .082 1

11 .146 .177 .201 .093 .230 -.045 .429 .370 .038 .120 1

12 .075 -.008 .062 -.033 -.273 .062 .134 .252 -.033 -.067 .095 1

Table 6. Pearson Correlation Coefficients

Note. 1: GRDP per capita; 2: Gasoline price; 3: Insurance cost for car own; 4: The number 
of people who use public transport; 5: The number of traffic accident; 6: Parking area for 
cars: 7: Urbanization index; 8: Urbanized area; 9: Proportion of population aged over 65; 10: 
Ageing of acquisition for driver license; 11: Female rate of economically active population 
12: Necessary travel time



- 47 -

3. Structural Equation Modeling for the Peak Car

Data analysis using structural equation modeling was conducted to 

examine relationships among the economic, transportation, land use, 

lifestyle and preferences and the car use. The results are displayed 

below.

Paths
Car Use

 p

Economic

Disposable income .670 **

Gasoline price -.203 *

Insurance premium -.088 **

Transport

Public transport -.109 **

Traffic accident .096 ns

Parking area -.157 ns

Land Use
Urban population -.254 *

Population density -.313 *

Lifestyle
and

preferences

Ageing .271 **

License age -.076 ns

Economic female -.055 *

Internet use .095 ns

Leisure .108 ns

Table 7. Predictors of the peak car

Note: *p < .10, ** p < .05, *** p < .01, ns (not significant) > .10
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The major findings of this study are as follows. First, Korea 

has also shown the peak car trend similar to those of European 

countries, and the quantitative values are alike as well. Daily average 

distance traveled per vehicle within investigated sample shows a 

definite decline, and the estimated VKT based on this tends to level 

off. Secondly, among four latent variables that affects the peak car, 

economic factor has largest carrying capacity, and then transport 

factor, land use factor and lifestyle factor by order. GRDP and oil 

price are identified as a economic factor significantly associated with 

the peak car. Public transportation is significant transport factor 

predicting the peak car. Social ageing and female rate of economically 

active population were shown to be the factor that predicts the peak 

car trend meaningfully. This indicates that higher income, low 

gasoline price, less public transport-oriented, not being under social 

ageing, lower rate of female who are economically active were 

associated with bigger vehicle traffic volume. In Korea's case, it can 

be said that we have met or are meeting the conditions mentioned 

above. As a result, the slowdown in growth(or an absolute decline) of 

vehicle traffic is predicted to last in the future. 
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Paths Estimates

F5 ← F1 1.155

F5 ← F2 .603

F5 ← F3 .215

F5 ← F4 .179

F6 ← F5 .406

Table 8. Predictors of the peak car

Note. F1: Economic factor; F2: Transport factor; F3: Land use factor; F4: Lifestyle factor; 
F5: Synthesized importance factor; F6: Dependent variable(total VKT)

 In order to test the fit of the research model, there is a need 

to measure the degrees of freedom (Bae, 2008). In structural paths 

modeling, a general rule of thumb is that statistically insignificant 

paths are fixed to improve model fit or to increase the degrees of 

freedom. However, if the paths are conceptually significant for 

research hypotheses or theoretically suggested for the study model, 

exceptions are applied and researchers keep the paths in the study 

model (Ju, 2010). In the present study, fixed at zero were correlation 

paths among observed variables which were not statistically significant 

with p > .05, with the ultimate research objectives of exploring 

within-group variations in predictors on the peak car. Namely, to 

measure the degree of fit of the study model, the full model was 

trimmed by fixing insignificant.

The model with hypothesized relationships among the variables 

was empirically tested for the goodness of fit with the data employed. 
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The chi-square statistic of 37.556 (df = 23) was statistically 

significant at p < .001; however, other indicators and thresholds for 

the fit of models recommended by Hu and Bentler (Hu & Bentler, 

1999) were referred, since the chi-square statistic is affected by the 

larger sample size and more likely to reject the model in spite of 

slight differences between observed and predicted covariances (Kline, 

2005). The fit indices indicated that the study model fit the data 

optimally, with the RMSEA value of .031 being less than .05 while 

the IFI value of .891 and the GFI value of .865 slightly being short 

of .90 (Hu & Bentler, 1999).

