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This paper is a comparative study of the transportation demand for petroleum products (gasoline and diesel) in the two Asian Countries, South Korea and Indonesia.  Using annual time series data for the period 1973 to 2003 the Structural Time Series Model is used to estimate the price and income elasticities.  Aggregate demand is estimated alongside a share equation for gasoline.  The results for both countries reveal that the demand for petroleum products are price inelastic but income elastic in the long run.  Furthermore, the estimated demand functions are used to construct a forecast of future transportation demand for petroleum products to 2015 under three scenarios; business as usual, low, and high respectively. 
Introduction and Background
The objective of this study is to use time series data for the period from 1973 to 2003 in Structural time series model and make a comparisons and contrast of transportation sector demand for petroleum products in South Korea and Indonesia.

South Korea and Indonesia shared some basic differences and similarities that are relevant to their use of petroleum product. The two countries differ in energy resources endowments, geographical area, population size as well as the size of their economies and levels of technological developments.  

South Korea is a severely energy import-dependent middle income developing country whose over 80 percent of primary energy supply are sourced from imports. Indonesia on the other hand, is richly endowed with abundance of energy resources of both hydrocarbon and renewable energy.


Secondly, South Korea is a small country with a moderate population of about 48.294 million as at 2003. Indonesia on the other hand, is a huge country with a population of over 214.674 million as at 2003. 

Similarly, South Korea is more technologically advanced with higher growth of GDP. For example, in 2003, the total annual GDP in South Korea was $954.916 billion. In addition, substantial pert of its income comes from manufacturing sector. On the other hand, Indonesia is not as technologically advanced as the former; also its annual GDP is less than the former. For example, in 2003, the total GDP of Indonesia was $679.9116 billion. Furthermore, substantial amount of Indonesia’s income comes from exports of energy.  

On the other hand, over the last four decades both countries have been witnessing rapid and accelerated increase in petroleum products consumption by their transportation sectors of their economies.  This is probably attributable to some underlying factors such as the structural shift recorded in both countries during the last three decades brought about urbanization and motorization leading to accelerated rise in consumption of petroleum products in both. Therefore, based on these factors, the justification of this study needs not to be overemphasized. 
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Figure 1.1  Aggregate Per Capita Consumption of Petroleum Product 1973-2003

Data Source: IEA, 2006, calculated by the author
 Figure 1.1 presents the comparisons of the aggregate per capita consumption of petroleum products for the South Korea and Indonesian transportation sector during the period 1973 to 2003. 
The per capita consumption in South Korea increased from 76.55Ktoe in 1973 to 147.54Ktoe in 1983. Furthermore, consumption in South Korean transportation sector further increased to 477.71ktoe in the year 1993, and finally reached the peak of 719.74Ktoe in the final year of 2003.


Similarly, the figure presents the Indonesian transportation sector per-capita consumption of petroleum products in kilo tons of oil equivalents over the period 1973 to 2003.  From the figure, the Indonesian transportation sector per-capita aggregate products consumption increased from 24.94Ktoe in 1973 to 43.95Ktoe in 1983. Furthermore, the consumption of products increased further to 73.99Ktoe in 1993 and finally, reached the peak of 111.61Ktoe in 2003, respectively.

Methodology

The demand for petroleum products in South Korea and Indonesia during the period of this study can be modelled as a function of economic variables such as real income and real prices of petroleum products and a stochastic trend variable showing the annual growth of energy efficiency.  

In this study, a log-linear equation is used in a structural time series model to estimate the long and short run price and income elasticities of transportation demand for total petroleum products and market share of gasoline for each country separately. 

The transportation demand for petroleum products during the period of this study can be specified as follows:
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Where: LnTCt = DC+GC


DC is per capita diesel consumption


DG is the per capita gasoline consumption

             LnYt = real per capita GDP at 1973 constant prices

LnPt = [DC/TP X DP] + [GC/TC X GP]

DP = Weighted average of real prices of diesel 

DG = Weighted average of real prices of gasoline 

μ is the stochastic trend, measuring the annual growth of autonomous consumption of the product. 

εt is the error term which is expected to follow the classical assumptions.

Second model is the market share model which can be used to estimate the share of gasoline in total consumption (gasoline and diesel) is estimated as a function of per capita real GDP, that products real price and a stochastic trend, as a proxy for energy efficiency. In the estimation, the prices of two fuels are incorporated as a difference [ i. e, GP-DP]. The market share model can specified as follows:
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Where DC/TC = 100-exp[(GC/TC)]          

Structural Time Series Models


In a specific formulation, the STSM can be formulated to allow for the unobservable trend to vary stochastically over time. Consider the following annual time series model:
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Where Et is the logs of the dependent variable (products),  
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 is the trend component, 
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 is the random white noise disturbance term which is expected to follow the classical assumption 
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 z is the k x 1 vector of explanatory variables (logs of price and income) and 
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 is a k x 1 vector of unknown parameters.

Trend Components

 The trend component 
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 is assumed to have the following stochastic process:
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Where 
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Equations (5) and (6) represent the level and the slope of the trend respectively. The exact form of the trend depends upon whether the variances 
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are non-zero then the trend is said to be stochastic. If both are zero, then the trend is linear and the model reverts to a deterministic linear trend.

Estimation 
Equations (4) together with equations (5) and (6) are estimated by Maximum Likelihood method of estimation and the disturbance terms are assumed to be independently distributed and are not correlated with each other. The hyperparameters   
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 are the building blocks of the model and they have an important role to play in the properties of the model. The hyperparameters are estimated by the Kalman filter, representing the latest estimates of the level and slope components of the trend.

To evaluate the adequacy of the estimated model, the equation residuals (similar to ordinary regression residuals) and the set of auxiliary residuals are estimated. The auxiliary residuals include the estimates of equation disturbances (known as the irregular residuals), the estimates of level disturbances known as (level residuals) and the estimates of slope disturbances (known as slope disturbance). The software used for the estimation is STAMP 6.3 (Koopman et al 2000).
The conclusions from the preliminary result of this study suggest that the demand for petroleum products is more responsive to changes in income than energy prices in both. In addition the demand for products respond differently to both changes in income and energy prices in both countries. Finally, the forecast also shows that this trend is expected to continue up to 2015.
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