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ABSTRACT 1 
 2 

Projections indicate that global transport may more than double by 2050. Future car stock and 3 

use are of paramount importance for drafting policy measures and for assessing emerging 4 

technology developments. This paper uses a unique forecasting approach combining quantitative 5 

data and qualitative expert judgements. Based on the historic development of vehicle kilometers 6 

traveled (VKT) in four OECD countries, the approach assesses potential future development 7 

paths for BRICS countries (Brazil, Russia, India, China and South Africa) and derives VKT 8 

saturation levels for these. For this purpose, we investigated eight factors with influence on car 9 

ownership and car use. A group of experts established factor values for the BRICS countries and 10 

compared these to the factor values in the OECD countries. Subsequently, we linked the factor 11 

values to levels of car use. Among the BRICS countries, we expect the lowest VKT saturation 12 

levels for India and China, mainly but not exclusively due to their spatial structures and transport 13 

policies. Spatial structures, socio-economic legacies and policies, among other factors, are 14 

leading to higher expected VKT saturation levels in Brazil, Russia and South Africa. Those 15 

countries also face challenges to establish alternatives to the private car. 16 

 17 

Keywords: vehicle kilometers traveled, private car use, transport demand, BRICS countries, 18 

emerging economies.  19 

  20 
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INTRODUCTION 1 
 2 
The demand for passenger transport is expected to increase substantially as economic growth 3 

continues in countries around the globe. Both, the International Transport Forum (ITF) and the 4 

International Energy Agency (IEA) expect global passenger transport to more than double 5 

between 2005 (ITF) or 2015 (IEA) and 2050 in baseline scenarios (ITF 2017, IEA 2009). 6 

Despite such global estimates, specific projections of passenger transport demand for countries 7 

worldwide are rare.  8 

Projections of future car use, or more common future automotive energy use, are mostly based 9 

on the development of population, income as proxied by gross domestic product per capita 10 

(GDPpc) and costs for fuels and technology (compare e.g. WEC 2011, IEA 2016, ITF 2017). 11 

Since data on vehicle kilometer traveled is rare, those models usually approach the energy 12 

demand by estimating the number of cars and assuming their use. 13 

Dargay et al. (2007) modeled the development of vehicle ownership rates based on historic 14 

patterns for 45 countries. According to this data, car ownership exhibits a dynamic motorization 15 

phase once income starts to rise, and levels off when a certain threshold of income has been 16 

reached. This S-shaped curve and the tendency of saturation are visible for high-income 17 

countries. Low- and mid-income countries may have entered the dynamic motorization phase, 18 

but have not yet reached saturation.  19 

These approaches for projecting car ownership and energy demand apply statistical modeling 20 

and draw on quantitative data. One of the challenges of such methods is the lack of data and their 21 

questionable comparability and reliability. In some cases (e.g. vehicle kilometers traveled) 22 

desired data is missing completely for many countries, in other cases it follows non-uniform 23 

standards, for example urbanization data by the United Nations. Another challenge of such 24 

purely quantitative projections is differences in saturation levels that cannot be explained by 25 

economic factors. Dargay et al. (2007) countered this by including factors for population density 26 

and urbanization rates in the Gompertz function. An Australian approach integrated 27 

unemployment figures into the modelling (BITRE 2012). 28 

Against the observation that car ownership and car use cannot be explained by economic 29 

parameters alone, Ecola et al. (2014) established an approach for deriving future levels of 30 
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passenger car use (labeled “automobility”) that combines both quantitative and qualitative 1 

elements. They applied this approach in their study “The Future of Driving in Developing 2 

Countries” (Ecola et al. 2014) for estimating future car travel in Brazil, Russia, India, and China. 3 

This approach also builds on the S-shaped development of car ownership and a set of external 4 

framework conditions define the automobility path for a specific country. The economic 5 

development, however, is key to how rapidly the country proceeds on this path.  6 

After five years, the paper at hand presents an update of this 2014 study. This follow-up study 7 

broadened the first study: firstly, we applied updated statistics and integrated additional data; 8 

secondly, we added South Africa to the list of countries to be examined. The update of the study 9 

was conducted by a research team that was partly identical to that of the first study, and we 10 

gratefully acknowledge the foundation that was laid by all authors around Ecola et al. (2014). 11 

Both studies involved a largely identical group of international experts, who represented the 12 

study countries and contributed to the assessment.  13 

 14 

DATA AND TRENDS IN FOUR OECD COUNTRIES 15 
 16 
Analogous to Ecola et al. (2014), we have selected four OECD countries (Australia, Germany, 17 

Japan, and the United States) that represent the reference for the projection of automobility in 18 

BRICS countries. Our reasons for the selection are: (i) all four countries have achieved a high 19 

level of income, expressed as GDPpc, (ii) in all countries tendencies of saturation of 20 

automobility are apparent, (iii) the countries are located on different continents and thus 21 

represent a wide range of geographic conditions, and (iv) have different socio-economic and 22 

cultural backgrounds. We thus draw conclusions from the development patterns in these 23 

countries and extrapolate them to the BRICS countries. The plotting of VKT over GDPpc, using 24 

Gompertz functions, reveals a good correlation between these two variables, but also shows the 25 

different saturation levels not explained by GDPpc. 26 

For the calculation of VKT, we applied a simple Gompertz function comparable to that of 27 

Dargay et al. (2007): 28 

 29 
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where γ is the saturation level and α and β are negative growth rates, defining the shape of the 1 

curve. Plotting modelled and observed VKTpc over GDPpc values (Figure 1) illustrates that the 2 

model maps the historic development reasonably well (estimated values γ, α and β and there 3 

standard deviation are presented in the appendix)..  4 

Figure 1  Development of VKT (A) over GDP per capita and (B) over time, based on real 5 
data (Data) and Gompertz function (Model). Own depiction. [online in color] 6 

 7 
The update of the 2014 study results in slightly different automobility patterns for the four 8 

OECD countries compared to Ecola et al. (2014). Most notably are lower VKT saturation levels 9 

for all four OECD countries (values see Table 1). Our recalculations and updates are based on 10 

national and international statistical figures for GDP, GDP per capita (GDPpc) and car use 11 

(VKT, expressed as vehicle kilometers traveled per capita) up to the year 2017. Similar to the 12 

previous study, the most dynamic motorization period lies between 10 000 and 35 000 13 

