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Abstract of Dissertation 

 

Thailand’s Energy Security: Strategic Petroleum Reserve and its Economic Impacts 

 

 This dissertation studies Thailand’s energy security from three related 

perspectives, the role of oil on the Thai macroeconomy, the sectoral demand for oil in 

Thailand, and the Strategic Petroleum Reserve (SPR) policy for the Thai economy. 

 

 The first part of my dissertation estimates an error correction model of aggregate 

production function for Thailand.  Thai economic growth is modeled as a function of 

labor, capital, and oil consumption.  Unlike previous studies that focus on testing the 

causal relationship between energy consumption and economic growth, I focus on 

measuring the elasticity of economic growth with respect to oil consumption and oil 

prices.  I find a cointegration relationship between GDP, capital, labor, and oil 

consumption.  The results suggest that there exists a constant-return-to-scale 

characteristic in Thailand’s aggregate production function with the contribution of labor, 

oil, and capital to output around 68, 19, and 13 percent respectively.  The long-run and 

short-run contribution of oil consumption to the economy appears to be fairly close, 

suggesting that oil has a critical role in the Thai economy.  In the short run, oil shortages 

have a much more severe impact on Thai economy than the effects of an oil price shock.  

For example, a 10 percent shortfall in oil consumption might cause economic growth to 

shrink by 2 percent within the same year while a sharp10 percent rise in oil prices can 



x 

lead output growth to a fall by about 0.5 percent.  The response of output to increases and 

decreases in oil prices is found to be asymmetric in the short run. 

 

 The second part of my dissertation examines the short-run and long-run 

determinants of final oil consumption in seven major economic sectors in Thailand. Two 

different approaches are compared.  The first approach uses dynamic panel data 

estimation techniques taking into account oil consumption of the whole economy in an 

aggregate manner.  The second approach employs the Autoregressive Distributed Lag 

(ADL) error correction framework to model oil demand in each economic sector 

separately.  The results show that the dynamic panel data approach appears to give 

estimates consistent with the economic theory.  The signs on the coefficients are correct 

and the magnitude of long-run responses is larger than that of the short-run responses.  

The single sector model approach yields similar but richer results. Since constant slopes 

are not imposed across sectors the characteristics and dynamics and responses can differ 

across sectors. 

 

 The third part of my dissertation develops a simple Dynamic Stochastic General 

Equilibrium (DSGE) model to investigate the economic consequences of the SPR for a 

“small oil-importing economy.”  This economy is subject to the risk of oil shocks. 

Government policy-makers attempt to mitigate the macroeconomic impacts of the shocks 

by establishing a SPR.  The assigned values of the parameters in the model aim to reflect 

the basic characteristics of the Thai economy.  The simulation results show that the 

impulse responses of key economic variables for different degrees of oil shocks follow 



xi 

the same pattern.  When the degree of the shock increases, the magnitude of the stock 

drawdown increases, which helps lower the negative impact on economic welfare.  I 

examine the welfare effects from alternative sizes of the SPR and the opportunity cost for 

the economy that result when it has to sacrifice additional resources to maintain and 

operate the SPR. This lowers the level of resources available for production and 

consumption in the long run.  There exists a trade- off relationship between the sacrificed 

welfare in the long run and the less volatile welfare in the short run. 
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Chapter 1 

Introduction 

 

 My dissertation examines the relationship between energy policy and the 

macroeconomy particularly how the role of energy security policies affect 

macroeconomic variables. 

 

 Thailand has experienced a remarkable record of economic growth during the past 

three decades.  The level of oil consumption has risen considerably to propel economic 

growth by more than five-fold since 1976.  However, oil prices have risen considerably 

since 2000 and there has been a growing dependence on oil imports from the Middle East 

where the geopolitical situation has been unsettled.  The fear of oil disruptions has 

escalated during this time.  Consequently, the Thai government has made energy security 

a top priority of the Thai national energy policy agenda in order to secure energy supplies 

sufficient for and vital to economic development. 

 

 I divide my dissertation into three parts.  The first two parts aim to study both the 

supply and demand side of oil in the Thai economy.  These results provide an insight into 

the energy security of Thailand, in particular oil security.  Results from these studies were 

later brought into the analytical model of the third part where the focus is on the Strategic 

Petroleum Reserve (SPR), which is one of the tools used to strengthen energy security. 
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 Chapter 2 presents the first part of my dissertation that examines the impacts of 

oil shocks in a dynamic model of economic growth as a function of capital, labor, and oil 

using Thailand’s time-series data from 1976 to 2007.  In the existing literature, several 

studies have been done in this area for developed countries.  Yet, little comparable 

research has been conducted for developing countries.  Moreover, most studies aim to 

test for a Granger causality relationship between output and energy rather than to 

measure the quantitative impact of energy on output. 

 

 My research contributes to the existing literature by examining the impact of oil 

shocks in a dynamic model framework.  To my knowledge, this is the first study for 

Thailand that employs both short-run and long-run information to model aggregate output 

from the supply-side perspective while also taking into account the impacts of oil prices.  

A long-run cointegration relationship between GDP and factors of production, namely 

capital, labor and oil has been found.  My results also suggest that there exists a constant-

return-to-scale characteristic in the aggregate production function.  Oil and labor have an 

immediate impact on the national output while capital affects the economic growth in the 

long run. 

 

 Chapter 3 presents the second part of my dissertation that examines the short-run 

and long-run demand elasticities for oil in seven major economic sectors including 

Agriculture, Construction, Electricity, Manufacturing, Mining, Residential, and 

Commercial, and Transportation.  There have been numerous empirical studies of oil 
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demand in developed countries.  However, oil demand models from a developing country 

perspective may require a different modeling framework. 

 

 My study modifies the oil demand model traditionally used in the literature in two 

ways.  First, it takes advantage of a sectoral database that extends from 1980-2007 to 

estimate demand elasticities.  Two approaches have been used and the results are 

compared.  The first approach is the disaggregate approach which estimates the single 

sector demand model of each sector individually while the second approach aggregates 

oil consumption of the whole economy and applies the dynamic panel data approach.  In 

addition, the effects of alternative energy prices have been considered as energy 

substitution has played an increasing role in Thailand in order to avoid adverse impacts 

from excessively high oil prices during the past decades. 

 

 The results show that the dynamic panel data approach produces estimates 

consistent with the economic theory, including correct signs and a greater magnitude of 

long-run responses than short-run responses.  The single sector approach also provides 

similar but richer results with interesting policy implications.  These results will be useful 

for future policy formulation. 

 

 Chapter 4 presents the third part of my dissertation which focuses on developing a 

simple Dynamic Stochastic General Equilibrium (DSGE) model for a small-oil-importing 

economy represented by Thailand.  This economy is vulnerable to the risk of oil shocks 

that cut the oil supply from an oil-exporting economy sharply and cause severe economic 
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damage.  The government attempts to alleviate the impacts of oil supply shocks by 

establishing a SPR. 

 

 There was significant research on SPRs during the 1970s and 1980s.  However, a 

common assumption of the SPR in those models is based on a large-oil-importing 

economy like the U.S.  The sizable amount of oil stock acquisition and drawdown of a 

large-oil-importing economy has a significant impact on the global oil market whereas 

the impact of small-oil-importing economy is considered negligible.  To the best of my 

knowledge, this is the first study of a SPR using a DSGE model for a specific small oil-

importing economy.  The model has been used to investigate the macroeconomic 

performance and social welfare effects resulting from using a SPR during oil disruption 

periods.  This provides insight into the basic function of a SPR and its policy implications 

for the economy. 

 

 Finally, Chapter 5 of my dissertation summarizes the major findings of the three 

parts and concludes with suggestions for methodological extensions and future research 

directions. 
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Chapter 2 

A Muitivariate Cointegration Analysis of the 

Role of Oil in the Thai Macroeconomy 

 

2.1 Introduction 

 

 Thailand has experienced a remarkable record of economic expansion during the 

past three decades.  The national output has grown by about six percent per year in real 

terms between 1976 and 2007.  During this time the economy has developed gradually 

from traditional agriculture toward more modernized manufacturing and service 

industries.  It has long been realized that energy enhances the productivity of capital, 

labor, and other factors of production.  Therefore, to serve the rapid increase in energy 

demand, development in the energy sector has been continuous, with oil taking about a 

50 percent1 share of overall energy consumption over time. 

 

 Consequently, the level of oil consumption has risen considerably, more than 

fivefold since 1976.  However, with a scarcity of indigenous resources, Thailand must 

rely heavily on crude oil and petroleum products from foreign sources, especially from 

the Middle East.  This has made Thailand susceptible to the adverse impacts of oil shocks 

that can occur in two forms: supply shocks and price shocks.  Since the first oil shock in 

1973, there have been at least three additional major oil shocks including the Iran/ Iraq 

crisis in the late 1970s and Gulf Wars I and II in 1990-1991 and 2003.  Future oil shocks 

                                                 
1 Oil has maintained its share at a steady level throughout the period of study.  The data show that in 2007 
the share of oil, electricity, natural gas, coal, and renewable energy are 49, 18, 6, 10, and 17 percent of the 
final energy consumption respectively. 
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are likely if world political unrest persists.  These events have prompted me to analyze 

the role of oil in the Thai economy. 

 

 In the existing literature, energy economists’ analysis of short-run and long-run 

macroeconomic impacts of oil shock is common.  Several studies have been done in this 

area for developed countries.  Yet little comparable research has been conducted for 

developing countries.  Moreover, methodologies in those empirical studies are mostly 

geared towards testing for a Granger causality relationship between output and energy 

rather than trying to measure the quantitative impact of energy on output.  As a result, my 

contribution to the literature examinnes the impacts of oil shocks in a dynamic model of 

economic growth as a function of capital, labor, and oil, using Thailand's time-series data 

from 1976 to 2007.  To my knowledge, this is the first study for Thailand that employs 

both short-run and long-run information to model aggregate output from the supply-side 

perspective while also taking into account oil price effects under an error correction 

modeling framework. 

 

 My findings suggest that there exists a long-run cointegrating relationship 

between GDP and factors of production i.e. capital, labor, and oil with statistical 

significance and correct signs as suggested by the theory.  In addition, the aggregate 

production function exhibits constant-return-to-scale characteristic.  The short-run 

elasticity of output with respect to oil use is positive and almost equal to its long-run 

counterpart.  Surprisingly, the results show that only oil and labor have an immediate 

impact on national output while capital tends to affect the economic growth in the long 
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run.  I used a time trend to capture technological effects and also incorporated dummy 

variables to capture the effect of the Asian financial crisis in the period 1997 to 1998; 

both help improve the performance and stability of the model significantly.  Finally, I 

employ both a single equation approach and a system equation approach in modeling the 

output growth and compare the results from both approaches. This helps to confirm the 

results of each approach and provides a better understanding of the linkage between the 

variables. 

 

 The remainder of my paper is organized into six sections.  Section 2.2 gives a 

review of the literature on energy and macroeconomy.  Section 2.3 provides a theoretical 

review of energy and economic growth.  Section 2.4 describes the data details.  Section 

2.5 discusses the empirical results.  Section 2.6 of the paper summarizes the findings of 

the paper and policy implications. 

 

2.2 Literature Review 

 

 The role of energy in the macroeconomy has long been controversial among 

economists and energy analysts.  Several empirical studies by Kraft and Kraft (1978), 

Akarca and Long (1980), and Yu and Hwang (1984) apply the Granger (1969) tests to 

investigate whether energy use stimulates economic growth or the other way round – i.e. 

whether economic growth takes precedence over energy consumption in the U.S.  The 

results of these studies are inconclusive.  Kraft and Kraft (1978) find evidence to support 

the unidirectional causality running from income to energy consumption for the case of 
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the U.S. between 1947 and 1974.  Arkarca and Long (1980) disagree with Kraft and Kraft 

(1978) and point out that data in their study are nonstationary.  Later, Yu and Hwang 

(1984) use the Sims (1972) testing technique and do not find a causal relationship 

between energy consumption and income for the U.S. between 1947 and 1979.  But, 

Stern (2000), employing a multivariate dynamic cointegration technique, argues that 

energy is significant in explaining GDP and that there is a long-term cointegration 

relationship among variables including GDP, capital, labor, and energy in the U.S. 

 

 Mashi and Mashi (1998) try to extend the study in this area by shifting the focus 

from the U.S. to two developing Asian countries, namely Thailand and Sri Lanka.  Their 

study covers the period of 1955 to1991.  They employ the cointegration technique to 

study the causality between energy consumption and economic growth in these two 

countries.  Specifically, they use a vector error correction model (VECM) in stead of a 

vector autoregressive model (VAR) since they argue that the VECM can distinguish 

between the short-run and long-run relationship among variables and can identify sources 

of causation that cannot be detected by the usual Granger causality test.  Their results 

suggest evidence to support the long-run cointegration relationship between total energy 

consumption, real income, and price level for both countries.  The long-run causality runs 

from energy consumption to income but not in another direction.  The short-run causality 

between energy consumption and income is found for Sri Lanka but not for Thailand. 

 

 The studies by Stern (2000) and Mashi and Mashi (1998) have paved the way for 

subsequent studies.  Oh and Lee (2004) follow Mashi and Mashi (1998) using VECM for 
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their study.  Moreover, they construct two multivariate models i.e. a "demand side 

model" (consisting of three variables: energy, income, and energy price) and a 

"production side model" (consisting of four variables: income, energy, capital, and labor) 

to test for the causality relationship between energy consumption and economic growth 

for Korea.  Their results suggest that there is a long-run unidirectional causal relationship 

running from GDP to energy, but there is no short-run relationship between energy and 

GDP. 

 

 In fact the production side and demand side model are sometimes not completely 

divisible as in some studies researchers may incorporate energy price into the production 

side model to reflect the co-movement of interested variables.  For example, Gardner and 

Joutz (1996) used an error correction model to study the short-run and long-run 

macroeconomic effects of energy price shocks.  They investigate the effect of energy 

prices in a dynamic model of economic growth as a function of capital stock, labor, 

energy prices, and technological innovation, using the U.S. annual data from 1949 to 

1991.  They find that the short-run output elasticities with respect to energy prices are 

half of those of the long run, and that the response of output to increases and decreases in 

energy prices is asymmetric in the short run. 

 

 Lee (2005) studies the co-movement and causal relationship between energy 

consumption and GDP by expanding the data sets to cover eighteen developing countries 

for the period 1975 to 2001.  Lee employs the panel-based error correction models 

focusing on three basic variables: GDP, energy consumption, and capital.  The results 
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indicate that the long-run and short-run causalities run from energy consumption to GDP 

but not in the other way round. 

 

 Lee and Chang (2008) reinvestigate the causal relationship between energy 

consumption and GDP, by applying the panel-based error correction model and including 

capital stock and labor for 16 Asian countries during the period from 1971 to 2002.  Their 

model is a production side model like Oh and Lee (2004).  Their results suggest that 

although the evidence does not support a short-run relationship between economic 

growth and energy consumption, a unidirectional long-run relationship running from 

energy consumption to economic growth has been found.  In their study, they also 

provide a comparative survey of other empirical studies; the parts related to Thailand are 

summarized as follows: 

 

2.3 Theoretical Review on Energy and Economic Growth 

 

 The Neoclassical growth model as proposed by Solow (1956, 1957) asserts that 

the real GDP per worker grows as a result of technological change, inducing higher levels 

of saving and investment that in turn cause the capital per hour of labor to grow.  There is 

no role of energy in the Neoclassical growth theory production function. However, many 

energy economists argue that energy should be part of the production function as energy 

has played a major role in the production process of the economy as suggested, for 

instance, by Gardner and Joutz (1996), Stern (1997), Masih and Mahih (1998), and Lee 

and Chang (2008). 
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 In this paper, I follow the line of arguments made by many energy economists and 

employ a traditional aggregate production function to explore the relationship between 

economic growth and energy except that I focus more on a specific type of energy in the 

model and replace total energy consumption with oil consumption only, since oil has long 

been Thailand’s dominant energy source. 

 

 Oil is included as a separate input in the production function of my study for two 

reasons. First, I want to capture the real nature of energy services in a capital stock 

embodying technical change and energy usage over time. These capital and energy 

services are combined with labor to produce final goods and services. 

 

 If oil/energy consumption is relatively small as in developing countries, energy 

services might not be as apparent and considered as part of capital services (i.e. machines 

and equipment). But as the role of oil/energy becomes increasingly important in the 

macroeconomy and the demand for oil/energy has grown very rapidly, the exclusion of 

oil from the production function might lead to a biased and misinterpretation in the 

econometric results.  In addition, my research pays great attention to the impacts of 

energy crisis on the economy which can happen in the form of global oil shortages. I use 

the elasticities estimated here in the DSGE model (which will be discussed in Chapter 4) 

in evaluating the welfare effects of a strategic petroleum reserve. Therefore, it is 

reasonable to my study if the results of oil contribution to the macroeconomy can be 

estimated so that it can provide useful analytical results in the later parts of my study. 
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 Therefore, I propose that the production function can be written as follows: 

 

),,( tttt OilLKfY =  (1)

 

where tY  is real GDP, tK  is lagged real total capital stock, tL  is total labor employment, 

and tOil  is the total oil consumption in the economy.  The Cobb-Douglas functional form 

has been applied with Equation (1) and it follows that 

 

teOilLKeY tttt
εββββ 4321=  (2)

 

where tε  is the random disturbance term.  The model is estimated traditionally by taking 

natural logarithms and applying the ordinary least squares in which the assumption of 

constant return to scale can be tested subsequently.  The functional form for estimation 

can be written as 

 

tttttt doillky εβββββ +++++= 54321  (3)

 

 The lower case letters in Equation (3) represent variables in natural logarithms 

while the upper case letters in previous equations are in levels.  The deterministic element 

such as trend and dummy variables can be included in Equation (3) if appropriate and is 

represented by td . 
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 One common problem found in modeling macroeconomic series is that the series 

are not stationary and may contain a unit root, which violates the basic statistical 

assumption requiring a stationary stochastic data generating process.  However, there is a 

solution to this problem as suggested by Engle and Granger (1987) and Hendry (1986) 

that even though the series are nonstationary or are integrated with order one, I(1), the 

linear combination of variables representing the long-run relationship among these 

variables can turn out to be stationary, I(0). 

 

 In the context of this study, I intend to investigate if there exists a long run 

relationship between GDP, capital stock, labor employment, and oil consumption in the 

Thai economy by employing this cointegration property. The new series representing the 

deviation from the long-run equilibrium of aggregate output called an Error Correction 

Mechanism (ECM) term can then be derived and given by: 

 

tttttt doillkyECM 54321 βββββ −−−−−=  (4)

 

 In an error correction model, variables are specified in the first differences, which 

are stationary, to represent the short-run movements in the variables together with the lag 

of the ECM term representing the deviation from the long-run equilibrium in the previous 

period.  When the ECM term is incorporated into the model, both long-run and short-run 

relationships are taken into account simultaneously and thus the dynamics of aggregate 

output in the economy can be fully captured.  The error correction model is presented as 

follows: 
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ttttttt ECMdoillky εαααααα +++Δ+Δ+Δ+=Δ −1654321  (5)

 

 Since the model in this form is stationary, the statistical inference can be 

performed as usual.  The contemporaneous coefficient of each variable represents the 

short-run elasticity of output with respect to that variable.  The coefficient of the ECM 

term, 6α , can be interpreted as the speed of adjustment back to its long run equilibrium 

when the aggregate output is above or below the equilibrium. 

 

2.4 Data 

 

 This section of the paper discusses the data sources and the description of the 

variables that are used in the estimation.  The data for the econometric analysis covers the 

period from 1974 to 2007.  All nominal variables are converted into real values by 

deflating with a GDP deflator that uses 1988 as the base year.  The Asian Financial Crisis 

originally took place in Thailand in July 1997 but the impact on each variable persisted 

and reached its peak in 1998.  Therefore, the dummy variables for the years 1997 and 

1998 are introduced to control for the effect of this special event on the variables. 

 

 The annual GDP and capital stock series are obtained from the Thai National 

Economic and Social Development Board (NESDB), Office of the Prime Minister.  The 

GDP Deflator and Labor Employment are from the Bank of Thailand (BOT). The Oil 
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consumption2 series was obtained from the BP (British Petroleum) Statistical Review of 

World Energy June 2008, which is available online and has been updated annually. 

 

 Figure 2.1 clearly shows that the growth of oil consumption is strongly related to 

GDP growth.  Oil consumption has grown significantly.  In 1973, the total consumption 

was approximately 56 million barrels; by 2007 it had grown by five times to over 332 

million barrels within those 35 years.  When the economy grows, oil consumption tends 

to grow at a faster rate than the output, but during periods of recession, oil consumption 

declines at a slower rate than that of output. 

 

 Capital stock has also displayed the same pattern of growth as the GDP. This can 

be seen in Figure 2.2.  During the period from 1973 to 2007, the value of real capital 

stock grew by 6.6 percent annually from 2,075 to 17,507 billion baht.  A dramatic decline 

of about 13 percent in capital stock took place in the year 1999, two years after the 

financial crisis.  However, it bounced back later in 2003, growing by 20 percent to reach 

its previous level. 

 

 Labor appears to be quite stable over time.  From 1973 to 2007, employment grew 

at a moderate rate of 2.5 percent annually from 17 million to 37 million people as can be 

seen from Figure 2.3.  The boom and bust in the economy seems to affect fluctuations in 

employment slightly, but the linkage between GDP and employment can still be observed.   

 

                                                 
2 The definition of oil consumption data given by BP is: “oil consumption data includes inland demand 
plus international aviation, marine bunkers and oil products consumed in the refining process. 
Consumption of fuel ethanol and biodiesel is also included.” 
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 Figure 2.4 shows the relationship between GDP and weighted real oil prices.  It is 

hard to tell at this point the exact relationship between GDP and oil prices. Therefore, 

more rigorous analysis is needed and the results will be discussed later in this study. 

 

 The oil price data in this study is the weighted average of the real oil price of all 

refined petroleum products used in Thailand since 1974.  The price data for all petroleum 

products are obtained from the Energy Policy and Planning Office, Ministry of Energy of 

Thailand.  The original unit of these oil prices is baht per litre but was converted to baht 

per barrel by using the conversion factor3 and then deflated with the GDP deflator to 

obtain the real price.  The next step was to compute the average real price of petroleum 

products, which is weighted by the consumption share of each respective petroleum 

product.  There are seven petroleum products considered, namely premium gasoline, 

regular gasoline, high-speed diesel, low-speed diesel, fuel oil, kerosene, and LPG 

(Liquefied Petroleum Gas).   

 

 Figure 2.5 shows that the movement of the weighted average real oil price is quite 

similar to the real spot crude oil price in Dubai, the main source of Thailand’s imported 

crude oil.  However, the movement in the weighted price series is less volatile than that 

of the Dubai price.  The benefit of using the weighted real oil price rather than the Dubai 

price is that the former provides the real price signal that is actually observed in the Thai 

economy, which will in turn bring a greater accuracy to the sensitivity analysis.  Figure 

2.6 displays the weighted nominal oil price derived from seven major oil products in 

Thailand.  It can be seen that the weighted nominal price is largely dominated by the 
                                                 
3 1 litre is equal to 0.006289704 barrel. 
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price of high-speed diesel that accounts for about a 42 percent share of the total oil 

consumption.  

 

2.5 Empirical Results 

 

 The approach used in this paper is the general-to-specific modeling approach 

advocated by Hendry (1986) and Hendry and Juselius (2000, 2001). As pointed out by 

Joutz (2004), the principal concept of this approach is to characterize the properties of 

sample data in simple parametric relationships that remain reasonably constant over time 

and make sense in an economic context.  The model starts with a general unrestricted 

model that includes all relevant explanatory variables and dynamic process.  The model 

reduction process is conducted by testing for simplification and by including relevant 

restrictions to achieve the final parsimonious model that can encompass several other 

alternative models. 

 

 There are five major steps involved in the general-to-specific modeling approach.  

The first involves examining the time series properties of the data by checking for the 

stationarity of the series and the order of integration.  The second formulates a system of 

vector autoregressive regression (VAR) that involves several tests including the 

appropriate lag length tests, residual diagnostic tests, and system stability tests.  The third 

tests for potential cointegrating relations of the variables.  The fourth interprets the 

cointegrating relations and tests for weak exogeneity.  The final step formulates the 

vector error correction model (VECM) that employs the cointegration result found in the 
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previous step.  This last step involves the model reduction process and the residual 

diagnostic tests as well as model stability tests.  The outcome of these five steps is the 

final specific (parsimonious) model that will be used for further economic interpretation 

and prediction. 

 

2.5.1 Unit Root Tests 

 

 I follow Campbell and Perron’s (1991) suggestions to investigate the presence of 

unit roots in the series by using the Augmented Dickey-Fuller (ADF) test.  There are 

three forms of ADF regression specifications used for this test. 
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 For any series tz  , three forms of ADF regression specifications have been used 

for unit root tests as shown in Equations (6) to (8).  These three specifications differ in 

terms of the assumption underlying the deterministic component terms.  Equation (8) 
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contains both intercept, 0δ , and trend term, t , while there is no intercept and trend term 

in Equation (6).  Equation (7) has the intercept term but not trend term. 

 

 The results of the unit root tests based on Equations (5) to (7) are presented in 

Table 2.2.  The tests have been applied to the log level series and the first difference 

series.  The results of the log level series are shown in the upper panel of Table 2.2, while 

the results of the first difference series are reported in the lower panel of the same table.  

The null hypothesis of the ADF test is whether unit root exists within the series.  If the 

null cannot be rejected by comparing the test statistics with the critical values of the ADF 

tests, it suggests that there is a unit root and the series is nonstationary. 

 

 The results in the upper panel of Table 2.2 indicate that there is evidence to 

support that all level series contain a unit root.  This implies that they are nonstationary 

and possibly are integrated by order one, I(1).  The results in the lower panel are 

generated by testing the same hypothesis on the first difference series.  These results 

found that the null hypothesis of the unit root can be rejected in most cases.  Given the 

test results from the level series and the first difference series, it can be concluded that the 

GDP, capital, labor, and oil consumption series are I(1) and stationary in its first 

difference. 
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2.5.2 The VAR System 

 

 I specify a four variable VAR system.  The sample period extends from 1976 to 

2007.  The model includes the log level of the real GDP, the real capital stock, the labor 

employment, the total quantity of oil consumption, a trend term, and a dummy variable.  

Between 1997 and 1998 there was a sharp decline in all variables as a result of the 1997 

Asian Financial Crisis that took place in Asia, beginning in Thailand.  A pulse dummy4 

with a value set equal to one in 1998 and zero otherwise was constructed and included in 

the model to capture the unusual effect of the crisis on the variables.  The VAR system 

can be written as follows: 
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X  and the last term tE  is a matrix of white noise error terms.  0∏  is a 

matrix of deterministic components that include constant term, trend term, and dummy 

for 1998.  i∏  are a coefficient of matrices at different lags.  k is the appropriate lag 

length chosen by statistical criteria that will be discussed later. 

 

                                                 
4 A pulse dummy variable for 1997 is not included in the VAR system since the shock took place in the 
second half of the year and the effects of the shock are not explicitly displayed in the annual data.  
However, I did include a dummy 1997 in the error correction model to capture the effect that might take 
place in the short-term during that year. 



21 

 The appropriate lag length for the VAR and cointegrated analysis was determined 

by the results from two statistical tests.  First, I used the Information Criteria including 

AIC (Akaike Criterion), SC (Bayesian Schwarz Criterion), and HQ (Hannan-Quinn) to 

consider the trade- off between bias (too few lags) and variance (too many lags).  Then I 

used the Wald F-tests to compare the fit of the maintained model against the reduction 

model but excluded the number of lags of explanatory variables. 

 

 The VAR system began with three lags called VAR(3), then the tests mentioned 

above were conducted.  The test results are presented in Table 2.3.  For the Information 

Criteria, the results are not consistent.  The SC values decline continuously from -12.33 

at three lags to -13.46 at one lag.  However, the AIC and HQ decline from -15.08 and -

14.16 at three lags to -15.12 and -14.46 at two lags respectively.  Therefore, with the SC, 

it suggests that the appropriate lag length should be one, while AIC and HQ support a lag 

length of two.  Considering the Wald F-tests, it was found that the null hypothesis of 

lowering the lag length from three to two could not be rejected with the p-value of 0.48 

but the null hypothesis of reducing the lag from two to one was rejected with the p-value 

of 0.03.  Hence, from these test results, it seems reasonable and appropriate to use a lag 

length of two in this study. 

 

2.5.3 Cointegration Analysis 

 

 Cointegration analysis helps us express the long-run relationship between 

integrated variables.  From a theoretical point of view, it seems reasonable to expect a 
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long run relationship might exist between the log of GDP (y) and the log of other factors 

of production including capital stock (k), labor employment (l), and oil use (oil).  In this 

study, I follow the Johansen’s (1988) and Johansen and Juselius’s (1990) cointegration 

test procedure that is the maximum likelihood approach.  The procedure is run on the 

second-order VAR as it is statistically acceptable to simplify the third-order to second-

order VAR as discussed in the earlier section.  Given the chosen lag length of two, the 

VAR system in Equation (9) can be rewritten 

 

tttt EXXX +Π+Π+Π= −− 22110  (10)

 

 The tX  is a (4x1) vector of nonstationary variables that are integrated of order 

one, I(1).  The i∏  are (4x4) coefficient matrices at different lags.  0∏  is a (4x3) matrix 

of deterministic components including a constant, a time trend, and a dummy 1998 

variable.  tE  is a (4x1) vector of white noise error terms.  The system in log levels can be 

converted to a model in first differences and the error correction term by subtracting 1−tX  

from both sides of Equation (10) then rearranging the terms to obtain a more appropriate 

form for cointegration analysis.  The new form of this equation is known as vector error 

correction model (VECM). 

 

tttt EXXX +Π+ΔΓ+Π=Δ −− 1110  (11)

 

 The tXΔ  is a vector of (4x1) containing only stationary, I(0), variables.  The term 

1−Π tX  contains the conintegrating relations among I(1) variables and must be I(0) by 
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definition.  The coefficient matrix 21 Π+Π+−=Π I  and 21 Π−=Γ .  If the cointegrating 

relations exist, the matrix Π  has a reduced rank of <r  4, and it can be partitioned as 

βα ′=Π  where r  is the number of cointegrating relations; α  is matrix of speed of 

adjustment coefficients and β is matrix of cointegrating relation parameters.  The rank of 

Π  can be tested by using the Johansen (1998) approach.  These tests check for the 

number of characteristic roots by using the trace statistics and the maximum eigenvalue 

statistics. 

 

 Table 2.4 presents statistics and estimates for Johansen’s procedure applied to the 

second-order VAR.  The number for rank presented in the first column represents the 

number of cointegrating relations to be tested in the null hypothesis.  The trace statistics 

test the null hypothesis of 0,1,2 or 3 cointegrating relations against the alternative 

hypothesis of more than 0,1,2 or 3 in each corresponding row.  The maximum eigenvalue 

statistics test the null hypothesis of 0,1,2 or 3 cointegrating relations against the 

alternative of 1,2,3 or 4 cointegrating relations in each corresponding row.  The 

maximum eigenvalue and trace eigenvalue statistics strongly reject the null hypothesis of 

no cointegration in favor of at least one cointegration relationship.  Although there is 

evidence that there might be more than one cointegration relation, the result is not strong 

enough and therefore can be safely ignored. 

 

 Table 2.6 reports the standardized eigenvector ( β  vector in the upper panel) and 

adjustment coefficients (α  vector in the lower panel).  These vectors depend on different 

sets of assumptions imposed on the cointegrating vectors.  The first column of the table 
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shows the original standardized cointegrating vector without any restrictions imposed.  

The implied cointegrating relationship can be written in the form of: 

 

trendlkoily *013.0*563.0*273.0*182.0 +++=  (12)

 

 All coefficients in Equation (12) have their anticipated signs.  The test for weak 

exogeneity has been conducted to determine whether disequilibrium in the cointegrating 

relationship feeds back into a subset of the associated endogenous variables.  Oil, capital, 

and labor appear weakly exogenous, whether tested individually or jointly.  For the 

individual test, as reported in Table 2.7 the null hypothesis of weak exogeneity cannot be 

rejected at 5 percent for all three variables i.e. )1(2χ = 0.011 with p-value of 0.915 for oil, 

)1(2χ = 3.776 with p-value of 0.052 for capital, and )1(2χ = 1.955 with p-value of 0.162 

for labor.  However, one might argue that the result of a weak exogeneity test for capital 

and labor might turn out to be significant if the significance level is set at 10 and 20 

percent respectively.  I agree with this concern and will proceed to the next step with 

great caution when formulating the VECM. 

