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1.Background 
 
The liberalization of India economy promises a faster rate of growth of 

the economy reaching around 6.8% annually in the recent years (US 

Energy Information Administration (EIA), 2006).  India's growing 

economy has witnessed a rise in demand for transport and services by 

around 10 percent a year (The World Bank, 2006).  For the most part, 

this fast economic growth has brought a great challenge for the 

transport sector. Around the world, transportation relies on oil for 

almost all its fuel, and accounts nearly half of oil consumption. The 

coming trend in oil demand worldwide over the past decade has 

showed no signs of decrease.  Besides, the total vehicle population 

attained 17.4 million in 2002 with an annual growth rate of 9 % during 

the 1990s (Dargay et al., 2006). The question is then how this country 

will be able to meet the increased demand for transportation fuel 

driven by increased economic activities and high population growth.  

Transportation is an essential requirement for a society’s development 

and improvement of people’s life.  

 

Macroeconomic facts about India’s transport are indeed 

impressive, roads are the principal mean transportation and they 

share by almost 90 % of the country’s passenger traffic and 65 % 

of its freight. India has a very dense highway network (0.66 km of 

highway per square kilometer of land) similar to that of the United 

States (0.65). In India, the share of the transport sector to total 

GDP in 1997 was about 4.4, contributed primarily by the road 

transport sector (The World Bank, 2006). 

Recently, India is ranked the world’s sixth largest oil consumer 

after the US, China, Japan, Russia and Germany (Bp Statistical 

review, 2006). Besides, India’s domestic oil production capacity is 

limited. Consequently, India is a net oil-importing country and the 

amount of imported oil reached 80 million tons in 2005 (Bp 

Statistical review, 2006),  
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accounting for 70% of total oil consumption. Future oil consumption 

in India is expected to show strong growth (3% annually), to 154 

million tons by 2010, from 125 million tons in 2005 (US Energy 

Information Administration, 2006). A major cause of the increase in 

India oil consumption can be attributed to the rapid growth of the 

transportation sector leading in a higher growth in petroleum 

products. The issue of estimating this demand is of utmost importance 

in addressing India’s future energy policy and in affecting world oil 

market. The government has opened the domestic refining sector for 

private investment to cope with challenges facing meet the increased 

demand for transportation fuel driven by increased economic 

activities and high population growth.  

Transportation is an essential requirement for a society’s development 

and improvement of people’s life. Macroeconomic facts about India’s 

transport are indeed impressive, roads are the principal mean 

transportation and they share by almost 90 % of the country’s 

passenger traffic and 65 % of its freight. India has a very dense 

highway network (0.66 km of highway per square kilometer of land) 

similar to that of the United States (0.65). In India, the share of the 

transport sector to total GDP in 1997 was about 4.4, contributed 

primarily by the road transport sector (The World Bank, 2006). 

Recently, India is ranked the world’s sixth largest oil consumer after 

the US, China, Japan, Russia and Germany (Bp Statistical review, 

2006). Besides, India’s domestic oil production capacity is limited. 

Consequently, India is a net oil-importing country and the amount of 

imported oil reached 80 million tons in 2005 (Bp Statistical review, 

2006), accounting for 70% of total oil consumption.  

Future oil consumption in India is expected to show strong growth 

(3% annually), to 154 million tons by 2010, from 125 million tons in 

2005 (US Energy Information Administration, 2006).  

A major cause of the increase in India oil consumption can be 

attributed to the rapid growth of the transportation sector leading in a 

higher growth in petroleum products.  

The issue of estimating this demand is of utmost importance in 

addressing India’s future energy policy and in affecting world oil 

market.  

 

The government has opened the domestic refining sector for private 

investment to cope with challenges facing petroleum products 

consumption. Nowadays, the refining capacity of 127.37 MM TPA 

has almost completely eliminated the need to import petroleum 

products in the short term. 