US$2011PPP GDPpc 1.  14 

                                                 
1  While Ecola et al. (2014) used the 1990 Geary-Khamis Dollar, we updated the GDPpc figures based on 
data by the World Bank (2019), which provides figures in 2011 International US Dollars, normalized to purchasing 
power parity (PPP). The absolute GDP values are thus higher than in the previous study.  
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Table 1  Comparison of VKT saturation levels of the updated analysis compared to the 1 
former study (Seum et al. 2019) 2 
 VKT saturation levels [km per capita] 

Country According to Ecola et al. (2014) Study update 2019 

Australia 10,800 9,900 

Germany 9,700 8,500 

Japan 6,400 6,000 

United States 16,300 15,100 

 3 

Our update shows that the economic crisis in 2008/2009 has led to changes in the model fitting. 4 

With declining income, a reduction of VKT can be observed, except for Germany. Particularly 5 

the United States had seen a declining GDPpc, coupled with a decline in VKT. Since 2012, 6 

income and the VKT in the USA are increasing again. Australia and Japan also saw a decline in 7 

VKT during the recession years and both seem to have leveled off. In Germany, the recession 8 

had not dampened VKT, and the saturation level apparently has not been reached yet. 9 

Figure 2: Comparison of VKT data with Gompertz-calculated VKT data for Japan, 10 
years 1970 – 2020. The squares highlight periods of economic recession with further increasing 11 
VKT according to statistical data [online in color] 12 

 13 

The Gompertz function for Japan predicts a continuously increasing VKT, even beyond 35 000 14 

GDP per capita and resulting in a saturation value of approximately 6 000 VKT However, from 15 

the year 2000 onward there were clear tendencies of VKT-saturation in Japan which are not 16 
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reflected well in the model prediction. Likely reasons for this are inadequate representations of 1 

continued growth of VKT during previous times of economic recessions in the model, a time 2 

trend independent from GDPpc growth (Figure 2) as well as inconsistencies in the Japanese VKT 3 

statistics over time. While some continued growth of VKTpc for Japan seems likely, an increase 4 

to 6000 km appears unlikely given the countries historic development relative to other countries. 5 

Having to decide on a plausible saturation level for the next steps of the project, we opted for 6 

4,500 km. This value is based on the future saturation rates of the other study countries and 7 

Japan’s position relative to these countries today 8 

 9 

METHOD OF THE FLAG-GAME APPROACH 10 
 11 
As stated above, our study combines statistical analysis with qualitative assessments. The main 12 

reason behind this approach is that statistical figures on GDP and the demographic development 13 

are not sufficient to explain the level of automobility in a country. Ecola et al. (2014) had 14 

identified nine factors that characterize the future path of automobility. Out of these, we kept 15 

eight factors in the study update to predict VKT. The ninth factor – domestic oil – was shifted to 16 

a separate part of the analysis that addresses the evolution of propulsion technologies. This 17 

second part, however, is not the subject of this paper.  18 

The eight factors are: 19 

 Active population: The share of the population at a stage in life that is characterized by 20 

high mobility rates. 21 

 Domestic car industry: The relevance of a domestic car industry for the national 22 

economy. 23 

 Spatial dispersion: The extent to which settlement patterns are conducive to automobility. 24 

 Car culture: The country’s affinity to cars from a socio-cultural perspective. 25 

 Car infrastructure: The entire infrastructure for driving, including quality and quantity of 26 

roads, parking, and level of service. 27 

 Inexpensive driving: Low expenses for driving (including taxes) relative to income. 28 

 Pro-car policies: Policies and legislation directed to promote car ownership and usage. 29 
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 Lack of alternatives: How car-focused the transport system in a country is, particularly 1 

with regard to infrastructure available for other modes of urban and interurban travel. 2 

 3 

For our analysis of the eight factors, we use indicators derived from statistics and combine these 4 

with a qualitative assessment in a workshop format called “flag game”. The flag game was 5 

conducted during a two-day workshop, held in October 2018, that brought together fourteen 6 

experts, two from each BRICS country and one each for Australia, Japan, Germany, and the 7 

United Sates (Kuhnimhof et al. 2014). Based on indicators and literature review, we compiled 8 

brief fact sheets for each factor as input for the expert discussion. During the flag game, the 9 

experts then determined the flag position of each country relative to the four OECD countries for 10 

each factor(Figure 3). The method thus combines numeric information with judgement from 11 

international experts with long histories of observing trends and developments. Relying on 12 

expert judgement carries a burden of subjectivity (Niederberger & Wassermann 2015). However, 13 

the use of expert judgement is common in policy consultations and an essential element of future 14 

studies. Alcamo (2008) argues that pure quantitative approaches often provide a false sense of 15 

the future due to the lack of exactness of numeric data. Furthermore, building on numeric data 16 

predictions into the future contains many implicit assumptions as well (Alcamo 2008). In our 17 

exercise of the flag-game we tackled the aspect of subjectivity in two ways: first, our selection of 18 

experts relied on persons that dispose of significant contextual knowledge in the field of 19 

transport development in their own, but also in other countries. Thus, our experts explicitly are 20 

observers of a scientific field without personal interest in it (A comprehensive discussion on the 21 

role of experts can be found in Niederberger & Wassermann 2015). Second, the positioning of 22 

the flags was conducted in a consensual approach. Thus, while the aspects of subjectivity cannot 23 

be removed from this approach, it is likely that a similar group of experts in the future would not 24 

deviate drastically from the judgements made in our exercise. The following statements rest on 25 

the discussions during the workshop. Following the Chatham-house rule, without attributing it to 26 

a specific person. Other input is marked with a literature reference. 27 

 28 
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 1 
 2 
Figure 3  Flag game results for factor car infrastructure as example. [online in color] 3 

The flag game visualizes for each factor, to which degree it encourages or impedes the 4 

development of automobility. For each country two flag positions were established: the first 5 

position indicates the factor situation at the early stage of motorization in the respective country 6 

(approximately at 10 000 US$2011PPP GDPpc); the second position marks its situation at the point 7 

in time, when the growth of automobility starts to level off (the saturation phase, approximately 8 

at 35 000 US$2011PPP GDPpc). The national GDPpc levels are based on time series data for 1990–9 

2017 (Word Bank 2019), complemented up to 1990 by historical GDP values (Bolt et al. 2018) 10 

and for the years 2017 onward by extrapolated data using GDP growth rates of an OECD model 11 