 

 The results of the joint tests of weak exogeneity conducted in pairs and with all 

three variables together are reported in the lower panel of Table 2.7.  The test statistics 

indicate that all three variables are jointly weakly exogenous with )1(2χ = 7.291 and p-

value of 0.063, but the joint test of weak exogeneity for only capital and labor can be 

rejected with )2(2χ = 6.959 and p-value of 0.03.  These results seem to suggest that the 

possibility of feedback into endogenous variables from the cointegrating relation cannot 
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be fully eliminated from my consideration.  Therefore, I will proceed to the next step in 

two ways, by formulating the VECM of single equation and the VECM of a system of 

two equations.  The details of these two approaches will be discussed at the end of this 

section. 

 

 With the weak exogeneity restriction imposed on all three variables, the 

cointegrating relationship becomes Equation (13).  The estimated coefficients in Equation 

(13) are not much different from those in Equation (12). 

 

trendlkoily *016.0*719.0*128.0*235.0 +++=  (13)

 

 If the weak exogeneity conditions are imposed only on capital and labor, the 

cointegrating relation becomes 

 

trendlkoily *017.0*727.0*087.0*275.0 +++=  (14)

 

In addition, the tests of the individual and joint significance of parameters in β  vector 

were conducted.  The null hypothesis of zero coefficient for labor is strongly rejected 

with )1(2χ  = 5.7490 [0.0165] as shown in Table 2.7, while for oil and capital it cannot 

reject the null individually.  However, with the joint test, oil and capital appear to be 

jointly significant at 10 percent with )2(2χ  = 4.9363 [0.0847] and the result becomes 

more statistically significant when the weak exogeneity condition was also imposed in 

the test with )5(2χ  = 10.985 [0.0517].  This may be explained partially by the fact that 
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Thailand is a labor-intensive economy.  Historically, the aggregate output was dominated 

by the agricultural sector while currently it is driven by the service sector where both 

sectors rely largely on labor input.  Moreover, to run machines and capital-intensive 

equipments, it requires the use of energy like oil and electricity.  Thus, this might explain 

why there are jointly significant results rather than individually significant results for 

capital and oil. 

 

 It is noticeable that the sum of the three inputs’ coefficient is roughly close to 

unity.  The long-run unit homogeneity test has thus been conducted and it shows that the 

null cannot be rejected: )1(2χ  = 0.018561 [0.8916].  This implies that the aggregate 

production function of the Thai economy appears to exhibit a constant-return-to-scale 

(CRTS) characteristic in the long run.  I also conducted the homogeneity test along with 

the jointly weak exogeneity test and the result shows that the null still cannot be rejected 

as well with )4(2χ  = 7.6757 [0.1042] and the cointegrating vector then becomes 

 

trendlkoily *019.0*680.0*128.0*192.0 +++=  (15)

 

 The results from the cointegration analysis suggest that Thailand’s elasticity of 

output with respect to oil, capital, and labor are approximately equal to 0.19, 0.13 and 

0.68 respectively i.e. Labor takes the largest share of output contribution with about 68 

percent followed by oil at 19 percent5, and capital at 13 percent.  The aggregate output 

                                                 
5 The estimate for the oil elasticity appears relatively high compared with values found in OECD countries. 
The labor elasticity is consistent with estimates in emerging countries and OECD countries. One minus this 
coefficient is attributed to the capital elasticity in studies and specifications like mine. Thus, capital would 
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tends to grow normally by about 0.02 percent every year given other things constant.  If 

only homogeneity assumption is imposed, the coefficient estimates for oil, capital, and 

labor are still fairly close at 0.17, 0.28, and 0.55 as shown in column 4 of Table 2.6. 

 

 As discussed earlier, the jointly weak exogeneity condition for capital and labor is 

significant, so it is interesting to test this condition again along with the homogeneity 

condition.  The result shows that the null hypothesis cannot be rejected. Therefore, the 

aggregate production function exhibits the constant-return-to-scale characteristic while 

imposing the weak exogeneity condition on capital and labor.  The cointegration relation 

can be expressed in the following equation: 

 

trendlkoily *02.0*684.0*089.0*227.0 +++=  (16)

 

 Details of Equation (16) are presented in the last column of Table 2.6.  As 

mentioned earlier, I will proceed to the next step by using two approaches: 1) formulating 

the VECM of single equation and 2) formulating the VECM of a system of two equations.  

Each VECM has its own ECM term that reflects the underlying assumption of each 

approach.  For the VECM of single equation approach, the ECM term must reflect the 

assumption that there is no feedback into endogenous variables and thus it should be 

                                                                                                                                                 
have an elasticity of 0.32. The capital stock embodies technology change and thus incorporates oil/energy 
technology. If capital and oil were perfect substitutes, they might trade off 1:1 in the embodiment story. I 
test the hypothesis that the elasticities are equal with weak exogeniety for the capital stock and oil. The 
elasticity is 0.16 and the chi-square statistic is 3.6 with 3 degrees of freedom and cannot be rejected; the p-
value is 0.31. 
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derived from Equation (15) given that the CRTS assumption also holds.  This ECM term 

is called 1ECM  which is of the form: 

 

trendlkoilyECM ttttt *019.0*680.0*128.0*192.01 −−−−=  (17)

 

The other ECM term for the VECM of two-equation system is derived from Equation 

(16) which assumes that the CRTS assumption holds and there is a feedback into the 

labor.  This ECM term is called 2ECM  and it can be written as follows: 

 

trendlkoilyECM ttttt *02.0*684.0*089.0*227.02 −−−−=  (18)

 

 The ECM  term is derived from the long-run relationship and it expresses the 

deviation in aggregate output from its long-run mean.  The single equation approach 

implies that the cointegrating vector and the feedback coefficients enter the GDP 

equation only.  Therefore, inferences about the parameters can be conducted from a 

conditional model of the GDP alone without any loss of information.  But the system of 

two equations assumes that the cointegrating vector and the feedback coefficients enter 

both the GDP equation and the other variable simultaneously.  The VECM analysis will 

be discussed in the next section. 
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2.5.4 The Short-run Error Correction Model 

 

 The cointegration analysis in the previous section gives the long-run relationship 

among the variables.  However, to capture both short-run and long-run effects of output 

growth, a short-run error correction model must be employed.  Under the error correction 

model framework, the variables are modeled in first differences (i.e. the growth rate) and 

the coefficient of variables represents the short-run elasticity of output with respect to the 

corresponding variable.  Within the model, it also includes the ECM  term derived in the 

previous part.  The coefficient of the ECM  term represents the speed of adjustment in 

current output production to the previous equilibrium level.  It is interesting to understand 

how the oil price affects the aggregate output in the short run.  Therefore, the real oil 

price derived from the weighted real price of all petroleum products in Thailand has been 

included in the model at this point.  This section is divided into two parts.  The first part 

focuses on the VECM of a single equation while the second part considers the VECM of 

system of two equations.  The results will be compared at the end of this section. 

 

2.5.4.1 VECM of Single Equation 

 

 The general form of the aggregate output model can be written as: 
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where p  is the lag length set at one lag.  The contemporaneous values of oil, oil price, 

capital, and labor are included to capture the immediate short-run effects of the respective 

variables on output.  The dummy variables, 97dummy  and 98dummy , were included in 

the model to represent the effects from the shocks of the Asian financial crisis which 

started in July 1997 and spread negative impacts throughout the whole economy in 1998. 

 

 The results of the single-equation model are presented in Table 2.8.  The 

graphical analysis of the model including the residual diagnostic and the parameter 

constancy tests are presented in Figure 2.13 and 2.14 respectively.  The test results in 

Table 2.8 show that the general model of the aggregate output has performed well from a 

statistical point of view.  No evidence shows that there is a problem of autocorrelation, 

conditional heteroskedasticity, and normality.  These results are also confirmed by the 

residual diagnostic tests in Figure 2.13.  The graphical analysis in Figure 2.14 shows that 

one-step residuals lie within two standard error confidence bounds.  The stability of the 

model as indicated by one-step and break point Chow test suggest the rejection of the null 

hypothesis of structural breaks. 

 

 In the next step, the final parsimonious model of the aggregate output was 

obtained from the model reduction procedure by applying general-to-specific modeling 

algorithm known as Autometrics to the General Unrestricted Model (GUM).  The basic 

ideas of this model reduction is that it eliminates irrelevant variables from the general 

model and retains only meaningful variables by employing statistical tests of 

misspecification through residual diagnostics and evaluating the final models through 
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encompassing tests as suggested by Hendry and Krollzig (2001).  In this study, the 

significance level of 5 percent was chosen as a cut-off point of irrelevant variables.  The 

final results of the parsimonious model are presented in Table 2.9.  These results show 

that the model does not have any problem of autocorrelation, conditional 

heteroskedasticity, and normality.  The residual diagnostic test in Figure 2.15 also 

confirms these test results graphically.  The stability test conducted by one-step and break 

point Chow test in Figure 2.16 indicate no evidence of structural breaks.  The model in 

Equation (19) therefore has been reduced to Equation (20).  The number of estimated 

parameters has been reduced from 13 to 8 in the final model that can be shown as 

follows: 

 

)73.4()5.10()99.3()69.2(
1*21.098*13.097*05.0*15.0
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(20)

 

where t-statistics are reported in parentheses.  Equation (20) explains the relationship 

between the growth rate of output, tyΔ , and relevant explanatory variables.  As capital 

variables have been completely eliminated during the process of model reduction, it 

might suggest that oil and labor have the most immediate impact on the output growth of 

the Thai economy.  Capital, however, has only a long-run effect on output, which occurs 

through the long run adjustment process.  The ECM  term is significant and negative as 

theory predicts.  It indicates that a deviation either above or below the long-run output 

growth in this period is corrected by about 21 percent in the next year.  Although the sign 
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of the lagged labor growth is negative, this finding is quite similar to what was found in 

the study by Gardner and Joutz (1996) using U.S. data.  The dummy variables from the 

1997 to 1998 financial crisis are significant and have negative signs as expected.  The 

year 1998 has a stronger negative impact on economic growth than 1997. 

 

 Oil consumption has a positive and significant impact on output in the short run.  

A one percent increase in oil consumption in this period and the previous period can lead 

to an increase in aggregate output of 0.22 and 0.17 percent respectively.  Since the 

coefficient of toilΔ  and 1−Δ toil  are close to each other, the coefficient equality restriction 

has been tested. The test result shows that the )2(2χ  is 0.49 with a p-value of 0.48, thus 

the null hypothesis of coefficient equality cannot be rejected.  As a result, the two series 

were combined to be toilcmbΔ .  The model has been re-estimated and the results are as 

follows: 

 

)83.4()1.11()19.4()92.2(
1*21.098*13.097*05.0*16.0
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(21)

 

 From the estimated result, it can be interpreted that an increase in oil consumption 

by one percent in the short run leads to a higher economic growth by 0.19 percent.  If the 

output response to increases and decreases in oil consumption is assumed to be 

symmetric in the short run, it can be claimed that a sudden 10 percent reduction in oil 
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consumption, which might be due to a huge oil supply shock around the world, can cause 

the economic growth to fall by 1.9 percent within the same year. 

 

 Compared to the long-run elasticity of output with respect to oil found in 

Equation (15), the short-run combined effect of oil consumption on output is 

approximately equal to its long run counterpart.  This result implies that the role of oil 

consumption in Thai economy has never declined even in the long run.  The impact of oil 

shortages is still great and reflects the degree to which the Thai economy is oil dependent 

fairly well. 

 

 Considering the oil price effect on output growth, Equation (21) suggests that a 

one percent increase in oil price can slow economic growth in the short run by 0.05 

percent.  However, this is based on the assumption of a symmetric effect of oil price on 

economic growth.  Therefore, I divided the oil price variable into a positive price change 

called tpoilupΔ  and a negative price change called tpoildownΔ  and then tested the 

hypothesis of the symmetric effect of oil price.  The estimated equation is as follows: 

 

)57.4()9.10()10.4()83.2(
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 It turns out that the positive oil price change is significant at 5 percent and has 

approximately the same magnitude as what was found earlier in Equation (21) that 
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assumed the symmetric price effect holds.  However, the negative oil price effect turns 

out not to be statistically significnat.  This finding is quite interesting since we know from 

historical records that oil prices have been partially regulated by the Thai government.  

The national Oil Fund6 had been established by law as an important tool with which the 

government can intervene in the market when necessary, to ensure that domestic oil 

prices are not radically adjusted over time.  This might explain why the increase in oil 

prices seems to produce a smaller effect on Thai economy compared to the magnitude of 

0.08 found by Gardner and Joutz (1996) for the U.S. economy.  Another possible 

explanation for the negative impact of an oil price reduction is that when oil prices 

decline, the decrease in price may discourage oil consumption somewhat as consumers 

realize this means it is time to repay the subsidy to the Oil Fund that had been used when 

oil prices were high.  With the lower oil consumption, less output is generated, which is 

reflected by the negative coefficient of tpoildownΔ  even though it is not significant. 

 

2.5.4.2 VECM of a system of two equations 

 

 As it might be suspected, there is another transmission channel that can affect the 

aggregate output. This part of the paper examines yet another way to model output 

growth by using the system of two equations.  The system of two equations consists of 

equation of output and labor.  The ECM2 derived in the earlier part to represent the long-

run adjustment mechanism was incorporated into both equations.  The system starts with 

one lag like the single equation approach and includes all possible explanatory variables 
                                                 
6 Oil Fund was established in 1979 and has been used to stabilize oil prices.  During periods of unusually 
high oil prices, the Oil Fund is used to subsidize retailers in order to maintain the level of domestic prices, 
but during times of normal prices, a portion of revenue from retail oil sales is allocated to the Oil Fund. 
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namely labor, capital stock, oil consumption, oil price and dummy variables of financial 

crisis.  Then, the model reduction process with the significant level cut off point at 10 

percent had been conducted to attain the final parsimonious model which retains only 

relevant explanatory variables.  The results of the final model are presented in Table 2.13.  

The summary results for the estimated system are shown as follows: 
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 The equation system (23) consists of two parts.  The upper part reports the results 

of the output growth, tyΔ , equation while the lower panel presents the results of the labor 

growth, tlΔ , equation.  Compared with the results of single equation (20), the one-period 

lagged output growth, 1−Δ ty , turns out to be significant and to have a positive effect in the 

labor equation but is still insignificant in the output equation.  The lagged labor growth, 

however, is highly significant and has a negative impact on both equations.  This seems 

to suggest that greater use of labor in this period tends to be followed by lower 

employment and lower output in the next period while other factors remain constant.  

One possible explanation is that there might be voluntary unemployment in the next 
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period if enough can be earned in the current period and savings set aside for the 

following period.  Another possible reason for the lag in labor growth is the phenomenon 

of labor moving from the agricultural sector to the manufacturing and service sectors 

temporarily, then shifting back to rural homelands to work on farmland again when 

conditions permit.  However, as the coefficient of 1−Δ ty  is positive and significant, it can 

be interpreted that economic growth in the current period still has a positive influence in 

drawing labor back to the metropolitan area during the following period.  Nevertheless, 

labor is not this paper’s topic of interest; therefore, I will leave it here and focus more on 

oil. 

 

 Considering other coefficient estimates in the output equation in the system (23), 

the results are fairly close to what have already been obtained in Equation (20).  

Increased oil consumption has a positive impact on output growth: a one percent increase 

in oil consumption in this period and the previous one produces a combined effect of 

about a 0.35 percent increase in economic growth during this period.  When considering 

the labor equation, increased oil consumption in the current period has a positive impact 

on labor employment while a lag in oil consumption has a negative effect on labor 

growth.  This might be interpreted to indicate that, in the short run, oil and labor 

complement and reinforce each other within the same period. 

 

 Oil price is significant and has a negative impact on output: a one percent increase 

in oil price leads to a 0.05 percent reduction in economic growth.  Although the sign of 

the oil price coefficient in the labor equation is negative as well, it is only marginally 
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significant.  This implies that it cannot be certainly claimed that labor is a substitute input 

for oil. 

 

 The error correction term is negative and significant in both equations: -0.22 for 

the output equation and -0.35 for the labor equation.  These results indicate that when 

either output and labor deviates from its long-run growth, output can adjust by 22 percent 

and labor can adjust by 35 percent within the first year back to regain the long-run 

equilibrium. 

 

 Overall, the models have coefficients with expected signs and reasonable 

magnitudes.  The models also perform well statistically: no problems of autocorrelation, 

conditional heteroskedasticity and normality have been detected.  The residual diagnostic 

test in Figure 2.19 also confirms these test results graphically.  The stability test 

conducted by the one-step and break point Chow test in Figure 2.20 indicate no evidence 

of structural breaks.   

 

 Therefore, the system of two equations and a single equation approach appear to 

yield very close results.  The result from the system of two equations not only helps 

confirm the results found by the single equation approach but also provides a greater 

understanding of how the variables affect the economy over time and reveals the linkage 

between these two equations via the long-run adjustment mechanism. 
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2.6 Conclusion 

 

 I estimate an error correction model of aggregate production function for Thailand 

using the data from 1976 to 2007.  Thai economic growth is modeled as a function of 

labor, capital, and oil consumption.  The trend term representing the technological 

improvement over time and dummy variables that capture the negative impacts from the 

Asian financial crisis in 1997 to 1998 are also included.  The oil price has been 

incorporated in the short-run model to study the impact of oil prices on economic growth.  

The error correction framework allows me to measure both short run and long run 

responses of the national output to the variable of interest. 

 

 My study contributes to the existing literature by confirming the importance of 

energy to the production side of the economy.  When considering an oil crisis, the crisis 

can occur in two forms: high oil prices or oil shortages but more commonly, it occurs as a 

combination of both.  Many studies focus purely on measuring the impact of high oil 

prices on the macroeconomy.  Fewer studies have studied the impact of oil shortages and 

the combined effects of both factors. 

 

 My study tries to balance the existing literature by focusing on the effect of both 

factors.  The useful nature of the error correction framework has helped me discover 

several interesting findings about the role of oil in the Thai economy.  As expected, I 

found that an oil shortage produces a much more severe effect on the Thai economy than 

that of high oil prices.  The results suggest that a shortfall in oil consumption of 10 
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percent might cause economic growth to shrink by 2 percent within the same year while a 

sharp 10 percent rise in oil prices can lead to a fall in output growth by about 0.5 percent.  

Moreover, the response of output growth to increases and decreases in oil prices was 

found to be asymmetric.  The estimates obtained in this study can therefore be viewed as 

basic rules of thumb in computing the short- and long-term effects of oil on the Thai 

economy. 

 

 In addition, I found that the long-run elasticity of oil consumption is almost the 

same as its short-run counterpart.  This result seems to suggest that the reliance on oil 

within the Thai economy has never declined even over the long run.  The policy 

implication of this result is that emergency oil preparedness is critical if Thailand is to 

avoid an economic contraction that would result from a major oil crisis. 

 

 The null hypothesis of constant-return-to-scale was tested and could not be 

rejected, suggesting that in the long run, labor contributes about a 68 percent share of the 

aggregate output followed by oil at 19 percent, and capital at 13 percent.  I tested for the 

null hypothesis of weak exogeneity for all three production factors and the results show 

that the null could not be rejected either.  These results allow me to model the aggregate 

output in a single-equation framework where all variables are in first differences and the 

error correction term representing the long-run relationship among variables is also 

included.  However, I suspect that there is another transmission channel that can affect 

aggregate output.  Thus, I examine an alternative modeling the output growth in the 

framework of system of equations. 
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 I find that the system of two equations and a single equation approach yield fairly 

close estimated results.  The result from the system of two equations helps confirm the 

results found by the single-equation approach and it provides greater understanding of 

how the variables affect the economy over time and reveals the linkage between those 

variables.  The results also suggest that the Thai economic growth is most immediately 

influenced by oil and labor. Capital seems to play a major role only in the long run to 

influence economic growth, while oil and labor play a role in both the short and long run. 

Oil and labor seem to complement and reinforce each other in the short run.  No evidence 

was found to support the idea that labor is a short-run substitute input for oil during a 

period of high oil prices. 
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Table 2.1: Empirical Results from Various Studies on Causality between Income and Energy Consumption 
Authors 
 

Model Period Subject Causal Relationship 

Yu and Choi (1985) Production side 1954-1976 South Korea Income  energy 
   Philippines Energy  income 
   Thailand and Philippines Energy  income 
     
Masih and Masih (1998) Demand side 1955-1991 Sri Lanka and Thailand Energy  income 
     
Asafu-Adjaye (2000) Demand side 1973-1995 India and Indonesia Energy  income 
   Thailand and Philippines Energy  income 
   Turkey Energy  income 
     
Fatai et al. (2004) Demand side 1960-1999 India and Indonesia Energy  income 
   Thailand and Philippines Energy  income 
     
Yoo (2006) Production side 1971-2002 Malaysia and Singapore Energy  income 
   Indonesia and Thailand Income  energy 

Source: Lee and Chang (2008) 
Note: Energy  income denotes causality running from energy consumption to income.  Income  energy denotes causality running 
from income to energy consumption.   Energy  income denotes bidirectional causality between income and energy consumption. 
 
Table 2.2: Augmented Dickey-Fuller Test 

  Intercept & Trend  Intercept  None 
Levels  t-statistics Lag  t-statistics Lag  t-statistics Lag 
          
y  -1.86 1  -1.38 3  2.31 1 
oil  -1.99 1  -0.92 1  1.61 1 
k  -1.51 1  -0.70 1  2.86 1 
l  -1.44 1  -2.47 0  1.68 3 
 

First Differences 
          
y  -3.16 0  -3.10* 1  -1.56 0 
oil  -3.11 0  -3.12* 0  -2.49* 0 
k  -3.86* 0  -3.91** 0  -2.32* 0 
l  -8.84** 0  -7.43** 0  -5.29** 0 
Note: The ADF test covers the sample period from 1981 to 2007.  All variables are in natural logarithms.   A maximum of three lags is 
used to examine the autocorrelation of the residuals.  Three types of ADF regression specifications are considered: (1) with intercept and 
trend, (2) with only intercept (3) without intercept and trend.  The critical values for t-tests at 5% for the three ADF regression 
specifications are -3.56, -2.96 and -1.95, respectively and at 1% the values are -4.27, -3.65 and -2.64 respectively. The rejection of the 
hypothesis of the presence of unit roots is denoted by * and ** for 5% and 1% respectively. 
 
Table 2.3: Lag length Specification Tests, Wald F test for the Sequential Reduction from the Third-order VAR 
to the Second-order with sample period 1981-2007 

 

Test of Lag Length 
      

System No. of parameters Log-likelihood SC HQ AIC 
      

VAR(3) 60 301.205 -12.327 -14.164 -15.075 
VAR(2) 44 285.982 -13.109 -14.456 -15.124 
VAR(1) 28 263.923 -13.463 -14.320 -14.745 

 

 

Test of Model Reduction 
      

From To Test Statistics 
      

VAR(3) VAR(2) F(16,43)  =  0.99123 [0.4831] 
VAR(3) VAR(1) F(32,53)  =   1.4655 [0.1072] 
VAR(2) VAR(1) F(16,55)  =   1.9830 [0.0313]* 

 

Note: * indicates the level of significance at 5%.  SC stands for Bayesian Schwarz Criterion. HQ stands for Hannan-Quinn criterion. 
AIC stands for Akaike criterion.  VAR(s) is the VAR system with s lags of explanatory variables.  The Wald F-test tests the null 
hypothesis of reducing the lag length of the VAR system.  F(p,q) is the value of F-statistic where p and q represent number of 
restrictions and the degree of freedom respectively.  The value in square bracket is the tail probability associated with the F-statistic.   
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Table 2.4: Summary of Cointegration Analysis to Second-order VAR 
Rank 
 

Eigenvalue Log-likelihood Trace test   
 

Max test  
 

Trace test  
(T-nm) 

Max test  
(T-nm) 

0  243.2608 85.44  
[0.000]** 

37.72  
[0.007]** 

64.08  
[0.046]* 

28.29  
[0.139] 

1 0.69235 262.1217 47.72  
[0.014]* 

24.73  
[0.067] 

35.79  
[0.217] 

18.55  
[0.350] 

2 0.53834 274.4885 22.99  
[0.109] 

14.91  
[0.205] 

17.24  
[0.405] 

11.18  
[0.507] 

3 0.37248 281.9443 8.08  
[0.253] 

8.08  
[0.253] 

6.06  
[0.464] 

6.06  
[0.465] 

Note: The VAR system is estimated over the period of 1976-2007.  It includes two lags of each variable (y,oil,k,l), an intercept, a 
trend term and a pulse dummy of the year 1998 is entered the system in unrestricted form.  The number of rank denoted by r 
represents the number of cointegration relations to be tested in the null hypothesis.  The trace statistics test the null hypothesis that the 
number of rank r is less than or equal to the number specified in that row.  The maximum eigenvalue statistic tests the null hypothesis 
of r cointegrating relations against the alternative r+1 cointegrating relations. The p-values are reported in brackets; * and ** denote 
rejection of hypothesis at 5% and 1% significance level respectively. 
 
 

Table 2.5: Standardized cointegrating vector ( β ) and coefficient of adjustment Vector (α ) without restrictions 

Standardized Eigenvectors β  (in columns) 
Variable 
 

y oil k l 
y 1 27.292 6.1890 -0.43132 
oil -0.18179 1 -4.4894 -0.044809 
k -0.27265 -40.448 1 0.22874 
l -0.56291 3.1404 -5.1019 1 
trend -0.013492 0.91592 -0.055779 -0.010879 

 

Standardized Adjustment Coefficients α  (in columns) 
 

y -0.31792 0.00052873 0.032063 0.10271 
oil 0.028864 -0.0015452 0.14969 0.16365 
k 0.60460 0.0087633 0.022343 0.11747 
l -0.26281 0.0027417 0.067845 -0.18344 
Note: The VAR system is estimated over the period of 1976-2007.  It includes two lags of each variable (y,o,k,l), an intercept, a trend 
term and a pulse dummy of the year 1998 is entered the system in unrestricted form.  No restrictions on cointegrating vectors are 
imposed at this state. 
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Table 2.6: Coefficient of Cointegrating Vector ( β ) and Coefficient of Adjustment Vector (α ) 

 Number of cointegrating vector = 1 
 Unrestricted 

Cointegrating 
vectors 

Weak 
exogeneity of  
oil, capital, and 
labor 

Weak 
exogeneity of  
capital and 
labor 

Constant-
return-to-scale 
restriction 

Weak 
exogeneity of 
oil, capital, and 
labor 
& constant-
return-to-scale 
restriction 
(ECM1) 

Weak 
exogeneity of 
capital, and 
labor 
& constant-
return-to-scale 
restriction 
(ECM2) 

β  vector       

y 1 
(0.00000) 
 

1 
(0.00000) 

1 
(0.00000) 

1 
(0.00000) 

1 
(0.00000) 

1 
(0.00000) 

oil -0.18179 
(0.068129) 
 

-0.23517 
(0.076393) 

-0.27451 
(0.073866) 

-0.17138 
(0.00000) 

-0.19183 
(0.00000) 

-0.22653 
(0.00000) 

k -0.27265 
(0.085215) 
 

-0.12752 
(0.095552) 

-0.087189 
(0.092392) 

-0.27600 
(0.085061) 

-0.12812 
(0.10600) 

-0.088857 
(0.10372) 

l -0.56291 
(0.081445) 
 

-0.71902 
(0.091325) 

-0.72698 
(0.088305) 

-0.55262 
(0.049178) 

-0.68005 
(0.061282) 

-0.68461 
(0.059963) 

trend -0.013492 
(0.0044384) 
 

-0.016358 
(0.0049767) 

-0.016784 
(0.0048122) 

-0.014038 
(0.0025522) 

-0.019464 
(0.0031804) 

-0.020139 
(0.0031120) 

α  vector       
y -0.31792 

(0.097882) 
 

-0.36246 
(0.053178) 

-0.32096 
(0.096169) 

-0.31079 
(0.093295) 

-0.32609 
(0.047811) 

-0.29314 
(0.084148) 

oil 0.028864 
(0.27278) 
 

-0.00000 
(0.00000) 

0.17096 
(0.25362) 

0.020430 
(0.26042) 

-0.00000 
(0.00000) 

0.12972 
(0.22428) 

k 0.60460 
(0.23391) 
 

-0.00000 
(0.00000) 

0.00000 
(0.00000) 

0.58315 
(0.22388) 

-0.00000 
(0.00000) 

0.00000 
(0.00000) 

l -0.26281 
(0.18155) 
 

-0.00000 
(0.00000) 

0.00000 
(0.00000) 

-0.26583 
(0.17272) 

-0.00000 
(0.00000) 

0.00000 
(0.00000) 

   

 
   

LR test of 
restrictions 
 

n.a. )3(2χ  =   
7.2914 

)2(2χ  =  
6.9592 

)1(2χ  =  
0.018561 

)4(2χ  =  
7.6757 

)3(2χ  =   
7.4371 

P-value n.a. 
 

[0.0632] [0.0308]* [0.8916] [0.1042] [0.0592] 
 
Note: The VAR system is estimated over the period of 1976 to2007.  It includes two lags of each variable (y,o,k,l), an intercept, a 
trend term and a pulse dummy of the year 1998 is entered the system in unrestricted form.  The weak exogeneity test of a given 
variable tests whether or not disequilibrium in the cointegrating relation can feed back onto the associated variable under the 
assumption that there is only one cointegrating relation has been found.  The constant-return-to-scale assumption tests whether or not 
the sum of coefficients of o,k and l in the β  vector is equal to unity.  These test statistics are based on the Likelihood-ratio (LR) test 
which is asymptotically distributed as 2χ .  Standard errors are reported in (). * denote rejection of hypothesis at 5%. 
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Table 2.7: Restrictions on Coefficient of Cointegrating Vector ( β ) and Coefficient of Adjustment Vector (α ) 

H0: iβ = 0 LR Test of 
Restrictions 
 

P-value H0: iα = 0 LR Test of 
Restrictions 

P-value 

   

y )1(2χ  = 9.2846  [0.0023]** y )1(2χ  = 8.8485  [0.0029]** 

oil )1(2χ  = 1.2421  [0.2651] oil )1(2χ = 0.011173 [0.9158] 

k )1(2χ  = 3.2814  [0.0701] k )1(2χ  = 3.7767  [0.0520] 

l )1(2χ  = 5.7490  [0.0165]* l )1(2χ  = 1.9553  [0.1620] 

trend )1(2χ  = 5.6136  [0.0178]*    

 
Joint restrictions on β coefficients 
 

LR Test of Restrictions P-value 
   

H0: 0)()( == koil ββ  )2(2χ   =   4.9363  [0.0847] 

H0: 0)()( == loil ββ  )2(2χ   =   9.5917  [0.0083]** 

H0: 0)()( == lk ββ  )2(2χ   =   8.0524  [0.0178]* 

H0: 0))()(()()( =+−−= lkyoil ββββ  )1(2χ   =  0.018561 
 

[0.8916] 

Joint restrictions on α coefficients 
 

LR Test of Restrictions P-value 
   

H0: 0)()( == koil αα  )2(2χ   =   3.7768  [0.1513] 

H0: 0)()( == loil αα  )2(2χ   =   2.1709  [0.3377] 

H0: 0)()( == lk αα  )2(2χ   =   6.9592  [0.0308]* 

H0: 0)()()( === lkoil ααα  )3(2χ   =   7.2914  [0.0632] 

Jointly restrictions on coefficients 
 

  
   

H0: 0)()( == koil ββ  
     0)()()( === lkoil ααα  

)5(2χ   =   10.985  [0.0517] 

H0: 0))()(()()( =+−−= lkyoil ββββ  
     0)()()( === lkoil ααα  
 

)4(2χ   =   7.6757  [0.1042] 

H0: 0))()(()()( =+−−= lkyoil ββββ  
     0)()( == lk αα  
 

)3(2χ   =   7.4371  [0.0592] 

H0: 0))()(()()( =+−−= lkyoil ββββ  
     0)( =kα  
 

)2(2χ   =   3.8062  [0.1491] 

H0: 0))()(()()( =+−−= lkyoil ββββ  
     0)( =lα  
 

)2(2χ   =   2.5620  [0.2778] 
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The Single Equation Model 
 
Table 2.8: The General Model of Aggregate Output in first differences with one lag and ECM term 

Modeling tyΔ by OLS 
 
Variables 
 

Coefficient Standard error t-value P-value 

     

Constant 
 

2.24858 0.4426 5.08 0.0001 

1−Δ ty  0.138308 0.06788 2.04 0.0558 

toilΔ  0.248751 0.04363 5.70 0.0000 

1−Δ toil  0.147831 0.04448 3.32 0.0036 

tkΔ  -0.0618633 0.04116 -1.50 0.1493 

1−Δ tk  0.0416015 0.03752 1.11 0.2813 

tlΔ  -0.0641715 0.05542 -1.16 0.2613 

1−Δ tl  -0.238798 0.06924 -3.45 0.0027 

tpoilΔ  -0.0628948 0.02160 -2.91 0.0090 

1−Δ tpoil  0.0428981 0.02379 1.80 0.0872 

97dummy  -0.0426946 0.01188 -3.60 0.0019 

98dummy  -0.122912 0.01249 -9.84 0.0000 

11 −tECM  -0.254349 0.05119 -4.97 0.0001 
 
     

Sigma (σ ) 
 

0.00974756 RSS   0.00180528246 

2R  0.966596 F(12,19) 45.82 [0.000]** 

log-likelihood 
 

111.118 DW 2.04 
 
     

Test Summary 
 

AR 1-2 test: F(2,17)   =  0.28137 [0.7582] 

ARCH 1-1 test: F(1,17)   = 0.065551 [0.8010] 

Normality test: )2(2χ    =   0.97952 [0.6128] 
 

Hetero test: )22(2χ   =   27.300 [0.2001] 
 

RESET test: F(1,18)   =  0.59374 [0.4510] 

Notes: 1. ** and * denote  1% and 5% significance level respectively. 
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Table 2.9: The Specific Model of Aggregate Output in first differences with one lag and ECM term 
Modeling tyΔ by OLS 

 
Variables 
 

Coefficient Standard error t-value P-value 

     

Constant 
 

1.85952 0.3825 4.86 0.0001 

toilΔ  0.217531 0.03753 5.80 0.0000 

1−Δ toil  0.173084 0.03594 4.82 0.0001 

1−Δ tl  -0.150582 0.05608 -2.69 0.0129 

tpoilΔ  -0.0439835 0.01830 -2.40 0.0243 

97dummy  -0.0485799 0.01219 -3.99 0.0005 

98dummy  -0.130924 0.01242 -10.5 0.0000 

11 −tECM  -0.208954 0.04419 -4.73 0.0001 
     

Sigma (σ ) 
 

0.01048 RSS   0.00263594673 

2R  0.951226 F(7,24) 66.87 [0.000]** 

log-likelihood 
 

105.062 DW 1.5 
 
     

Test Summary 
 

AR 1-2 test: F(2,22)   =   2.0007 [0.1591] 

ARCH 1-1 test: F(1,22)   = 0.064112 [0.8025] 

Normality test: )2(2χ             =   1.1346 [0.5671] 
 

Hetero test: F(12,11)  =  0.19419 [0.9956] 

RESET test: F(1,23)   =   6.0019 [0.0223]* 

Notes: 1. ** and * denote  1% and 5% significance level respectively. 
2. The automatic model selection (Autometrics) is a useful feature in PcGive often used to perform general-to-specific modeling 
approach by searching through many available reduction paths and selecting the best model that can pass a set of statistical criteria.  
In this study, the criteria assigning for Autometrics are target size: 0.05 and Outlier detection.  For more details please consult 
Doornik and Hendry (2007). 
 