Fit index Acceptance range Fit index of the model

 - 37.556

AGFI 0.9 0.824

GFI 0.9 0.865

IFI 0.9 0.891

RMSEA 0.05 0.031

Table 9. Acceptance range of Goodness-of-fit and fit index of the model
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Ⅵ. Conclusion

1. Discussion of Results

The major findings of this study are as follows. First, Korea 

has also shown the peak car trend similar to those of European 

countries, and the quantitative values are alike as well. Daily average 

distance traveled per vehicle within investigated sample shows a 

definite decline, and the estimated VKT based on this tends to level 

off. Secondly, among four latent variables that affects the peak car, 

economic factor has largest carrying capacity, and then transport 

factor, land use factor and lifestyle factor by order. GRDP and oil 

price are identified as a economic factor significantly associated with 

the peak car. Public transportation is significant transport factor 

predicting the peak car. Social ageing and female rate of economically 

active population were shown to be the factor that predicts the peak 

car trend meaningfully. This indicates that higher income, low 

gasoline price, less public transport-oriented, not being under social 

ageing, lower rate of female who are economically active were 

associated with bigger vehicle traffic volume. In Korea's case, it can 

be said that we have met or are meeting the conditions mentioned 

above. As a result, the slowdown in growth(or an absolute decline) of 

vehicle traffic is predicted to last in the future. 

The peak car trend implies the decrease of car dependence, so 
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the general and dominant view toward the future growth potential of 

the car use which have even been taken for granted for decades 

cannot subsist anymore. Since a great deal of transportation plans and 

policies is based on the prediction of future growth, the possibility of 

stagnation or even a meaningful decrease carries a heavy significance. 

The peak car trend suggests a potential change of the analysis and 

the prediction of the demand of road traffic, and thus can function as 

a criteria for decision making for when and how much to invest in 

facilities and services. Therefore, if sociocultural features that affects 

the peak car trend, including factors that were found meaningful in 

this study, are applied to the analysis for the demand of road traffic, 

policy makers may be able to cope with the change of the demand in 

a more anticipative way. Above this, as a context of environmentally 

sustainable transportation, primary issue for now and the upcoming 

era, the peak car trend can perform a role as a grounds for the 

policy of car diminution. 
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2. Limitation of the Study and Directions for Future Study

There are currently uncertainties in judgement on whether the 

observed trends are transitory or a permanent change, and on what 

kind of aspect it heads toward. Above this, the factors that was 

originally meant to be treated weighty show low significance 

probability, which is considered to partially results from limitation of 

the panel data. If subsequent studies is being conducted by 

constructing the questionnaire that was structured to meet the purposes 

of the study, it will be able to construct more accurate model, 

complementing the limitation of aggregate secondary data presented in 

this study. It can also be possible to construct different models by 

regional groups or urban community types. Lastly, constructing 

available model for developing countries on growth in demand for 

road traffic is expected to contribute to the establishment of more 

advanced transport policy by predicting certain time or relevant 

demand for the peak car.
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Attached Tables

Year
‘84 ‘85 ‘87 ‘93 ‘97 ‘99 ‘00 ‘01 ‘02 ‘03 ‘04 ‘05 ‘06 ‘07 ‘08 ‘09 ‘10 ‘11

 Types and Usages of Vehicle

Car

Official 83.1 60.1 60.6 62.6 57.6 44.4 56.2 75.7 50.0 52.1 59.5 63.5 53.4 44.5 37.8 38.3 31.6 33.2

Private 77.2 68.1 62.4 60.2 53.3 45.3 44.2 42.3 41.7 40.8 40.6 42 41.9 40.9 35.5 35.7 34.2 32.6

Business
Corp.