(IIASA 2016). Since for all BRICS countries the beginning of the saturation phase lies in the 12 

future, these flag positions relied on estimates of our country experts. We then converted the 13 

flags’ positions into a scale of values ranging from -2 to +2, where -2 correlates with impeding 14 

and +2 with promoting automobility in a country. 15 

In a second step, country experts were asked to judge the comparative weight of each factor with 16 

regard to VKT. In the end, an automobility score (AS) is calculated for each country, as 17 

weighted average of all eight factor scores. The AS serve as proxy to estimate the saturation 18 

levels for VKT and car ownership for each country. Each participating expert could vote with a 19 

weighting number one, two or three on the significance of each factor for VKT and car 20 
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ownership. The weighting was set comparatively. The final factor weight per factor represents 1 

the simple average of all votes. There was a strong agreement particularly on the factors with 2 

high weight: urbanization and spatial dispersion, car infrastructure and lack of alternatives as 3 

well as on active population to have a strong influence on the VKT. The weightings for domestic 4 

car industry, inexpensive fuel and car culture were definite, but with some spread, whereas the 5 

impact of pro car policies for VKT was inconclusive. Whether the factor weighting have a 6 

significant impact on the outcome will be discussed later. 7 

 8 
SUMMARY OF SELECTED FACTORS WITH HIGH INFLUENCE ON 9 
AUTOMOBILITY 10 

 11 
Table 2 lists all factor scores for the OECD and BRICS countries for the corresponding points in 12 

time, where countries reached - or are projected to reach - 10 000 and 35 000 US$2011PPP GDPpc 13 

levels. Highlighted are scores that represent the upper (green) or lower (red) 20% in each 14 

column. Those for the points in time when the country is reaching the saturation phase of 15 

automobility are highlighted in bold. The last row shows the weights assigned by the expert 16 

panel to each factor with regard to VKT (the higher the score, the more in favor of automobility). 17 

 18 
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Table 2  Factor scores and factor weights based on the flag game exercise for the beginning 1 
of the motorization phase and the beginning of the saturation phase. Factor weights are 2 
provided in the last row. [online in color] 3 

Country 

Decade when  
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Factor scores 

Australia 
1930s 0.1 -0.8 -0.8 -1.2 0.1 1.2 0.5 0.4 

2000s 0.9 1.8 -0.1 1.4 0.9 0.6 0.9 0.3 

Germany 
1950s -0.5 -1.3 0.9 -0.2 -0.9 0.1 -1.0 0.2 

1990s 0.4 -0.5 1.8 1.4 -1.5 -0.5 -0.3 -0.1 

Japan 
1960s 0.4 -1.8 0.7 -1.3 -0.8 0.5 -1.1 0.0 

2000s 0.0 -0.9 1.6 0.0 -1.5 -1.2 -0.2 -0.3 

United 
States 

1930s 0.4 -0.8 1.4 -1.1 0.1 1.8 1.3 1.6 

1980s 0.9 1.7 0.4 1.8 1.5 0.9 1.7 0.9 
          

Brazil 
1980s 0.9 -0.2 0.7 -0.5 -0.1 0.9 -1.0 0.3 

2050s 1.1 0.3 1.3 0.2 -0.4 0.6 -0.6 0.9 

China 
2010s 1.3 -1.7 0.4 -0.7 -0.5 -0.1 -1.0 -0.3 

2030s 1.5 -1.0 1.0 0.0 -1.7 -1.6 -0.6 0.6 

India 
2020s 0.6 -1.7 -0.2 -1.4 -0.1 0.3 -1.0 -0.5 

2060s 1.5 -0.9 0.7 -0.4 -1.5 -0.6 -0.6 0.2 

Russia 
1990s* 0.4 -1.0 -0.2 -0.1 -0.4 1.2 0.3 0.4 

2020s 1.0 -0.3 1.1 0.2 -1.5 0.5 -0.2 0.6 

South 
Africa 

2000s -0.6 1.9 -0.8 0.2 1.3 0.9 0.9 0.8 

2050s -0.3 1.4 -0.2 0.8 0.4 0.5 0.1 1.4 

Factor weights for VKT 2.3 2.9 1.4 2.6 2.8 2.3 2.3 1.8 

NOTE: * For Russia, the end of the Soviet Union – 1991 – is considered as starting point. 

 4 
As a general observation, the factors in favor of automobility dominate in the OECD countries 5 

compared to the BRICS countries. Only Japan shows impeding factors (i.e. scoring among the 6 

lowest 15%) that dampen automobility in the saturation phase. In Brazil, on the other hand, there 7 
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is hardly a dampening factor. Otherwise, for the BRICS countries dampening factors dominate. 1 

In the following, we will highlight findings from the factors spatial dispersion and lack of 2 

alternatives, the two with the highest factor weights, in more detail and summarize findings of 3 

the others thereafter. 4 

 5 

Spatial dispersion 6 

Spatial dispersion in a broad sense refers to the spatial and sociodemographic structures in a 7 

country. In contrast to Ecola et al. (2014), which used a single value of density in urban areas in 8 

the year 2000, we drew from data of the Atlas of Urban Expansion (Angel et al. 2016) a time 9 

series of densities of representative urban built-up areas in the study countries (Figure 4). 10 

Furthermore, we used the share of the population living in cities with more than 300 000 11 

inhabitants (UN DESA 2018) as a second indicator. The dataset provided by Angel et al. (2016) 12 

on urban development has identified urban areas representative for geo-cultural regions for the 13 

years 1991, 2000 and 2014, thus providing data that allows for the comparison of states and 14 

regions and their development over time. The share of population living in cities with more than 15 

300 000 inhabitants is better comparable than e.g. urbanization rates due to different national 16 

definitions of the term “urbanization” (UN DESA 2018, p. 2).  17 

Kenworthy (2018) found a strongly inverse relationship between urban built-up density and car 18 

use. A drop in urban density below 40-50 inhabitants per hectare results in a sharp increase in car 19 

use. This is reflected in the high factor scores for spatial dispersion, promoting automobility in 20 

Australia (37 persons per hectare) and the United States (19 persons per hectare in 2014). . It is 21 

also noteworthy that the urban built-up density has declined in all OECD countries. Hence, the 22 

time trend towards increasing spatial dispersion favors automobility in all OECD countries 23 