 
 
 
 
 
Test for general restrictions:  
H0: )()( 1−Δ=Δ tt oiloil ββ  

)2(2χ   =  0.49386 [0.4822] 
The result suggests that the null hypothesis of coefficient equality cannot be rejected. 
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Table 2.10: The Specific Model of Aggregate Output in first differences with one lag and ECM term 
Modeling tyΔ by OLS 

 
Variables 
 

Coefficient Standard error t-value P-value 

     

Constant 
 

1.87646 0.3779 4.97 0.0000 

toilcmbΔ  0.194659 0.01850 10.5 0.0000 

1−Δ tl  -0.158692 0.05432 -2.92 0.0073 

tpoilΔ  -0.0491024 0.01662 -2.96 0.0067 

97dummy  -0.0499003 0.01192 -4.19 0.0003 

98dummy  -0.132912 0.01197 -11.1 0.0000 

11 −tECM  -0.210856 0.04366 -4.83 0.0001 
     

Sigma (σ ) 
 

0.0103734 RSS   0.00269018825 

2R  0.950222 F(6,25) 79.54 [0.000]** 

log-likelihood 
 

104.736 DW 1.58 
 
     

Test Summary 
 

AR 1-2 test: F(2,23)   =   1.3360 [0.2825] 

ARCH 1-1 test: F(1,23)   = 0.069815 [0.7940] 

Normality test: )2(2χ    =   2.3953 [0.3019] 
 

Hetero test: F(10,14)  =  0.17635 [0.9955] 

RESET test: F(1,24)   =   5.6718 [0.0255]* 

Notes: 1. ** and * denote  1% and 5% significance level respectively. 
2. The automatic model selection (Autometrics) is a useful feature in PcGive often used to perform general-to-specific modeling 
approach by searching through many available reduction paths and selecting the best model that can pass a set of statistical criteria.  
In this study, the criteria assigning for Autometrics are target size: 0.05 and Outlier detection.  For more details please consult 
Doornik and Hendry (2007). 
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Table 2.11: The Specific Model of Aggregate Output in first differences with one lag and ECM term 
Modeling tyΔ by OLS 

 
Variables 
 

Coefficient Standard error t-value P-value 

     

Constant 
 

1.87484 0.3996 4.69 0.0001 

toilcmbΔ  0.194613 0.01911 10.2 0.0000 

1−Δ tl  -0.158576 0.05595 -2.83 0.0092 

tpoilupΔ  -0.0488639 0.02294 -2.13 0.0436 

tpoildownΔ  -0.0500765 0.06532 -0.767 0.4508 

97dummy  -0.0499014 0.01216 -4.10 0.0004 

98dummy  -0.132923 0.01224 -10.9 0.0000 

11 −tECM  -0.210673 0.04610 -4.57 0.0001 
     

Sigma (σ ) 
 

0.0105873 RSS   0.00269016152 

2R  0.950223 F(7,24) 65.45 [0.000]** 

log-likelihood 
 

104.736 DW 1.58 
 
     

Test Summary 
 

AR 1-2 test: F(2,22)   =   1.2937 [0.2943] 

ARCH 1-1 test: F(1,22)   = 0.067922 [0.7968] 

Normality test: )2(2χ     =   2.3941 [0.3021] 
 

Hetero test: F(12,11)  =  0.22885 [0.9913] 

RESET test: F(1,23)   =   5.4244 [0.0290]* 

Notes: 1. ** and * denote  1% and 5% significance level respectively. 
2. The automatic model selection (Autometrics) is a useful feature in PcGive often used to perform general-to-specific modeling 
approach by searching through many available reduction paths and selecting the best model that can pass a set of statistical criteria.  
In this study, the criteria assigning for Autometrics are target size: 0.05 and Outlier detection.  For more details please consult 
Doornik and Hendry (2007). 
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The System of two Equations Model 
 
Table 2.12: The General Model of the System of two Equations in first differences with one lag and ECM term 

Equation for tyΔ by OLS 
 

Variables 
 

Coefficient Standard error t-value P-value 

     

Constant 
 

2.13202 0.4272 4.99 0.0001 

1−Δ ty  0.110075 0.06543 1.68 0.1080 

toilΔ  0.232139 0.04081 5.69 0.0000 

1−Δ toil  0.159022 0.04333 3.67 0.0015 

tkΔ  -0.0739203 0.04135 -1.79 0.0890 

1−Δ tk  0.0473102 0.03786 1.25 0.2259 

1−Δ tl  -0.202234 0.06201 -3.26 0.0039 

tpoilΔ  -0.0717925 0.02115 -3.40 0.0029 

1−Δ tpoil  0.0376522 0.02385 1.58 0.1301 

97dummy  -0.0453893 0.01177 -3.86 0.0010 

98dummy  -0.124686 0.01256 -9.92 0.0000 

12 −tECM  -0.230078 0.04722 -4.87 0.0001 
     

Sigma (σ ) 
 

0.00989528 RSS   0.001958331418 
     

Equation for tlΔ  by OLS 
 
Constant 
 

3.79937 1.697 2.24 0.0367 

1−Δ ty  0.377934 0.2599 1.45 0.1615 

toilΔ  0.322411 0.1621 1.99 0.0606 

1−Δ toil  -0.222186 0.1721 -1.29 0.2115 

tkΔ  0.0690958 0.1643 0.421   0.6786 

1−Δ tk  -0.0728377          0.1504 -0.484 0.6335 

1−Δ tl  -0.607902 0.2464 -2.47 0.0228 

tpoilΔ  0.0993570            0.08401 1.18 0.2508 

1−Δ tpoil  0.0482171           0.09476 0.509 0.6164 

97dummy  0.0525905            0.04675 1.13 0.2739 

98dummy  0.0382017           0.04992 0.765 0.4530 

12 −tECM  -0.417990            0.1876 -2.23 0.0375 
     

Sigma (σ ) 
 

0.0393116 RSS   0.03090804687 
 
     

Test Summary 
 

Vector Portmanteau( 4): 6.78766 
 

Vector AR 1-2 test: F(8,30)   =  0.60891 [0.7631] 

Vector Normality test: )4(2χ   =   7.1886 [0.1263] 

Vector Hetero test: )60(2χ  =   53.346 [0.7157] 
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Table 2.13: The Specific Model of the System of two Equations in first differences with one lag and ECM term 
Equation for tyΔ by OLS 

 
Variables 
 

Coefficient Standard error t-value P-value 

     

Constant 
 

2.03167 0.4045 5.02 0.0000 

1−Δ ty  0.100179 0.06623 1.51 0.1440 

toilΔ  0.210459 0.03763 5.59 0.0000 

1−Δ toil  0.136684 0.04104 3.33 0.0029 

1−Δ tl  -0.167926 0.05617 -2.99 0.0065 

tpoilΔ  -0.0465428 0.01791 -2.60 0.0161 

97dummy  -0.0469753 0.01200 -3.91 0.0007 

98dummy  -0.124806 0.01269 -9.83 0.0000 

12 −tECM  -0.218937 0.04465 -4.90 0.0001 
     

Sigma (σ ) 
 

0.0102522 RSS   0.002417458336 
     

Equation for tlΔ  by OLS 
 
Constant 
 

3.26327 1.481 2.20 0.0378 

1−Δ ty  0.431048 0.2425 1.78 0.0887 

toilΔ  0.266970 0.1378 1.94 0.0650 

1−Δ toil  -0.265338 0.1502 -1.77 0.0906 

1−Δ tl  -0.519920 0.2056 -2.53 0.0188 

tpoilΔ  0.0978686 0.06556 1.49 0.1491 

97dummy  0.0478161 0.04394 1.09 0.2878 

98dummy  0.0285750 0.04646 0.615 0.5446 

12 −tECM  -0.358732 0.1635 -2.19 0.0385 
     

Sigma (σ ) 
 

0.0375287 RSS   0.03239330808 
 
     

Test Summary 
 

Vector Portmanteau( 4): 12.5573 

Vector AR 1-2 test: F(8,36)   =  1.1596 [0.3496] 

Vector Normality test: )4(2χ     =  6.9043 [0.1410] 

Vector Hetero test: F(42,18)  =  0.24743 [0.9999] 

  

Note: This specific model is obtained from applying Autometrics (significance level = 10%) with the general model presented in 
Table 2.12.  
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Table 2.14: The Specific Model of the System of two Equations in first differences with one lag and ECM term 
Equation for tyΔ by OLS 

 
Variables 
 

Coefficient Standard error t-value P-value 

     

Constant 
 

1.99368 0.4144 4.81 0.0001 

toilΔ  0.221858 0.03785 5.86 0.0000 

1−Δ toil  0.169194 0.03589 4.71 0.0001 

1−Δ tl  -0.156498 0.05713 -2.74 0.0114 

tpoilΔ  -0.0451743 0.01836 -2.46 0.0215 

97dummy  -0.0479661 0.01230 -3.90 0.0007 

98dummy  -0.129858 0.01257 -10.3 0.0000 

12 −tECM  -0.214372 0.04573 -4.69 0.0001 
     

Sigma (σ ) 
 

0.0105236 RSS   0.00265791146 
     

Equation for tlΔ  by OLS 
 
Constant 
 

3.09982 1.543 2.01 0.0559 

toilΔ  0.316015 0.1409 2.24 0.0344 

1−Δ toil  -0.125459 0.1336 -0.939 0.3571 

1−Δ tl  -0.470745 0.2127 -2.21 0.0366 

tpoilΔ  0.103757 0.06836 1.52 0.1422 

97dummy  0.0435530 0.04581 0.951 0.3512 

98dummy  0.00683692 0.04680 0.146 0.8851 

12 −tECM  -0.339090 0.1703 -1.99 0.0579 
     

Sigma (σ ) 
 

0.0391817 RSS   0.03684499283 
 
     

Test Summary 
 

Vector Portmanteau( 4): 11.532 

Vector AR 1-2 test: F(8,38)   =  0.87528 [0.5456] 

Vector Normality test: )4(2χ     =   5.3984 [0.2488] 

Vector Hetero test: F(36,27)  =  0.35469 [0.9980] 

  

Note: This specific model is obtained from applying Autometrics (significance level = 5%) with the general model presented in Table 
2.12.  
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Plots of Explanatory Variable and Dependent Variable 
 

Figure 2.1: GDP v.s. Oil 

0

1,000

2,000

3,000

4,000

5,000

0

100

200

300

400

1975 1980 1985 1990 1995 2000 2005

GDP
OIL

B
ill

io
ns

 o
f B

ah
t (

19
88

 p
ric

es
)

M
illions of B

arrels

Thailand's Oil Consumption and Real GDP (1973-2007)

 
Figure 2.2: GDP v.s. Capital Stock 
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Figure 2.3: GDP v.s. Labor Employment 
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Figure 2.4: GDP v.s. Weighted Real Oil Price 
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Figure 2.5: Weighted Real Oil Price v.s. Real Dubai Crude Oil Price 
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Figure 2.6: Thailand’s Weighted Nominal Oil Price from Seven Oil Products 
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Figure 2.7: Graphical Analysis of the GDP Variable 
 

 
Figure 2.8: Graphical Analysis of the Oil Consumption Variable 

 

 



56 

Figure 2.9: Graphical Analysis of the Capital Stock Variable 
 

 
 

Figure 2.10: Graphical Analysis of the Labor Employment Variable 
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Figure 2.11: Graphical Analysis of the Weighted Real Oil Price Variable 
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Figure 2.12: Residual Diagnostic and Chow Tests of VAR(2) 
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Figure 2.13: Graphical Analysis of the General Model of Aggregate Output  
(VECM of Single Equation) 

 
 

Figure 2.14: Recursive Graphics of the General Model of Aggregate Output 
(VECM of Single Equation) 

 



60 

Figure 2.15: Graphical Analysis of the Specific Model of Aggregate Output 
(VECM of Single Equation) 

 
 

Figure 2.16: Recursive Graphics of the Specific Model of Aggregate Output 
(VECM of Single Equation) 
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Figure 2.17: Graphical Analysis of the General Model of Aggregate Output & 
Labor (VECM of the System of 2 Equations) 

 
 

Figure 2.18: Recursive Graphics of the General Model of Aggregate Output & 
Labor (VECM of the System of 2 Equations) 
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Figure 2.19: Graphical Analysis of the Specific Model of Aggregate Output & Labor 
(VECM of the System of 2 Equations) 

 
 

Figure 2.20: Recursive Graphics of the Specific Model of Aggregate Output & 
Labor (VECM of the System of 2 Equations) 
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Chapter 3 

Sectoral Demand for Petroleum in Thailand 

 

3.1 Introduction 

 

 Thailand is a net energy-importing country.  About 60 percent of the energy used 

is imported from abroad.  Thailand’s overall energy demand has grown substantially. The 

average growth rate has been about 7.0 percent per year for the past two decades. 

Economic growth has been slightly slower at an average of about 5.9 percent per year.  

Oil consumption has risen more than threefold since the year 1981 although the share of 

oil consumption in total energy consumption has dropped from 87 percent in 1981 to 60 

percent in 2007.  The importance of oil in the economy remains interesting for policy 

makers.  

 

 The purpose of this study is to examine the short-run and long-run demand 

elasticities for oil in seven major economic sectors of Thai economy including 

Agriculture, Construction, Electricity, Manufacturing, Mining, Residential & 

Commercial and Transportation.  The impact of oil price movements and shocks has 

differed across sectors. The main reasons are that the state of development and the 

specific characteristics like energy intensity and oil mix in consumption affect the degree 

of flexibility and adjustment of oil consumption in each sector.   
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 Specifically speaking, these different characteristics might be due to the types of 

petroleum products consumed by each sector, the degree of substitutability with 

alternative energy for oil, the level of capital accumulation, output/ income generated and 

labor inputs (and government policies).  These factors are vital for understanding the 

effects on oil consumption in each sector.  Therefore, it is reasonable to take into account 

the impact of oil consumption in a disaggregate manner rather than using the traditional 

approach which considers the oil consumption for the aggregate economy. 

 

 There have been numerous empirical studies of oil demand in developed countries.  

However, oil demand models from a developing country perspective may require a 

different framework.  This study modifies the oil demand model traditionally used in the 

literature for industrialized countries for the case of Thailand in two ways. 

 

 First, this study takes advantage of a sectoral database spanning 1980-2007 to 

estimate oil demand elasticities by using two approaches: the disaggregate approach i.e. 

the single sector demand model and the aggregate approach i.e. the dynamic panel data 

approach.  By comparing the results from these two approaches, I can better understand 

the pros and cons of using these approaches to model oil consumption for Thai economy. 

 

 Second, not many studies of oil demand have taken into account the effects from 

the price of substitutes.  The effect of energy substitution has played an increasing role in 

Thailand during the past decade due to the adverse impacts from excessively high oil 

prices.  In this study, the effects of alternative energy prices have been considered given 



65 

the nature of each sector and the available information of substitute energy in the market.  

The replacement of oil by other types of fuels such as coal, natural gas and electricity can 

provide a better understanding of how alternative energy has affected the consumption 

behavior in each sector. 

 

 “Oil consumption” in this paper refers to the “final” use of refined oil products 

not the “primary” use of all forms of petroleum energy.  In other words, it focuses on the 

“final” users not the “primary” users.  In the context of this study, there are seven major 

users which are represented by seven economic sectors as mentioned earlier.  These 

sectors consume oil and produce goods and services.  Only in the case of Electricity 

sector, oil is converted to be electricity which is considered as another form of energy. 

 

 I find that the dynamic panel data approach appears to give estimates consistent 

with the economic theory in that the signs are correct and the magnitude of long-run 

responses is larger than that of the short-run responses.  Although using a panel data 

approach provides seemingly reliable results, the underlying assumption of forcing all 

sectors to behave in the same way might be too rigid and it might conceal interesting 

issues underlying consumption behavior in each sector. 

 

 As a result, I use an individual sector model approach to test the possible 

drawback of panel data approach.  The individual sector model approach gives fairly 

reasonable estimates with sound statistical test results in all cases except in the Mining 

sector.  I find the short-run and long-run income elasticities are positive in all cases.  The 
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short run and long run labor elasticities are positive in all cases with the size in the long 

run larger than that of the short run in most cases except in the Electricity sector.  Oil 

price elasticities are negative in the long run and short run for all sectors except in 

Electricity sector.  As expected, Transportation sector’s demand seems to be irresponsive 

to oil price change with almost the same magnitude for both short run and long run 

estimates. 

 

 It appears that the effect from the price of energy substitutes is not significant in 

the short run but the long run effects are varied from sector to sector.  Positive long-run 

effect was found in Agriculture, Residential and Commercial and Manufacturing sector 

while negative long-run effect was found in Electricity sector.  I interpret this as these 

alternative fuels appear to be complementary fuels in the Electricity sector while they are 

used as substitute energy in the Manufacturing sector.  This finding is consistent to what 

has happened recently in these sectors.  

 

 Capital appears to have a negative long-run impact on oil consumption in all 

sectors except in Agriculture sector. But I only found a significant and positive short-run 

impact of capital only in Electricity sector.  The negative impact from capital might be 

interpreted as a greater efficiency of oil consumption from better technology of 

production while the positive impacts from capital can be deemed as a result from the 

development process in which inefficient machines and equipment are still in use and the 

switching costs are prohibitive or opportunities are not available. 
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 The remainder of this paper is organized into eight sections.  Section 3.2 gives a 

review of literature on energy demand elasticities.  Section 3.3 provides the theoretical 

review on energy demand elasticities.  Section 3.4 provides the background of Thailand’s 

petroleum demand by economic sectors.  Section 3.5 looks at the data source and the 

description of variables.  Section 3.6 describes the two methodologies used in this paper 

i.e. 1) the ADL-ECM, auto-distributed lag error correction mechanism approach and 2) 

the dynamic panel data estimation approach.  Section 3.7 discusses the empirical findings 

obtained from these two modeling approaches.  Section 3.8 summarizes the main findings. 

 

3.2 Literature Review 

 

 Numerous studies measuring the elasticity of energy demand, particularly oil and 

petroleum products, have been done for developed and developing countries by using 

different methodologies and data sets.  A comprehensive set of surveys on energy 

demand elasticities for developing countries has been conducted by Dahl (1993), Dahl 

(1994a) and Dahl (1994b). (There is a draft working paper in 2009.)  From her survey 

work in Dahl (1993) and Dahl (1994a), she claims that demand for oil in developing 

countries is income elastic with the magnitude greater than 1.32, implying that with 

stable prices oil demand will grow at a faster rate than income.  Conversely, the price 

elasticity of oil demand is inelastic at about -0.30, implying that any policies to increase 

price to curb the rising demand will be effective only if the magnitude of price change is 

large enough. 

 



68 

 In terms of total energy demand in developing countries, Dahl (1993) reports that 

Thailand’s intermediate-run energy price elasticity is about -0.26 and the intermediate-

run income elasticity is around 1.01.  The results are estimated from the Generalized 

Least Squares method with the static model for the data set between 1973 and 1987.  

Dahl also suggests that using energy consumption per capita in the model is a preferable 

choice since aggregate consumption may cause a heteroscedasticity problem due to the 

variation in population across samples.  It is also pointed out in Dahl (1993) that static 

models seem to produce the most variation across elasticities and have incorrect signs. 

 

 Frazen and Sterner (1995) estimate the long-run elasticities of demand for 

gasoline in OECD countries, using the OECD data covering the period from 1960 to 

1988.  They apply three different approaches i.e. time-series, cross-section and pooled 

estimation and then compare the estimate results from these three approaches.  They 

claim that pooled estimators with dynamic specifications produce biased results while the 

cross-section estimators tend to give higher price elasticity values than time series 

estimators. 

 

 Dahl and Kurtubi (2001) estimate the oil product demand in Indonesia, using a co 

integrating error correction model for annual data from 1970 to 1995.  They find strong 

evidence supporting the existence of a long-run cointegrating relationship between 

petroleum product consumption, its own price, and income.  They report the long-run 

price for petroleum fuels as follows: aviation fuel (-1.2), gasoline (-0.6), kerosene (-0.7), 

automotive diesel (-0.7), industrial diesel (-1.1) and total petroleum products (-0.6). 
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 Vita, Endresen and Hunt (2005) conduct an econometric study of Namibian 

energy demand at the aggregate level and by energy type (including electricity, petrol and 

diesel), using an Autoregressive Distributed Lag (ARDL) approach for the period of 

1980-2002.  The study shows that energy consumption responds positively to changes in 

GDP and negatively to changes in energy price and air temperature.  However, they do 

not find evidence of significant cross price elasticities between different energy forms. 

 

 Ahmadian, Chitnis and Hunt (2007) estimate Iranian gasoline demand function 

using structural time series model with stochastic trend for the annual data from 1968 to 

1998.  The model starts from the general form of ARDL with a three year lag and 

eliminates insignificant variables by using the diagnostic tests.  The results show that the 

long-run and short-run price elasticities are -0.74 and -0.19 respectively while the long-

run and short-run income elasticities are reported at 1.25 and 0.32. 

 

 Hoa (1992) estimates demand elasticities of six petroleum products i.e. petrol, 

kerosene, diesel, fuel oil, aviation fuel, and LPG for Thailand, using annual data in the 

period 1974-1987.  Hoa constructs the generalized price-augmented working-based six 

equation model for six petroleum products and estimates own-price, cross-price and 

income elasticities for each petroleum product.  The estimated results are presented in 

Table 3.1.  It can be seen that most of the estimated own-price elasticities are positive 

except for diesel and fuel oil.  Although own-price elasticities for diesel and fuel oil are 

negative, they are not significant.  The reason for positive own-price elasticities as 

claimed by the author is that they might be due to the effects of regulated prices of 
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petroleum products for some period of the study.  In terms of income elasticities, 

kerosene is found to be an inferior good with negative income elasticity while income 

elasticities for diesel and LPG are greater than unity. 

 

 An alternative econometric approach of estimating energy elasticities is discussed 

in Maddala, Trost, Li and Joutz (1997).  They argue that the general procedure used in 

the analysis of panel data commonly known as the fixed-effects and random-effects 

model, based on the homogeneity of the slope coefficient, might not be convincing while 

the cross-section approach, based on complete heterogeneity assumption, is too extreme 

and might yield bad results.  They therefore propose an alternative framework using a 

Bayesian approach to solve this problem that will lead to a shrinkage estimator that will 

reduce the ordinary least squares (OLS) estimator toward the estimator of overall mean.  

They claim that a shrinkage estimator gives much more reasonable results based on 

having used it to estimate the short-run and long-run elasticities of energy demand for 49 

U.S. states, using 21 years of data. 

 

3.3 Theoretical Framework 

 

 In this section, the derivation of oil demand will be discussed. It is important to 

understand that consumption of energy is an intermediate input. Thus, it is used with 

other goods, particularly, capital, to produce goods and services for households and firms. 

I distinguish the oil demand into two main categories: 1) the household’s demand and 2) 

the firm’s demand. 
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3.3.1 Household’s Demand 

 

 Consider the simple case in which the household’s consumption is limited to two 

goods i.e. a composite numeraire goods and the energy goods.  Assume that the 

numeraire goods is available in the market and can provide consumer utility directly. But 

the energy good is obtained from household’s production function which requires several 

types of energy and capital to produce services as proposed by Muth (1966).  The 

ordinary utility function with the usual properties of differentiability and curvature is 

 

);,( ψenUU =  (1)

 

where n  and e  represent the amount of consumption of the numeraire goods and the 

energy services respectively.  The parameter Ψ  represents specific information of 

household’s preference and characteristics. 

 

 The household’s production function combines several types of energy (e.g. oil, 

electricity and natural gas) and capital stock (e.g. housing, vehicles, and electric 

appliances) to produce the energy goods.  Therefore, final energy goods are given by 

 

),,( kxoee =  (2)

 

where o  is the amount of oil consumption, x  is the amount of composite energy 

excluding oil and k  is the capital stock owned by household.  As suggested by Muth 
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(1966), the idea of household production function can be deemed as a process of turning 

unfinished products to finished products; for example, energy used for food storage, 

gasoline filled up in the car as well as light and heat generated from electricity and 

natural gas for cooking and living. 

 

 I also assume that the oil consumption and the composite energy depend on the 

amount of given capital stock.  In other words, I assume that there is an indirect effect of 

holding capital stock on energy consumption in the household i.e. the more capital stock 

owned by the household the greater the energy consumption will be.  Moreover, capital 

stock with given efficiency is assumed to possess a characteristic of technological 

advancement, λ , which can be considered as the technology of energy efficiency 

parameter.  Therefore, I can rewrite equation (2) as follows: 

 

))(),(),(( λkkxkoee =  (3)

 

where 0)( >′ ko , 0)( >′ kx  and 0)( >′ λk . 

 

 Following Deaton and Muellbauer (1980), the household’s problem can be 

separated into two parts: 1) the cost minimization problem and 2) the utility 

maximization problem.  In the first part, the household minimizes the total cost generated 

from purchasing oil, composite energy and capital stock subject to a given level of energy 

goods.  The problem can be written as follows: 
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kpxpopMin kxokxo
++

},,{
 (4)

 

))(),(),((.. λkkxkoeets =   

 

where op , ep  kp , is the oil price, composite energy price, and price of capital stock 

respectively.  The optimal demand for oil, composite energy and capital stock can be 

obtained by applying the standard optimization approach7 and thus the cost function can 

be written as 

 

),,,( epppcc kxo=  (5)

 

 According to the Shephard’s lemma, the partial derivative of the expenditure 

function with respect to corresponding input price gives the derived demand for oil, 

composite energy and capital.  Therefore, the demand for oil is given by 

 

),,,(),,,( epppo
p

epppc
kxo

o

kxo =
∂

∂  (6)

 

 In the next step, the household maximizes utility subject to budget constraint.  

The problem can be written as follows: 

 

);,(
},{

ψenUMax
en

 (7)

                                                 
7 For more details please consult with Henderson and Quandt (1980) or Nicholson (2005). 
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Inepppcts kxo =+),,,(..  (8)

 

where I  is the household’s income.  The optimal consumption for the numeraire goods 

and energy goods can be solved by standard optimization approach.  The optimal demand 

for energy goods is then given by 

 

),;,,,(** λψIpppee kxo=  (9)

 

Substituting equation (9) in (6) yields the derived demand for oil: 

 

),;,,,()),;,,,(,,,( * λψλψ IpppoIpppepppo kxokxokxo =  (10)

 

 Equation (10) implies that the household’s oil demand depends on oil price, 

composite energy price, capital price, income and household’s individual characteristic 

and the technology state.  Although the capital stock variable, k , does not show up 

explicitly in equation (10), the technology state parameter, λ , indirectly represents the 

importance of capital stock accumulation affecting the household’s decision on oil 

consumption.  Given the scope of my study which includes both short run and long run, 

the capital stock and the price of composite energy will be taken into account in the 

estimation part.  
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3.3.2 Firm’s Demand 

 

 The firm’s demand for oil can be derived from production theory.  Suppose that 

the firm produces output Y  which requires four inputs in the production process, namely, 

labor, L , the capital stock, K, raw material, M , and compound energy input, E .  The 

production function can be written as 

 

( , , , )Y F L K M E=  (11)

 

 The compound energy input is the process combining capital, K , oil, O , and 

other composite energy, X , to produce power, heat, and light which will be used together 

with labor, L , in transforming the raw material, M , into finished products, Y .  The 

compound energy input is given by 

 

))(),(),(( λKKXKOEE =  (12)

 

where λ  is the state of technology as specified in the household problem above. This is 

embodied in the capital stock. It is also assumed that 0)( >′ KO , 0)( >′ KX  and 0)( >′ λK . 

The first two conditions imply that more machines and capital equipments used in the 

production result in the higher energy use.  The last condition suggests that more efficient 

technology can lead to higher levels of capital stock. If the capital stock and energy are 

net substitutes capital stock will increase. In the case where they are net complements the 

capital stock will decrease in response to higher energy prices. 
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 The problem of the firm is the minimization of the production cost subject to the 

given level of compound energy input, which can be presented as follows: 

 

XpOpKpMpLpMin XOKML

XOKML
++++

},,,,{
 (13)

 

))(),(),((.. λKKXKOEEts =   

 

 The solution for the optimal level of each input used can be determined using 

standard optimization techniques.  Then, substitute those optimal conditions back to the 

cost function and to obtain the cost function specified in terms of parameters involved. 

 

),,,,,( λXOKML pppppCC =  (14)

 

 The firm’s derived demand for oil can be obtained by applying the Shephard’s 

Lemma. 

 

),,,,,(),,,,,( λλ XOKML
O

XOKML

pppppO
p

pppppC
=

∂
∂  

(15)

 

 Equation (15) implies that the firm’s oil demand depends on all input prices and 

the state of technology which in turn is embodied in the capital stock level. 
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 In summary, from equation (10) and (15), an increase in oil price would affect the 

demand for oil in two ways.  On one hand, firms are worse off, because it reduces firm’s 

real revenues and results in a fall in oil demand.  The effect on oil demand through this 

channel is thus called the income effect and affects the long term choice of capital.  On 

the other hand, the increase in oil price changes the relative prices of other alternative 

energy and other inputs used (in case of firm’s demand).  This would induce oil users to 

substitute away from oil to other types of energy whose relative prices are lower.  Also, 

in some cases, it can lead to a more utilization of other inputs i.e. capital and labor or 

searching for a better technology of production aiming to minimize oil consumption.  

This effect is known as substitution effect. 