354.5 309 330.5
346.1 288.5 271.3 308.8 314.2 311.7 312.8 317.2 318.8 306.2 297.7 291.8 292.2

138.9 131.5
Indiv. 208.1 180 162.1 164.9 174 173.6 172.9 172.8 169.4 164 158.9 159.8 155.7

Total 132.2 110.8 99.8 70.4 64.2 57.3 55.1 54.0 53.2 52.7 52.8 52.3 53.3 49.9 42 42.1 36.9 37.3

Van

Official 56.1 73.8 65.9 58.9 45.4 39.8 42.7 39.6 40.3 39.9 40.0 40.7 40.3 37.9 39.4 39.0 38.5 35.3

Private 107.6 95.9 90.1 73.1 71.2 59.4 65.1 63.3 62.2 59.8 58.5 57.2 54.9 54.1 50.2 50.1 47.0 41.2

206.9194.5199.3228.5237.3236.8235.4230.8222.2213.5205.3Business 299.9 315.3 316.1 293.2 200.2 139.2 201.2

Total 170.6 158.9 134.4 92.9 74.7 105.3 71.1 68.7 66.5 63.8 62.6 61.9 63.4 82.0 83.5 77.6 66.5 59.9

Truck

Official 73.1 67.2 60.6 53.9 47.0 36.6 34.8 32.4 34.3 32.6 31.2 31.1 30.9 29.5 27.6 27.9 27.9 27.5

Private 106.6 97.3 94.7 75.2 74.6 60.3 59.7 61.3 62.8 60.6 61.5 60.5 57.0 50.9 43.4 42.9 44.0 40.7

Business 210.1 217.4 212.7 186.7 160.1 120.7 132.3 136.2 142.5 143.0 143.6 150.0 157.1 146.2 128.9 127.5 127.3 121.9

Total 124.1 115.1 110.3 84.1 75.9 65.3 66.2 66.7 65.9 65.1 65.1 63.2 59.6 57.2 51.6 51.1 52.2 48.7

Special 
automobile Total ㅡ 206.1 248.2 158.4 118.4 119.3 126.1 113.6 142.1 176.8 203.9 186.9 166.2 188.7 152.2 152.7 39.6 173.6

Total 133.7 119.3 109.5 76.2 70.1 63.9 63.6 58.2 61.2 59.8 60.9 58.6 57.3 54.8 48.0 47.6 46.2 44.1

<Table A> Daily average distance traveled per vehicle within investigated sample (km)



1993 1997 1999 2000 2003 2004 2005 2006 2007 2008 2009 2010 2011

서울 48,761 55,727 51,494 55,952 61,341 61,152 59,592 59,776 60,357 53,564 52,699 47,583 45,405

부산 13,558 17,017 19,741 19,243 20,491 21,901 21,409 21,649 21,399 18,710 19,985 18,963 19,175

대구 9,365 16,138 15,848 15,681 17,593 18,229 17,935 18,251 17,872 15,502 15,273 15,491 15,574

인천 8,288 15,710 13,428 14,508 16,656 16,915 16,899 17,034 17,125 15,245 15,222 15,033 14,626

광주 5,068 7,989 7,718 8,452 9,123 9,436 9,372 9,532 9,411 8,411 8,439 8,667 8,631

대전 5,170 8,257 8,167 8,674 10,290 10,799 10,622 10,760 10,402 8,962 8,936 9,156 8,929

울산 ㅡ 7,393 6,102 6,332 7,379 7,771 7,680 7,595 7,497 6,640 6,754 6,612 6,720

경기 29,084 52,914 52,296 57,104 71,079 75,438 75,276 77,335 76,706 69,611 70,167 73,569 71,725

강원 5,438 9,391 9,471 9,672 10,657 11,197 10,985 10,841 10,528 9,204 9,298 9,408 9,398

충북 5,395 9,535 8,750 9,188 10,564 11,232 11,129 11,205 11,119 9,793 9,975 10,308 10,338

충남 6,197 14,464 10,389 11,136 13,332 14,384 14,605 14,528 14,224 12,790 13,071 14,029 13,985

전북 6,738 11,367 11,048 11,337 12,788 13,494 13,286 13,152 12,901 11,345 11,725 11,978 11,673

전남 6,092 10,692 10,683 11,168 12,355 13,049 12,847 12,539 12,417 11,185 11,549 11,943 12,082

경북 9,695 17,009 15,732 16,375 18,719 19,987 19,899 19,652 18,978 16,584 15,301 17,534 17,776