(Table 2). High urban population density itself may not be the actual reason for reduced driving 24 

in dense urban environment. However, other important factors usually go along with high 25 

population densities. This includes reduces needs to travel due to proximity to shopping and 26 

other facilities and difficulties to find or afford parking. Hence, historically high urban densities 27 

have correlated with reduced automobile travel and this relationship is likely to persist in most 28 

instances. 29 
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 1 

 2 
Figure 4  Density of urban built-up areas. Data: Angel et al. (2016). Own depiction. 3 
[online in color] 4 

The BRICS countries also show a declining density of representative urban built-up areas, 5 

although particularly China and India starting from much higher levels. This decline is coupled 6 

with a strong increase in urbanization, measured as share of population living in cities with more 7 

than 300 000 inhabitants. Brazil started to convert already in the 1930s from an agricultural 8 

economy into an industrialized one (Pojani & Stead 2017). Urbanization is strong and built-up 9 

density relatively high (65 inhabitants per hectare). However, the spatial distribution of wealth is 10 

very uneven. Today’s Brazil knows large marginalized areas for the poor and gated communities 11 

for the rich. While residents of gated communities heavily rely on the private car, people of low 12 

income regularly have little access to cars. Accordingly, they have to cope with lacking 13 

infrastructure for public transport, walking, and cycling that usually is only accessible for a small 14 

middle-class in central areas (Pojani & Stead 2017). China’s proportion of the population living 15 

in cities with more than 300 000 inhabitants has doubled since 1990. As cities continue to 16 

expand, the density of urban built-up areas has dropped from a notable high of 180 to 90 17 

inhabitants per hectare. People settle increasingly in the suburbs, partly as a result of resettlement 18 

policies. Additionally, settlements for migrant workers who cannot afford the cost of living in the 19 

central urban areas are emerging around the cities (Pojani & Stead 2017). India’s relatively large 20 

rural population lives in smaller villages. Urbanization is increasing, though with more than 200 21 

inhabitants per hectare Indian cities exhibit the highest densities among the study countries. 22 

While the affluent population concentrates in urban centers and planned districts, less privileged 23 

people are spreading to the urban periphery and regions outside the cities (Pojani & Stead 2017). 24 
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The urban structure of Indian cities favors two- and three-wheelers, nevertheless congestion is a 1 

major issue (Verma et al. 2015). Russia is still characterized by a period of industrialization 2 

during the Soviet era. While the population living in cities with more than 300 000 inhabitants 3 

accounts for about 40%, the majority of the remaining population lives in smaller urban 4 

settlements around industrial areas of Soviet origin. More recently, a process of suburbanization 5 

has taken place, in particular driven by residential choices of Russian elites (Pojani & Stead 6 

2017). The density of built-up areas has declined to less than 50 inhabitants per hectare. 7 

Especially since the 2000s, a lack of spatial planning can be observed, with the consequence that 8 

housing and economic activities are disintegrating. South Africa is the only BRICS country 9 

whose spatial pattern is expected to be less conducive for automobility in future years, mostly 10 

due to an increasing urbanization and continued high urban density. The spatial structure around 11 

cities is fragmented, with residential areas still segregated along the lines of ethnicity and wealth. 12 

Typical are radial transport networks (Pojani & Stead 2017), consisting of formal and informal 13 

transport services.  14 

 15 

Lack of alternatives 16 

The factor lack of alternatives refers to absence of alternatives to a private car (the higher the 17 

factor, the more inductive to automobility). One number that indicates alternatives to the private 18 

car are e.g. journeys of urban public transport per capita (UITP 2017). The data show the 19 

differences between the four OECD countries. For the BRICS countries, only data for Brazil, 20 

China and Russia can be obtained. Brazil and China show an increasing use of public 21 

transportation. In Russia the decline in the use of public transport from very high levels reflect 22 

the increasing individualism in post-Soviet Russia and the deterioration of the formerly 23 

ubiquitous public transport system as basic service. Data for India and South Africa are not 24 

available. Another indicator used is national passenger kilometers on road versus on rail (ITF 25 

2017). 26 

For the factor lack of alternatives, too, it is not sufficient to rely on official figures, as 27 

alternatives to the private car can be formal public transport, but also informal services and 28 

active modes, for which there are no official figures. For example, UITP (2017) only provides 29 

figures urban bus, suburban bus, tram, light rail, metro, and suburban railway operated by 30 



15 
 

official utilities. Informal services are not included, but may play a role in Brazil and certainly 1 

do in India and South Africa.  2 

 3 

Figure 5  Public transit journeys per capita. Own calculation and depiction based on UITP 4 
(2017). [online in color] 5 
 6 

Among the OECD countries there are two groups: Germany and Japan show declining and 7 

ultimately very low factor scores (see Table 2), which corresponds to dampening automobility. 8 

In Germany, the evenly distributed small- to medium-size cities facilitate a fairly good 9 

nationwide supply of public transport. In Japan, it is the country’s compact settlement structure 10 

coupled with high urbanization that favors public transport. While Japan continues to invest in its 11 

public transport infrastructure, the German system suffers from austerity measures and therefore 12 

has lost some service quality. Accordingly, in Japan 30% of the national passenger kilometers 13 

are conducted by rail, in Germany only 9% (ITF 2017). For Australia and the United States the 14 

lack of alternatives clearly favors automobility. Although the two countries differ considerably 15 

in terms of their public transport services, they have undergone an explicitly car-oriented 16 

development. Only in recent years, Australia has seen a significant revival of walking and 17 

cycling. This is largely stimulated by a trend towards healthier lifestyles and has a diminishing 18 

effect on the use of cars. The United States, on the other hand, has the lowest level of public 19 

transport trips per capita (UITP 2017), which even has declined in recent years. Public transport 20 

in the United States is often associated with low-income population and faces concerns related to 21 

status and security. New individual transport services further increase the pressure on the public 22 

transport system, despite the introduction of some (mostly municipal) programs aiming to 23 

promote walking and cycling and investing in rail and bus services. 24 
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Brazil has invested significantly into the public transit system in the context of the 2014 Soccer 1 

World Cup and the 2016 Olympic Games. However, due to spatial and income disparities, access 2 

to transport services differs considerably between population groups. Many marginal areas are 3 

poorly served by public transport. Furthermore, the quality of public transport has deteriorated in 4 

recent years, leading to a further decline in demand. Besides some informal services, walking 5 

and cycling are often the only viable options for many. China certainly stands out in its efforts to 6 

improve public transport infrastructure, both within urban agglomerations and between cities. 7 

The light rail and metro system has expanded substantially in the past decade (Gao et al. 2018), 8 

also to reduce congestion that developed due to rapid motorization. Additionally, a resurgence of 9 

two-wheelers, including the bicycle in the form of electric or rental bikes can be observed. The 10 

provision of urban alternatives to the private car is often combined with regulations restricting 11 

ownership and use of private motorized vehicles. Wu et al. (2016) argue that in many 12 

metropolitan areas motorization saturation levels have already been reached. China has also 13 

made very large investments in national rail. By 2017, 25 000 kilometers of rail tracks connected 14 

over 200 cities, mostly in the central and eastern provinces, half of which are designed for high-15 

speed trains. An extension bringing the total to around 38 000 kilometers is planned for 2025 16 