 

 Therefore, in the econometric analysis, it is necessary to take into account the 

possible determinant factors which influence oil consumption both from the consumer’s 

and firm’s perspective and it must be able to capture the substitution effect from 

adjustment process which might be taken place in the long run.  By doing so, the short 

run and long run temporal scope of the study will be addressed thoroughly. 
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3.4  Review on Thailand’s Petroleum Demand by Economic Sectors 

 

3.4.1  Economic Growth 

 

 Thailand enjoyed high economic growth during the 1980s, with a growth rate of 

about 7.8 percent per year.  The real GDP increased substantially from about 0.9 tillion 

baht in 1980 to 1.7 tillion baht in 1989, almost doubling within one decade.  

Unfortunately, the 1997 financial crisis hit the economy severely.  Economic growth 

declined sharply into a deep economic recession, with a negative growth rate of -1.4 and -

10.4 percent in 1997 and 1998, respectively.  However, the economy recovered quickly 

and the average growth rate rebounded to 4 percent per year at the end of the 1990s.  

From 2000 to 2007, the economy has grown continuously with a moderate growth rate of 

3.5 percent.  Throughout the past decades, the population has increased at a steady rate of 

1.1 percent per year while the per capita income has increased sharply, growing three-

fold from 19,721 baht in 1980 to 67,333 baht in 2007.  

 

 Even though Thailand does not abound with oil and mineral resources, it is 

abundant in other natural resources, such as timber and agricultural products, which 

helped propel its growth in the past decades.  Almost fifty years ago, Thailand was a 

primitive economy whose main output was agricultural products, particularly rice.  As a 

result, the agricultural sector accounted for about 30 percent of the GDP while industrial 

sector took only 15 percent share of the GDP.  Now the picture has been reversed as the 

country becomes more developed.  The share of the agricultural sector has dropped 
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continuously to about 10 percent while the share of industrial sector has increased to 46 

between 2000 and 2007.  In the same way, the service sector, including transportation 

and residential and commercial sector, has maintained its important role in the economy 

and contributes more than 40 percent of the GDP. 

 

3.4.2  Energy Demand 

 

 With the rapid economic and steady population growth during the past decades, 

Thailand’s overall energy demand has grown substantially at an average of 7.0 percent 

per year.  Thailand’s total energy demand in 1980 was 9,056 thousand tons of crude oil 

equivalent (ktoe) but has increased six-fold to 54,405 ktoe in 2007.  The per capita 

energy consumption has increased over the past 27 years by 5.7 percent from 0.2 ktoe in 

1980 to 0.9 ktoe in 2007. 

 

 Figure 3.1 shows the trend in GDP and total energy consumption for Thailand 

since 1980.  The trend clearly indicates that there is a strong linkage between energy and 

the economy.  It may be noticed that since 1987 the discrepancy between the two curves 

has become wider. This may be due partly to the more efficient use of energy in the 

economy and greater productivity resulting from technology advancement especially in 

the industrial and service sectors. 

 

 Figure 3.2 also emphasizes the same relationship between the growth rate of total 

energy use and per capita energy use, showing that they are closely related to the 
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macroeconomic performance especially in the period of recession when energy use 

dropped at almost the same rate as the economic growth rate.  However, population 

growth seems to have little effect on energy consumption growth. 

 

 Table 3.3 shows that in the past twenty years, the transportation sector has used 

the largest share, 38 percent, of the total energy consumption.  While this sector’s share 

has continued at such a high level since 1986, its GDP contribution to the economy has 

been comparatively small and remained stable at only about 9 percent of the GDP.  The 

second and the third major energy users are the industrial and residential and commercial 

sectors. They account for about 32 and 24 percent of the total energy consumption; 

however, they contribute significantly to the overall GDP with about 42 and 38 percent of 

the total GDP respectively.  Agriculture uses the smallest share of energy, consuming 

only about 11 percent but its GDP contribution is as large as that of transportation sector. 

 

 It can be seen from Figure 3.3 that fossil fuels, especially oil and natural gas, have 

taken a dominant role, accounting for approximately 76 percent of the country’s total 

energy consumption, while coal and electricity have taken only 7 and 17 percent share 

respectively.  In fact oil has lowered its share in the final energy mix significantly since 

1980 as a result of the introduction of new technologies to replace oil with natural gas 

and coal in heat and power generation.  Moreover, since 2000 oil prices have risen 

dramatically and this has raised concerns about heavy oil use in the economy.  Therefore, 

many consumers have switched from oil to other cheaper alternative fuels such as natural 

gas and biofuels (ethanol and biodiesel), particularly in the transport sector. 
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3.4.3  Demand for Petroleum Products 

 

 Oil can be classified into seven major petroleum products namely, liquefied 

petroleum gas (LPG), kerosene (jet fuel), premium gasoline, regular gasoline, high-speed 

diesel (HSD), low-speed diesel (LSD), and fuel oil.  Basically, when petroleum products 

are burned to generate energy, they can be used for a variety of purposes, including 

propelling a vehicle, as would be the case with gasoline, kerosene (or jet fuel), diesel fuel, 

and LPG; producing the heat and steam for industry as with fuel oil or LPG; generating 

power by spinning a turbine directly or creating steam to spin a turbine as with diesel fuel 

and fuel oil.  Moreover, oil products can also be used as a raw material or so-called 

feedstock in the petrochemical industry.  As can be seen from Table 3.4, about 60 percent 

of petroleum products are used in the transportation sector while the remaining 40 

percent is used in agriculture, mining, manufacturing, electricity generation, construction, 

and the residential and commercial sectors.  Therefore, overall there are seven major 

consuming sectors and seven types of petroleum products. 

 

 Figure 3.4 shows that the transportation sector always takes the largest share of 

the national oil consumption followed by manufacturing, electricity, residential & 

commercial, and agricultural sectors.  Transportation is the most important component of 

oil demand because given the current vehicle technology; it is still difficult to find 

substitutes for oil.  While there is promising ongoing alternative energy research 

involving fuel cells, gasohol (blending ethanol with gasoline), biodiesel and photovoltaic 
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cells, these technologies are still expensive and feasible only at times of high oil prices.  

Theoretically speaking, the demand for oil in the transportation sector is rather inelastic. 

 

 In terms of petroleum products, Figure 3.5 shows that high-speed diesel takes the 

largest share or about 42 percent of the total petroleum consumption followed by fuel oil 

and kerosene/jet fuel with an average share of 21 and 11 percent of total petroleum use 

respectively.  Premium and regular gasoline take about almost the same proportion at 9 

percent of total petroleum use.  The LPG share has increased gradually and averaged at 

about 8 percent. Low-speed diesel takes the smallest share at only about 0.5 percent of 

total petroleum use. 

 

 Table 3.5 shows the utilization of each petroleum product across economic sectors.  

LPG, known as cooking gas, is used mainly in residential and commercial activities.  

Kerosene/ jet fuel is used heavily as aviation fuel for both military and commercial flights.  

Premium and regular gasoline are used almost exclusively for motor vehicles.  High-

speed diesel, which contains less sulfur and produces higher energy than other types of 

diesel, is mainly used for pick-up trucks and mass transit.  The low-speed diesel, which 

has higher sulfur content, is used primarily in the manufacturing and transportation 

sectors.  Fuel oil is used widely in various industries and for power generation by the 

Electricity Generating Authority of Thailand (EGAT). 
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3.5  Data 

 

 The data used in this study cover seven major economic sectors and seven 

primary petroleum products between 1981 and 2007 in Thailand.  The data of annual 

consumption of petroleum products have been published annually in the Thailand Energy 

Situation Report prepared by the Department of Alternative Energy Development and 

Efficiency (DEDE), Ministry of Energy.  Originally, the primary data are collected by 

Ministry of Commerce, Ministry of Interior and some private sectors, then compiled and 

classified by DEDE according to petroleum products and consuming sectors. 

 

 The annual GDP (Gross Domestic Product), Capital Stock data are obtained from 

the National Economic and Social Development Board (NESDB), Office of the Prime 

Minister, while the annual Price Deflator and Labor employment data are from the Bank 

of Thailand (BOT).  The Energy Policy and Planning Office (EPPO), Ministry of Energy, 

provided the data on petroleum prices, the basic background of overall energy 

consumption, production, energy policies, regulations and rules for past and present 

energy situations in Thailand. 

 

 This study considers seven major economic sectors in Thailand including: 

1) Agriculture 

2) Construction 

3) Electricity 

4) Manufacturing 
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5) Mining 

6) Residential and Commercial 

7) Transportation 

 

 There are seven major petroleum products which are the focus of this study 

including: 

1) Liquefied Petroleum Gas (LPG) 

2) Kerosene (or Jet Fuel) 

3) Premium Gasoline 

4) Regular Gasoline 

5) High-Speed Diesel (HSD) 

6) Low-Speed Diesel (LSD) 

7) Fuel Oil 

 

 Oil consumption in each economic sector in any year is the sum of petroleum 

products consumed by that sector in that year which is originally measured in million 

liters (Mlitres) for all products and then converted to be thousand tons of crude oil 

equivalent (ktoe) by using the conversion factor according to type of petroleum product 

as follows: 

 

1) LPG:    1 Mlitres = 0.63014 ktoe 

2) Kerosene:   1 Mlitres = 0.8174 ktoe 

3) Gasoline:   1 Mlitres = 0.74507 ktoe 
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4) Diesel:   1 Mlitres = 0.86198 ktoe 

5) Fuel Oil:   1 Mlitres = 0.94124 ktoe 

 

 The oil price in each sector is weighted average of real price of petroleum product 

which is in terms of Baht per tons of oil equivalent (Baht/toe).  There are three steps of 

calculating the oil price for any economic sector.  First, convert the current price of each 

petroleum product measured in Baht/liter to the real price by using the GDP deflator 

(1988 is the base year).  Second, convert the real price of all petroleum products in 

Baht/liter to Baht/toe by using the conversion factor as mentioned earlier.  Third, 

compute the weighted average of real oil price in Baht/toe for each sector, which depends 

on the amount of petroleum products consumed in each sector.    

 

 Price of substitute energy for oil is a weighted average of real price of all kinds of 

energy use apart from oil in that sector which is measured in terms of Baht/toe.  There are 

three types of substitute energy considered in this paper including electricity, coal and 

natural gas.  There are three steps to compute the price of substitute energy.  First, 

convert these prices faced by consumers in each sector into real term by using the GDP 

deflator (1988 is the base year).  Second, convert the real price from its original unit to 

Baht/toe by using the conversion factor as follows: 

 

Electricity:  1 kWh (Kilowatts-hours) = 0.00008521 toe 

Coal   1 ton = 0.62419 toe 

Natural gas  1 MBtu (Million Btu) = 0.024927835 toe 
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 I computed the weighted average of the real price of alternative energy according 

to the amount of alternative energy consumed in that sector. 

 

 The real GDP at 1988 prices in Millions of Baht for each economic sector is used 

as the real income level of that sector. The real Capital Stock at 1988 prices measured in 

Millions of Baht for each economic sector is used as a representation of capital input of 

that sector. The labor employment measured in thousands of people employed by the 

economic sector is used to represent the labor input of that sector. 

 

3.6 Methodology 

 

 We consider two econometric approaches; they include: 1) Autoregressive 

Distributed Lag (ADL) Single Sector Approach and 2) Dynamic Panel Data Estimation 

Approach.  The first yields the estimates of demand elasticities for each individual sector 

while the latter combines all sectors and estimates the demand elasticity for the economy 

as a whole.  The details of each approach are provided as follows: 

 

3.6.1 ADL Single Sector Approach 

 

 The ADL modeling approach is based on general-to-specific approach advocated 

by Hendry (1986) and Hendry and Juselius (2000, 2001).  The key objective of this 

approach is to use econometrics to discover the relationship of variables rather than to use 
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it to validate economic theory.  Therefore, it attempts to understand the characteristics of 

data properties from the sample.  There are five basic steps of this approach including: 

 

1) Test for stationarity of the series 

2) Estimate and solve for static long-run oil demand equation for all 7 sectors 

3) Formulate the ECM (Error Correction Mechanism) terms 

4) Incorporate the ECM terms into short-run dynamic model 

5) Perform the model reduction process using Autometrics8. 

 

The models that involve in each step are described as follows: 

 

3.6.1.1 General ADL (1,1) Model 

 

 Oil consumption in each sector is specified to reflect the determinant factors and 

the economic development process.  All economic variables are transformed to natural 

logarithms and thus the double log estimation equation for any sector can be written as: 

 

154132110 −−− +++++= tttttt LPSUBLPSUBLPOILLPOILLOILLOIL αααααα  

          ttttttt uLLLLLKLKLGDPLGDP +++++++ −−− 11110198176 αααααα  

(16) 

 

                                                 
8 Autometrics is general-to-specific algorithm proposed by Hendry and Krolzig (2001) consisting of five 
steps i.e. 1) Specification of General Unrestricted Model, 2) Test for misspecification, 3) Elimination of 
irrelevant variables, 4) Test for congruency and 5) Evaluate the terminal model.  The key idea of this 
algorithm is that it eliminates irrelevant variables from the general model and retains only meaningful 
variables in the final model. 
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where tLOIL  is log of quantity of oil consumption in thousand tons of oil equivalent 

(ktoe), tLPOIL is the log of weighted real price of all petroleum products used by that 

sector in baht per toe, tLPSUB  is the log of weighted real price of substitute energy 

available in that sector in baht per toe, tLGDP  is the log of real income generated by that 

sector in millions of baht using 1988 prices, tLK  is the log of real capital stock in 

millions of baht using 1988 prices and tLL  is log of labor employment in thousands. 

 

3.6.1.2 Long-run Representation – derived from ADL 

 

 The long-run solutions can be obtained by using the fact that when the dependent 

variables and independent variables are both nonstationary i.e. I(1), yet the linear 

combination of these variables is stationary i.e. I(0) then oil consumption and other 

explanatory variables are said to be cointegrated as suggested by numerous literature for 

example by Engle and Granger (1987) and Hendry (1986).  This cointegration property 

has removed the unit roots and it is considered as the long-run relationship.  Therefore, 

the deviation from the long-run equilibrium of oil consumption called Error Correction 

Mechanism (ECM) term can be derived and is given by: 

 

ttttttt LLLKLPSUBLPOILLGDPLOILECM 54321 γγγγγ −−−−−=  (17) 

 

 If the variables are all stationary, the long-run solution is obtained simply from 

the distributed lag.  In the ADL(1,1) case, the ECM is present if the coefficient on the 
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lagged dependent variable is negative. This coefficient estimate is used to normalize the 

coefficients for the remaining explanatory variables. 

 

3.6.1.3 Short-run ECM (Error Correction) Model 

 

 The error correction model is specified in the first differences, which are 

stationary, to represent the short-run movements in the variables together with the lag of 

ECM term representing the deviation from the long-run equilibrium in the previous 

period.  When the ECM term is incorporated into the model, both long-run and short-run 

relations are taken into account simultaneously and thus the dynamics of oil consumption 

in each sector can be captured. 

 

154132110 −−− Δ+Δ+Δ+Δ+Δ+=Δ tttttt LPSUBLPSUBLPOILLPOILLOILLOIL ββββββ  

tttttttt eECMLLLLLKLKLGDPLGDP ++Δ+Δ+Δ+Δ+Δ+Δ+ −−−− 11211110198176 βββββββ  

(18) 

 

 Since the first difference model is stationary, estimation and statistical inference 

can be conducted using standard statistical approach.  Once the ECM model was 

estimated, the following step is to use Autometrics to perform model reduction to obtain 

the final model which includes only relevant variables in explaining the oil consumption 

behavior in each economic sector. 
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3.6.2 Dynamic Panel Data Approach 

 

 The second approach estimates short-run and long-run oil demand elasticities for 

Thailand using dynamic panel data methods.  As discussed earlier, Frazen and Sterner 

(1995) use the time-series and cross-section data to estimate long-run gasoline demand 

elasticities for OECD countries between 1960 and 1988.  I modify their model to  the 

seven economic sectors.  Dahl and Kurtubi (2001) estimate short-run and long-run 

demand elasticities of six oil products in Indonesia using an error correction model, but 

their approach is based on the time-series approach rather than panel data approach.   

 

 Hoa (1992) studied demand elasticities for six petroleum products in Thailand 

during the period 1974 to1987. His results are likely to be the most relevant and will be 

compared with my results.  However, my model is more general, because the economic 

development process variables representing by the capital accumulation and labor 

employment in each sector are also taken into account.  The regression model is the log 

linear model which can be written as follows: 

 

The Static Model: 

ititititititit eLLLKLGDPLPELELPOILLOIL ++++++= 543210 ββββββ  

 

The Dynamic Model: 

itititititititit eLLLKLGDPLPELELPOILLOILLOIL +++++++= − 5432110 βββββλβ   
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where 7,...,1=i  represents economic sector and 2007,...,1981=t  represents periods of the 

study, itLOIL  is the log of quantity of oil consumption in thousand tons of oil equivalent 

(ktoe), itLPOIL  is the log of weighted real price of all petroleum products used by that 

sector in baht per toe, itLPELE  is the log of real price of electricity used as a proxy of 

energy substitute in baht per toe, itLGDP  is the log of real income generated by that sector 

in millions of baht at 1988 prices, itLK  is the log of real capital stock in millions of baht 

at 1988 prices and itLL  is the log of labor employment in thousand heads. 

 

3.6.2.1 Estimation Method 

 

 Since the dynamic panel data will encounter the problem of an inconsistent 

estimator, the GMM (Generalized Method of Moments) estimation of the dynamic Panel-

Data model by Arellano and Bond (1991) will be applied to resolve the problem.  In the 

context of this study, a simple balanced-panel model where there is only one lag of 

dependent variable on the right hand side of the equation is given by 

 

itititititititit eLLLKLGDPLPELELPOILLOILLOIL +++++++= − 5432110 βββββλβ  

 

After first differencing the above equation, we have 

 

itititititititit uLLLKLGDPLPELELPOILLOILLOIL Δ+Δ+Δ+Δ+Δ+Δ+Δ=Δ − 6543211 λλλλλλ (19) 
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 With the first differencing equation, an instrument matrix can be constructed and 

the parameters of interest can be estimated subsequently.  The matrix of instrumental 

variables for sector i, iZ , is composed of the elements of itLOIL  and itxΔ  where 

),,,,,( 1 ititititititit LLLKLGDPLPELELPOILLOILX −= . This matrix can be written as: 
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3.6.2.2 Model Choices 

 

 In my study, the 1-step GMM estimation method has been used.  The estimated 

results are varied depending on choice of instruments and choice of dummies that are 

selected.  For the choice of instruments, the GMM level of oil consumption and constant 

dummies have been applied.  Several combinations between including and excluding 

“group dummies” have been tested. Since including the group dummies would allow the 

model to take into account effects on oil consumption from other sources which might 

not be captured by the model and these effects are supposed to be different from sector to 

sector.  The choice of whether or not to include the price of substitute energy is another 

factor of consideration.  Although the electricity price might be the best available proxy 

of energy substitute, the rather stable prices of electricity during the period of study might 

affect the accuracy of the estimation results. 
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3.7 Empirical Results 

 

 In this section, the results of the ADL single sector approach and the Dynamic 

Panel Data approach will be discussed. The analysis starts from a general model of oil 

consumption incorporating both demand and supply determinants. My general model 

includes the standard demand variables like own-price and income and production 

function determinants like capital, labor, and the price of substitutes. If capital and labor 

do not provide explanatory power, then I would interpret the model as one for consumer 

demand. Otherwise, I consider the model as explaining the demand for oil in a production 

function, with income/output representing scale effects. 

 

3.7.1 ADL Single Sector Approach  

 

3.7.1.1 Unit Root Tests 

 

 The unit root tests used in this section is the Augmented Dickey-Fuller tests 

(ADF).  The tests have been conducted based on two regression specifications i.e. 1) with 

constant term and 2) with constant plus trend term.  The results of the ADF tests are 

reported in Tables 3.6 – 3.9.  The test in levels or I(1) are reported in Tables 3.6 and 3.8; 

the first include a constant and the second includes a constant and trend. Tables 3.7 and 

3.9 report the results of unit root checking on the first difference series; the level is I(2).  

The null hypothesis of the ADF test is the series follows a unit root.  If the null cannot be 

rejected, I conclude there is a unit root and the series is nonstationary.   
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 As can be seen from Table 3.6 and 3.8, the results indicate that there is evidence 

to support that the series are nonstationary.  Even though the results in Table 3.6 show 

that the null hypothesis are rejected for GDP (in manufacturing), K (in manufacturing) 

and L (in mining) when the trend is not included, the results in Table 3.8 turn out to be 

different to support the presence of unit root in those variables when constant and trend 

are included.  Likewise, the results in Table 3.8 show that the null hypothesis can be 

rejected for POIL (in electricity), GDP (in agriculture) and L (in construction), but it 

cannot be rejected when the trend is not included.  Thus I find evidence of nonstationarity 

in 37-40 tests with both specifications. The three cases where the null is rejected are 

different in the two tables. Based on graphical results, I tend to believe these rejections 

may be due to the power of the test. 

 

The ADF tests for the first differences are presented in Table 3.7 and 3.9.  I reject the null 

hypothesis of unit root in most cases across all sectors except in the case of K.  Although 

the t-statistics for K might not be statistically significant, the coefficients of the lag one 

period of K in the ADF tests are numerically far from unity. Also, the idea that a slowly 

evolving real variable follows an I(2) process is counterintuitive. Thus, I conclude the 

variables in our analysis are I(1) series.  
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3.7.1.2 Modeling the Long-run Static Relations 

 

 The long-run relationship of oil demand is specified to reflect the economic 

determinants and development process in each sector.  Table 3.10 presents the long-run 

relationship between oil consumption and the determinant factors including oil price, 

price of substitute energy, income, capital and labor.   In all cases these explanatory 

variables are jointly significant except in mining sector in which the )5(2χ  statistic is 

fairly low at 0.53.  Moreover, it appears that none of the variables in Mining sector is 

individually significant.  Given the relatively small contribution of the Mining sector to 

oil consumption in the economy and the unfavorable outcomes from these statistical tests, 

I decide to drop Mining sector from our analysis and proceed to the next step with only 

six sectors.   I discuss the long-run results in Table 3.10. I find interesting details across 

the explanatory variables and sectors.  

 

Price of Oil 

 

 It appears the long-run oil price elasticity is inelastic in five of six sectors.  As can 

be expected, the oil price is most inelastic in Transportation sector with the magnitude of 

only -0.17 followed by Electricity -0.23, Agriculture -0.27, Manufacturing -0.87 and 

Construction -0.91.  The most inelastic oil demand in the Transportation sector might be 

explained by the limited choices of fuels available in the Transportation sector.  Even 

though the Thai government has promoted to use more natural gas known as NGV 

(natural gas for vehicle) and biofuels such as gasohol or biodiesel in the past 10 years, it 
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did not help much to increase the impact of oil prices in this sector.  The same situation 

also appears to have occurred in the Agriculture sector where farmers and fishermen still 

have limited choices of fuels and fuel using capital equipment. They are still exposed to 

oil price and quantity shocks.  The electricity sector seems to be in a better position since 

it can switch to other cheaper fuels like natural gas, coal and hydro power as well as other 

renewable energy sources.  

 

 Oil consumption in the Manufacturing and Residential and Commercial sectors 

are more price elastic with the value of -0.87 and -1.03, which implies that these two 

sectors are more flexible in adjusting their oil consumption when oil prices change.  The 

main reason is that during the past 27 years, Manufacturing and Residential and 

Commercial sectors have been able to switch to other cheaper alternative energy choices.  

Manufacturing sector has switched to use more coal and natural gas and Residential and 

Commercial sector switched to use more electricity and less kerosene.   

 

Price of Substitute Energy 

 

 The role of alternative energy in each sector is different depending on the sector’s 

characteristics.  This may explain the different signs of the estimates in various sectors.  

The positive sign of the estimate indicates that other forms of energy used by that sector 

seems to be a substitute for oil while the negative sign seems to indicate that alternative 

energy in that sector might be a complement rather than substitute.  I find that alternative 

energy in Agriculture, Manufacturing and Residential and Commercial sector appear to 
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be substitutes with the value of 0.21, 0.74 and 1.28 respectively.  The reason is the same 

as what have been described earlier that energy substitutes are available in these sectors 

especially in Manufacturing and Residential and Commercial sector.   

 

 In the Agricultural sector, the increased availability of electricity over time 

appears to promote the energy substitution.  However oil is still a dominant energy in the 

Agricultural sector due to the limited choice of technology for fuel switching.  In the 

Manufacturing sector, the situation is slightly more flexible than the Agriculture sector 

since there are many types of energy can be used in this sector.  This has been shown in 

the historical data in the past 27 years that oil consumption in the Manufacturing sector 

has dropped from about 40 percent to 10 percent of total energy use while electricity has 

risen from 14 percent to 21 percent, coal from 3 percent to 32 percent and natural gas 

from 0 percent to 10 percent of total energy use.   

 

 Although the electricity use in Residential and Commercial has risen rapidly over 

time and dominates the commercial energy consumption in this sector, the level of oil 

consumption has remained quite stable over time.  This might explain why the elasticity 

of oil substitutes in residential sector is much greater than that of Agricultural and 

Manufacturing sector. 

 

 However, in the Electricity sector, alternative energy appears to be a complement 

rather than a substitute with the elasticity value of -0.61.  This is consistent with the 

current situation in Thailand’s power generation sector where oil has been used as a 
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complementary fuel with natural gas for the old power plants and for the peak power 

generation.  Phumpradab et. al. (2009) report that the thermal power plants in Thailand 

use a fuel mix of 56 percent of natural gas and 44 percent of fuel oil by energy content.  

That may explain why the alternative choices of fuel are complementary in the Electricity 

sector. 

 

GDP 

 

 As can be seen from Table 3.10, GDP has a positive long-run impact on oil 

consumption in all sectors.  The results show that an increase in GDP by 1 percent can 

cause oil consumption in the Electricity, Manufacturing, Residential and Commercial as 

well as Transportation sector to increase by 3.22, 2.06, 1.08 and 0.76 percent respectively.   

 

 The impact of GDP on oil consumption is largest in the Electricity sector.  One 

possible explanation is that as economy grows, electricity consumption has grown 

accordingly.  This growing electricity demand has induced the power generators to 

expand their power plants especially coal-fired power plants which are considered the 

most cost effective.  However, power generators have faced with many social and 

environmental protests from villagers and pro-environment group.  Therefore, they could 

not build as many new coal-based power plants as expected.  Their second-best option is 

to revamp the old power generators using a fuel mix of natural gas and fuel oil.  As a 

result, the oil consumption in the Electricity sector has increased accordingly with a 

strong effect from the GDP.  
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 Moreover, in the Manufacturing sector, the situation is the same as that of 

Electricity sector.  The Manufacturing sector tends to consume more oil, electricity and 

coal during peak production periods.  The greater use of electricity in manufacturing 

sector reinforces the peak power demand which is met by fuel oil using power plants.  

However, the greater use of coal by the Manufacturing sector tends to drive up the coal 

price in the domestic market and would induce the Electricity sector to use less coal but 

more oil, which will indirectly promote higher oil consumption in electricity sector.   

 

 In the Residential and Commercial sector, the higher income is associated with 

the expansion of urbanization, LPG (known as cooking gas) has therefore risen sharply 

throughout the period of study.  As a result of the economic development and 

urbanization throughout the country, the Transportation sector has grown accordingly and 

thus oil use in the Transportation sector has increased substantially. 

 

Capital 

 

 It appears that the elasticity of oil consumption with respect to capital turns out to 

be negative in all sectors except in the Agriculture sector with the value about unity.  The 

positive value for the capital elasticity is associated with the agricultural development 

process which requires more oil consumption for irrigation and mechanization.  However, 

the negative values in other sectors can be interpreted as the saving of oil consumption 
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due to the technology advancement and the efficiency improvements in equipment and 

techniques of production.   

 

 The Thai government has attempted to promote energy efficiency policies for 

almost a decade. My results may reflect some of the benefits from these policies. The 

Electricity sector and the Manufacturing sector seem to manifest this energy efficiency 

effect the most. The effects are -2.52 and -2.53 respectively.  This can be explained by 

the fact that new machines were installed in the power plants and industry. These are 

designed to use more energy sources like coal, natural gas and renewable energy.  

Therefore, the more investment in new machines, the less oil will be consumed in that 

sector.   

 

 However, the oil saving effect is smallest in the Transportation sector with the 

magnitude of only -0.16.  This can be understood clearly if we take a look back on the 

technology of automobiles during the past decade.  The automobile industry does not pay 

much attention on producing energy-saving cars especially in the period of 1986-1998 

when oil price was relatively cheap.  The trend of technology in that time is geared 

towards the luxurious and speedy cars.  Only in recent years, the high oil price period, 

have automakers become more alert to producing more fuel efficient cars, hybrid cars and 

alternative-energy cars.  Although these technology options are not fully integrated into 

the markets, it can help reduce future fuel oil consumption in the Transportation sector. 
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Labor 

 

 The results are consistent and point out that in the long run the more labor 

employed in the sector the higher oil consumption will be.  The results show that the 

impact of higher labor employment is largest in the Residential and Commercial sector 

with the magnitude 1.60 followed by the Manufacturing sector 1.56, the Construction 

sector is 1.47 and the Agriculture sector is 1.19.  These results are not surprising because 

as greater labor is employed in these sectors the requirements equipment to perform the 

tasks would increase and that would lead to higher oil use. 

  

 The labor induced oil use effects are less in the Electricity sector and 

Transportation sector with the value less than unity, only 0.36 and 0.68 respectively.  The 

explanation is that labor is not as critical in producing power in electricity sector. The 

employment of labor is driven by the capital stock and technical aspects to ensure that the 

system will run smoothly and safely. 

 

 In the Transportation sector, transporting goods and passengers are mostly 

operated by public sector and some private licensed operators.  There are exact schedules 

and routine routes running all year round with a good control on the amount of oil use 

regularly.  Therefore, the higher labor employment in Transportation sector tends to 

generate small effects on oil consumption. 
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 The results in Table 3.10 were used to formulate the error correction term for 

seven sectors as presented in Table 3.11.  The ECM term representing the deviation from 

the long-run equilibrium will be incorporated into the General Unrestricted Model 

(GUM) which will be discussed in the next part. 

 

3.7.1.3 General-to-Specific Modeling Approach 

 

 The long-run relationships among variables in each sector are obtained from the 

previous analysis.  To model the demand for the oil for all sectors in a more 

comprehensive way, a short-run error correction model is used.  The error correction 

framework models the variables of interest in differences and the coefficients on the 

differenced variables are interpreted as short-run elasticities.  Under the ECM framework, 

the model includes an ECM term obtained from the long-run relationship representing the 

deviations in oil consumption from its long run equilibrium level.  The estimated 

coefficient of the ECM measures the speed of adjustment.  The greater the value the 

faster the adjustment process back to the long-run equilibrium will be. 

 

 The results of general model of short-run oil demand are presented in Table 3.12.  

All variables are in terms of change in the natural logarithm i.e. the growth rate.  The 

table can be read along the column corresponding to the sector of interest.  The value in 

each cell represents the coefficient of the variables in each row.  Basically, there are 

thirteen variables on the right hand side of the equation including the lag of the dependent 

variable, contemporaneous and lags of the explanatory variables, one lag of the ECM 
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term and a constant term.  The Construction and Transportation sectors have only eleven 

variables, because the price of substitute energy was not available.  A summary of the 

residual diagnostic tests for each equation is reported in the lower panel of the table.  

These tests include AR 1-2 test, ARCH 1-1 test, Normality test and Reset test.  The 

residual diagnostic, the one-step Chow test and the break point Chow test. 

 

 The AR 1-2 test is the test for error autocorrelation from lags 1 to 2 which is 

based on the null hypothesis that there is no autocorrelation in error terms i.e. they are 

white noise.  The results in the lower panel of Table 3.12 suggest that the null cannot be 

rejected in all sectors, which means that the error terms are white noise in the model of all 

sectors. 

 

 The ARCH 1-1 test examined the error ARCH (Autoregressive Conditional 

Heteroscedasticity) from lags 1 to 1.  This is the joint test of the significance of lagged 

squared residuals in the regression of squared residuals on a constant and lagged squared 

residuals.  Again, the results show that there is no statistical evidence of autocorrelation 

conditional on heteroscedasticity in the error terms in all sectors. 

 

 The Normality test checks the skewness and kurtosis of the residuals to ensure 

that they correspond to a normal distribution.  The results show that there is no evidence 

to reject the null hypothesis that the distribution of errors is normal except in the case of 

Residential and Commercial sector. The last test is RESET test or (Regression 

Specification Test).  This test is based on the null hypothesis of correct specification of 



104 

the model functional form.  I find that the null is rejected in the Agriculture and Mining 

sector. 