경남 13,755 20,623 17,107 17,959 20,983 22,345 22,627 23,055 22,849 20,951 21,201 22,591 23,530

제주 1,932 4,668 2,888 3,191 4,160 4,368 4,242 4,241 4,241 3,661 3,712 3,481 3,816

전국 174,498 280,415 260,921 279,928 317,470 331,689 328,469 331,211 327,643 291,754 295,055 296,477 293,066

<Table B> Yearly total vehicle kilometer travelled for all vehicle types (million km)



1993 1997 1999 2000 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

서울 2,591 3,058 2,585 2,514 2,939 3,016 3,275 3,421 3,134 2,734 2,743 2,507 2,399 2,452

부산 1,484 2,198 2,174 2,050 2,480 2,630 2,862 3,049 2,837 2,541 2,852 2,892 2,874 2,949

대구 1,726 3,266 2,799 2,791 3,247 3,450 3,800 4,117 3,788 3,332 3,355 3,472 3,495 3,719

인천 1,837 2,739 2,516 2,599 2,958 3,145 3,401 3,658 3,369 2,920 2,940 2,920 2,885 3,021

광주 1,901 2,933 2,524 2,738 2,993 3,240 3,460 3,762 3,437 3,022 3,125 3,237 3,256 3,390

대전 2,001 3,343 2,877 3,035 3,568 3,780 4,061 4,373 3,923 3,392 3,416 3,476 3,446 3,521

울산 ㅡ 2,924 2,975 3,039 3,528 3,816 4,091 4,333 4,100 3,629 3,709 3,726 3,771 3,883

경기 1,968 3,370 2,841 2,921 3,439 3,703 4,009 4,269 3,890 3,389 3,383 3,478 3,366 3,413

강원 1,526 3,141 2,743 2,968 3,265 3,585 3,838 4,158 3,835 3,365 3,453 3,602 3,564 3,620

충북 1,437 3,113 2,602 2,678 3,156 3,587 3,821 4,181 3,861 3,371 3,460 3,631 3,620 3,764

충남 1,437 2,821 2,471 2,562 3,182 3,654 3,874 4,194 3,875 3,491 3,567 3,682 3,663 3,821

전북 1,358 2,761 2,453 2,478 2,984 3,442 3,634 3,989 3,681 3,247 3,368 3,618 3,551 3,766

전남 890 2,238 2,054 2,156 2,561 3,014 3,253 3,593 3,404 3,065 3,279 3,461 3,490 3,768

경북 1,459 3,030 2,633 2,626 3,118 3,490 3,786 4,145 3,844 3,424 4,338 3,718 3,730 3,912

경남 1,985 4,021 2,563 2,619 3,083 3,206 3,763 4,179 3,997 3,631 3,765 3,954 4,022 4,255

제주 1,418 2,649 2,548 2,617 2,967 3,064 3,385 3,605 3,330 2,943 3,051 3,122 3,217 3,574

전국 1,838 2,953 2,598 2,676 3,094 3,169 3,426 3,547 3,586 3,156 3,250 3,246 3,209 3,337

<Table C> Yearly total vehicle kilometer travelled per capita for private car (km)



<Figure A> Daily average distance traveled per vehicle within investigated sample (km)



<Figure B> Yearly total vehicle kilometer travelled for all vehicle types (million km)



<Figure C> Yearly total vehicle kilometer travelled per capita for private car (km)



국문초록

국내 도로 통행 정점의 구조적 원인 연구

서울대학교 환경대학원

환경계획학과 교통관리전공

송 민 수

선진 유럽 국가들의 연구에 따르면, 경제발전이 안정기에 이른 선진

국들의 경우 2000년대에 접어들면서 자동차 교통량의 성장세가 둔화되거

나, 일부 국가(특히 대도시)에서는 감소하는 추세를 보여 왔다. 즉, 시간

의 변화에 따른 수요를 예측하는 성장곡선모형에서와 유사한 양상을 보

이는 것이다. 성장곡선모형에 따르면 완만한 성장을 보이는 도입기, 가파

른 성장세를 보이는 성장기를 지나 성숙기(안정기)에는 성장이 포화수준

에 이르렀다가 쇠퇴기에는 미미한 수준으로 감소하는데, 발전된 국가에

서의 자동차 교통량은 이러한 성숙기를 의미하는 ‘통행 정점(Peak Car

Travel)’을 겪고 있다는 분석이 지배적이다.