(Bullock et al. 2014). Based on official statistics, VKT by rail equals that of car travel (ITF 17 

2017). In India, the predominant public transit is offered as bus services. Metro systems are still 18 

at the early stage of development, and construction can barely keep pace with population growth 19 

and urbanization. Due to the country’s spatial structure, two- and three-wheelers are common 20 

alternatives to the car, either privately owned or offered as commercial service. The countrywide 21 

rail infrastructure is ubiquitous, but of poor quality. Accordingly, only 13% of the national 22 

passenger kilometers are traveled by rail (ITF 2017). Governmental plans aim to improve public 23 

transport as alternative to the private car, and therefore it is expected to dampen the development 24 

towards automobility. As Russia is concerned, public transport was the back-bone of mobility 25 

during the Soviet era. Since 1990, the use of public transport has declined dramatically, and 26 

income disparities and suburbanization have furthered the infrastructure’s deterioration. Only 27 

recently, a national strategy aiming to significantly improve the transport infrastructure and 28 

services, including high-speed rail, has been put in place (GIZ 2018). Until today, fares are 29 

relatively low and this alternative to the private car is still accessible to a large number of 30 

citizens. South Africa is the only BRICS country with the lack of alternatives factor is above 31 
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zero. Despite attempts by policy and planning, public transportation in South Africa faces 1 

concerns with regard to security and comfort resulting in a lack of acceptance. Furthermore, 2 

public investments often compete with informal services, mostly mini-buses, and sometimes face 3 

fierce opposition.  4 

 5 

Summary findings on remaining factor scores 6 

Of the other factors, active population, car infrastructure, pro-car policies and inexpensive 7 

driving have numeric factor weights above 2.  8 

Active population as the “share of the population in a life stage characterized by high mobility 9 

rates” (Ecola et al. 2014: 46) is a very important factor that influences automobility. All OECD 10 

countries face a shrinking active population. However, other aspects such as retirement age, 11 

unemployment, or formal and non-formal work need to be considered as well. Additionally, a 12 

country’s ability to draw positive socio-economic impulses from the population development is 13 

relevant. In this context, the World Bank (2016) differentiates pre-dividend, early-dividend, late-14 

dividend, and post-dividend countries. As for the BRICS countries, India and South Africa 15 

belong to the early-dividend group, whereas Brazil, China, and Russia belong to the late-16 

dividend group. While early-dividend countries have a huge opportunity to build on their human 17 

capital, late-dividend countries face a shrinking active population, but have the opportunity to 18 

build and secure economic strength by investing their savings to increase the productivity of 19 

labor. Prosperity and thus automobility will be adversely affected if a late-dividend country does 20 

not succeed in securing labor productivity and assets acquired during earlier periods (World 21 

Bank 2016).  22 

Brazil was unable to take full advantage of the opportunities arising from its early-dividend 23 

phase and risks to loose its wealth in the late-dividend phase (Berlin Institute 2015). Retirement 24 

age is expected to increase and female labor participation is most likely to increase as well. 25 

China has experienced strong economic growth in recent years and has used its prosperity to 26 

invest into productivity gains and to prepare for an ageing society. However, the aging of society 27 

increases the likelihood that China will move towards a longer active working life. India still 28 

belongs to the early-dividend group and thus can prosper, if the creation of productive job can 29 
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exceed population growth. The share of active population is increasing, but female labor 1 

participation is rather low and inequality is high. Nonetheless, in regard to the factor active 2 

population, China and India are the two countries with the highest factor scores in favor of 3 

automobility. Russia is a late-dividend country with a shrinking active population. To counteract 4 

this, Russia is raising the retirement age. Furthermore, labor migration to Russia may play a role 5 

in the future. Like India, South Africa is one of the early-dividend countries with all its 6 

opportunities. As a legacy of the apartheid era, however, the country is struggling with extreme 7 

inequality and poverty. Unemployment is high, and life expectancy is comparatively low. South 8 

Africa could only benefit from the early-dividend phase if new jobs were created and education 9 

and productivity improved at the same time (Schellekens 2016). Its score for the factor active 10 

population is therefore low.  11 

With regard to car infrastructure, Australia, Germany, and the United States enjoy an 12 

excellent road infrastructure. In most areas, parking space is abundant and usually affordable, 13 

although particularly Australia and Germany have begun to focus more on non-auto 14 

infrastructure. Compared to the OECD countries, for the BRICS countries it is expected that the 15 

car infrastructure will not have a particularly beneficial effect on automobility. 16 

The factor pro-car policies shows for all OECD countries a shift away from fostering the 17 

private car. This is due both to local policies, for example to curb congestion, and to national 18 

policies, for example to combat global warming. With the exception of Japan, however, none of 19 

the OECD countries reaches a very low score. For the BRICS countries it is apparent that 20 

particularly China, but also India attempt to implement policies that might dampen the use of 21 

cars. These policies are implemented to mitigate congestion and to respond to environmental and 22 

health concerns. However, in the past, restrictive policies have often been paralleled by policies 23 

promoting the ownership and use of cars as a means of economic stimulus. Less political 24 

interventions to car ownership and use is observed in the other BRICS countries. 25 

With regard to inexpensive driving (in relation to income), it can generally be observed that 26 

driving becomes cheaper in relative terms to income, the more developed the economy is. This 27 

holds true for all OECD countries and is also supported by statistical data for the BRICS 28 

countries (compare GIZ 2017). However, the United States stands out as the country where 29 

automobility is most affordable.  30 
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Finally, there are the two factors with a weight below 2: domestic car industry and car culture. 1 

Both probably have a stronger impact on car ownership than on VKT. The domestic car industry 2 

still plays a major role in Germany and Japan, as it accounts for a large share of the national 3 

economy. The score of the United States reflects the relative decline of its domestic car industry 4 

compared to other wealth-creating sectors. Interestingly, for all BRICS countries it is expected 5 

that the domestic car industry will gain relevance, although maybe not to the level of Germany 6 

and Japan. However, given the size of the potential markets, this expectation seems quite 7 

plausible. The importance of car culture – i.e. the role the automobile plays in popular culture – 8 

is generally declining in the OECD countries and increasing in the BRICS countries. 9 

 10 

AUTOMOBILITY SCORES AND VKT PROJECTIONS FOR BRICS COUNTRIES 11 

Based on the factor scores in Table 2, we derived a combined automobilty score (AS) for each 12 

country, computed as the weighted average of the single factor scores (Table 3, column 13 