 

 In the next step, the final parsimonious model of oil demand in each sector is 

presented in Table 3.13.  This parsimonious model was obtained from conducting the 

model reduction process by applying general-to-specific modeling algorithm known as 

Autometrics to the General Unrestricted Model (GUM) presented in Table 3.12.  The 

basic ideas of model reduction is that it eliminates irrelevant variables from the general 

model and retains only meaningful variables by employing statistical tests of significance 

and misspecification through residual diagnostics and evaluating the final models through 

encompassing tests as suggested by Hendry and Krolzig (2001).  In this study, the 

significance level of 5 percent was chosen as a cut off point of irrelevant variables and 

the outlier detection is set at 1.0 percent. 

 

 The results in Table 3.13 show that in the short run the effect of GDP on oil 

consumption is highly significant in Manufacturing, Residential and Commercial and 

Transportation sector.  Only in Construction sector, the lag of GDP was found to be 

significant.  Among these sectors, the short-run impact of GDP on oil consumption is 

largest in the Manufacturing sector with the magnitude of 1.58 followed by the 

Residential and Commercial sector and Transportation sector at 1.21 and 0.94 

respectively.   
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 The short-run oil price elasticity estimates suggest that the Transportation sector’s 

oil demand is least sensitive to price with the magnitude of only -0.16 followed by 

Agriculture and Manufacturing sector with the elasticity value equal to -0.24 and -0.28 

respectively.  This result is similar to the long-run results found earlier in the long-run 

analysis.  It is not a surprising result since oil is still the main or only energy used in 

Transportation sector and it is still difficult to find other energy substitutes even in the 

time of high oil prices in the short run. 

 

 The short-run elasticity of oil consumption with respect to capital also shows the 

same sign as what had been found in the long run.  The increase in capital in the short run 

appears to help lower oil consumption especially in Agriculture, Construction and 

Manufacturing sector.  However, greater capital investment in the Electricity sector turns 

out to accelerate oil consumption in the short run. 

 

 Contrary to effect of capital on oil consumption, higher employment in the 

Agriculture, Construction, Manufacturing, and Transportation sectors have a positive 

impact on oil consumption in the short run.  The impact of labor on oil consumption is 

greatest as indicated by the elasticity value of 1.45 in the Construction sector.  This is due 

to the fact that labor is a primary input in the Construction sector.  But in the Agriculture, 

Manufacturing and Transportation sector, the elasticity values are almost the same 

between around 0.3 and 0.5.  These findings are consistent with the results in the long run 

analysis except larger impacts from labor found in the long run. 
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 Another interesting factor on oil consumption is price of substitute energy.  It 

turns out from the statistical point of view price of substitute energy does not play a 

major role in influencing oil consumption in the short run.  As can be seen in Table 3.13, 

in the specific model, price of substitute energy could not pass the criteria of the model 

reduction process and it has been dropped out in all sectors.  One possible explanation is 

that in the short run variations in price of energy substitutes might not create a sufficient 

impact and lead to a significant change in the behavior of oil consumption in all sectors.  

Only when the price of energy substitutes has manifested a clear pattern in the long run 

will oil consumers be more confident to invest in new machines and equipment in order 

to switch from oil to other fuels.  In other words, the trade off between the cost from 

investment in new technology and benefits from oil saving will be clearly realized only in 

the long run. 

 

 The error correction (ECM) term is significant in all sectors and has a negative 

sign with the size of less than unity except in Construction sector where the value of 

coefficient is almost equal to unity.  The size of the ECM term indicates the speed of 

adjustment when the demand is above or below equilibrium.  From Table 3.14, 

Construction sector has the fastest speed of adjustment among all sectors.  It means that if 

there is a deviation from the long-run equilibrium of oil consumption, the Construction 

sector tends to completely adjust within one year from a deviation from the long run 

equilibrium.  If I compare the Manufacturing and Transportation sectors, they adjust their 

consumption by only 59 and 55 percent respectively from the deviation within the first 

year. 
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 In general, the final parsimonious model in each sector has coefficients with 

expected signs and reasonable magnitude.  The model for all sectors except the Mining 

sector performs well on the statistical points of view.  The residual diagnostics indicate 

there is no evidence to support the presence of autocorrelation, conditional 

heteroscedasticity and normality as shown in Figures 3.6 – 3.12. 

 

 Furthermore, the one-step residuals lie within two standard error confidence 

bounds suggesting that there are no heavy outliers detected.  The stability of the model is 

examined further by testing parameter constancy through recursive estimation.  The 

results of the tests for all sectors are shown graphically in Figures 3.6 – 3.12.  These 

figures show the one-step ahead and n-step-ahead Chow tests for individual equation of 

each sector on both general model and specific model.  The one-step ahead considers 

one-period ahead of predictions from recursive estimation while the n-step-ahead Chow 

tests are a break point Chow tests.  The test statistics are normalized on the critical value 

at 1 percent so that if the values exceed the unity bound, it suggests the rejections of the 

null hypothesis of structural breaks.   

 

 Overall, it appears there is evidence of structural breaks only in the Electricity and 

Mining sector.  Models in the other sectors do not show any signs of structural breaks and 

it can be concluded that all equations satisfy parameter constancy condition at one 

percent significant level.  In other words, the estimates are stable.  Hence, the 
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parsimonious model of oil consumption in six sectors can successfully capture the 

dynamics of oil consumption and it is also robust based on statistical grounds. 

 

3.7.2 Dynamic Panel Data Approach  

 

 The main distinction between the ADL single sector approach and the Dynamic 

Panel Data approach is that the estimated coefficients obtained from the dynamic panel 

data approach represents the elasticity value of oil consumption with respect to the 

corresponding variable across the whole economy not for any particular individual sector 

as discussed in the earlier part.  Table 3.14A reports the estimated results and t-statistics 

of the dynamic panel data estimation approach for several model specifications.  These 

model choices differ by the explanatory variables included and the treatment of group 

effects which capture the different characteristics among sectors. 

 

 There are six variables in the group effects including Group 2 (Construction), 

Group 3 (Electricity), Group 4 (Manufacturing), Group 5 (Mining), Group 6 (Residential 

and Commercial) and Group 7 (Transportation) because the Agriculture sector serves as 

the reference case.  In addition, under the GMM framework, all variables shown in Table 

3.14A are in first difference of natural logarithm. 

 

 Column 1 contains the results of Model I in which there are only three 

explanatory variables: the lag of oil consumption, oil price and GDP.  The different 

characteristics of oil consumption among sectors are not considered in Model I.  It is the 
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simplest case in the sense that it is the oil demand function depending on own price and 

income, it is used as a referenced model for comparing with other model specifications.   

 

 Model II as shown in column 2 of Table 3.14A adds one additional variable, price 

of electricity to represent price of substitute energy.  Likewise, Model III adds three new 

variables for comparison with Model I i.e. the price of electricity, capital and labor.  

Based on the results in Models II and III, it appears that price of substitute energy are not 

significant and does not help increase explanatory power of the model.  Therefore, price 

of electricity has been dropped out from consideration.  Model IV does not include price 

of electricity but include capital and labor.  Model V is the same as Model IV but it takes 

into account the group effects which allow the intercept to adjust accordingly.  Model VI 

is the same as Model V but it does not include capital and labor.  As can be seen in Table 

3.14A, labor and capital are significant in Models III and IV, but when the group effects 

are included, only labor is significant but not capital.  Considering the group effects in 

Model V and VI, the group effects turn out to be significant in all cases except Group 3 

(Electricity) in Model V. The (de-meaned) consumption growth is not significant 

between Electricity and Agriculture. 

 

 The estimates for lagged oil consumption are significant in all of six model 

specifications and the values are quite close ranging between 0.62 and 0.76.  The oil price 

estimates in all specifications are negative and less than one around -0.26 and -0.40, 

which indicate that the oil demand is rather inelastic in the short-run.  The income 

estimates are positive and significant in all cases ranging from 0.13 to 0.31.  The capital 
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elasticity is negative and significant in two of three cases with the value around -0.30.  

The negative sign for the capital appears to be the same as those obtained from the ADL 

single sector approach.  This suggests that additional capital stock tends to help save oil 

use in the economy which might be due to the technology improvement in machines and 

equipment. The response to labor is the reverse; it tends to accelerate oil use with the 

short-run elasticity values around 0.23 to 0.47. 

 

 The results obtained in each specification were used to compute the short-run and 

long-run elasticity values as shown in Table 3.15.  As can be seen from the table, the 

short-run elasticity values with respect to all variables are less than the elasticity values in 

the long-run.  These findings are consistent with the economic theory stating that 

consumption is more responsive to the change in economic variable in the long run rather 

than in the short run.  In the context of this study, oil consumption behavior in the Thai 

economy seems to be consistent with standard economic predictions. 

 

 An increase in oil price by one percent in the short run can cause a reduction in oil 

consumption by about 0.26 to 0.40 percent.  However, in the long run, an increase in oil 

price by one percent might lead to a decrease in oil consumption by 0.76 to 1.70 percent.  

When income increases by one percent in the short run oil consumption tend to increase 

by 0.13 to 0.31 percent while in the long run the effects are stronger at 0.34 to 0.92 

percent.  If the capital stock increases by one percent, it might help lower oil 

consumption by 0.3 percent in the short run and 1.19 percent in the long run.  An increase 
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in employment by one percent will cause higher oil consumption in the short run by 

about 0.20 to 0.47 percent and by about 0.74 to 1.24 percent in the long run. 

 

 The residual diagnostic test results are provided in Table 3.14 B.  The results from 

the tests do not indicate any serious problems on these six models.  The Wald (joint) tests 

showing the overall significance of all regressors are highly significant in all models.  

The Wald (dummy) tests including constant term are significant in four out of six cases.  

The Sargan test indicates that the null hypothesis of validity of the instruments cannot be 

rejected in all models.  The residual diagnostic tests show that the error terms behave 

nicely and do not show any signs of autocorrelation either AR(1) or AR(2).  Therefore, it 

can be concluded that the results from the dynamic panel data approach are fairly reliable 

and can provide us some clues of how much oil consumption of the whole economy 

would be affected by the change of each variable. 

 

 There are several distinctions between my results and Hoa (1992).  Note, however 

that nearly 20 years have elapsed since that study. First, the own-price elasticities are 

positive and significant for several petroleum products in the first study.  I find that the 

own price elasticities are negative in both the short run and long run. Further short-run 

elasticity is inelastic and rather elastic in the long-run.  Second, the income elasticity is 

positive and highly significant in my paper in all sectors while in Hoa (1992), the income 

elasticity is negative for kerosene and positive in other petroleum products but only 

marginally significant.  Third, in this paper, the magnitude of the income elasticity is less 

than unity in both short run and long run, but in the previous paper the magnitude is quite 
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large between 0.4 and 3.1.  Fourth, the previous paper does not distinguish between the 

short run and long run elasticities and did not consider the effect from price of energy 

substitute either. My results are consistent with those found in the surveys by Dahl (1994) 

and in the study of Indonesia by Dahl and Kurtubi (2001). 

 

3.8 Conclusion 

 

 I examine oil consumption behavior by sector in Thailand from 1980 to 2007. Oil 

consumption is the aggregate of seven petroleum products. The sectors are Agriculture, 

Construction, Electricity, Manufacturing, Mining, Residential & Commercial, and 

Transportation. 

 

 My analysis begins with a general model of oil consumption incorporating both 

demand and supply determinants. My general model includes the standard demand 

variables like own-price and income and production function input determinants like 

capital, labor, and the price of substitutes. If capital and labor do not provide explanatory 

power, then I would interpret the model as one for consumer demand. Otherwise, I 

consider the model as explaining the demand for oil in a production function, with 

income/output representing scale effects. 

 

 I approach the econometric modeling from two perspectives: an autoregressive 

distributed lag perspective by sectors individually and a dynamic panel data approach. In 

both cases the model appears to explain oil consumption as an input demand in the 
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production function. The dynamic panel data approach yielded estimates consistent with 

economic theory.  The signs of the coefficients are correct and the long-run responses are 

larger than the short-run responses. The panel data approach combines information from 

all seven sectors and should be more efficient. However, it can be restrictive in that the 

elasticity estimates are the same across sectors. This may mask interesting issues when 

oil use is heterogeneous. 

 

 Several examples of the sector heterogeneity phenomenon are described below. 

The long-run labor elasticities are approximately unity in all sectors except in the 

Electricity sector where it is less than unity. Also, the short-run own price elasticity in the 

Electricity sector turned out to be positive.  A possible explanation is that during peak 

demand periods and when energy prices increase, the sector has no other alternative 

generating capability and must use residual fuel legacy oil plants. I do not find significant 

short-run effects for the price of oil substitutes. Finally, I find evidence supporting that an 

increase in capital has a long-run negative impact on oil consumption in all sectors except 

in Agriculture sector.  This result might be interpreted as greater capital accumulation in 

Agriculture sector leads to more demand for irrigation and mechanization in the 

economic development process. 
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Table 3.1: Thailand’s own-price, cross-price and income elasticities of six petroleum products (1947-1987) 
 Petrol 

 
Kerosene Diesel Fuel oil Asphalt LPG Income 

Petrol 1.221** 0.344 0.097 -0.621* -0.375** -0.002 0.372 
 (2.237) (0.753) (0.346) (-1.897) (-2.150) (-0.009) (1.391) 

 
Kerosene 13.413** 6.257* -1.178 -6.496** -2.470* -2.252 -3.674* 
 (2.742) (1.526) (-0.470) (-2.213) (-1.578) (-1.321) (-1.534) 

 
Diesel -1.766** -0.505 -0.194 0.724 0.586* 0.167 1.716*** 
 (-2.452) (-0.837) (-0.527) (1.676) (2.544) (0.664) (4.864) 

 
Fuel oil 1.575 0.357 2.013* -0.175 -2.361*** -0.446 0.422 
 (0.633) (0.171) (1.580) (-0.117) (-2.968) (-0.514) (0.346) 

 
Aviation -0.869 -0.519 -0.410 -0.142 1.994*** 0.165 0.679 
 (-0.640) (-0.457) (-0.589) (-0.174) (4.595) (0.347) (1.019) 

 
LPG -3.192 -1.237 -3.897** 1.409 3.551*** 0.863 3.095* 
 (-0.873) (-0.404) (-2.083) (0.642) (3.037) (0.677) (1.727) 

Source: Hoa (1992) 
Note: Price of aviation fuel is not available so price of the joint product asphalt is included instead to test for the cross effects on 
other petroleum products.  t-statistics are provided in the parentheses. 
 
 
Table 3.2: Output Growth and the Structure of GDP 

 1980s 1990s 2000-2007 
Economic Growth* (%) 7.8 4.0 3.5 
Real GDP per capita* (Baht) 23,703 44,218 58,422 
 
Share of domestic product generated by (%) 
Agricultural Sector 17 10 10 
Industrial Sector 34 42 46 
Service Sector 49 47 44 

Source: National Economic and Social Development Board 
* 10-year average 
 
 
Table 3.3: Final Energy Consumption and GDP Contribution by sector (Unit: Percent) 

 1986-1990 1991-1995 1996-2000 2001-2005 Average
1986-2005 

Share of Final Energy Consumption by Sector1: 
Transportation 37 38 39 37 38 
Industry 28 32 34 36 32 
Residential & Commercial 30 24 21 21 24 
Agriculture 5 6 6 6 6 

 
GDP Contribution by Sector2: 
Transportation 7 8 9 10  9 
Industry 37 42 43 46  42 
Residential & Commercial 42 40 38 34  38 
Agriculture 14 11 10 10  11 

Source: 1. Department of Alternative Energy Development and Efficiency and 2. National Economic and Social Development Board 
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Table 3.4: Share of Oil Consumption by Sector (Unit: Percent) 

Economic Sector 1981-1990 1991-2000 2000-2006 Average 
1981-2006 

Agriculture 10.2 6.2 9.6 8.6 
Mining 0.5 0.1 0.1 0.2 
Manufacturing 13.0 12.6 11.9 12.5 
Electricity 10.4 13.3 3.5 9.1 
Construction 0.9 0.8 0.4 0.7 
Residential & Commercial 5.6 6.0 7.4 6.3 
Transportation 58.0 60.9 67.1 62.0 

Source: Energy Policy and Planning Office 
 
 
Table 3.5: Share of Oil Consumption by Product and by Sector during 1981-2006: (Unit: Percent) 

Economic Sector LPG Kerosene/ 
Jet Fuel 

Premium 
Gasoline 

Regular 
Gasoline 

High-
Speed 
Diesel 

Low-
Speed 
Diesel 

Fuel Oil 

        
1. Agriculture 0.2 0 0.1 2.6 18.7 0.9 0.1 
2. Mining 0 0.0 0.0 0.0 0.3 0.6 0.2 
3. Manufacturing 16.8 1.5 1.0 0.6 4.1 21.8 43.4 
4. Electricity - - - - 1.7 - 43.4 
5. Construction - 0 0 0.1 1.4 0.1 0.6 
6. Residential & Commercial 69.6 2.8 0 0 0.0 1.1 0.4 
7. Transportation 13.0 94.8 98.8 96.4 73.7 74.8 11.8 
        
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

Source: 1. Energy Policy and Planning Office and 2. Department of Alternative Energy Development and Efficiency 
Note: Data shown as “0” mean the value is less than 0.05 



116 

Modeling Oil Demand using the ADL Single Sector Approach (1981-2007) 
 
Table 3.6: ADF Statistic Tests for a Unit Root in Level with Constant in ADF Regression Specifications 

Variable 
OIL POIL PSUB GDP K L 

Sector 

t-
statistics 

Lag t-
statistics 

Lag t-
statistics 

Lag t-
statistics 

Lag t-
statistics 

Lag t-
statistics 

Lag 

Agriculture -0.65 0 0.08 0 -1.56 0 -0.76 2 -0.95 1 -1.28 0 
Construction -1.35 0 0.10 0 - - -2.61 1 -2.60 1 -2.17 1 
Electricity -1.28 3 0.80 0 -1.71 3 -3.36 0 -1.83 2 -1.51 0 
Manufacturing -2.46 1 0.73 0 -2.32 0 -3.07* 0 -4.08** 2 -2.36 0 
Mining -2.05 1 0.05 0 -2.19 0 -1.70 3 -1.19 1 -4.55** 0 
Res. & Com. -2.34 2 -2.49 1 -2.46 2 -1.86 1 -1.51 0 -1.83 0 
Transport -2.68 1 0.20 0 - - -2.43 0 -1.82 1 -3.55 3 

 
 
Table 3.7: ADF Statistic Tests for a Unit Root in First Difference with Constant in ADF Regression Specifications 

Variable 
OIL POIL PSUB GDP K L 

Sector 

t-
statistics 

Lag t-
statistics 

Lag t-
statistics 

Lag t-
statistics 

Lag t-
statistics 

Lag t-
statistics 

Lag 

Agriculture -4.39** 0 -3.79** 0 -4.94** 0 -6.47** 1 -2.02 0 -6.04** 0 
Construction -4.52** 0 -3.85** 0 - - -2.20 0 -1.38 0 -3.09* 1 
Electricity -3.75* 2 -3.31* 0 -2.64 0 -3.03* 0 -1.53 1 -4.17** 0 
Manufacturing -2.12 0 -3.43* 0 -3.72* 0 -3.30* 0 -1.48 1 -4.13** 0 
Mining -7.47** 0 -4.49** 0 -4.41** 0 -4.67** 2 -1.98 0 -4.86** 2 
Res. & Com. -4.59** 3 -2.76 0 -3.22* 0 -1.95 0 -4.32 0 -4.12** 0 
Transport -2.62 0 -3.40* 0 - - -3.17* 0 -1.54 1 -5.60** 0 

 
 
Table 3.8: ADF Statistic Testing for a Unit Root in Level with Constant and Trend in ADF Regression Specifications 

Variable 
OIL POIL PSUB GDP K L 

Sector 

t-
statistics 

Lag t-
statistics 

Lag t-
statistics 

Lag t-
statistics 

Lag t-
statistics 

Lag t-
statistics 

Lag 

Agriculture -1.96 0 -0.28 2 -1.67 0 -3.68* 0 -3.23 3 -2.22 0 
Construction -1.10 0 -1.42 0 - - -2.49 1 -1.72 1 -4.78** 0 
Electricity -0.96 3 -3.84* 0 -1.52 0 -1.03 0 -0.09 2 -1.78 0 
Manufacturing -0.67 1 -3.15 0 -1.11 0 -2.21 1 -3.60 1 -1.52 0 
Mining -4.21 3 -0.55 2 -1.63 0 -1.85 2 -0.98 2 -2.96 3 
Res. & Com. -2.35 3 -2.03 1 -1.26 0 -2.16 2 -1.57 0 -1.99 0 
Transport -1.85 1 -0.91 2 - - -1.26 0 -1.92 2 -0.92 3 

 
 
Table 3.9: ADF Statistic Testing for a Unit Root in First Difference with Constant and Trend in ADF Regression Specifications 

Variable 
OIL POIL PSUB GDP K L 

Sector 

t-
statistics 

Lag t-
statistics 

Lag t-
statistics 

Lag t-
statistics 

Lag t-
statistics 

Lag t-
statistics 

Lag 

Agriculture -4.28* 0 -4.69** 3 -5.74** 0 -6.37** 1 -1.97 0 -5.89** 0 
Construction -4.75** 0 -4.58** 3 - - -2.29 0 -2.32 0 -3.28 1 
Electricity -4.10* 2 -4.27* 1 -3.38 0 -3.38* 0 -2.62 3 -4.13* 0 
Manufacturing -3.39 0 -5.39** 0 -4.39* 0 -4.03* 0 -3.56 1 -4.74** 0 
Mining -4.15* 3 -4.32** 3 -5.44** 0 -5.07** 3 -2.29 1 -6.09** 2 
Res. & Com. -5.49** 3 -3.53 1 -4.62** 0 -2.11 0 -4.30 0 -4.29* 0 
Transport -3.39 0 -4.49 3 - - -3.68* 0 -1.82 1 -4.18* 2 

Note: The ADF test covers the sample period from 1981 to 2007.  All variables are in natural logarithms.   A maximum of three lags is 
used to examine the autocorrelation of the residuals.  Two types of ADF regression specifications are considered: 1. with constant and 
2. with constant and trend.  The critical values for t-tests at 5% are -3.00 and -3.63, respectively and at 1% the values are -3.77 and -
4.44 respectively. The rejection of the hypothesis of the presence of unit roots is denoted by * and ** for 5% and 1% respectively. 
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Modeling Oil Demand using the ADL Single Sector Approach (1981-2007) 
 

Table 3.10: The Static Long-run Equation for Oil Demand by Sector 
 

Variable 
 
Agriculture 

 
Construction 

 
Electricity 

 
Manufac-
turing † 

 
Mining 

 
Residential 
& 
Commercial 
 

 
Transpor- 
tation 

        
Constant -22.89*** 

(-3.27) 
 

10.36 
(1.09) 

9.09 
(0.60) 

-29.25*** 
(-3.99) 

7.99 
(0.26) 

-17.16** 
(-2.28) 

-0.39 
(-0.42) 

LGDP 0.45 
(0.67) 
 

0.18 
(0.23) 

3.22* 
(1.87) 

2.75** 
(2.51) 

0.49 
(0.31) 

1.08 
(1.11) 

0.76*** 
(5.23) 

LK 1.05** 
(2.16) 
 

-0.79 
(-1.33) 

-2.52 
(-1.50) 

-0.66 
(-0.92) 

-0.61 
(-0.41) 

-0.55 
(-1.04) 

-0.16 
(1.58) 

LL 1.19* 
(1.89) 
 

1.47 
(1.35) 

0.36 
(0.48) 

1.56*** 
(2.98) 

-0.99 
(-0.52) 

1.60 
(1.55) 

0.68** 
(2.09) 

LPOIL -0.27 
(-1.17) 
 

-0.91** 
(-2.00) 

-0.23 
(-0.19) 

-0.87** 
(-2.71) 

0.25 
(0.20) 

-1.03 
(-1.24) 

-0.17*** 
(-3.17) 

LPSUB 0.21 
(0.42) 
 

- -0.61 
(-0.32) 

0.74** 
(2.20) 

-0.11 
(-0.03) 

1.28 
(1.61) 

- 

        
Long-run 
sigma 
 

0.09 0.24 0.37 0.07 0.67 0.13 0.03 

Wald test: =)5(2χ  
252.317 
[0.0000]** 
 

=)4(2χ   
23.4112 
[0.0001] ** 

=)5(2χ  
31.157 
[0.0000] ** 

=)6(2χ  
503.534  
[0.0000] ** 

=)5(2χ  
0.527401 
[0.9911] 

=)5(2χ  
205.827 
[0.0000] ** 

=)4(2χ  
3210.22 
[0.0000] ** 

Notes: 1. t-statistics are in ( ). 2. p-values are in [ ]. 3. ***, ** and * denote 1%, 5% and 10% significance level respectively.  
4. † indicates that the trend term was included in the model specification of the Manufacturing sector as it helps improve the results 
comparing with the specification without the trend term. 5. The period of this study starts from 1981 to 2007. 
 
 

Table 3.11: Constructing Error-Correction Mechanism (ECM) term by Sector 
 

Sector 
 

 
ECM 

 
Agriculture 

 
ECM = LOILAG + 22.89 - 0.45*LGDPAG - 1.05*LKAG - 1.19*LLAG + 0.27*LPOILAG - 0.21*LPSUBAG 
 

Construction ECM = LOILCST - 10.34 - 0.18*LGDPCST + 0.79*LKCST - 1.47*LLCST + 0.91*LPOILCST 
 

Electricity ECM = LOILEL - 9.10 - 3.22*LGDPEL + 2.52*LKEL - 0.36*LLEL + 0.24*LPOILEL + 0.61*LPSUBEL 
 

Manufacturing ECM = LOILMF + 29.25 - 2.75*LGDPMF + 0.66*LKMF – 1.56*LLMF + 0.87*LPOILMF – 
0.74*LPSUBMF + 0.15*Trend; 
 

Mining ECM = LOILMN - 7.99 - 0.50*LGDPMN + 0.62*LKMN + 0.99*LLMN  - 0.25*LPOILMN + 
0.11*LPSUBMN 
 

Residential 
& Commercial 

 

ECM = LOILRC + 17.16 - 1.08*LGDPRC + 0.56*LKRC - 1.61*LLRC + 1.03*LPOILRC - 1.28*LPSUBRC 

Transportation ECM = LOILTP + 0.39 - 0.76*LGDPTP + 0.17*LKTP – 0.68*LLTP + 0.17*LPOILTP 
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Modeling Oil Demand using the ADL Single Sector Approach (1981-2007) 
 

Table 3.12: The General Model of Oil Demand by sector taking into account the Effects of  
Oil Price, Price of Substitute Energy, Income, Labor Employment and Capital Stock 

 
Variable 

 
Agriculture 

 
Construction 

 
Electricity 

 
Manufac-
turing† 

 
Mining 

 
Residential 
& 
Commercial 
 

 
Transpor-
tation 

 

Δ LOIL_1 
 
0.16 
(0.91) 
 

 
0.23 
(1.39) 

 
0.29 
(0.18) 

 
-0.03 
(0.17) 

 
-0.13 
(-0.46) 

 
-0.02 
(-0.11) 

 
0.14 
(0.94) 

Constant 0.02 
(0.46) 
 

0.03 
(0.622) 

0.20 
(0.84) 

-0.08** 
(-2.96) 

-0.03 
(-0.14) 

0.01 
(0.23) 

0.001 
(0.11) 

Δ LPOIL -0.33 
(1.35) 
 

-0.32 
(-1.46) 

0.65 
(0.81) 

-0.37*** 
(-3.33) 

-1.45 
(-1.46) 

-0.63 
(-1.31) 

-0.12** 
(-2.27) 

Δ LPOIL_1 0.22** 
(-2.09) 
 

0.38 
(1.39) 

1.01 
(1.19) 

0.11 
(0.83) 

-0.40 
(-0.386) 

0.36 
(0.84) 

-0.06 
(-0.799) 

Δ LPSUB 0.01 
(0.02) 
 

- 0.07 
(0.06) 

0.17 
(1.09) 

-0.86 
(-0.50) 

-0.29 
(-0.62) 

- 

Δ LPSUB_1 -0.17 
(-0.72) 
 

- -0.82 
(-0.69) 

-0.24 
(-1.37) 

0.25 
(0.16) 

-0.84 
(-1.24) 

- 

Δ LGDP -0.25 
(-0.52) 
 

-0.20 
(-0.575) 

-1.59 
(-1.03) 

1.76*** 
(5.47) 

2.55 
(1.50) 

0.48 
(0.74) 

0.74*** 
(3.75) 

Δ LGDP_1 -0.49 
(-0.86) 
 

-0.58 
(-1.52) 

-2.81 
(-1.55) 

0.12 
(0.51) 

0.71 
(0.408) 

0.79 
(0.88) 

-0.03 
(-0.14) 

Δ LK -3.22*** 
(-3.33) 
 

-3.02*** 
(-3.33) 

10.80** 
(1.88) 

-4.64*** 
(-4.81) 

0.74 
(0.27) 

-0.61** 
(-2.06) 

0.02 
(0.06) 

Δ LK_1 -1.65 
(-0.89) 
 

-0.11 
(-0.145) 

5.12 
(0.65) 

-0.96 
(-0.80) 

-1.23 
(-0.42) 

-0.15 
(-0.64) 

0.30 
(0.91) 

Δ LL 0.20 
(0.58) 
 

1.86*** 
(4.60) 

-0.29 
(-0.51) 

0.71*** 
(3.38) 

-0.19 
(-0.35) 

0.59 
(1.34) 

0.34** 
(2.65) 

Δ LL_1 -0.30 
(-0.86) 
 

-0.77** 
(-1.99) 

-0.73 
(-1.50) 

-0.09 
(-0.42) 

-0.11 
(-0.22) 

-0.49 
(-0.95) 

-0.11 
(-0.96) 

ECM_1 -0.97*** 
(-3.43) 
 

-1.28*** 
(-7.20) 

-1.08*** 
(-3.93) 

-0.79*** 
(-3.97) 

-0.57** 
(-2.12) 

-0.93*** 
(-3.41) 

-0.91*** 
(-3.45) 

Test Summary 
        
AR 1-2 test: F(2,10)   =  

0.97699 
[0.4097] 
 

F(2,12)   =  
0.64169 
[0.5435] 

F(2,10)   =  
0.92615 
[0.4276] 

F(2,10)   =  
1.4513  
[0.2796] 

F(2,10)   =   
2.7723  
[0.1102] 

F(2,10)   =   
1.2835  
[0.3190] 

F(2,12)   =  
0.17480 
[0.8417] 

ARCH 1-1 
test: 

F(1,10)   =  
0.27967 
[0.6085] 
 

F(1,12)   
=0.0020669 
[0.9645] 

F(1,10)   =   
1.5218  
[0.2456] 

F(1,10)   =   
0.55717 
[0.4726] 

F(1,10)   =   
3.6155 
[0.0864] 

F(1,10)   =   
1.7140  
[0.2198] 

F(1,12)   =  
0.26958 
[0.6131] 

Normality test =)2(2χ  
 3.1899  
[0.2029] 
 

=)2(2χ  
   4.1224 
[0.1273] 

=)2(2χ   
1.7079  
[0.4257] 

=)2(2χ  
4.9430 
[0.0845] 

=)2(2χ    
4.0292  
[0.1334] 

=)2(2χ   
9.1529 
[0.0103]* 

=)2(2χ   
1.0093  
[0.6037] 

Reset test: F(1,11)   =   
13.281 
[0.0039]** 

F(1,13)   =  
0.26478 
[0.6155] 
 

F(1,11)   =   
1.5676  
[0.2365] 

F(1,11)   =   
1.3054 
[0.2775] 

F(1,11)   =   
26.064 
[0.0003]** 

F(1,11)   =   
1.0618  
[0.3249] 

F(1,13)   =  
0.54500 
[0.4735] 

Notes: 1. ***, ** and * denote 1%, 5% and 10% significance level respectively. 
2. t-statistics are in ( ). 
3. p-values are in [ ]. 
4. † indicates that in the Manufacturing sector the ECM term with trend has been used in the General Model. 
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Modeling Oil Demand using the ADL Single Sector Approach (1981-2007) 

 
Table 3.13: The Specific Model of Oil Demand by sector taking into account the Effects of  
Oil Price, Price of Substitute Energy, Income, Labor Employment and Capital Stock 