 

 

Compared to the US fleets (), India's vehicle fleets (

)  

are in their infancy, however it is growing with an annual growth 

rate of 9% where in the US the vehicle fleets progress only at 2,8% 

annually. Taking into account both India population increase and its 

economic growth, the number of vehicles in India in the coming 

decades will soar rapidly and as result it will have considerable 

effect on India oil consumption. Hence, this sector can make worse 

import oil bill by demanding huge petroleum consumption. As a 

result, car ownership modeling for countries like India or China has 

a great impact on their fuel demand evolution in the future.  

2-Overview of the transport sector in India 

India is ranked 2sd in the world after USA in terms of transport 

network, encompassing 3,3 million kilometers (km) of roads. 

National Highways, spanning about 49,600 km throughout the 

country, are the important mean of transportation by satisfying 

about 40 % of the total road transport demand. The road transport is 

contributing about 80% in passenger traffic and about 50% in 

freight traffic compared to all other modes.  

The Ministry of Petroleum & Natural Gas 

Basic Road Statistics, Ministry of Road Transport and Highways, India.  

India's Transport Sector: The Challenges Ahead, the World Bank Group, 

2002. 
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Basic Road Statistics, Ministry of Road Transport and Highways, 
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Such a tremendous contribution of road transport can be attributed to 

a rapid growth in the population of vehicles. The growth rate was the 

highest for two-wheelers (11% per year), which constituted more than 

70% of total vehicles in 2003. Besides, the transport infrastructure has 

expanded considerably over the last decades in order to maintain 

economic growth (figure 1).  

 

Figure 1: Road length in selected countries (1980-2003) 

This sector comprises 17,4 million of vehicles and 47,5 million of 

motorcycles (two wheelers), which consume a half of petroleum 

products.  About 40.71% of the total petroleum products sales went 

into the transport sector in the form of HSD (high speed diesel) and 

gasoline during 2003/2004.  In 1970-71, 38.3% of the transport 

sector’s energy usage came from petroleum products; this ratio went 

up rapidly to 82.1% by 1986-87 and to over 95% in recent years.  

 

3-Methodology  

The econometric fuel demand model is based on car ownership model 

combined with other factors dealing with the transportation sector.  

 

 

 

 

 

 

 
 
Basic Road Statistics, Ministry of Road Transport and Highways, 
India. 
Petroleum pricing in India, The Energy and Resources Institute TERI, 
2005.  

 

 

 

The development of this model is based firstly on literature review 

in order to select the key variables generally used by others studies. 

Then, data referring to these variables were collected. Finally, the 

outputs of the model were used to draw a number of scenarios of 

future fuel demand. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Structure of fuel demand Modeling  

 

Total demand for transport fuel (F) is defined as the product of 

vehicle stock (C) by mean driving distance per car per year (U) 

divided by car efficiency eff (liter consumed per kilometer driven), 

(Dargay et al., 1997, Medlock et al., 2002, He et al., 2006 and 

Storchmann, 2005).   

  (1) 

Where: F: is the fuel consumption (million tons per year). 

C: is the number of cars or vehicle stock 

U: is the annual utilization per car (km/year) 

eff: is the average fuel efficiency (liter /km) 

I: fuel intensity (liter/year). 

 
4-Car Ownership models 
The Figure 2 illustrates the S-shape form of per capita vehicle 

ownership as a function of per capita income, revealing that there is 

a saturation level near which vehicle stock is no more influenced by 

per capita income changes.  

I*C
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=
=
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For high-income countries (USA, Japan and Germany) that are 

approaching saturation levels, the graph has a curvature form before 

reaching the saturation levels. Moreover and for low-income 

countries (South Korea) the graph has a curvature form after being 

horizontal and low, which is known as take-off zone. Consequently 

the   ownership car per capita is depicted by models offering two 

curvatures at low and high incomes and a saturation level.  Several 

authors have attempted to propose the forecast model by adjusting the 

relationship between car ownership and income using a variety of 

nonlinear methods. For instance, Dargay et al. (1997) use a Gompertz 

function, Ögüt (2004) uses both Gompertz and logistic function, and 

Button et al. (1993) use a quasi-logistic form. The following sections 

present some of the non linear models found in the literature.  