‘Automobility score VKT’). As Ecola et al. (2014), we again applied a simple regression 14 

analysis, using the VKT saturation levels from the Gompertz function as the explained variable 15 

and the combined automobility score as the explanatory variable to derive probable VKT 16 

saturation levels for the BRICS countries (Figure 6).  17 

The saturation levels of VKT of this study update are generally lower than those of the earlier 18 

study (Table 3). In particular, the two values for India and China point to increasing policy 19 

interventions that will affect both VKT and car ownership. 20 
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Table 3  Comparison of automobility scores for VKT, VKT saturation projections from the 1 
former study and its update. 2 

Country 
Automobility score VKT 

(weighted average from Table 2) 

VKT saturation 
projection  

(Ecola et al. 2014) 

Updated  
VKT saturation  

projection 

Australia 0.43 10 800 km 9 900 km 

Germany -0.24 9 700 km 8 400 km 

Japan -0.51 6 400 km 4 500 km 

United States 0.87 16 300 km 15 100 km 
    

Brazil  0.20 11 300 km 9 900 km 

China  -0.39 7 800 km 6 000 km 

India  -0.44 7 000 km 5 700 km 

Russia  0.04 10 200 km 8 900 km 

South Africa 0.62 NA 12 700 km 

 3 

 4 

Figure 6  Regression analysis of VKT saturation levels based on country automobility 5 
scores. [online in color] 6 

 7 
We further estimated the effect of the factor weights on the final results, since the factor weights 8 

also carry the burden of the participating experts’ subjectivity. For this test, we adjusted the 9 

y = 6,641,6x + 8,600.6
R2 = 0.8994
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factor weights by calculating two extremes: one where the externally (without policy influence) 1 

dominated factors active population and spatial dispersion were weighted high (3) and the policy 2 

dominated factors lack of alternatives, pro-car policy and inexpensive driving were weighted low 3 

(1); in the second case we reversed the weighting, favoring the policy factors and lowering the 4 

external factors. Furthermore a no-weighting case was tested. The resulting VKT of the two 5 

extreme cases differ from the reference case between -8% (policy factor dominance China) and 6 

+27% (external factor dominance China) (Table 4). Most importantly, the order of the countries 7 

VKT does not change, although China and India result in similar VKT when considering the 8 

policy factors in dominance. Secondly, the expected VKT rises in all countries but South Africa 9 

when considering the external factor dominance, indicating a dampening of VKT through policy 10 

interventions. This is most pronounced in China, where external factor dominance VKT is 27 % 11 

above the reference, compared to 14 % in India for example. For Russia and South Africa the 12 

effect of the sensitivity analysis is inconclusive and represents the contradicting influence within 13 

the factor categories “external” and “policy” (e.g. lack of alternatives dampening car use and 14 

pro-car policy promoting car use). Overall, the effect of factor weight alterations is limited. 15 

Table 4: Sensitivity analysis of the calculated Automobility Score and VKT, based on 16 
the weighting variations. 17 

AS Score Reference Score 
External Factor 

dominance 
Policy Factor 

dominance 

Brazil 0,20 0,33 0,13 

China -0,39 -0,15 -0,47 

India -0,44 -0,32 -0,46 

Russia 0,04 0,12 0,09 

South Africa 0,62 0,56 0,59 
    

VKT Saturation 
   

Brazil  9 900 km 10 800 km (+9%) 9 500 km (-4%) 

China  6 000 km 7 600 km (+27%) 5 500 km (-8%) 

India  5 700 km 6 500 km (+14%) 5 500 km (-4%) 

Russia  8 900 km 9 400 km (+6%) 9 200 km (+3%) 

South Africa 12 700 km 12 300 km (-3%) 12 500 km (-2%) 

 18 
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In the no-weight test case, the sequential order of the countries remains the same. VKT is 1 

generally higher, except for South Africa and the differences are between -4 % (South Africa) to 2 

+13 % (China). 3 

 4 

DISCUSSION 5 

The automobility scores encapsulate a broad range of conditions that favor or dampen 6 

automobility in a single measure. Specifically, the USA features a high automobility score 7 

reflecting conditions that are very conducive to automobility. Australia, Brazil, South Africa and 8 

to some extent Russia are also leaning towards that extreme. Japan, India and China represent the 9 

other end of the range, with Germany trending in that direction. In particular the factors active 10 

population, spatial dispersion, car infrastructure, and lack of alternatives are responsible for this 11 

distinction. The factor active population includes more than just the share of the working age 12 

population, as it is linked to other socio-economic aspects. Particularly, the economies of Brazil 13 

and South Africa are lagging behind their potential, theoretically associated with their dividend 14 

phases. Spatial dispersion in combination with the lack of alternatives also strongly influence the 15 

development towards automobility. Certain spatial structures favor automobility, while others at 16 

least offer the opportunity to establish alternatives to the private car and thus impede 17 

automobility.  18 

It should be noted that particularly for India the spatial structure together with the increasing 19 

population has already led to a massive overload of the existing infrastructure and congestion. 20 

According to the TomTom traffic ranking, 65% additional travel time is required for Mumbai 21 

and 58% for New Dehli due to congestion and the cities rank number one and four in the global 22 

2018 Traffic Index (TomTom 2019). Thus, while this phenomenon is indirectly reflected in the 23 

flag game approach, the future development of capacities and potential backdrops with regard to 24 

automobility needs further attention. The future of automobility will also depend on the ability to 25 

complement income growth with investment in infrastructure. Furthermore, it will be decisive 26 

whether infrastructure investments will focus on the public transport infrastructure or on road 27 

infrastructure, that way improving the alternatives to the private car. Infrastructure development 28 

will also influence the ratio of two-, three-wheelers and passenger cars. In countries with high 29 
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congestion levels like India, the use of two- and three-wheelers is already high and may increase 1 

in the future if road infrastructure cannot keep pace with income growth. 2 

In addition to the above mentioned factors, the factor pro-car policies has a significant effect on 3 

future development. It can be assumed that the factor spatial dispersion affects a country’s pro-4 

car policy, as policies aim to counter challenges resulting from spatial structures, such as 5 

congestion. Other concerns, e.g. the focus on air quality and public health, will lead to 6 

regulations and influence pro-car policies. The ability to intervene in developments – whether it 7 

is infrastructure investments or regulations on vehicle usage – is linked to the countries’ 8 

governance structures and the appreciation of transport offerings as commons. Particularly China 9 

is influencing market development through governmental interventions and large scale state-run 10 

investments.  11 

We are confident that our analysis of VKT and car ownership represents a good approximation 12 

of the future path of mobility in the countries under investigation. However, as of today, we 13 

cannot be certain as to which technologies and business models will be used to serve future 14 

transport demand. For example, the widespread use of shared vehicles may considerably reduce 15 

the total number of cars needed to meet the anticipated mobility needs. Furthermore, two- and 16 

three-wheelers will play an important and potentially increasing role in several countries. 17 