 
Variable 

 
Agriculture 

 
Construction 

 
Electricity 

 
Manufac-
turing † 

 
Mining 

 
Residential 
& 
Commercial 
 

 
Transpor-
tation 

        
Constant 
 
 

   -0.09*** 
(-5.85) 

   

Δ LGDP  
 
 

  1.58*** 
(6.82) 

2.14** 
(2.73) 

1.21*** 
(4.66) 

0.94*** 
(13.5) 

Δ LGDP_1  
 
 

-0.79** 
(-2.78) 

     

Δ LK -3.26*** 
(-5.28) 
 

-2.4*** 
(-5.93) 

10.74*** 
(6.76) 

-3.99*** 
(-5.67) 

 -0.40*** 
(-3.09) 

 

Δ LL 0.32* 
(1.76) 
 

1.45*** 
(4.85) 

 0.66*** 
(3.80) 

  0.39*** 
(4.18) 

Δ LPOIL -0.24** 
(-2.44) 
 

 1.47*** 
(3.00) 

-0.24*** 
(-3.10) 

-1.73*** 
(-3.47) 

-0.79*** 
(-3.21) 

-0.16*** 
(-3.11) 

Δ LPSUB  
 
 

   -1.11 
(-1.02) 

  

ECM_1 -0.74*** 
(-6.83) 
 

-1.01*** 
(-7.69) 

-0.81*** 
(-7.08) 

-0.59*** 
(-6.83) 

-0.51*** 
(-4.27) 

-0.64*** 
(-5.50) 

-0.55*** 
(-4.17) 

Dummy 1983  
 
 

    0.25*** 
(-4.16) 

 

Test Summary 
        
AR 1-2 test: F(2,19)   = 

0.037530 
[0.9632]  
  

F(2,19)   = 
0.023982 
[0.9763] 

F(2,20)   =  
0.12864 
[0.8800]   

F(1,17)   =  
0.66489  
[0.5272] 

F(2,19)   =  
0.28163 
[0.7576] 

F(2,18)   =  
0.52501 
[0.6003] 

F(2,19)   =  
0.41956 
[0.6633] 

ARCH 1-1 
test: 

F(1,19)   =  
0.36505 
[0.5529] 
   

F(1,19)   
=0.0034011 
[0.9541]   

F(1,20)   =  
0.29203 
[0.5949] 

F(1,17)   =  
0.020972  
[0.8866] 

F(1,19)   =   
5.3151 
[0.0326]* 

F(1,18)   =  
0.54240 
[0.4709] 

F(1,19)   =   
1.8714 
[0.1873] 

Normality test =)2(2χ   
2.9267  
[0.2315] 
 

=)2(2χ    
2.7966  
[0.2470]   

=)2(2χ   
0.96329 
[0.6178] 

=)2(2χ   
0.30051  
[0.8605] 

=)2(2χ    
3.1036  
[0.2119]   

=)2(2χ   
7.7895 
[0.0203]* 

=)2(2χ   
4.0372  
[0.1328] 

Hetero test: F(8,12)   =   
4.4005 
[0.0109]* 
 

F(8,12)   =   
1.1384  
[0.4051]   

F(6,15)   =   
3.7616 
[0.0174]* 

F(10,8)   =  
0.38630  
[0.9197] 

F(8,12)   =  
0.68827 
[0.6958]   

F(9,10)   =   
3.1529 
[0.0440]* 

F(8,12)   =  
0.75955 
[0.6434] 

Reset test: F(1,20)   =   
7.7173 
[0.0116]* 
 

F(1,20)   =  
0.30649 
[0.5860] 

F(1,21)   =  
0.18740 
[0.6695] 

F(1,18)   =  
3.6847  
[0.0709] 

F(1,20)   =   
13.572 
[0.0015]** 

F(1,19)   =   
3.8900  
[0.0633] 

F(1,20)   = 
0.021020 
[0.8862] 

 
Notes: 1. The automatic model selection (Autometrics) is a useful feature in PcGive often used to perform general-to-specific 
modeling approach by searching through many available reduction paths and selecting the best model that can pass a set of statistical 
criteria.  In this study, the criteria assigning for Autometrics are target size: 0.05 and Outlier detection: Large residuals.  For more 
details please consult Doornik and Hendry (2007). 
2. In each sector, the general model before applying Autometrics is of the form: 

tttttttttttttt eECMLLLLLKLKLGDPLGDPLPSUBLPSUBLPOILLPOILLOILLOIL ++Δ+Δ+Δ+Δ+Δ+Δ+Δ+Δ+Δ+Δ+Δ+=Δ −−−−−−− 11211110198176154132110 βββββββββββββ  
3. ***, ** and * denote 1%, 5% and 10% significance level respectively. 
4. t-statistics are in ( ). 5. p-values are in [ ]. 
6. † indicates that in the Manufacturing sector the ECM term with trend has been used in the General Model. 
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Modeling Oil Demand using the Dynamic Panel Data Approach (1981-2007) 
 
Table 3.14A: The Estimated Coefficients from the Dynamic Panel Data Approach 

 
Variable 

 
Model I 

 
Model II 

 
Model III 

 
Model IV 

 
Model V 

 
Model VI 
 

Δ LOIL_1 0.75*** 
(22.0) 
 

0.76*** 
(20.8) 

0.74*** 
(13.2) 

0.73*** 
(15.3) 

0.62*** 
(5.59) 

0.66*** 
(6.71) 

Δ LPOIL -0.31*** 
(-3.75) 
 

-0.40*** 
(-6.09) 

-0.37*** 
(-5.51) 

-0.33*** 
(-5.63) 

-0.33*** 
(-2.77) 

-0.26** 
(-2.53) 

Δ LPELE - 
 
 

0.19 
(0.26) 

0.06 
(0.23) 

- 
 

- 
 

- 
 

Δ LGDP 0.14* 
(1.81) 
 

0.15** 
(2.61) 

0.19*** 
(3.07) 

0.20** 
(2.49) 

0.13*** 
(2.90) 

0.31*** 
(3.89) 

Δ LK - 
 
 

- 
 
 

-0.31** 
(-2.33) 

-0.32*** 
(-3.58) 

-0.25 
(-1.28) 

- 
 
 

Δ LL - 
 
 

- 
 
 

0.23** 
(2.57) 

0.20** 
(1.98) 

0.47*** 
(11.2) 

- 
 
 

Constant 0.001 
(0.31) 
 

0.003 
(0.68) 

0.02** 
(2.21) 

0.02** 
(2.59) 

0.03*** 
(4.99) 

0.009*** 
(3.04) 

Group 2 
(Construction) 

- 
 
 

- 
 
 

- 
 
 

- 
 
 

-0.04*** 
(-3.18) 

-0.01*** 
(-3.15) 

Group 3 
(Electricity) 

- 
 
 

- 
 
 

- 
 
 

- 
 
 

-0.01 
(-1.44) 

-0.02*** 
(-2.90) 

Group 4 
(Manufacturing) 

- 
 
 

- 
 
 

- 
 
 

- 
 
 

-0.02*** 
(-2.75) 

-0.02* 
(-1.82) 

Group 5 
(Mining) 

- 
 
 

- 
 
 

- 
 
 

- 
 
 

-0.04*** 
(-2.77) 

-0.04*** 
(-2.82) 

Group 6 
(Res. & Comm.) 

- 
 
 

- 
 
 

- 
 
 

- 
 
 

-0.03*** 
(-10.8) 

-0.007* 
(-1.95) 

Group 7 
(Transportation) 

- 
 
 

- 
 
 

- 
 
 

- 
 
 

-0.02*** 
(-3.78) 
 

-0.01* 
(-1.84) 

Notes: 1. ***, ** and * denote 1%, 5% and 10% significance level respectively. 2. t-statistics are in ( ). 3. p-values are in [ ]. 
 

Table 3.14B: Test Summary of the Dynamic Panel Data Approach 
 
 

 
Model I 

 
Model II 

 
Model III 

 
Model IV 

 
Model V 

 
Model VI 
 

Wald (joint): =)3(2χ   
715.3  
[0.000] ** 

=)4(2χ       
873.7  
[0.000] ** 

=)6(2χ       
2221.  
[0.000] ** 

=)5(2χ     
1995.  
[0.000] ** 

=)5(2χ       
2967.  
[0.000] ** 

=)3(2χ      
236.8  
[0.000] ** 
 

Wald (dummy): =)1(2χ   
0.09424  
[0.759] 

=)1(2χ       
0.4627  
[0.496] 

=)1(2χ       
4.903  
[0.027] * 

=)1(2χ       
6.685  
[0.010] ** 

=)7(2χ      
1.636e+010  
[0.000] ** 

=)7(2χ       
41.53  
[0.000] ** 
 

Sargan test: =)322(2χ      
168.9  
[1.000] 

=)321(2χ      
150.6  
[1.000] 

=)324(2χ      
149.7  
[1.000] 

=)324(2χ      
164.8  
[1.000] 

=)325(2χ      
172.1  
[1.000] 

=)322(2χ      
170.3  
[1.000] 
 

AR(1) test: N(0,1) =     
-1.345  
[0.179] 

N(0,1) =     
-1.349  
[0.177] 

N(0,1) =     
-1.364  
[0.173] 

N(0,1) =     
-1.354  
[0.176] 

N(0,1) =     
-1.400  
[0.162] 

N(0,1) =     
-1.402  
[0.161] 
 

AR(2) test: N(0,1) =      
1.237  
[0.216] 

N(0,1) =      
1.233  
[0.218] 

N(0,1) =      
1.228  
[0.220] 

N(0,1) =      
1.222  
[0.222] 

N(0,1) =      
1.175  
[0.240] 

N(0,1) =      
1.244  
[0.213] 
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Modeling Oil Demand using the Dynamic Panel Data Approach (1981-2007) 
 

Table 3.15: Elasticity Values of Oil Demand with respect to Interested Variables from the Dynamic Panel Data 
Approach 

 
 

 
Model I 

 
Model II 

 
Model III 

 
Model IV 

 
Model V 

 
Model VI 
 

SR Price 
Elasticity 
 

-0.31 -0.40 -0.37 -0.33 -0.33 -0.26 

LR Price 
Elasticity 
 

-1.28 -1.70 -1.42 -1.27 -0.88 -0.76 

SR Income 
Elasticity 
 

0.14 0.15 0.20 0.20 0.13 0.31 

LR Income 
Elasticity 
 

0.57 0.64 0.75 0.77 0.34 0.92 

SR Capital 
Elasticity 
 

n.a. n.a. -0.31 -0.32 -0.25 n.a. 

LR Capital 
Elasticity 
 

n.a. n.a. -1.19 -1.19 -0.66 n.a. 

SR Labor 
Elasticity 
 

n.a. n.a. 0.23 0.20 0.47 n.a. 

LR Labor 
Elasticity 
 

n.a. n.a. 0.88 0.74 1.24 n.a. 
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Figure 3.1: Comparative Trend in Thailand’s GDP and Total Final Energy Consumption 
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Figure 3.2: Comparison of the Growth Rate of GDP, Energy Consumption and Population 
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Figure 3.3: Composition of Thailand’s Final Energy Demand 
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Figure 3.4: Oil Consumption by Sectors 
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Figure 3.5: Oil Consumption by Petroleum Products 
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Figure 3.6A: Graphical Analysis of the General Model of Agriculture Sector 
 

 
 

Figure 3.6B: Recursive Graphics of the General Model of Agriculture Sector 
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Figure 3.6C: Graphical Analysis of the Specific Model of Agriculture Sector 
 

 
 

Figure 3.6D: Recursive Graphics of the Specific Model of Agriculture Sector 
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Figure 3.7A: Graphical Analysis of the General Model of Construction Sector 
 

 
 

Figure 3.7B: Recursive Graphics of the General Model of Construction Sector 
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Figure 3.7C: Graphical Analysis of the Specific Model of Construction Sector 
 

 
 

Figure 3.7D: Recursive Graphics of the Specific Model of Construction Sector 
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Figure 3.8A: Graphical Analysis of the General Model of Electricity Sector 
 

 
 

Figure 3.8B: Recursive Graphics of the General Model of Electricity Sector 
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Figure 3.8C: Graphical Analysis of the Specific Model of Electricity Sector 
 

 
 

Figure 3.8D: Recursive Graphics of the Specific Model of Electricity Sector 
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Figure 3.9A: Graphical Analysis of the General Model of Manufacturing Sector 
 

 
 

Figure 3.9B: Recursive Graphics of the General Model of Manufacturing Sector 
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Figure 3.9C: Graphical Analysis of the Specific Model of Manufacturing Sector 
 

 
 

Figure 3.9D: Recursive Graphics of the Specific Model of Manufacturing Sector 
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Figure 3.10A: Graphical Analysis of the General Model of Mining Sector 
 

 
 

Figure 3.10B: Recursive Graphics of the General Model of Mining Sector 
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Figure 3.10C: Graphical Analysis of the Specific Model of Mining Sector 
 

 
 

Figure 3.10D: Recursive Graphics of the Specific Model of Mining Sector 
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Figure 3.11A: Graphical Analysis of the General Model of Residential & Commercial Sector 
 

 
 

Figure 3.11B: Recursive Graphics of the General Model of Residential & Commercial Sector 
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Figure 3.11C: Graphical Analysis of the Specific Model of Residential & Commercial Sector 
 

 
 

Figure 3.11D: Recursive Graphics of the Specific Model of Residential & Commercial Sector 
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Figure 3.12A: Graphical Analysis of the General Model of Transportation Sector 
 

 
 

Figure 3.12B: Recursive Graphics of the General Model of Transportation Sector 
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Figure 3.12C: Graphical Analysis of the Specific Model of Transportation Sector 
 

 
 

Figure 3.12D: Recursive Graphics of the Specific Model of Transportation Sector 
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Chapter 4 

Thailand’s Energy Security: 

Strategic Petroleum Reserve and its Economic Impacts 

 

4.1 Introduction 

 

 The Thai government has been concerned about securing sufficient energy supply 

to propel economic growth and to meet the needs of a rising population and urban 

expansion.  To fulfill these needs given its limited indigenous reserve of fossil fuels, the 

country attempts to acquire fuel, particularly oil and natural gas, from diverse foreign 

sources.  Since 2000 energy prices have risen continuously and there has been a growing 

dependence on oil and natural gas imports from the Middle East.  The fear of oil 

disruptions has escalated as time passed due to the unsettled geopolitical situation in the 

Middle East.  Fortunately, Thailand recently discovered natural gas.  This has relieved the 

pressure for importing natural gas to a certain extent.  But, oil remains a major 

government concern.  The importance of oil and natural gas to economic development 

has pushed energy security to a top priority of the Thai national energy policy agenda. 

 

 Broadly speaking, the term “energy security” has been defined and used in many 

fields, ranging from economics to law, public policy and foreign affairs.  To be more 

specific, the energy security policies are usually divided into two sides: the supply side 

with an emphasis on the availability of the reserves and the demand side stressing on 

energy efficiency and conservation.  As a result, Thailand’s energy security policies are 

the combination of both demand and supply aspects and can be categorized into four 
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main areas i.e. 1. Promotion of indigenous energy resource development, 2. Energy 

source diversification, 3. Improvement in energy efficiency and 4. Emergency 

preparedness of oil supply.  In this last policy area, Thailand is considering a policy that 

would establish a Strategic Petroleum Reserve (SPR)9.  The basic idea for oil stockpiling 

as explained by Horwich and Weimer (1984) is analogous to the idea of transporting 

goods from the current time period to the future time period in which their future 

economic value is higher and the transporting costs through time are in terms of the costs 

of storing and operating the stock. 

 

 Thailand has imposed mandatory storage requirements on oil companies based on 

their throughput and sales.  I focus on building an oil stockpile model and incorporate it 

into a dynamic stochastic general equilibrium model (DSGE). I use the model to examine 

the macroeconomic performance and social welfare effects from using the strategic oil 

stockpile 10  during oil disruption periods.  This will provide insights into the basic 

functions of oil stockpiles and the policy implications for the economy. 

 

                                                 
9 The term “SPR” is used interchangeably with “oil stockpile” in this research, but SPR is often used to 
emphasize the government-owned oil stock. Actually, SPR has become officially known and widely used 
in the U.S. since 1975 when Congress accepted the proposal of an SPR program with an objective to 
develop government-owned crude oil reserves of 250 million barrels by the end of 1978.  According to the 
U.S. Department of Energy, the current SPR level in the U.S. is 727 million barrels, equivalent to 58 days 
of import protection. 
10 The primary economic benefits of a strategic oil stockpile are evident when the previously accumulated 
stocks in a normal period are sold during an oil supply disruption period.  If the amount of drawdown 
stocks is sufficiently large, it can offset the immediate reduction in supply and help prevent the adverse 
impacts of the oil price shock.  Even with a smaller size of the drawdown relative to the size of the supply 
disruption the stockpile may also partially lower the effects of the oil price shock.  However, the real 
benefit of oil stockpile is not to lessen the magnitude of an oil price shock.  The oil stockpile does indeed 
help smooth production and consumption disturbances and mitigate deleterious economic impacts during 
an oil disruption period, and thus enhances social welfare, allowing the economy to adjust itself in a more 
appropriate and effective way. 
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 There was significant research on SPRs during the 1970s and 1980s periods. This 

followed the critical period of the Arab oil embargo in 1973 and the subsequent oil shock 

in late 1979.  This led to the establishment of the International Energy Agency (IEA) in 

1974 to respond to the oil supply disruptions.  Member countries are required to hold oil 

stocks equivalent to at least 90 days of the net imports and release the stocks when major 

oil supply disruptions take place at 7 percent reduction in the oil supply. 

 

 Balas (1979) used a game theoretical approach to explain the oil supply shock 

phenomena and compute the optimal size of the U.S. strategic petroleum reserve which 

will be deterrent to the Arab oil embargo.  Teisberg (1981) extended the SPR model and 

used dynamic programming techniques to compute the effects from oil shocks and 

estimates the optimal size of the SPR for the U.S. in various scenarios.   

 

 Bohi and Montgomery (1982) describe the economic benefits and costs of oil 

stockpile.  Their model simplifies the complicated mechanism of stock accumulation in 

the normal period and stock drawdown at the disruption period. They address interesting 

policy questions e.g. the optimal use of oil in the normal and disruption period together 

with the optimal size of the oil stockpile to be held for alleviating the supply disruption.  

Oren and Wan (1986) developed the model further to examine the steady state for 

optimal size of the oil stockpile and the optimal fill and drawdown rate.  

 

 A common feature of oil stockpiling models built by several experts such as Balas 

(1979), Teisberg (1981), Wright and Williams (1982) and Chao and Manne (1983) is that 
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the U.S. stockpiling policies are assumed to have an impact on the world oil market due 

to the sizable amount of oil stock acquisition and stock drawdown.  This assumption is 

quite convincing because U.S. demand for oil accounts for about 23 percent of world oil 

consumption in 2008, BP (2009).  Moreover, the original main reasons for establishing 

oil stockpile are to counter the oil embargo in 1973 and create a deterrent effect to the 

OPEC. 

 

 However, Thailand is a much smaller country than the U.S. and its demand for oil 

accounts for only 0.94 percent11 of the global oil demand. Therefore, the individual 

impacts of Thailand's oil stockpiling policies can be considered negligible to the world oil 

market. As a result, the purpose of my study is focused directly on the policy implications 

of oil stockpiling on the domestic economy rather than the global one. However, some 

linkages of the world oil market will be incorporated in the model and regard them as 

exogenous shocks whereas Thailand's oil stockpiling policies cannot influence the world 

oil market.  Thus, the model developed in my paper is based on the assumption of “small 

oil-importing economy”. 

 

 The paper is organized into seven sections.  Section II gives a review of energy 

supply and energy balance in Thailand.  Section III provides a review on Thailand’s 

energy security policies and the background of SPR.  Section IV provides the theoretical 

framework for the SPR- Macroeconomic DSGE model.  Section V describes the 

parameters to be used in the model simulations.  Section VI discusses the simulation 
                                                 
11 According to BP Statistical Review (2009), the world oil consumption in 2008 is about 84.45 million 
barrels per day (bbl/day) of which is the U.S. consumption about 19.42 million bbl/day and Thailand's 
consumption about 0.80 million bbl/day. 
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results obtained from the model with focuses on welfare implication of the SPR subject to 

various degrees of oil shocks and for different sizes of the SPR.  Section VII of the paper 

summarizes the main findings and discusses the policy implications of the SPR. 

 

4.2 Review of Thailand’s Energy Supply and Energy Balance 

 

4.2.1 Energy Supply 

 

 The total primary production of commercial energy in Thailand has increased 

substantially from 380 ktoe in 1980 to 39,612 ktoe in 2007, equivalent to an average 

growth of 19 percent per year.  In 2007, natural gas production was 22,553 ktoe, 

accounting for the largest share i.e. 57 percent of total energy production; followed by the 

production of crude oil at 6,715 ktoe (17 percent); then coal at 4,998 ktoe (13 percent); 

condensate at 3,581 ktoe (9 percent); and hydropower at 1,763 ktoe (4 percent).  

Considering the average energy production growth rate between 1985 and 2007, natural 

gas has grown at the fastest rate of 9.2 percent, followed by crude oil at 8.9 percent, 

condensate at 8.1 percent, coal at 5.7 percent and hydropower at 3.6 percent. 

 

 According to the most recent report available, as of December 2006, Thai crude 

oil reserves were estimated at 354 million barrels, of which 195 million barrels are 

proved reserves12.  It is expected that with the 2006 crude production level at 47 million 

barrels, this reserve will last for only about four to eight years.  Most crude oil reserves 

                                                 
12 Proved reserve, known as 1P in the petroleum industry, is defined as a petroleum reserve that has been 
discovered and determined to be recoverable with 80-90 percent of certainty, but is not yet produced. 
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came from the Sirikit and Benjamas Oil Fields, accounting for about 53 percent of total 

crude production in 2006.  Apart from these two major fields, additional production came 

from three new offshore fields including Maliwan, Sangkajai and Yala, which began 

operations in 2002. 

 

 The potential of natural gas production is quite substantial due to the offshore gas 

reserves in the Gulf of Thailand.  As of December 2006, the total volume of natural gas 

reserves was estimated at 30,655 billion cubic feet, with proved reserves of 11,697 billion 

cubic feet.  The natural gas production rate in 2006 was 860 billion cubic feet, which 

implies that the reserves will be available for about 10 to 26 years.  Currently, the 

Bongkot field is the largest natural gas field, accounting for about 30 percent of the total 

production. 

 

 Condensate is usually found as an associated product in gas basins.  The 

production of condensate therefore increases in proportion to the volume of natural gas 

production.  In 2006, the total condensate reserves were estimated at 720 million barrels 

of which 266 million barrels were proved reserves.  With the 2006 condensate production 

level at 28 million barrels, the reserve will be available for about 26 years. 

 

 Coal has played an important role and has been Thailand’s major energy resource 

for decades.  Most coal produced in Thailand is lignite and sub-bituminous.  In 2006, 

lignite reserves were estimated at 2,081 million tons.  With the production rate in 2006 at 

19 million tons, it will last for about 110 years.  The major coal mines are Mae Moh, 
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Krabi and Saba Yoi basins.  Mae Moh is the largest, accounting for about 50 percent of 

the total reserve.  This basin is operated by the major coal user, the Electricity Generating 

Authority of Thailand (EGAT), for power generation. 

 

4.2.2 Energy Balance 

 

 Although Thailand’s energy supply has grown significantly in the past decades, it 

still cannot meet the current increasing energy demand.  As a result, energy imports have 

played an important role in bridging the gap between energy demand and supply. 

 

 Figure 4.2 shows that net energy imports have increased by about 8.4 percent per 

year from 9,124 ktoe in 1986 to 49,789 ktoe in 2007.  The primary energy import to 

consumption ratio has increased from 54 percent in 1986 to 62 percent in 2007, which 

indicates the increasing reliance on foreign energy sources amid the rising trend of world 

energy prices. 

 

 Figure 4.3 illustrates the prospects for Thailand’s energy imports.  It is clear that 

more than 80 percent of net energy imports are crude oil.  Compared to domestic demand, 

the production of crude oil from indigenous resources was relatively low and insufficient 

to meet the total domestic refining capacity of 1 million barrel/day.  Besides, the crude oil 

found in Thailand is not high quality13  and does not quite match domestic refinery 

specifications.  Therefore, most of crude oil used in domestic refineries is imported from 

                                                 
13 Crude oil found in Thailand is heavy crude which contains high level of sulfur.  The refining of heavy 
crude requires a much more complex and costly process than the light crude.  The products obtained from 
the heavy crude are less valuable than the light crude from which gasoline, diesel and jet fuel are obtained. 
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two major sources, about 82 percent from the Middle East and 11 percent from the Far 

East.  Once crude oil is refined, about 85 percent of the resulting total petroleum products 

will be used domestically and the remaining 15 percent will be exported to neighboring 

countries. 

 

 As can be seen from Table 4.1, the value of imported energy has increased 

dramatically during the past decades and the sums are quite substantial when compared to 

both the GDP and the total import value.  Currently, the value of imported energy 

accounts for about 10 percent of GDP and makes up about 18 percent of the total import 

value. Crude oil and petroleum products are still a major component of the total energy 

import bill although this proportion has gradually declined from 99 percent in 1986 to 87 

percent in 2007. 

 

4.3 The Strategic Petroleum Reserve 

 

 In this part, I will discuss Thailand’s energy security policy with a focus on oil 

security policies.  Later, I will discuss the rationale of the Strategic Petroleum Reserve 

(SPR). 

 

4.3.1 Thailand’s Energy Security Policies and Oil Stockpiling Program 

 

 Thailand experienced the adverse impacts of the first oil shock from OPEC’s 

embargo in 1973 through 1974.  World crude oil prices tripled at that time, from $3.29 to 
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$11.58 per barrel14 within one year.  The first oil shock led to an economic recession, 

high inflation, trade and payment imbalances, high unemployment and weak business and 

consumer confidence, spread throughout the world.  Thailand’s economic growth 

dropped sharply from 10.2 to 4.5 percent while inflation rose from 15.5 to 24.3 percent.  

The Thai government alleviated the impacts of the oil crisis by issuing the Emergency 

Decree on Remedy and Prevention of Shortage of Fuel Oil, B.E. 2516 (A.D.1973)15, 

which was used as the main government tool to prevent domestic energy shortages.   

 

 After the first oil shock, there were subsequent major oil shocks, i.e. the Iran/Iraq 

crisis in the late 1970s and Gulf Wars I and II in 1990-1991 and 2003.  Thailand’s energy 

vulnerability has not improved since the first oil shock.  The energy reliance ratio, 

defined as the ratio of total energy imports to total energy consumption, had increased to 

about 90 percent between 1980 and 1984.  While the ratio was later reduced to 60 percent 

as more indigenous energy resources were found, the country still relied heavily on 

imported crude oil at the high level of nearly 90 percent16 of domestic use.  These factors 

have pushed energy security to the top of the national energy policy agenda. 

 

 The term “energy security” has been defined and used in many fields, ranging 

from economics to law, public policy, and foreign affairs.  Although different definitions 

have been used, the essence of energy security focuses primarily on the importance of 
                                                 
14 BP Statistical Review (2009) 
15 This legislation gives the Prime Minister extensive authority in designating measures to remedy and 
prevent shortages of petroleum products including controlling production, distribution, export and import 
of all types of fuels; generation and distribution of electricity; and rationing of fuels as well as issuing 
regulation on working hours and working days. 
16 In 2006, the total crude intake by domestic refineries was about 54,756 million litres of which 48,126 
million litres was imported from abroad and only 7,480 million litres was obtained from domestic source, 
DEDE (2007).  
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secure energy supply sources at reasonable prices in the short and long term and on the 

threats to energy infrastructure that can damage the smooth and stable flow of energy 

supplies. 

 

 APERC 17  (2007) defines energy security as the ability of an economy to 

guarantee the availability of energy resource supplies in a sustainable and timely manner 

with energy prices maintained at a level that will not adversely affect economic 

performance. This concept can be summarized into four A’s acronyms i.e. Availability, 

Accessibility, Acceptability, and Affordability.  APERC also claimed that several factors 

influence the security of energy supply i.e. (1) the availability of fuel reserves, (2) the 

availability of an economy to acquire energy supplies to meet energy demands, (3) the 

ability of an economy to diversify both energy types and energy suppliers, (4) the 

availability of energy infrastructure and transportation and (5) geopolitical concerns.  On 

the demand side, energy efficiency and conservation are vital to enhance energy security. 

 

 Thailand’s energy security policies can be categorized into four main areas: 1. 

Promotion of indigenous energy resource development, 2. Energy source diversification, 

3. Improvement in energy efficiency and 4. Emergency preparedness of oil supply. 

                                                 
17 Asia Pacific Energy Research Center is the energy research entity under the APEC Energy Working 
Group.  It has produced abundant of energy economic research.  More information can be found at 
www.aperc.org. 
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4.3.1.1 Promotion of Indigenous Energy Resource 

 

 The Thai government has promoted and encouraged the exploration and 

development of domestic energy resources including crude oil, natural gas, coal, and 

hydropower.  Foreign and Thai investors are encouraged to engage in joint ventures on 

energy development projects at all stages of the business, including for example, the 

crude oil transportation pipeline system, refineries, storage terminals, distribution 

terminals and other infrastructure.  In order to promote and facilitate private sector 

participation, the Master Plan for State Enterprise Sector Reform was approved by the 

government in 1998.  The Energy Industry Act B.E. 2550 (A.D. 2007) was also later 

enacted to promote the liberalization and privatization of the energy sector by setting up 

the Independent Regulatory Agency, which will strengthen the investors’ confidence to 

participate in energy development projects.  As a result of these efforts, Thailand’s 

energy production has increased dramatically over the past decades. 

 

4.3.1.2 Energy Source Diversification 

 

 Since oil accounts for a major share of energy consumption in Thailand, the 

government has tried to diversify energy sources to secure a more stable supply of 

energy.  Natural gas and coal have been gradually encouraged to replace oil, particularly 

for use as fuel in power generation and in the industrial sector.  Utilization of natural gas 

in power generation has intensified since 2000.  More imported coal has been used since 

then as fuel in power generation by Independent Power Producers (IPPs).  The 
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government also had bilateral contracts with Laos, Myanmar and Cambodia to purchase 

power from their countries and to promote the interconnection of electricity grids in 

border areas.  Moreover, the promotion of new and renewable energy has been widely 

supported by the government, for example, the utilization of biogas technology, 

promotion of photovoltaic (PV) power system, wind energy, and the utilization of 

agricultural residue as fuel. 

 

4.3.1.3 Improvement in Energy Efficiency 

 

 Promotion of the efficient and economical use of energy is one challenge for 

which the government has formulated policies and strategies to achieve.  Economical and 

efficient use of energy can help reduce not only investment requirements in energy 

supply but also can reduce fuel costs in various production processes.  The basic policy 

measures implemented have been pricing measures, the provision of incentives, raising 

awareness by the general public. For example, the petroleum pricing structure has been 

revised so that it can reflect the actual economic costs of supply and allows prices to 

fluctuate according to the market forces.  The Demand Side Management (DSM) 

Program was established in 1993 to promote energy conservation and efficient use of 

electricity.  Public relations work popularly known as “Divide by Two” campaign18 has 

been implemented to raise people’s awareness of energy conservation.  The campaign 

aims not only to reduce energy consumption but also to cut back the use of natural 

resources. 

 
                                                 
18 For more details please visit the website at http://www.eppo.go.th/encon/index.html. 
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4.3.1.4. Emergency Preparedness of Oil Supply 

 

 Even though the long-term policy measures could reduce the risks of supply 

disruptions, emergency preparedness and response measures for the short-term and 

medium term are equally important for alleviating the negative impacts of an oil crisis, 

especially for countries as heavily dependent on oil imports as Thailand.  Short-term 

measures include:  

• Information sharing, 

• Demand restraint, 

• Fuel substitution (limited between oil and gas),  

• Surge oil production, and 

• Strategic oil stocks. 

 

 Among these measures, strategic oil stocks seem to be the most important and 

effective means of dealing with an oil crisis.  The primary economic benefits of strategic 

oil stocks are evident when the stocks accumulated in the normal period are sold during a 

period of oil supply disruption.  If the amount of drawdown stocks is sufficiently large, it 

will be able to offset the immediate reduction in supply and help prevent the adverse 

impacts of an oil price shock.  Even with a smaller size of a drawdown relative to the size 

of the supply disruption the stockpile may partially reduce the magnitude of an oil price 

shock.  However, the real benefit of an oil stockpile should not be misconstrued to be to 

reduce impacts of an oil price shock.  Indeed an oil stockpile helps smooth production 

and consumption and to mitigate deleterious economic impacts during an oil disruption 
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period, and thus will enhance social welfare and allow the economy to adjust itself in a 

more appropriate and effective manner. 