4.1-Aggregate Car Ownership Forecasting Models 

These models use aggregate time-series data to estimate the equation 

3 where the time is the only independent variable.   This approach 

was introduced by Tanner (see: Ögüt, 2004) to fit the trend of car 

ownership demand as S curve. The report of OECD Road Research 

group combines these models into (Han B., 2001): 

2   

With all parameters are positive and S represents the saturation level 

(figure 2). Different forms of models can be derived given specific 

values to m and n: 

Logistic: m = 1, n = ∞   

Gompertz: m = ∞, n = ∞  

Power: m = 1   
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The drawback of these models is the use the time as only 

independent variable to substitute social and economic factors 

influencing car ownership levels. This largely limits the usefulness 

of this approach.  Tanner has introduced a logistic model, then he 

has modified it by adding the other variables of the income and the  

 

motoring costs as, where i is the per capita income, p is motoring 

costs; a, b, c, and d are model coefficients. Also, he proposed the 

power function defined as: 

 . 

Aggregate Economic Models 

Button et al (1993) adopted the equation 4 as the model of car 

ownership level by including a set of social and economic variables 

Xi rather than only the time. Using quasi-logistic approach, this 

model can be described as: 

  (3) 

 

 

Where is a set of socioeconomic variables; a and b are parameters. 

By replacing time by these variables button work made a step 

forward compared with previous models.  

Several authors have effectively demonstrated the utility of the 

Gompertz function for simulating car stock using per capita income 

as independent variable to generate future forecast (Dargay et al., 

2006; and Ögüt, 2004).  
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C denotes the long-run equilibrium level of vehicle ownership, and 

GDP denotes per-capita income. 

 
Figure 3: Vehicle Ownership and Per-Capita Income 

Figure 3  illustrates per capita car stock as a function of GDP per 

capita for a group of countries at different levels of development. We 

can find out from the graph three stages in the evolution of Gompertz 

function. 

First, Vehicle ownership increases slowly at the lowest levels income, 

and then it grows faster at middle-income levels before reaching 

finally saturation at the highest levels of income.  These stages are 

described  

 
by the coefficients denoting saturation level and the curvature shape 

of the function. However the major limitation of these non linear 

models is that they require an assumed saturation level before running 

the cross section regression.  This may lead to significant forecast 

error due to the fact that the estimation curvature parameters depend 

heavily upon the assumed saturation level (Medlock et al., 2002).  

 

 

 

 

 

Dargay, Gately, and Sommer, (2006), “Vehicle Ownership and 

Income Growth, Worldwide: 1960-2030”.  
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4.3: India car ownership modeling 

Different functional forms that can describe the relationship 

between per capita India vehicle ownership and per capita income 

are used in our study—for instance: the logistic, quasi-logistic and 

Gompertz functions. The preference for a specific functional form is 

based on the goodness of fit of the processed data since there is no 

theoretical basis for choosing one form over the other (Dargay et al., 

1997). The model is estimated on the basis of time series data for 

some Asia countries (India, Indonesia, Malaysia, Thailand, China, 

Japan, and Korea) covering the time period from 1971 to 2002 

(appendix A).  
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Our first attempt is to estimate model parameters for each country 

individually by applying ordinary least squares (OLS) linear 

regression. It appears that the saturation levels obtained differ 

considerably between the countries (table 1). Besides, these levels 

can be summarized into three intervals: greater than 0.700 for Japan 

and S. Korea; below 0.100 for china, India and Indonesia  
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and in between for Thailand and Malaysia. In addition, saturation 

levels (measured by per capita vehicle ownership) for china, Indonesia 

and Malaysia (0.016, 0.024 and 0.222 respectively) are underestimated 

by the regression compared to those registered in the year 2002 (0.017, 

0.029 and 0.240 respectively); and they are very far from the real 

asymptotic saturation levels since these countries are only in the 

takeoff region (figure 3). Consequently it is not sensible to estimate 

the upper end of the curve by only the low income and car stock 

countries or the lower end of the curve on the basis of only high 

income (and car ownership) countries, except data were available for a 

long range.  