Uncertainties in the predictions are due to the nature of the predictive process and the 18 

subjectivity of expert judgements. The different VKT levels of the OECD countries – according 19 

to Ecola et al. (2014) on the one hand and our update on the other – result from more heterogenic 20 

patterns in the GDP data for the years 2011 to 2017. Hence, it indicates the uncertainties of 21 

mathematical approaches originating in data and prediction algorithms. The overall uncertainty 22 

of our projections cannot be quantified conclusively and requires ongoing observation of the 23 

factors involved. 24 

 25 

CONCLUSIONS 26 

The analysis of data on GDP, population and VKT reveals that VKT development and saturation 27 

levels cannot be explained by GDP and population alone. The inclusion of other factors provides 28 

a sound approach to assess the development of VKT. However, those other factors cannot be 29 
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analyzed solely by statistical data due to either (i) partly missing data, or (ii) data of uncertain 1 

quality and comparability. Therefore, the combination of quantitative analyses with qualitative 2 

judgements is advisable. The automobility scores show a good correlation for the OECD 3 

countries, thus predictions on VKT saturation for other countries can be made with a certain 4 

confidence.  5 

Further research is required with regard to all factors influencing automobility. In particular, the 6 

relationship between spatial development, the emergence of new technologies and services and 7 

policies warrants more attention.  8 

 9 

ACKNOWLEDGMENTS 10 

The study was funded by the Institute of Mobility Research (ifmo) and we express our gratitude 11 

to Dr. Peter Phleps for his support and expert input. The preceding study carried out by Ecola et 12 

al. (2014) provided the idea and laid the ground for conducting this updated and broadened 13 

study. We would like to thank particularly Liisa Ecola, Charlene Rohr and Johanna Zmud for 14 

allowing us to build on this earlier work. Furthermore, the study would not have been possible 15 

without the engaged contributions from our fourteen country experts to whom we also express 16 

our great gratitude . The participating experts were (in alphabetical order): Christian Boettger, 17 

A+S consultancy, Saint-Petersburg, Russia; Prof. Dr. Antonio Nelson Rodriquez da Silva, 18 

University of São Paulo, São Paulo, Bazil; Vadim Donchenko, researcher at the Transport 19 

Ministry, Moscow, Russia; Prof. Pan Haixiao, Tongji University, Shanghai, China; Prof. Lu 20 

Huapu, Tsinghua University, Beijing, China; Prof. Johan W. Joubert, Universtiy of Pretoria, 21 

Pretoria, South Africa; Prof. Dr. Jeffrey R. Kenworthy, University of Applied Science, Frankfurt 22 

Main/Germany, for Australia; Dr. Thomas Meissner, BMW, Munich, Germany; Dr. Marthetha 23 

Mokonyama, Council for Industrial and Scientific Research, Pretoria, South Africa; Dr. Luiz 24 

Alfonso dos Santos Senna, Federal University of Rio Grande del Sur, Porto Alegre, Brazil; Dr. 25 

Senathipathi Velmurugan, Central Road Research Institute, Delhi, India; Prof. Dr. Ashish 26 

Verma, Indian Institute of Science, Bangalore, India; Prof. Toshiyuki Yamamoto, Nagoya 27 

University, Nagoya, Japan; and Dr. Johanna Zmud, Texas A&M Transportation Institute, 28 

Arlington, United States. 29 



25 
 

 1 

AUTHOR CONTRIBUTIONS 2 

The authors confirm contribution to the paper as follows: study conception and design: Stefan 3 

Seum, Tobias Kuhnimhof; data collection: Angelika Schulz, Stefan Seum; analysis and 4 

interpretation of results: Stefan Seum, Angelika Schulz, Tobias Kuhnimhof; draft manuscript 5 

preparation: Stefan Seum, Angelika Schulz. All authors reviewed the results and approved the 6 

final version of the manuscript. 7 

 8 

REFERENCES 9 
 10 
Alcamo, Joseph (2008). The SAS Approach: Combining Qualitative and Quantitative 11 
Knowledge in Environmental Scenarios. In: Alcamo, J. (Ed.) 2008. Environmental Futures: The 12 
Practice of Environmental Science Analysis. 13 
 14 
Angel, Shlomo; Alejandro M. Blei, Jason Parent, Patrick Lamson-Hall, and Nicolás Galarza 15 
Sánchez (2016): Atlas of Urban Expansion – 2016 Edition, Vol. 1: Areas and Densities. Co-16 
published by the NYU Urban Expansion Program at New York University, UN-Habitat, and the 17 
Lincoln Institute of Land Policy. https://www.lincolninst.edu/sites/default/files/pubfiles/atlas-of-18 
urban-expansion-2016-volume-1-full.pdf 19 
 20 
Berlin Institute (2015): How to foster a dividend - Case Studies from Africa, Asia, and Latin 21 
America: Latecomer Brazil, background paper, Berlin: Berlin-Institute für Bevölkerung und 22 
Entwicklung. https://www.berlin-institut.org/fileadmin/user_upload/Weltbank/final_brazil.pdf  23 
 24 
BITRE (Bureau of Infrastructure, Transport and Regional Economics) (2012): Traffic Growth: 25 
Modelling a Global Phenomenon., Research Report 128, Canberra (Australia): 316 pp. 26 
https://bitre.gov.au/publications/2012/files/report_128.pdf 27 
 28 
Bolt, Jutta; Robert Inklaar, Herman de Jong, and Jan Luiten van Zanden (2018): ‘Rebasing 29 
‘Maddison’: new income comparisons and the shape of long-run economic development, GGDC 30 
Research Memorandum, 174. University of Groningen, Groningen Growth and Development 31 
Centre. 32 
 33 
Bullock, Richard; Ying Jin, Gerald Paul Ollivier, and Nanyan Zhou (2014): “High-Speed Rail in 34 
China: A look at Traffic”, China Transport Topics, No. 11; World Bank Office Beijing. 35 
http://documents.worldbank.org/curated/en/451551468241176543/High-speed-railways-in-36 
China-a-look-at-traffic  37 
 38 