 

 Therefore, the Thai government is considering a policy to establish a strategic 

petroleum reserve.  At present, there is no public oil stockpile.  The stockpiling policy in 

Thailand currently consists only of mandatory storage requirements imposed on private 

oil companies under the Fuel Act of 1978, which requires oil companies to maintain oil 

stocks at a certain percentage of a company’s annual throughput/sale amounts.  Since the 

terrorist attack incidents of September 2001, the mandatory stockpiling rate for refineries 

has been increased to 5 percent of crude oil based on their throughput.  Likewise, 

marketers and importers of petroleum products have maintained a reserve of 5 to10 

percent of petroleum products based on sales equivalent or no less than 36 days. 

 

4.3.2 Rationale of the Strategic Petroleum Reserve 

 

 The consensus of many studies conducted by oil companies and energy research 

institutes indicates that the Middle East will continue its dominant role as the world oil 

supplier.  Likewise, oil will remain the world’s dominant fuel and its consumption is 

expected to be high in the foreseeable future.  The geopolitical situations in the Middle 

East are also still volatile and unpredictable.  If these situations persist, major oil 

disruptions in the near future are likely to occur.  The economic losses from physical oil 

shortages are much more severe than those that result from periodic high oil prices.  

Leesombatpiboon (2009) found that a 10 percent shortfall in oil consumption might 
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cause Thailand’s economic growth to shrink by 2 percent within the same year while a 

sharp 10 percent rise in oil price can lead to a fall in output growth by 0.5 percent.  This 

is because an oil supply disruption is usually associated with a rapid rather than gradual 

increase in oil prices and an economy cannot adjust immediately to that sudden shock. 

Moreover, the rapid shortfall of oil supplies in the market will cause a surge in 

unemployment and a plummet in GDP.  The impacts of high oil prices might be 

somewhat relieved by the government’s accommodating policies either with 

expansionary fiscal or monetary policies, but these policies come with the expense of 

high inflation and cannot solve the oil shortage problem.  

 

 Worse, oil disruptions can be aggravated by transportation bottlenecks that will 

delay the delivery of oil from exporting to importing countries.  Wu and Fesharaki 

(2007) point out that more than 90 percent of crude oil imported to the Asia-Pacific 

region is shipped by sea tankers passing through the Malacca Strait which is about 30 

mile wide at its narrowest point.  Therefore, it is likely to incur sea-lane traffic 

congestion and is susceptible to piracy and terrorist attack. 

 

 These unfavorable scenarios require the government to establish an emergency 

plan rather than just relying on an oil price control19 and rationing programs.  One of the 

most obvious policies designed to avoid or lessen the effects of oil supply disruption is to 

build strategic oil stockpiles.  As pointed out in APERC (2000),  

 

                                                 
19 Pindyck and Rotemberg (1984) argue that price controls can eventually turn a price shock into a quantity 
shock. 
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“The risk of oil supply disruptions could be reduced by long-term energy policy efforts 

including diversification of oil import sources, efficiency improvement of energy use, 

investment in alternative energy sources and technologies, removal of market impediments 

and promotion of dialogue between oil producers and consumers.  But these measures 

could not eliminate the threat of oil supply disruptions nor the large economic damages 

resulting from them.  Only emergency measures that guarantee oil supply, such as oil 

stockpiling, limit the economic damages.” 

 

 The basic framework of oil stockpiling programs can be traced back to the year 

1974.  Sixteen members of the OECD (Organization for Economic and Cooperation 

Development) set up the International Energy Agency (IEA) to implement the 

International Energy Program (IEP) to respond to the oil supply disruption of late 1973 

that had a wide range of impacts on the international energy sector and macroeconomy.  

Emergency response is the key element of the IEP, which includes the commitment of 

participating countries to hold oil stocks equivalent to 90 days of net imports.  In the 

event of a major oil supply disruption, defined as a 7 percent reduction in oil supply, the 

members will trigger the integrated set of responses that include stock drawdown, 

demand restraint, fuel switching, surge production, and sharing available supplies.  For a 

disruption below the critical level, the IEA will use a complementary set of measures 

called Coordinated Emergency Response Measures (CERM), which will provide a rapid 

and flexible response to oil supply disruptions, IEA (2001). 

 

 The argument for government interventions in the oil market to strengthen 

national and energy security are attributed to two types of market failures.  These market 

failures cannot be corrected by market mechanisms; therefore the government must step 
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in and act in the best interest of society.  The first externality refers to excessive oil 

imports from politically insecure parts of the world.  The private cost of imported oil is 

the price of imported oil plus shipping costs and insurance premiums.  This private cost is 

lower than the social cost as individuals do not take into account the costs to society 

imposed by the insecurity that accompanies imported oil.  This sort of externality can be 

corrected with an “oil import premium” as suggested by Bohi and Montgomery (1982). 

 

 The second type of market failure occurs because, in the absence speculative 

action, the private sector tends to keep its oil stocks as low as possible in order to 

minimize operating costs. The private stock level is therefore lower than is socially 

optimal in the sense that it is insufficient to cushion shocks during an oil supply 

disruption.  As a result, the government has to provide supplies from the strategic oil 

reserve to meet the socially desirable level.  The national oil stockpile in this case 

exhibits a characteristic of public good as it provides security to the nation and the 

economy as discussed by Horwich and Weimer (1984).  Moreover, when the oil stockpile 

is jointly or individually released by IEA members, the benefits of stock release will 

disseminate globally.  Even countries that are not IEA members can benefit from such 

action, which creates a classic example of the free-rider problem, APERC (2000). 

 

 In addition, an “oil stockpile premium”, as discussed by Plummer (1982), can be 

estimated as the benefit provided by an oil stockpile when it prevents economic losses 

during a disruption period.  In providing the rationale for establishing a strategic 

petroleum reserve Pindyck and Rotemberg (1984) also argue that: 
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“A strategic reserve has two functions.  First, in the event of a war that disrupted most 

shipping and trading of oil, shortages could occur in that imports might be unavailable at 

any price.  Strategic reserve could be used to prevent such shortages.  Second, a strategic 

reserve could be used to smooth out the price increases that follow a major production 

cutback, thereby reducing economic impact.” 

 

 Mork (1982) finds that oil supply disruptions are usually followed by: 1) abrupt, 

and unusually large, increases in the world price of oil; 2) accompanying jumps in the 

overall price level; 3) little or no slowdown in wage inflation; and 4) substantial rise in 

unemployment rates.  Moreover, when oil prices increase, more national wealth in 

financial terms will be transferred from oil importing countries to oil exporting countries.  

Up to a certain point, the oil exporting countries will claim the payment in real terms by 

purchasing goods and services from oil importing countries.  The real domestic goods 

and services available for domestic consumption will decline, one of the so-called 

“supply-side effects” from oil disruption. 

 

 Hence, if an oil supply disruption is expected, it is prudent to purchase oil now 

and reserve it for future use during difficult times.  However, the question remains as to 

how much of today’s resources we should sacrifice in order to ensure a smooth path in 

the future.  This is the key research question in my dissertation. 
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4.4 The SPR Model 

 

 As discussed earlier, oil is important source of energy to Thailand.  The 

considerable reliance on oil imports from the Middle East and the unsettled geopolitical 

situation in that region has heightened fear of oil shortages in the event of an oil 

disruption.  I will examine the welfare-enhancing role of government intervention to 

establish a strategic petroleum reserve in a decentralized economy that is subject to 

uncertainties caused by oil supply disruptions.  In doing so, I follow Eckstein and 

Eichenbaum (1985) and Kim and Loungani (1992) to construct a stochastic general 

equilibrium model of an economy that cannot produce oil and must import oil as an input 

of domestic production.  The economy consists of infinite-lived consumers and firms.  

Consumers own capital and rent it to the firm and they also sell labor service to the firm 

and receive wage payment in return.  Firms use capital, labor and oil for production.  

They have to decide how much each input should be used and how much oil should be 

imported and reserved in each period.  More details of the model set up are discussed as 

follows. 

 

 The government chooses the size of the strategic oil reserve as a proportion of 

imported oil demand20.  There are two benefits of this set up.  First, the oil stock is 

established for economic security purposes. The security is based on the perception to 

risk of firms and consumers in the economy.  If they perceive that in the long run the risk 

                                                 
20 The function of an oil reserve can be deemed as a foreign currency reserve of an economy which is 
usually measured in terms of the duration in months to cover the import demand for goods and services of 
the economy. 
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and or costs of oil shock does not exist anymore21, there is no need for them to stockpile 

oil in the model and the objective of studying the behavior of oil stock to cushion the 

impacts of oil shock is infeasible.  Second, by giving the authority of setting up the oil 

stock level to the government, which is consistent to the real world, I can study the 

welfare-enhancing role of the stock from various rules set up by the government. 

 

4.4.1 Consumers  

 

 The representative consumer derives the well-being at time t  from 

consumption, tc , and leisure, tl .  The consumer’s time endowment is normalized to 1 so 

that after allocating the amount of time tn  for working, his leisure is equal to )1( tn− .  The 

utility function22 is given by 

 

)1log(log),( tttt nAcncU −+=  (1) 

 

where A  is a positive constant term.  Utility increases in consumption and leisure while 

marginal utility of consumption and leisure decline in consumption and leisure 

respectively. 

 

The single period budget constraint of the representative consumer is given by 

 

                                                 
21 Basically, stock provides benefits in two ways: 1) benefit from price arbitrage e.g. Newbery and Stiglitz 
(1982) and 2) benefit from supply shortages e.g. Teisberg (1981) and Plummer (1982). 
22 This utility function is similar to that of Hansen (1985) but for simplicity and tractability, I do not assume 
the indivisibility of labor in my model. 
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ttttttt krnwic π++=+  (2) 

 

Equation (2) implies that the representative consumer spends his available income for 

consumption, tc , and investment, ti .  The consumer’s income is obtained from three 

sources: 1) selling labor supply, tn , at the real wage, tw , 2) renting capital, tk , at the real 

interest rate, tr , and 3) receiving dividend, tπ , from the firm. 

 

Capital accumulation is governed by the law of motion: 

 

ttt ikk +−=+ )1(1 δ  (3) 

 

where 10 << δ  is capital depreciation rate. 

 

4.4.2  Oil Stock Evolution  

 

 Oil use in this period, to , is subject to the availability of oil holding, tH , which 

depends on the oil supply shock in this period and the amount of oil reserved from the 

last period to this period, ts .  Before the firm starts its production in period t , it had to 

make an earlier decision in the last period of how much oil to import says tM  because the 

delivery of oil import will not take place until period t .  The firm cannot be sure whether 

this amount of oil import will be delivered as ordered or not because the shipment of oil 

to the country is subject to the risk of an oil disruption characterized by the random oil 
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disruption variable ]1,0[∈tθ  that is independently and identically distributed (iid).  If 

1=tθ , the order is fully honored and vice versa for 0=tθ . 

 

 The realization of oil imports are defined as ttMθ 23 and known at the beginning of 

the period before production starts.  The firm then recalculates its available oil stock and 

makes the optimal decision for oil use in period t  i.e. to  and oil to be reserved from this 

period to the next period, 1+ts .  Therefore, the evolution of oil stock holding equation is 

given by 

 

tttt sMH += θ  (4) 

 

 This equation means that the availability of oil holdings in this period tH  is equal 

to the oil stock saved from the last period ts  plus the realized oil imports in this period, 

tt Mθ .  The amount of oil use in this period, to , and the amount of oil saved for the next 

period, 1+ts , cannot exceed the availability of oil holdings in the same period i.e. 

 

ttt Hso ≤+ +1  (5) 

 

 This constraint is assumed to be binding since the firm makes the most efficient 

use of its oil resource.  It then follows that 

 

                                                 
23 The idea for  modeling supply shocks adapted from Aiyagari and Riezman (1985). 



160 

1+−+= ttttt ssMo θ  (6) 

 

4.4.3  Firms  

 

 The representative firm has a Cobb-Douglas production technology which 

exhibits the constant return to scale.  Three inputs are used for production: capital, labor 

and oil.  The production function can be written as 

 

321 αααλ tttt noky =  (7) 

 

where λ  is the technological progress parameter and to  is oil consumption.  With the 

constant return to scale assumption, the share of capital, 1α , share of oil, 2α , and share of 

labor, 3α , are added to be one24. 

 

 The firm maximizes the present value of expected profit by producing the single 

consumption good ty  and pays all necessary costs involving in the production process.  

These costs include: 1) oil import cost, 2) oil stock holding cost and 3) capital rental cost, 

4) labor cost and 5) oil adjustment cost.  Oil import cost are paid to foreign countries and 

is the product of oil price25, tp , and the amount of oil import ordered in this period and to 

be delivered in the next period, 1+tM .  There is a constant unit cost of holding oil stock, 

h , times the amount of oil stock reserved in this period and available to be used in the 
                                                 
24  These parameter estimates are obtained from energy-econometric analysis of Thailand by 
Leesombatpiboon (2009).  In the study, it shows that the elasticity of capital, oil and labor with 
homogeneity restriction are 0.13, 0.19 and 0.68 respectively. 
25 Since the goods price is numeraire, oil price in this model is the relative oil price. 
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next period, 1+ts .  The capital cost and labor cost are ttkr  and ttnw  paid to consumer.  The 

last component is the oil adjustment cost which is a function of the deviation of the actual 

oil stock from the required holding of stock as a proportion of oil import set by the 

government.  It takes the form 2)(
2 ttt sM −φθχ  where χ  is the adjustment cost parameter 

and 10 ≤≤ φ  is the required stock holding parameter set by government 26 .  The 

implication of the oil adjustment cost is that if the firm follows the regulation set by the 

government, the term, )( ttt sM −φθ , becomes zero and thus oil adjustment cost will be 

zero otherwise the firm has to pay a positive adjustment cost according to the size of the 

discrepancy.  The value of χ  also plays an important role like a punishment cost in 

enforcing the government’s regulation to hold the stock.  The greater the value of χ , the 

higher the possibility that the firm complies with the regulation. 

 

 Therefore, the single period profit function is given by 
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Substitute Equation (6) in Equation (8), the profit function can be written as 
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26 For example, in France, it is set by law that oil stock must be about 36 percent of the oil consumption in 
the previous year.  In Thailand, the requirement is much smaller at only 5 percent. 
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4.4.4 The Consumer’s Problem  

 

 The first step in solving the model is to solve the representative consumer’s 

problem.  The consumer’s problem consists of choosing consumption, tc , the labor 

supply, tn , and the future level of capital, 1+tk , to maximize lifetime utility subject to his 

budget constraint (2).  The corresponding optimality conditions are given by 
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 The consumption Euler Equation (10) states that the marginal utility of giving up 

one unit of consumption in the present is compensated by the discounted increase in 

utility in the future taking into account the net interest income earned from future capital.  

Equation (11) is the optimality condition determining labor supply in every period by 

taking into account the real wage, tw , which is implicitly determined in the model.  It 

implies that for any given level of consumption, tc , an increase in the real wage, tw , will 

increase labor supply, tn . 
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4.4.5 The Firm’s Problem  

 

 The second step in solving the model is to solve the representative firm’s problem.  

The firm’s problem consists of choosing capital use, tk , labor employment, tn , and oil 

import, 1+tM , and oil stock, 1+ts , to maximize life-time expected discounted27 profit.  The 

problem can be solved by a dynamic programming approach for which the optimality 

conditions with respect to the corresponding choice variables are given as follows: 

 

The optimal condition for tk  is given by 
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The optimal condition for tn  is given by 
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The optimal condition for 1+tM  is given by 
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The optimal condition for 1+ts  is given by 

                                                 
27 Eckstein and Eichenbaum (1985) assume that both firm and the consumer use the same discount rate and 
I follow their assumption. 
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 Equation (12) and (13) determine the real interest rate and the real wage in the 

model, stating that the real interest rate and the real wage are equal to the marginal 

product of capital and labor respectively.  The optimal oil import condition (14) states 

that the marginal cost of importing one unit of oil in this period must equal to the 

expected marginal benefit (inclusive of adjustment cost) of using one unit of oil in the 

future.  The oil stock Euler Equation (15) states that the marginal cost which is the 

marginal product of giving up one unit of oil in the present plus the holding cost must 

equal to the expected marginal benefit receiving from marginal product of using one unit 

of oil and having one unit of oil to meet the oil stock requirement set by government in 

the future.  

 

 Equation (15) appears similar to the familiar arbitrage condition for the 

commodity stock proposed by Newbery and Stiglitz (1979).  Their study states that the 

expected price in the next period must equal to the present price plus a unit holding cost.  

The main distinction between my model and their model is that the firms hold the stock 

for the benefit of preventing bad outcomes rather than for the speculative purposes. 
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4.4.6 Equilibrium and Model Solution 

 

 The equilibrium solutions of the model must satisfy three conditions i.e. 1) the 

consumer chooses consumption and leisure optimally, given the market prices; 2) the 

representative firm chooses capital, labor, oil import and oil reserve optimally, given the 

market prices; 3) All markets clear. 

 

 In other words, the competitive equilibrium solutions will be obtained by solving 

the optimal conditions of consumer and firm simultaneously along with the resource 

constraint.  As a result, consumer takes the price of capital and labor defined by Equation 

(12) and (13) into account and substitute into Equation (10) and (11) respectively which 

give Equations (16) and (17) as follows: 
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The resource constraint is given by 
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 By solving a system of nonlinear equations consisting of Equations (14) to (18), 

the optimal path of the choice variables including tc , tn , tk , tM  and ts  can be 

determined.  Since the model solutions cannot be solved analytically, I employ numerical 

methods with the linear approximation around deterministic steady-state by using the 

software called Dynare28. 

 

 Let *c , *n , *k , *M , *s and *p  denote the steady-state values of consumption, 

labor employment, capital stock, oil import, oil stock and oil price respectively.  

Additionally, in the steady state, it is assumed that there is no oil supply shock i.e. 1* =θ .  

Therefore, using Equations (14) to (18), the steady-state equations can be written as 

follows: 
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28 Specifically, I use Dynare version 3.0 for this study.  The newer version is now available for free 
download at http://www.dynare.org/.  Dynare is a collection of programs for the simulations and estimation 
of rational expectation models.  It has been developed since 1994 by a group of DSGE researchers led by 
Michel Julliard.  For more details please consult Griffoli (2007). 
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Solving the system of Equations (19) to (23) simultaneously determines the steady-state 

values of *c , *n , *k , *M , *s . 

 

 It is worthwhile to discuss the implications of the steady-state equation for oil 

import and oil stock since it can help explain the long-run relationship between these 

variables when all shocks have disappeared and the economic environment turns to 

normal.  Equation (19) implies that holding other variables constant, the steady-state oil 

import is inversely related to the steady-state oil price.  In addition, from the comparative 

static analysis29, it illustrates steady-state values for capital stock and employment are 

higher for an increase in the steady-state level of oil imports. 

 

 Equation (20) suggests that the steady-state level of oil stock is positive only if the 

value of the first term on the right hand side of the equation exceeds the second term.  
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The first term on the right hand side is the required stock set by the government as a 

proportion of steady-state oil import level while the second term is based on the firm’s 

marginal cost of holding the stock in the steady state.   

 

 If the adjustment cost, χ , (i.e. punishment cost in some sense) is very high, the 

second term will approach to zero. Firms are forced to follow the government’s stock 

requirement in the steady state.  Otherwise if the firm perceives that it is worthwhile to 

violate the government’s rule due to the low adjustment cost, the stock level in the steady 

state could turn out to be negative. This violates a physical constraint and is 

counterintuitive.  Therefore, in the simulation part, it is necessary that the parameters 

must be chosen carefully to ensure that the steady-state stock level will not be negative. 

 

4.5 Parameterization 

 

 The baseline parameter values for the model have been chosen based on two 

criteria.  First, they have been chosen to reflect the economic characteristics of Thailand.  

Second, they have been chosen to adhere to the real business cycle literature. Since the 

SPR has not yet been really established in Thailand, the main function of my model is 

designed for the hypothetical study rather than to compare the statistical properties of the 

artificial time series generated from the model with the real data.  The real purposes of 

my model are to provide better understanding and to explain the relationship among 

variables.  Therefore, the parameterization used in this model should not be viewed as an 

attempt to match the Thai economic data exactly.  Preferably, it should be viewed as an 
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attempt to highlight the flexibility and ability of the model to explain how SPR policies 

can be used to mitigate the negative impacts from oil supply shock and oil price shock.  

The parameters involved in this study can be classified into three categories: 1) 

preferences, 2) production and investment and 3) oil price and oil stock. 

 

 The preference parameters consist of the discount factor, β , and utility’s leisure 

parameter30, A .  I set the β  equal to 0.97 implying a 3 percent of annual discount 

interest rate.  I chose A  equal to 1.53 so that given the parameters already chosen, the 

time spent on working in the steady state is 0.38 implying approximately 9 hours working 

hours per day which is the regular daily working hours in Thailand.     

 

 For the production parameters, I used the values obtained from Leesombatpiboon 

(2009) to set the values of elasticity of capital, oil and labor in the Cobb-Douglas 

production function.  Therefore, I set capital elasticity, 1α , oil elasticity, 2α , and labor 

elasticity, 3α , equal to 0.13, 0.19 and 0.68 respectively.  The depreciation rate on capital, 

δ , is assumed to be 0.05, implying an annual depreciation rate of 5 percent.  Following 

Finn (1995), imposing balanced growth and Equation (7) on Thai data gives λ =1.058 

which is equal to the average gross growth rate of Thailand’s ty .  

 

 For the steady state of oil price, I consider two approaches to compute it and 

compare the results from both approaches.  According to Kim and Loungani (1992), they 

fit the actual oil price data to the ARMA processes.  In my case, I used the relative crude 
                                                 
30 Hansen (1985) chose A  = 2, which resulted in one-third of the time working (i.e. around eight hours) in 
the equilibrium. 
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oil price as denoted by tp  which is the ratio of Dubai31 crude oil price to Thailand’s GDP 

deflator for the period 1981 to 2007 and fit the data to several choices of model.  I found 

that the AR(1) process best fit my data as follows: 

 

110 loglog −+= tt pp γγ  (24) 

 

 The estimated coefficients of this model are 0γ = 0.05 and 1γ = 0.89 with standard 

errors of 0.06 and 0.1 respectively.  The empirical results are provided in the Table 4.9.  

The steady state for the oil price32 is therefore equal to 1.57.  This is slightly higher than 

Kim and Loungani (1992) found; their estimate was 1.37 for U.S. data.   

 

 I also tried another approach to calculate steady-state oil price as suggested by 

Finn (1995).  First I computed the average crude oil import share of total output for the 

period33 of 1986 to 2007 and it is about 0.06 for Thailand.  Then, given that this share is 

constant for the period of consideration but allowing the quantity of oil import to be 

varied, the steady state of crude oil price is assumed to be equal to the average crude oil 

price which is about 1.59.  Both approaches give me similar results.  Therefore, I would 

set it to be 1.57.    

 

                                                 
31 Dubai is the main source of Thailand’s crude oil import which is accounted for about 70 percent of total 
imported crude.  The crude prices from other sources have also moved in the same direction as Dubai 
crude. 
32 The steady state of oil price is determined from Equation (24) i.e. 57.1
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33 There is no data available before 1986. 
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 The holding cost of oil reserve in Thailand is calculated from the information in 

Wantawin (2008) study.  He estimated the cost of Thailand’s strategic reserve for 90-days 

coverage34 at different time period (2010, 2015 and 2020) for three types of oil reserve 

technology (Ground tank, Hard Rock Mine and Salt Cavern) which can be summarized in 

the following table:  

 

 I assume that oil is held in ground tank technology reserves which is the simplest 

technology widely used everywhere.  For the year 2010, which is closest to the current 

time period, it can be claimed that the average holding cost for the reserve is 3.18 

baht/litre which is equal to 506.45 baht/barrel.  This implies that to stock one million 

barrel35 of oil, it takes a share of approximately equal to 0.00012 in the real output36.  

Therefore, I set the holding cost parameter, h , at 0.00012 which represents the unit of 

real output sacrificed to stock one unit of oil. 

 

 For the oil adjustment cost, χ , and the oil stock requirement regulation, φ , I 

chose the values for χ  = 10 and φ  = 0.35 so that given that other parameters have been 

set already, it will result in a positive value of steady-state oil stock with reasonable 

coverage days. 

 

                                                 
34 The oil stock coverage is measured in terms of number of days that the stock can be released to cover the 
domestic demand given that there is no oil import entering the country at all. 
35 I convert the quantity unit of oil from litre to barrel to ensure the consistency with my previous study 
Leesombatpiboon (2009) which estimates the elasticity of oil consumption by using the quantity unit in 
million barrels. 
36 This calculation is based on the real GDP in the year 2007 and 2008, which is about 4 trillion baht. 
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 With the given parameters in Table 4.4, the steady-state values of the interested 

variables can be computed and the results are reported in Table 4.5.  The steady state 

value for the oil stock, *s , in Table 4.5 is about 17.26 percent of steady state oil import, 

*M , or it is equivalent to the coverage period of around 63 days37 which is still less than 

the standard requirement of IEA (International Energy Agency) for the OECD member 

countries at 90 days. 

 

4.6 Model Analysis 

 

 The first step in analyzing the model implications regarding the role of the SPR in 

mitigating the oil shocks (consisting of price shock and supply shock) is to examine the 

impulse response of key variables in the model.  I assume that the shock takes place only 

once at the beginning of the period when the economy is in its steady state.  Then, the 

economy responds to the shocks by drawing from the SPR.  There is an adjustment back 

to the steady state afterwards.  The impulse response of the variables will provide an 

insight into the dynamic behavior of key variables.  Therefore, the oil supply shock and 

oil price shock are simply given as follows: 

 

θεθθ −= *
t  (25) 

 

p
t pp ε+= *  (26) 

 

                                                 
37 This result comes from 365*(0.0049/0.0286) = 62.98 days 
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where 10 ≤≤ θε  and 10 ≤≤ pε  are the magnitude of the oil supply shock and oil price 

shock respectively.  Equation (25) implies that in the normal period if there is no supply 

shock i.e. θε = 0, then tθ  = *θ  = 1.  But in the oil disruption period, tθ  will be less than 

one and the degree of supply shock is positively related with the magnitude of θε .  In 

other words, the greater the value of θε , the more severe the supply shock is.  Likewise, 

the oil price shock is assumed to be a surge in oil price from its steady state value as 

given by Equation (26).  The higher value of pε  indicates the greater severity of the oil 

price shock.  In addition, I also assume that there is a correlation between oil supply 

shock and oil price shock to reflect the real situation in which oil supply shock and oil 

price shock usually take place simultaneously.  Specifically, I set ρεεθ =),cov( p to 0.80 

to reflect a fairly high degree of correlation between these two shocks.  However, the 

value of ρ  can be set equal to zero to study the individual effects generated from each 

kind of shock separately.  As a reference case, I set the value of θε  = pε  = 0.3 to reflect a 

fairly severe oil shocks in the economy. 

 

 I divide my analysis into two parts.  In the first part, I examine the behavior of 

key variables at various levels of oil shocks.  Then, I investigate the effects of alternative 

oil stock policies. 

 

4.6.1 Oil Shocks and Effects on the Economy 

 

 I consider three different oil supply shocks, 10, 30 and 50 percent.  The impulse 

responses of key economic variables are presented in Figure 4.4 and 4.5.  The x-axis is 
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the number of time periods and the y-axis is the magnitude above or below the steady 

state value for a particular variable. 

 

 Figure 4.4 shows that when the oil supply shock takes place at the level of 10, 30 

and 50 percent, oil price has jumped up rapidly in the first period with the magnitude of 

0.08, 0.24 and 0.4 respectively.  Oil imports decline significantly in the first period as a 

result of both supply and price shocks.  But oil stock has increased slightly in the first 

period to accumulate as much stock as it can in order to handle with the oil shortages 

which will come afterwards.  Oil use declines in the first period due to the lower oil 

imports and higher level of oil stocks.  Later in the second period, when the shock has 

passed, oil imports surge together with the release of oil stock to help relieve the 

tightened oil demand.  It should be noted that the benefit of oil stocks and the 

improvement in global oil markets reduces the decline in oil use in the second period.  

Instead, oil use has stopped falling in the second period and gradually returns to its 

steady-state level.  With different levels of oil supply shocks, the graphical results 

confirm that the behavior of oil price, oil import, oil stock and oil use follows the same 

pattern. 

 

 Figure 4.5 shows that the firm responds to the oil supply shock by using more 

capital to substitute for oil shortage during the crisis as shown by a substantial increase in 

capital in the first period.  However labor appears to be a complement to oil input, has 

dropped sharply.  As a result, output and income decline. Consumption falls steeply in 

the first period.  However, the reduction in consumption does not cause a decrease in 
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welfare in the first period.  Instead, the welfare has risen in the first period due to a higher 

leisure time (lower working hours).  Even though the situation of the global oil market 

has improved in the second period, the economy does not have much output to allocate 

for capital and consumption.  Therefore, capital, consumption, labor, and welfare decline 

further in the second period.  The adverse impacts from oil supply shock are partially 

alleviated as the economy is able to import more oil and the stocks are released.  Output 

can increase.  Employment increases rapidly in response to the greater oil use.  This  

results in a gradual increase in capital, consumption and welfare.  All variables continue 

to improve and have returned to their original steady state levels.  Again, regardless of 

the magnitude of the supply shock, the behavior patterns of variables are the same. 

 

4.6.2 The SPR and Welfare Analysis 

 

 In this part, the oil shock level is fixed at 10 percent, which is considered as a 

fairly reasonable level to be able to handle by the SPR of the economy.  I compare the 

impact of oil shocks on the key economic variables with particular interest to economic 

welfare across three different government policy parameters for required oil reserves. 

 

 Suppose that all other parameters are constant and that the government’s oil stock 

requirement (φ ) is initially set at 35 percent. Then, vary the required oil stock plus and 

minus 15 percent points to 20 and 50 percent; I can examine how the respective 

variations in stock size would affect the key variables in the economy. 
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 Table 4.6 presents the steady-state values of key economic variables in three 

different stock requirement cases.  Using 35 percent of stock requirement as a reference 

case, the percentage change of steady state values for key economic variables are 

calculated in order to show the deviation of the dynamic paths for 20 and 50 percent 

stockpile cases from the reference case. 

 

 Changing φ  affects the steady-state levels of key variables as shown in the Table 

4.6. Ceteris paribus, as φ  increases, the steady-state demand for oil import, *M decreases 

while the size of oil stock in steady state, *s increases. 

 

 The stock requirement of 20, 35 and 50 percent imply approximately 9, 63 and 

117 days coverage respectively.  However, the greater security comes at cost since when 

more oil stock is required, more resources have to be allocated for building and holding 

the stockpile. This leads to less investment for the capital stock, *k , and lower productive 

capacity.  Labor employment, *n , declines with the capital stock and the oil import in the 

steady state.  The level of output is lower accordingly which leads to a lower level of 

consumption in the steady state.  Therefore, the steady-state welfare as predicted from the 

model is inversely related to the size of the SPR. 

 

 However, it is important to emphasize that SPR by itself does raise the welfare of 

the economy because it is like an insurance policy which will be useful only in the event 

of crisis.  In other words, its main function is to cushion shocks and help smooth out the 

fluctuations in the economy during the crisis.  If the economy were to fluctuate freely and 
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fully when shocks occur, the volatility could be more costly than allocating some 

resources to avoid that cost of fluctuations.  This cost of fluctuations can be viewed as 

lower quality of lives or massive protests in the cities or the loss of the country’s 

competitiveness relative to its neighboring countries.   

 

 Therefore, the justification of the SPR policy should consider the effectiveness of 

the SPR in mitigating the volatility of key variables from the shock against the overall 

resources spent on building the SPR.  With this objective in mind, I have examined the 

benefits of the three different sizes of the SPR (i.e. 9, 63 and 117 coverage days) in 

smoothing the key economic variables as shown in the following graphs given that the 

economy is facing with the oil supply shock at the 10 percent level. 

 

 It can be seen in Figure 4.6 that when the economy was hit by a 10 percent level 

of oil supply shock, oil import drops dramatically while the oil price increases sharply to 

0.08, equivalent to 5.1 percent increase from its stead state level.  Oil stocks increase 

slightly in the first period to prepare for the upcoming oil shortages in the economy.  Oil 

use also decreases sharply as a result of the drastic decline in oil import and the surge in 

oil stock in the first period.   If the stock coverage is only for the 9 day case, the oil 

import and oil use will decline by a greater magnitude than those of 63 and 117 day cases.  