 

Table 1: Estimated Gompertz parameters for selected Asia 

countries 

(See Appendix B) 

Many authors have used time series cross section approach; 

regrouping all countries together when estimating the car stock models 

(Dargay et al., 1997; Button et al.1993). However, some of them have 

employed the same saturation level for all countries but with different 

curvature parameters a and b. This assumption does not constrain 

saturation to be reached at the same income level, however varying a 

and b values in the estimation allow the shape of the curve and the rate 

of increase towards saturation to differ for the various countries. 

Moreover the pooled data method is chosen because we are interested 

to reflect a common development pattern. By imposing common 

saturation level across countries, future paths of developing nations 

may be mapped by the existing paths of industrialized nations.  

Since the estimated saturation level for Japan is 0.785, we have 

supposed that the saturation level used in the pooled time-series cross-

section approach is greater than this value. Several regressions were 

conducted by varying the saturation level S from 0.800 to 0.950 in 

order to achieve the best fit (measured by adjusted R2) of the data.    

The resulting estimates are shown in the appendix B. A total of 21 

regressions were made (7 supposed levels of saturation multiply by the 

3 previous equations).  

All the estimated coefficients are statistically significant and of the 

expected signs: α and β are negative. From the Adjusted R2, we see the 

models explain the data very well; however, it is little bit difficult to 

choose the appropriate S since all estimated R2 are very high.  The 

value 0.850 represents the preferred saturation level S by which R2 is 

at its maximum for Gomperts and quasi-logistic functions (0.994 and 

0.995 respectively).  

Hence, for the remaining of this study the saturation level is 

assumed to have the value of 0.850. The following figure shows the 

EVIEWS software results for the Gompertz, logistic and quasi 

logistic function when S equals 0.850. Both Student test and Fisher 

test were satisfied, which means that the coefficients are statistically 

significant.  

 

Figure 4: India car ownership projection 

(see Appendix B) 

Figure 5: pooled time-series cross-section output for the selected 

models with saturation level S=0.850 

(see Appendix B) 

 

The models for India car stock are as follow:  

, 

 and 

  
 This plot compares the actual India car stock with the model 

estimates, over a long range of GDP per capita. We can notice from 

the graph that logistic function overestimates the car stock 

compared to Gompertz and quasi-logistic function. Moreover it has 

a vertical increase where the saturation level will be reached only 

when the India GDP per capita rises from 3000 to 5000 $ PPP.  

However, the Gompertz and quasi logistic functions have a 

reasonable rise of car stock which will be as twice as 2002 value 

(0.017) when GDP attains 3000 $ PPP. These two functions have 

nearly the same lower curvature forms but the upper ones differ 

considerably, and the saturation level will be reached at two 

distinctive GDP values 20 000 and 35 000 $ PPP.  

Income-0.334e-8.273e0.850C =

Income1.668-e1909.4281
0.850  C

+
=

2.637-Income409.6381
0.850  C

+
=
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Other variables influencing car stock 

The assumption used above, that car ownership progress is linked 

only to per capita income which is considered as the surrogate of 

other socioeconomic variables influencing the growth of car stock. 

These socioeconomic variables encompass costs (possessing and 

operating costs), age structure of the population, population density, 

urbanization, and road density. In this section we analyze the impact 

of road density per capita and income on India car stock and 

especially how road density is going to affect the shape of the s curve.  

Road Density 
 

Over the past decade, there has been growing interest in integrating 

transportation growth and its infrastructure planning, based on 

recognition that there is a mutual influence between road network and 

transportation activity. The availability of a good network of roads 

would encourage vehicle ownership; however the lack of good roads 

would discourage ownership.  

Similar to our argument with respect to the car stock we assume that 

car possession is related to per capita income and pre capita road 

density. The specification of the equations estimating the car stock 

look as follows:  

 (8) 
  

 

    (9) 

In figures 6 and 7 we depicted India car stock by means of Gompertz 

and quasi logistic functions estimated under the assumption that 

saturation level remains equal to 0.850. The car stock forecasts show 

the same trend as in the previous graphs, the quasi-logistic function 

underestimates the vehicle ownership compared to Gompertz function 

even by adding road density as the second independent variable. 