26 
 

Dargay, Joyce; Dermot Gately, and Martin Sommer (2007): Vehicle Ownership and Income 1 
Growth, Worldwide: 1960-2030. The Energy Journal, vol. 28, no. 4, 143-170. 2 
http://www.jstor.org/stable/41323125 3 
 4 
Ecola, Liisa; Charlene Rohr, Johanna Zmud, Tobias Kuhnimhof, and Peter Phleps (2014): The 5 
Future of Driving in Developing Countries. Institute for Mobility Research (ifmo). 6 
https://www.ifmo.de/files/publications_content/2014/ifmo_2014_BRIC_automobility_en.pdf  7 
 8 
Gao, Yuan; Jeffrey R. Kenworthy, Peter Newman, and Weixing Gao (2018): Transport and 9 
Mobility Trends in Beijing and Shanghai: Implications for Urban Passenger Transport Energy 10 
Transition Worldwide. In: Droege, Peter (ed.), Urban Energy Transition, 2nd Edition, p. 205–224. 11 
 12 
GIZ (Deutsche Gesellschaft für Internationale Zusammenarbeit) (2017): International Fuel Prices 13 
2016 (Database), personal copy provided by Armin Wagner. Further information: 14 
https://www.giz.de/expertise/html/4282.html  15 
 16 
GIZ (Deutsche Gesellschaft für Internationale Zusammenarbeit) (2018): Towards decarbonising 17 
transport – A stocktake on sectoral ambition in the G20. Report published on behalf of the 18 
Federal Ministry for the Environment, Nature Conservancy and Nuclear Safety. 19 
 20 
IEA (International Energy Agency) (2009): Transport Energy and CO2. OECD/IEA Paris, 21 
France. 22 
 23 
IEA (International Energy Agency) (2016): Energy Technology Perspective 2016. OECD/IEA 24 
Paris, France. 25 
 26 
IIASA (International Institute for Applied Systems Analysis) (2016): SSP (Shared 27 
Socioeconomic Pathways) Public Database, Version 1.1, Scenario SSP2. 28 
https://tntcat.iiasa.ac.at/SspDb  29 
 30 
ITF (International Transport Forum) (2017): ITF Transport Outlook 2017. OECD International 31 
Transport Forum, https://doi.org/10.1787/9789282108000-en  32 
 33 
Kenworthy, Jeff R. (2018): Reducing Passenger Transport Energy Use in Cities. A comparative 34 
perspective on private and public transport energy use in American, Canadian, Australian, 35 
European and Asian cities. In: Droege, Peter (ed.), 2018, Urban Energy Transition. 36 
 37 
Kuhnimhof, Tobias; Charlene Rohr, Liisa Ecola, and Johanna Zmud (2014): Automobility in 38 
Brazil, Russia, India and China – Quo Vadis? Transportation Research Record: Journal of the 39 
Transportation Research Board, No. 2451, Transportation Research Board of the National 40 
Academies, Washington, D.C., 2014, pp. 10–19. https://doi.org/10.3141/2451-02 41 
 42 
Niederberger, M. & Wassermann, S. (Ed.) (2015). Methoden der Experten- und 43 
Stakeholdereinbindung in der sozialwissenschaftlichen Forschung. Springer VS. ISBN 978-3-44 
658-01686-9. 45 
 46 



27 
 

Pojani, Dorina and Dominic Stead (eds.) (2017): The Urban Transport Crisis in Emerging Cities. 1 
Springer. 2 
 3 
Schellekens, Philip (2016): Demographic Change and Economic Growth in the BRICS: 4 
Dividend, Drag or Disaster? Presentation based on the 2015/16 Global Monitoring Report 5 
(GMR), with contributions from Syud Amer Ahmed, Pinyi Chen, Marcio Cruz, and Bryce 6 
Quillin. 7 
https://cgeg.sipa.columbia.edu/sites/default/files/cgeg/GMR2015%20presentation%20at%20Col8 
umbia%20University.pdf 9 
 10 
Seum, Stefan, Schulz, Angelika, and Phleps, Peter (2019, forthcoming): The Future of Driving in 11 
the BRICS Countries. Study update 2019. Institute for Mobility Research (ifmo). Munich. 12 
 13 
TomTom (2019): Tom Tom Traffic Index 2018. Ranking of additional transport time due to 14 
congestion. Internet at: https://www.tomtom.com/en_gb/traffic-index/, accessed 13. November 15 
2019. 16 
 17 
UITP (International Association of Public Transport) (2017): Urban public transport in the 21st 18 
century. Report and Dataset. International Association of Public Transport (UITP), Brussels. 19 
UN DESA (United Nations, Department of Economic and Social Affairs, Population Division) 20 
(2018): World Urbanization Prospects: The 2018 Revision. 21 
https://population.un.org/wup/Download/Files/  22 
 23 
Verma, Ashish; Senathipathi Velmurugan, Sanjay Singh, Anjula Gurtoo, Tammana Venkata 24 
Ramanayya, andMalvika Dixit (2015).:Urban Mobility Trends in Indian Cities and Its 25 
Implications. . In: A. Gurtoo and C. Williams (eds.), Developing Country Perspectives on Public 26 
Service Delivery. Springer India 2015. https://doi.org/10.1007/978-81-322-2160-9_7, p. 95–115. 27 
 28 
WEC (World Energy Council) (2011): Global Transport Scenarios 2050., London, United 29 
Kingdom.  30 
 31 
World Bank (2016): Global Monitoring Report 2015/2016: Development Goals in an Era of 32 
Demographic Change, Washington, DC: World Bank, 283 pp. https://doi.org/10.1596/978-1-33 
4648-0669-8 34 
 35 
World Bank (2019): World Development Indicators (WDI), update: January 24, 2019: 36 
https://datacatalog.worldbank.org/dataset/world-development-indicators. License: CC-BY 4.0 37 
 38 
Wu, Na, Shengchuan Zhao, and Qi Zhang (2016): A study on the determinants of private 39 
motorization in China: Findings from the panel data. Transportation Research Part A, 85 (2016) 40 
186–195. 41 
 42 
Appendix 43 
Values of the Gompertz function depicted in Figure 1. 44 
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ϒ 9,91E+03 9,32E+01 8,50E+03 1,41E+02 6,00E+03 3,84E+02 1,52E+04 1,79E+02 

α 2,04E+01 3,37E+00 7,02E+00 3,96E-01 5,25E+00 3,41E-01 5,93E+00 4,15E-01 

β 1,77E-04 8,61E-06 9,58E-05 3,42E-06 7,20E-05 5,69E-06 9,33E-05 3,76E-06 
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