자동차 교통량이 이같은 추세를 보이는 국가들은 다음과 같이 여러

측면에서 공통적인 변화양상을 보이며, 그러한 공통적 양상이 통행 정점

의 원인으로 작용하는 것이라 추측된다. 그 중 국가적 수준에서의 저성

장(경제 안정), 인구성장률의 둔화, 전세계적 경제 문제(유가 상승 등) 등

은 대부분의 연구에서 일반적인 요인으로서 널리 받아들여지고 있다. 이

외에도 대중교통 이용 증대, 걷기와 자전거이용 장려 추세 등 변화하는

교통정책 및 환경이 주된 원인으로 논의된다. 또한, 운전면허취득 및 자

동차보유 경향 변화, 인터넷기반 사회네트워크의 발달, 전자상거래의 보



편화, 원격근무 현실화 등 개인적 선호와 라이프스타일의 변화 역시 자

동차교통량에 영향을 주는 요인으로 제기된다.

그러나 해당 연구들은 이러한 공통적인 양상들이 통행 정점에 어떠

한 방향으로, 그리고 각각 어느 정도로 영향을 미치는지를 밝히고 있지

는 않다. 즉, 통계적으로 분석된 공통적인 양상과 통행 정점 현상 사이에

상관관계가 존재한다는 것을 정성적으로 논의할 뿐 구체적인 인과관계를

정량적으로 제시하지는 않은 것이다. 따라서 본 연구는 다음을 밝히는

것을 목표로 한다.

1) 우리나라의 자동차 통행량이 선진국과 비슷한 양상으로 ‘통행 정

점’에 이르렀다 볼 수 있는가?

2) 그렇다면 그 수치적, 구조적 요인에는 어떤 것들이 있으며, 어느

정도의 영향력을 가지는가?

교통량의 분석 단위로는 일반적으로 자동차 총 주행거리(Vehicle

Kilometer Travelled)가 사용된다. 본 연구에서는 교통안전공단의 자동차

주행거리 자료를 바탕으로, 연구의 범위 및 목적을 고려하여 ‘지역별 자

가용승용차 연간 인당 총 주행거리(km)’를 통행량 지표로 설정하였다.

또한 선행연구들을 종합․분류한 후 우리나라의 실정에 특수적합한 요인

을 추가하여 설명변수를 재구성하였다. 경제적 요인, 교통환경적 요인,

토지이용적 요인, 생활양식․선호도 요인의 4개 평가항목(잠재요인)으로

분류된 총 12개의 측정지표(관측요인)가 설명변수를 이룬다. 이를 바탕

으로 구조방정식 모형을 활용하여 중요요인을 평가하였다. 구조방정식

모형은 행동과학 분야에서 개발된 이론에 기초한 확인적 요인분석 방법

과 계량경제학에서 개발된 다중회귀분석 방법이 결합된 모형으로, 모형

을 구성하고 있는 개념간의 복잡한 관계를 처리하는 데 용이하다. 따라

서 구조방정식 모형은 다중적인 요인의 영향이 복합적으로 작용하는 사

회적 현상을 분석하는 경우에 적합하다.



주요한 연구결과를 살펴보면 다음과 같다. 첫째, 우리나라 역시 선진

국들의 사례와 유사한 통행 정점 현상이 나타나고 있으며 해당 수치 또

한 유사하다. 수집된 표본의 자동차 대당 평균 주행거리는 눈에 띄게 감

소하고 있으며, 이를 토대로 추정된 총주행거리는 둔화 추세를 보인다.