During the last five years, the per capita GDP and per capita road 

density have  

 

 

road*income*)log())
C
Slog(log(

:formlinearainoreSC
roadIncomee

11

21

ββα

ββα

++−=

=
+

)roadlog(*)incomelog(*)log()
C

CSlog(

:formlinearainor
roadincome

S  C

21

1 21

ββα

α ββ

++=
−

+
=

 

progressed annually by 3,34% and 0.67% respectively, then we 

have assumed that the per capita GDP grows by the same cadence 

(3.34% annually) and four scenarios are generated for per capita 

road density. These scenarios illustrate the effect of road 

infrastructure on S curve when the per capita road density rises at 

the following rates: 0.4%, 0.67%, 1.00% and 2.00%.  

As can be seen in these Figures, curves related to function including 

the two independent variables (income and road) are all beneath that 

with income as independent variable. At $ 10 000 income the car 

stock estimated by 0.4% road growth rate curve is 0.505 much 

lower than that given by the curve having only income as 

independent variable (0.635), but the two curves have the same 

lower and upper ends.  

 

Figure 6: effect of road network evolution on India car 

ownership by using Gompertz function 

(see Appendix B) 

 

Figure 7: effect of road network evolution on India car 

ownership by using Quasi-logistic function 

(see Appendix B) 

 

Validation of the models 

The outputs of the various models appear statistically significant 

with adjusted R2 greater than 90%. However, the efficacy of the 

models depends on the forecast accuracy which can be determined 

by computing the bias between the estimates and actual data. Hence, 

several regressions were done by suspending the last, the two last or 

the three last observations; and by comparing the estimates to 

observations taken away.  

Table 2: Estimated Gompertz parameters for selected Asia 

countries 

(see Appendix B) 
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As a test, the observations for the test period are removed from the 

time series data and the models are again generated. Then these 

models are evaluated for ex post forecast accuracy by assessing the 

mean absolute deviation (MAD) between estimated values and the 

observed ones. The test calculations are presented in Table 3. As can 

be observed, the MAD for Quasi-logistic model are lower than those 

of Gompertz model, but both are relatively higher compared to 

observed data. This is due to the fact that India car stock is very low 

to the saturation level employed. 

Fuel requirements 

Based on the equation 1, the fuel intensity per car includes two parts: 

the use of the car stock and the fuel efficiency. While, similar to the 

car stock, the car use is sensitive income and fuel prices, the fuel 

efficiency represents improvement in car consumption on long term 

basis. This could be worthy of applying regression to estimate these 

parts, which would require long past information on the fuel 

efficiency and mean distance traveled by car. These data are not 

available. Thus, we can combine with information on average annual 

vehicle use, vehicle fuel efficiency and assumptions on their future 

changes to generate fuel consumption forecasts. According to Dargay 

et al (1997), India car use is 15 km annually with a fuel efficiency of 

13 liters per 100 km decreasing by 0.5% per annum in the future. 

Combining these data with future car stock, India fuel demand is 

depicted by the following figure.  

Figure 8: Vehicle fuel demand forecasting 

(see Appendix B) 

 

Since India vehicle fleet is in the take-off zone, it will be nearly four 

times greater in 2015 ( 66 million vehicles) leading to predict fuel 

consumption of 100 000 million liters, three times more than that 

registered in 2002 (34 045 million liters). The red curve represents the 

worst case in India fuel consumption which my reach 100 000 million 

liters (273 ml/d) in 2010.  

 

 
 
 
 
 
 
 
 

Conclusion  

In this paper, econometric models have been developed for fuel 

demand in India transportation sector with an aim of generating 

forecasts in the coming decades. Vehicle ownership has been treated 

as an independent sub model within fuel demand modeling, 

influenced principally by socioeconomic characteristics of 

countries. Recent modeling efforts have incorporated effects of per 

capita income to improve the practicality of the vehicle ownership 

models.  

Pooled data approach was used to analyze the time series data 

covering seven Asian countries from 1971 to 2002. Besides, three 

functions (Gompertz, logistic and quasi-logistic) were modeled by 

this approach to depict the S curve shape of car stock  evolution. 

Under the assumption that saturation level S is equal to 0.85, India 

car ownership has been projected by means of the previous 

functions and taking into consideration the growth of per capita 

income and per capita road density. Logistic model was eliminated 

since it has generated an unrealistic car stock growth with the 

restricted saturation level of 0.85.  It is expected that India vehicle 

stock will be four times greater in 2015 than in 2002, increasing to 

nearly fifty million vehicles. Finally, our results suggest that 

significant increases in oil demand from the transport sector to fuel 

its car stock which is showing a strong growth in the approaching 

years.  Without any breakthrough technology change, it is expected 

that petroleum products will fuel the transportation sector as before. 

This has the implications for oil market and oil producers in Middle 

East and North Africa (MENA) specially    OPEC ME oil 

producers.  
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Appendix A 

The table 2 summarizes the historical data for the countries covered in this study. Each country is represented by two columns showing per-

capita GDP ($ PPP and per thousands) from 1971 to 2002, as well as car stock levels (defined as the number of cars divided by population). 

 

Table 3: per capita GDP (PPP) and per capita car ownership for a set of Asia countries 

Source: International Fund Monetary FMI 
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Appendix B 
 

Table 4: Cross section time series regression outputs for different saturation level S  
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Table 5: Estimated Gompertz parameters for selected Asia countries 

 

Source: Authors Estimation using data 1971-2002, OLS method. 

 

 
 

 
 
 
 

 

  India Indonesia Malaysia Thailand China Japan Korea 

S 0.025 0.024 0.222 0.234 0.014 0.785 0.714 

Alpha -9.500 -6.347 -6.572 -5.217 -4.701 -5.477 -7.702 

Beta -1.300 -1.325 -1.325 -0.294 -0.969 -0.119 -0.151 

Adjusted R2 0.953 0.989 0.967 0.958 0.974 0.987 0.995 

Gompertz 

 

Logistic 

 

Quasi-logistic 

 
Figure 9: pooled time-series cross-section output for the selected models with saturation level S=0.850 
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India car ownership modelling
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Figure 10: India car ownership projection 
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The effect of road density on car ownership by using Gompertz function
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Figure 11: effect of road network evolution on India car ownership by using Gompertz function 

 

The effect of road density on car ownership by using Quasi-logistic function
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Figure 12: effect of road network evolution on India car ownership by using Quasi-logistic function 
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Table 6: Estimated Gompertz parameters for selected Asia countries 

 

 

 

 
 
 
 
 

 

    Gompertz function   Quasi-logistic function 

Eliminating year 2000 2001 2002   2000 2001 2002 

the last three Actual 

data 

0.01435 0.01592 0.01655   0.01435 0.01592 0.01655 

observations Estimated 

data 

0.018841 0.02014 0.02226   0.017317 0.018317 0.019923 

  bias -0.00449 -0.00422 -0.00571   -0.00296 -0.00239 -0.00337 

  Mean 

absolute 

deviation 

0.0048       0.0029     

Eliminating year 2001 2002     2001 2002   

the last two Actual 

data 

0.01592 0.01655     0.01592 0.01655   

observations Estimated 

data 

0.019327 

  

0.021329     0.01751 

  

0.01900   

  bias -0.003409 -0.004780     -0.00159 

  

-0.00245   

  Mean 

absolute 

deviation 

0.0040       0.0020     

Eliminating year 2002       2002     

the last Actual 

data 

0.01655       0.01655     

observation Estimated 

data 

0.020752       0.018656     

  bias -0.00420       -0.00210     

  Mean 

absolute 

deviation 

0.0042       0.0021     
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Vehicle fuel demand forecasting
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Figure 13:Vehicle fuel demand forecasting 
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