둘째, 통행 정점에 영향을 미치는 잠재요인들의 요인적재량은 경제적 요

인, 교통환경적 요인, 토지이용적 요인, 생활양식․선호도 요인의 순으로

높게 나타났다. 또한 경제적 요인 중에서는 지역내총생산과 유가가, 교통

환경적 요인 가운데는 대중교통 수송실적이, 생활양식․선호도 요인에서

는 고령화와 여성 경제활동 참가율이 통행정점을 유의하게 예측하는 요

인으로 나타났다. 즉, 소득이 높고, 유가가 낮으며, 대중교통을 적게 이용

하고, 고령화가 덜 진행되고 여성의 경제활동 참가율이 낮을수록 자동차

교통량이 많은 것으로 확인되었다. 그러므로 소득증가가 안정세에 접어

들고, 유가가 높으며, 대중교통체계가 발달하고, 여성 경제활동인구의 비

중이 큰 고령화 사회는 자동차 교통량의 증가수준이 포화상태에 이를 수

있는 것이다. 우리나라의 경우 위의 조건들을 이미 충분히 갖추었거나

갖춰나가고 있는 추세라 볼 수 있으므로, 결과적으로 자동차 교통량의

증가 둔화(또는 절대적 감소) 현상이 앞으로도 계속될 것이라 판단할 수

있다.

통행 정점 현상은 자동차에의 의존성 감소를 시사하므로, 자동차 사

용의 미래 성장가능성에 대하여 지난 수십년 간 당연하게 여겨졌던 정도

까지의 일반적이고 지배적인 관점은 더 이상 존재하기 어렵다. 그러나

교통 계획과 정책의 많은 부분이 미래 성장에 대한 예측에 기초하고 있

기 때문에, 자동차 사용이 의미있게 줄어들거나, 정체되는 등의 가능성은

중요한 의미를 가진다. 통행 정점 현상은 도로교통수요의 분석 또는 예

측 방향의 변화 가능성을 시사하여, 시설 및 서비스 공급 측면에서 교통

자원을 언제․어떠한 규모로 투자할 것인가의 판단 기준으로 작용 가능

한 것이다. 즉, 본 연구에서 유의한 것으로 분석된 요인들을 비롯하여 통

행 정점 현상에 유의미한 영향을 미치는 사회문화적 특성들을 도로교통

수요 분석에 반영한다면, 보다 적극적인 방법으로 수요변화에 대응할 수



있을 것이다. 이외에도 현 시점과 미래의 중요한 환경적 이슈인 지속가

능한 교통의 개발 맥락에서, 자동차 감소 정책의 타당성 판단에 근거를

제시한다. 또한 통행정점 현상은 다른 사회문화적 변화의 원인으로서 작

용할 수도 있을 것이다.

본 연구는 현 시점까지의 현상만을 연구대상으로 하므로, 관찰된 경

향이 미래에는 어떠한 양상으로 진행될지 정확한 판단을 내리기는 어렵

다. 또한 국가 간 통행정점 비교에 있어 본 연구에서는 측정 단위가 맞

는 경우에 한하여 국가 수준에서 대략 비교하였으나, 국가 간 교통환경

특성의 차이가 현저하므로 절댓값의 단순비교가 큰 의미를 가지지는 않

는다는 한계가 있다. 이외에도, 비중있게 다루고자 했던 관측요인 중 수

치가 지역별․연도별로 큰 차이를 보이지 않는 경우 자료의 유의확률이

낮게 나타났는데, 이는 패널데이터의 한계에서 일부 기인한 것으로 보인

다. 후속 연구에서 연구 목적에 부합하게 구조화된 설문지를 구성하여

연구를 진행한다면, 본 연구에서 나타난 이차자료․집계자료의 한계를

보완하여 보다 정확한 모형을 구축할 수 있을 것이다. 지역별(또는 도시

유형별) 모형을 다르게 예측하는 일도 가능하다. 마지막으로, 개발도상국

등 도로교통수요가 성장기에 있는 국가들을 대상으로 보다 활용가능한

모형을 구축한다면, 도로통행 정점의 시기 및 해당시기의 수요량을 예측

하여 보다 발전된 교통정책의 수립에 기여할 수 있을 것으로 기대된다.

■ 주요어 : 통행 정점, 자동차 총 주행거리, 구조방정식모형,

요인분석, 교통정책 및 교통환경

■ 학 번 : 2011-23926
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