This is because the steady-state level of oil use and oil import for the 63 and 117 days 

coverage are smaller than that of the case for 9 day coverage.  Therefore, the increase in 

oil imports and the release of oil stock in the second period for the case of 9 days are 

slightly greater than that of 63 and 117 days respectively.  After the second period, these 



178 

variables will gradually adjust to their steady-state levels.  They appear to fully return to 

their normal steady-state level after five periods. 

 

 The response of capital stock in Figure 4.7 shows that under the 117 day case, the 

economy tends to substitute less capital for oil than in the cases for 63 and 9 days.  The 

labor employment also follows the same pattern with a smaller decline in labor 

employment for 117 days than that of 63 and 9 days.  Therefore, output drops less than in 

the case of 63 and 9 days.  As a result of the smaller decline in output, consumption and 

capital stock benefit in the second period in that both consumption and capital stock for 

the case of 117 days coverage fall by a smaller magnitude than the other two cases. But 

the duration of returning to the steady state is almost in the same period in all three cases.  

The welfare of the economy also follows the same pattern in that for the 117 coverage 

days it fluctuates in a narrower range than the other two cases.  This seems to illustrate 

the benefits from the SPR in shielding the economy from oil shocks.  The main findings 

in this part are that with a greater coverage of oil stock, the variables tend to move in a 

smaller range. However, it seems that regardless of the size of coverage, all variables 

tend to return to their normal steady-state at virtually the same period.  Therefore, these 

results might lead to a conclusion that the size of the SPR coverage helps lower the 

volatility of the key variables but it might not help accelerate the speed of recovery. 

 

 The real benefit of the SPR is to lower the volatility of the economy at the 

expense of the lower steady-state values of key economic variables because greater 

resources have to be allocated for building and maintaining the greater size of the SPR. 
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 Next, I explore the relationship between the benefit of the SPR in terms of the 

lower variation in welfare due to the shock and the cost of the SPR in terms of the 

welfare loss resulting from giving up some resources for establishing the SPR by 

conducting further experiment in three main scenarios.  This experiment has been carried 

out by assuming that the economy has been hit by the oil supply shock at 10, 30 and 50 

percent level and given that the economy has prepared for the shocks by building three 

optional sizes of the SPR including 9, 63 and 117 days of coverage level.  I can compare 

the relationship between benefit and cost of the SPR clearly. 

 

 Table 4.7 reports the statistical summary of the impulse responses of the six key 

variables including capital stock, labor employment, oil use, output, consumption and 

welfare by classifying into three different scenarios i.e. 10, 30 and 50 percent of oil 

supply shock assuming that three optional sizes of the SPR (9, 63 and 117 days) are 

available.  It shows that as the size of the SPR increases, the mean of the impulse 

response of all variables except the capital stock has declined.  The explanation is that for 

the smaller size of the SPR, the economy tends to substitute more capital for oil.  That 

causes a greater investment in capital stock during the first period which offsets a sharp 

decline of capital in the later period as seen in Figure 4.5.  Moreover, the standard 

deviation of the impulse responses of the variables also decreases as the size of the SPR 

increases in all scenarios.  This implies that the size of the SPR not only reduces the 

average size of the negative impacts from the supply shocks but it also helps lower the 

dispersion of the impacts.   
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 However, it is interesting to see how the benefits of mitigating the short run 

impacts on the economy must be traded off with the loss of long run welfare.  To do this I 

refer back to Table 4.6 in which the long-run steady state values of welfare have been 

computed based on three basic requirements of holding the stock.  Suppose that the 

economy has basically held the stock at 9 days as a minimum requirement.  I increase the 

size of the stock to 63 and 117 days, the percentage loss of the steady-sate welfare can be 

calculated.  The gain in terms of lower variation in welfare is presented in Table 4.8.  

 

 From the information in Table 4.8, a simple graph representing the relationship 

between the variations in welfare and percentage loss in steady-state welfare can be 

plotted as shown in Figure 4.8. 

 

 This graph (Figure 4.8) conveys two important messages.  First, there exists a 

trade off between the “benefit” of the SPR measured in terms of the lower standard 

deviation due to the oil supply shock and the “cost” of the SPR measured in terms of the 

forgone steady-state welfare resulting from the sacrifice of resources to build and 

maintain the SPR.  Second, it shows that for more severe oil shock, the value of SPR 

increases in the sense that for a one unit of the welfare loss it can lower the variations in 

welfare by a greater magnitude than the cases of smaller supply shocks (as can be seen 

the graph becomes steeper at a higher level of supply shock).  Therefore, the value of an 

SPR depends on the judgment of the policy makers to weigh the pros and cons of the 

SPR.  There is no definite solution to estimate the size of the SPR.  It is conditional on 

various factors policy makers must take into considerations.   
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4.7 Analysis of the Short-run Benefits of SPR 

 

 SPR can provide temporary benefits to an economy following an oil shock.  It is 

one tool of energy policy.  The cushioning effect of extra supplies can moderate the 

negative effects of oil shocks.  I investigate these effects below.  I assume there is a one 

time oil shock of 10 percent (about 33 million barrels per year according to oil 

consumption in 2007).  Then, I investigate the impact on four variables, namely output, 

oil imports, consumption and employment. 

 

 Table 4.11 shows that for 10 percent oil shock, the economy will contract 

immediately by 3.92, 3.01 and 2.29 percent in the first period given that the SPR level is 

9, 63 and 117 days respectively.  Using Thailand’s real GDP figure at 4 trillion bahts in 

2007, those negative growth rates can generate the real GDP loss equivalent to 272, 209 

and 159 (or 8.2, 6.3 and 4.8 billion dollars) respectively.  It is clear that the economic 

losses decline with the size of SPR.  However, it is interesting to see that in the second 

and third period, the economy has started recovering if the SPR requirement is at the low 

level of 9 days while for the SPR requirement of 63 and 117 days, the economic growth 

rates are still negative in the second period.  The magnitude of negative growth rate is 

greater if SPR requirement is higher.  The explanation from the model is that if the 

requirement for the SPR is quite high, the economy has to comply with that requirement 

and need to expend significant resources to rebuild the SPR.  There is an opportunity cost 

to use those resources to rebuild the economy. 
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 Oil imports in Table 4.11 decline dramatically in all cases due to the shortage of 

global oil supply and the increase in oil price at the rate of 78.6, 61.9 and 49.5 percent in 

the first period for the SPR level of 9, 63 and 117 days respectively.  Given the amount of 

crude oil import to Thailand in 2007 at 275 million barrels per year, the amount of import 

reduction will be equivalent to 58.7, 22.3 and 11.3 million barrels per year respectively.  

These values suggest that if the SPR requirement is low, the economy tends to rely on oil 

much more than the high SPR requirement.  Therefore, when the economy is adversely 

impacted by oil shock, the oil demand in the case of low level of SPR drops by a higher 

magnitude and fluctuates far greater than with higher SPR requirements.  This might be 

called oil addiction effect in that the economy is lacking flexible choices for energy and 

cannot reduce the high level of its oil demand in the short run.  However, once the global 

oil market returns to normal, the economy will abruptly import more oil to replenish 

stocks.  The oil imports in the second period increase by 5.72, 2.39 and 1.35 times from 

the previous period at SPR requirements of 9, 63 and 117 days respectively.  The high 

SPR requirement helps the economy to delay purchasing vast amounts of oil import 

immediately after the shock.  This is the implicit benefit of the SPR not only for the 

individual economy but also for the global economy. 

 

 The reason is that in reality there are a number of developing countries just 

holding their oil reserves at about one or two weeks.  Once the global oil market returns 

to normal, these countries will rush into the oil market and purchase at the same time.  

This creates the upward pressure on global oil prices.  Oil prices will inevitably rise again 

at a fast rate and it will be extremely expensive for oil consumers all over the world.  
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Therefore, if these countries have sufficient oil reserve, they can postpone their purchases 

and enter the oil market at the later time when oil price pressures have moderated.  The 

economy will then be able to reallocate resources for other useful purposes. 

 

 Consumption in the economy falls less than output.  The real consumption drops 

by about 0.2 percent for all three sizes of the SPR.  In the second period, the consumption 

drops by a smaller rate for the larger size of SPR and vice versa.  However, in the third 

period, the growth rate of consumption becomes positive for the smallest size of the SPR 

while in the other two cases, consumption growth is still negative.  This situation 

emphasizes again that consumers are also indirectly affected by the SPR policy and have 

to give up some part of their consumption in order to rebuild the SPR.  This is despite the 

fact that the SPR requirements are set by the government and directly applied to the firms. 

 

 Employment is critical for production and welfare.  The dynamic pattern is 

similar to output.  As seen from Table 4.11, the model suggests that employment will 

reduce sharply by 2.3, 1.74 and 1.29 percent in the first year after the attack of oil shock 

given that the SPR size is 9, 63 and 117 days respectively.  Taking a closer look on the 

level of Thailand’s employment of 34.7 million people in 2007, this implies that during 

the first period 833, 630 and 467 thousand people would lose their jobs for the SPR 

requirements of 9, 63 and 117 days to insulate the economy from the shock respectively.  

The situation improves in the second and third periods.  For the SPR size of 9 days, the 

employment has recovered since the second period whereas with the SPR size of 63 and 

117 days, the employment has not increased until the third period.  Again, this situation 
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can be explained by the same reason that as the economy has to allocate some resources 

to rebuild the SPR used during the crisis, less amount of resource is available for creating 

more jobs in the production sector of the economy. 

 

4.8 Conclusion 

 

 In this study, I develop a simple DSGE macroeconomic model to investigate the 

economic consequences of the SPR for a small oil-importing economy which requires 

using the imported oil with domestic labor and capital to produce single consumption 

goods.  The economy is subject to the risk of oil shocks and attempts to mitigate the 

macroeconomic impacts from the shock by building up the SPR whose size is dependent 

on the government’s decision.  Optimal allocations in the model are determined from the 

rational behavior of the representative consumer and firm.  The representative consumer 

seeks to maximize utility subject to the relevant budget constraint while the 

representative firm attempts to maximize profit subject to available physical resource 

constraint, law of motion of the input and the shock conditions. 

 

 The formal analysis starts from searching for the appropriate parameters to reflect 

the characteristics of Thai economy and also to ensure the workability of the SPR in the 

model.  This the first study of a SPR using a dynamic stochastic general equilibrium 

model for a specific small oil-importing economy to the best of my knowledge.  The 

“small oil-importing economy” is an important assumption of this study because it 

implies that the SPR built by this economy does not have any influence on the global oil 
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market like what have been done in the previous studies.  Instead, the SPR in this study 

yields only domestic benefits in terms of smoothing out the negative effects of oil shocks 

by lowering the fluctuations in the key economic variables. 

 

 Once the baseline parameters have been set, I compute the steady-state values 

conditional on the government stockpile policy requirement. The steady-state values 

provide a benchmark for how the economy would perform in the long run.  I can use 

these values for comparative analysis when changes in parameters have been made.  An 

oil shock is then assumed to take place only once at the initial period, this shock is 

allowed to fully work through the system of the model to disturb the economy from its 

long-run steady state.  I then observe the impulse responses of all key economic variables 

which give me an insight into how the economy responds to the crisis and how the SPR 

works to lower the fluctuations in the economy and brings the economy back to its 

normal steady state again. 

 

 The simulation results show that the impulse responses of key economic variables 

for different degrees of oil shocks follow the same pattern.  Oil import and oil use fall 

immediately in the first period after the shock but when the oil stock has been released 

and the oil import has recovered, the oil use has gradually returned to its normal steady 

state.  Capital has been used more in the shock period to substitute for the reduction in oil 

use.  Labor appears to be a complement and falls with oil use.  During the oil disruption 

period, output has been dropped sharply which will result in a decline in consumption.  

Welfare sharply increases in the first period since consumers choose more leisure time, 
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but falls due to lower consumption in the succeeding period.  As the magnitude of the 

shock increases, the size of the stock drawdown increases accordingly.  Likewise, the 

greater degree of the shock results in a greater welfare decline 

 

 Next, I explore the “benefits” and “costs” for different sizes of the SPR 

conditional on the same shock.  Building a larger SPR requires the economy to sacrifice 

more resources to maintain and operate the SPR.  This lowers resources available for 

production and consumption.  Therefore, the larger the SPR the steady-state values of the 

key economic variables become smaller.  This must be emphasized as a main concern for 

governments, because they cannot build the SPR due to limited resources.  The sacrifice 

in long run welfare given larger SPRs may compensate for by the lower fluctuations in 

the economy when oil shocks occur.  In my analysis, it has been shown that the 

fluctuations become smaller when the size of the SPR is greater.  In other words, the 

study has shown that there exists a trade off relationship between the sacrificed long run 

welfare for the less volatile welfare in the short run.  As the degree of the shock is higher, 

the SPR becomes more worthwhile since it can help lower the fluctuations by a greater 

magnitude.  This finding also underscores the real situation that any time that the oil 

crisis is imminent and the government expects a high degree of the shocks, the plan for 

building the SPR seems to be more feasible and can receive an easier approval from the 

government than the normal situation. 

 

 Therefore, I would like to conclude that there is no exact rule to compute the SPR 

size.  It depends on the government’s discretion based on two main factors.  First, the 
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government has to evaluate the trade off between costs in the long run and benefits in the 

short run of the SPR.  Second, it depends on the expected frequency and degree of the 

future shocks.  With different degree of the anticipated shocks, the optimal size will be 

altered accordingly.  In addition, I found that if the government requires larger stockpiles, 

this discourage the oil import demand indirectly. Because SPR is built based on the oil 

import amount of the economy the higher oil import demand will cost firms more to build 

and hold the SPR. This leads to another unrealized benefit of the SPR in that it helps 

reduce the reliance on foreign oil.  As a result, the security benefit from the SPR does not 

come only from the “extra” supplies to back up the demand during the crisis, but security 

also stems from the lower reliance on the foreign oil import.  However, SPR program is 

just one part of energy policy to strengthen the supply security.  Summing up, the 

government needs to strive for a balance between the supply security and demand 

security from the limited amount of resources available in the country. 
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Table 4.1: Value of Imported Energy (Unit: Billion Bahts) 
 1986 1996 2007 
GDP at 2000 prices 2,057.2 5,097.7  6,945.6 
Total Export 423.6 1,561.1 4,309.7 
Total Import 438.1 2,026.2 3,995.6 
    
Value of Imported Energy 53.4 176.0 721.0 
  - Crude 38.8 134.8 587.0 
  - Petroleum Products 14.0 36.8 39.0 
  - Natural Gas 0 0 64.7 
  - Coal 0.7 4.4 24.4 
  - Electricity 0 0 6.1 
    
Ratios( %)    
Value of Imported Energy: GDP at current prices 2.6 3.5 10.4 
Value of Imported Energy: Total Import 12.2 8.7 18.0 
Value of Imported Petroleum: Total Import 12.0 8.5 15.7 
Value of Imported Petroleum: Value of Imported Energy 99.0 97.5 86.8 

Source: Energy Policy and Planning Office 
Note: 1. Imported Petroleum means Crude and Petroleum Products and 2. The average exchange rate is around 31.27 Bahts/US$.  
 
 
Table 4.2: The Mandatory Oil Stock Level in Thailand since September 2001 (Unit: Percent) 

 Production Import 
Crude Oil 5 5 
Gasoline 5 10 
Kerosene/ Jet 5 10 
Diesel 5 10 
Fuel Oil 5 10 

Source: Energy Policy and Planning Office 
 
 
Table 4.3: Cost Estimation of the SPR Establishment in Thailand 

Year Reserve Required 
(Billion litres) 

Total Holding Cost* 

(Billion baht) 
 

I. In ground Trench or Above Ground Tank 
2010 7.82 24.91 
2015 10.96 34.91 
2020 11.92 37.97 

 

II. Hard Rock Mine 
2010 7.82 24.42 
2015 10.96 34.23 
2020 11.92 37.23 

 

III. Salt Cavern 
2010 7.82 9.16 
2015 10.96 12.84 
2020 11.92 13.96 

Source: Wantawin (2008)  
Note: * Total holding cost comprises of Capital Cost, Operation and Management Cost, Fill/Refill Cost, using the exchange rate at 
31.27 baht/dollar.   
 
 
Table 4.4: Baseline Parameter Values 
β  A  1α  2α  3α  δ  λ  *p  *θ  h  χ  φ  
0.97 1.53 0.13 0.19 0.68 0.05 1.058 1.57 1.00 0.00012 10 0.35 

 
Table 4.5: Steady-state Values of Key Variables 

*c  *n  *k  *M  *s  *y  
0.1796 0.3764 0.3861 0.0286 0.0049 0.2439 
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Table 4.6: Values of Steady-state Variables at Different Levels of Oil Stock Requirement 
(φ ) 

Variable φ  = 0.20 
 

φ  = 0.35 
(Ref. Case) 

φ  = 0.50 
 
 

*c  0.1797 0.1796 0.1794 

(%Δ  from Ref. Case) 0.0885  - -0.0891 
    

*n  0.3767 0.3764 0.3762 

(%Δ  from Ref. Case) 0.0728  - -0.0725 
    

*k  0.3869 0.3861 0.3853 

(%Δ  from Ref. Case) 0.2051  - -0.2054 
    

*M  0.0288 0.0286 0.0284 
(%Δ  from Ref. Case) 0.6785 - -0.6715 
    

*s  0.0007 0.0049 0.0091 

(%Δ  from Ref. Case) -85.6506  - 84.4751 
    

*y  0.2444 0.2439 0.2434 

(%Δ  from Ref. Case) 0.2050  - -0.2054 
    

*U  -2.4397 -2.4399 -2.4401 

(%Δ  from Ref. Case) 0.0086  - -0.0090 

*

*

M
s

(%) 
 
2.5 

 
17.3 

 
32.1 

*

*

M
s

(days) 
 
9.0 

 
63.0 

 
117.0 

(%Δ  from Ref. Case) -85.7473  - 85.7223 
Note: *U  is steady-state value of welfare generated from the utility function specified in Equation (1). 
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Table 4.7: Impulse Response Statistics of key variables for different scenarios of the shocks in real unit 
SPR size Impulse 

response 
statistics 

k 
(capital) 

n 
(labor) 

o 
(oil use) 

y 
(output) 

c 
(consump-

tion) 

U 
(Welfare) 

10% Supply Shock 
 

mean -0.00070 -0.00012 -0.00024 -0.00050 -0.00028 -0.00125 9 days 
s.d. 0.00459 0.00180 0.00097 0.00208 0.00048 0.00482 

 

mean -0.00075 -0.00011 -0.00023 -0.00048 -0.00027 -0.00124 63 days 
s.d. 0.00374 0.00157 0.00087 0.00187 0.00046 0.00418 

 

mean -0.00078 -0.0001 -0.00022 -0.00046 -0.00026 -0.00123 117 days 
s.d. 0.00314 0.00139 0.00078 0.00169 0.00044 0.00367 

 

30% Supply Shock 
 

mean -0.00210 -0.00036 -0.00072 -0.0015 -0.00083 -0.00376 9 days 
s.d. 0.01378 0.00540 0.00292 0.00623 0.00145 0.01447 

 

mean -0.00226 -0.00033 -0.00068 -0.00145 -0.00081 -0.00372 63 days 
s.d. 0.01123 0.00472 0.00261 0.00560 0.00138 0.01253 

 

mean -0.00235 -0.00030 -0.00065 -0.00139 -0.00079 -0.00369 117 days 
s.d. 0.00943 0.00416 0.00235 0.00507 0.00132 0.01101 

 

50% Supply Shock 
 

mean -0.00350 -0.00059 -0.00120 -0.00250 -0.00139 -0.00626 9 days 
s.d. 0.02296 0.00901 0.00487 0.01039 0.00242 0.02411 

 

mean -0.00376 -0.00055 -0.00114 -0.00241 -0.00136 -0.00620 63 days 
s.d. 0.01871 0.00787 0.00435 0.00933 0.00231 0.02089 

 

mean -0.00392 -0.00050 -0.00108 -0.00231 -0.00132 -0.00615 117 days 
s.d. 0.01572 0.00694 0.00391 0.00844 0.00220 0.01834 

 
 
Table 4.8: Trade off between the Steady-state Welfare and its Variations from the Shocks 

 φ  = 0.20 
(9 days) 
 

φ  = 0.35 
(63 days) 

φ  = 0.50 
(117 days) 

Steady-state welfare 
 

-2.4397 -2.4399 -2.4401 
    

% Loss in  
Steady-state welfare 

0 0.0082 0.0164 

    

SD of welfare 
(10% shock) 

0.00482 0.00418 0.00367 
    

SD of welfare 
(30% shock) 

0.01447 0.01253 0.01101 
    

SD of welfare 
(50% shock) 

0.02411 0.02089 0.01834 
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Estimation of the Relative Real Oil Price (ROP) 
 
Table 4.9: Estimation Results of the Relative Real Oil Price with AR(1) Process 

Equation for LROP by OLS 
 

Variables 
 

Coefficient Standard error t-value P-value 

Constant 0.056695 0.066076 0.858034 0.3994 
LROP(-1) 0.885449 0.107079 8.269105 0.0000 
     

R-squared 0.740198     Mean dependent var 0.431119
Adjusted R-squared 0.729373     S.D. dependent var 0.471682
S.E. of regression 0.245378     Akaike info criterion 0.101766
Sum squared resid 1.445043     Schwarz criterion 0.198543
Log likelihood 0.677041     Hannan-Quinn criter. 0.129634
F-statistic 68.37810     Durbin-Watson stat 2.102005
Prob(F-statistic) 0.000000    

 
Table 4.10: Estimation Results of the Relative Real Oil Price with ARMA(1,1) Process 

Equation for LROP by OLS 
 

Variables 
 

Coefficient Standard error t-value P-value 

Constant 0.050889 0.069480 0.732431 0.4713 
LROP(-1) 0.898975 0.121611 7.392214 0.0000 
MA(1) -0.050258 0.241503 -0.208106 0.8370 
     

R-squared 0.740892     Mean dependent var 0.431119
Adjusted R-squared 0.718361     S.D. dependent var 0.471682
S.E. of regression 0.250320     Akaike info criterion 0.176014
Sum squared resid 1.441183     Schwarz criterion 0.321179
Log likelihood 0.711821     Hannan-Quinn criter. 0.217816
F-statistic 32.88309     Durbin-Watson stat 2.012956
Prob(F-statistic) 0.000000    

Inverted MA Roots 0.05    

Note: ROP is the Ratio of Real Price of Dubai Crude Oil to Thailand GDP Deflator 
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Table 4.11: Growth rate of Key Variables in the First Three Periods with Different Sizes of SPR (Unit: Percent) 
  Size of the SPR 
  9 days 63 days 117 days 
Output 1st period: -3.92 -3.01 -2.29 
 2nd period: 0.17 -0.81 -1.40 
 3rd period: 3.35 2.99 2.59 
     
Oil Import 1st period: -78.60 -61.90 -49.54 
 2nd period: 572.89 239.06 135.88 
 3rd period: -25.88 -16.54 -10.48 
     
Consumption 1st period: -0.23 -0.23 -0.22 
 2nd period: -0.79 -0.68 -0.59 
 3rd period: 0.05 -0.02 -0.06 
     
Employment 1st period: -2.30 -1.74 -1.29 
 2nd period: 0.60 -0.07 -0.50 
 3rd period: 2.01 1.84 1.62 
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Figure 4.1: Commercial Primary Energy Production 
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Figure 4.2: Commercial Primary Energy Production, Consumption and Import 
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Figure 4.3: Net Energy Import by Energy Type 
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Figure 4.4: Oil Supply Shock and Impulse Responses of  

Oil Price, Oil Import, Oil Stock and Oil Use 
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Figure 4.5: Oil Supply Shock and Impulse Responses of  

Capital Stock, Labor Employment, Consumption and Welfare 
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Figure 4.6: Oil Supply Shock at 10 % and Impulse Responses of  
Oil Price, Oil Import, Oil Stock and Oil Use with Different Sizes of Oil Stock Coverage 
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Figure 4.7: Oil Supply Shock at 10 % and Impulse Responses of  
Capital Stock, Labor Employment, Consumption and Welfare 

with Different Sizes of Oil Stock Coverage 
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Figure 4.8: Trade off between Steady-state Welfare and Variations in Welfare 
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Figure 4.9: The Log of Relative Real Oil Price 
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Note: ROP is the Ratio of Real Price of Dubai Crude Oil to Thailand GDP Deflator 
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Figure 4.10: Shipping Lanes and Strategic Passages in Asia-Pacific Region 

Source: EagleSpeak Blog (2005) <http://www.eaglespeak.us/2005/02/sea-lanes.html> 
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Chapter 5  
Conclusion 

 

 Oil crises occur in two forms: high oil price shocks and or oil supply disruptions.  

High oil prices may not coincide with oil shortages but oil shortages will rapidly lead to 

higher oil prices.  Therefore, concerns about oil supply security, which is one of the 

important elements of overall energy security, are frequently discussed among oil-

importing nations. 

 

 My dissertation addresses these issues and finds that the impacts of an oil supply 

disruption are more severe than those caused by a sharp rise in oil prices.  For a small-oil-

importing economy like Thailand, a sharp 10 percent fall in oil supply would result in a 2 

percent reduction in economic growth while a sharp 10 percent rise in oil prices would 

result in an economic contraction of 0.5 percent within the same year.  A combination of 

both effects would produce a greater adverse impact to the whole economy in terms of 

higher inflation, higher unemployment, and lower real output.  This will create social and 

political pressures on the government to implement contractionary policies to mitigate the 

impacts of high inflation on one hand, while on the other hand, to implement 

expansionary policies to stimulate output growth and employment.  These contradictory 

policies will put the government into a dilemma and in an ambiguous position in terms of 

public policy signals and thus policy implementation will eventually become ineffective. 

 

 The Thai government has considered and is considering proposals to establish a 

Strategic Petroleum Reserve (SPR) in order to provide the government with another 
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policy option for managing an oil crisis more effectively.  I build a simple Dynamic 

Stochastic General Equilibrium (DSGE) model to investigate the consequences of the 

SPR for the Thai economy.  Unlike most DSGE model builders, I obtain the parameters 

for the model myself by estimating them using econometric models using data from 

Thailand itself.  Typically the parameters in DSGE models on any topic are drawn from 

multiple studies which may be unrelated. 

 

 The simulation results show that given a one time oil shock of 10 percent, the 

Thai economy will contract immediately by 3.9, 3.0 and 2.3 percent in the first period for 

an SPR level of 9, 63 and 117 days respectively.  The results confirm that the economic 

losses decline with the size of SPR.  The dynamic pattern of employment is similar to 

output.  The model suggests that employment will fall sharply by 2.3, 1.7 and 1.3 percent 

in the first year given a SPR size of 9, 63 and 117 days respectively.  Consumption in the 

economy falls less than output by only about 0.2 percent in the first periods for all three 

sizes of the SPR.  However, the model does reveal that consumers are indirectly affected 

by the SPR policy and have to forgo some level of consumption to rebuild the SPR.  This 

is despite the fact that the SPR requirements are set by the government and directly 

applied to the firms. 

 

 However, the “benefit” of greater security comes at a “cost.” The larger required 

oil stocks lead to greater resources allocated for building and holding the stockpile.  As 

shown in the model, as the size of the SPR increase, investment in the economy’s capital 

stock declines in the long run.  Employment and oil imports decline with capital stock in 
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the long run.  The level of the long-run welfare is therefore inversely related to the size of 

the SPR.  The SPR is an insurance policy which can raise welfare.  However, it is only 

one tool for energy policy.  An SPR will help moderate the impacts of short-run oil price 

shocks and oil shortages.  

 

 My study also shows that there exists a trade off between sacrificed long run 

welfare and less volatile short-run welfare.  As the magnitude of the oil shock intensifies, 

the SPR becomes more effective at curbing economic fluctuations.  This finding 

emphasizes that the real situation when a crisis is imminent and the government expects a 

high degree of the shocks, the plan for building the SPR seems to be more feasible and 

can receive easier approval from the government than the normal situation.  Nevertheless 

to assess the optimal SPR size for the economy, policy makers need to consider two 

critical factors.  First, policy makers need to carefully measure the trade off between 

long-run costs and short-run benefits.  Second, policy makers must research the expected 

frequency and degree of future oil shocks in order to make the right decision about the 

future goal for the SPR size. 

 

 A SPR program is just one part of an energy security policy aimed at 

strengthening oil supply security.  The government also needs to strive for a balance 

between supply security and demand security based on the limited resources available in 

the country.  To strengthen demand security, the Thai government should pursue its 

ongoing plans to lower oil consumption in the economy which will in turn lower Thai 

reliance on foreign oil.  The estimated elasticities in my dissertation can be used as policy 
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guidelines.  The policy recommendations for major oil consuming sectors i.e. 

Transportation, Manufacturing and Residential and Commercial sectors are addressed as 

follows: 

 

 The results suggest that the growth of oil demand in the Transportation sector is 

determined by rising income and falling relative oil prices as well as higher labor 

employment.  Demand for oil in the Transportation sector is inelastic with respect to 

income, price, and labor employment.  The relatively small price elasticity implies that 

the government can slightly raise oil taxes in order to generate revenue with small 

impacts on oil consumption even in the long term.  This source of revenue can be used in 

two ways.  First, it may be used to improve the quality of vehicles, making them more 

fuel efficient as capital has played a major role in lowering oil consumption in this sector.  

Second, it could be used to create more energy conservation awareness for workers in 

this sector. 

 

 In the Manufacturing sector, policy recommendations should be focused on oil 

price, capital, labor, and substitute energy fuels.  Oil price are inelastic for both the short 

and long run, suggesting that slightly higher oil taxes would not substantially affect oil 

consumption in the manufacturing sector.  This tax revenue should be allocated for 

industrial energy efficiency and conservation projects because improvements in machines 

and equipment as well as better-educated labor combined have a considerable impact on 

reducing oil consumption in this sector.  Apart from that, the funds should be set aside for 

ongoing projects to support a substantial move by industry to alternative fuels. 
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 The variables that seem to really matter for reducing oil consumption in the 

Residential and Commercial sectors are only oil price and capital.  The short-run oil price 

elasticity is fairly high but still inelastic, suggesting that prices cannot be raised too much 

without adversely affecting the standard of living and business activities in this sector.  

Therefore, the focus should be placed on promoting the use of energy-efficient equipment 

particularly the household cooking appliances since LPG is the major fuel used by this 

sector. 

 

 Finally, there are several ways to extend the future research from my study.  First, 

since oil demand in this paper combined all refined products, future research might 

investigate the specific oil products dominant in each individual sector.  The focus might 

be on the major oil consuming sectors such as the Transportation, Manufacturing, 

Agriculture and Residential and Commercial sectors.  Second, the role of alternative 

energy is becoming increasingly important.  The future research should focus more on the 

role of natural gas, coal, and renewable energy in the Manufacturing and Electricity 

sectors.  Third, the future research can also look closely at some specific industries such 

as Food and Beverages, Chemical, Textiles, Paper, and Basic Metals.  These industries 

account for more than a 70 percent share of total oil consumption in the Manufacturing 

sector.  The data of these individual industries are also available for further analysis.  

Fourth, the SPR model can be extended in different ways.  These might include allowing 

for the establishment of a joint SPR by several small regional oil-importing countries so 

that the collective effects of stock release and acquisition will have a significant impact 
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on the global oil market and there may be economies of scale.  This will enhance the role 

of the SPR in reducing the adverse impacts resulting from oil price fluctuations in 

addition to curbing the impacts of oil supply disruptions. 
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Appendices 
 

Chapter 3 

 

Appendix 3.1: Weak Exogeneity Test 

 

 It might be suspected that the “oil demand” and “oil price” are simultaneously 

determined in a system of two equations.  If this is true, there will be a problem called 

simultaneity bias and the OLS will no longer a consistent and efficient estimator.  

Generally, in the long run the relationship can be determined from both directions i.e. 

consumption and price can jointly determine each other.  But, in the short-run, when the 

relationship is explicitly specified in a way that the growth of oil demand ( tLOILΔ ) is 

determined by growth of oil price ( tLPOILΔ ), the substitute energy price ( tLPSUBΔ ), 

income ( tLGDPΔ ), capital ( tLKΔ ) and labor ( tLLΔ ) and also the first lag level of oil 

consumption ( 1−tLOIL ), oil price ( 1−tLPOIL ), substitute energy price ( 1−tLPSUB ), income 

( 1−tLGDP ), capital ( 1−tLK ) and labor ( 1−tLL ), the relationship must be only unidirectional 

in that the variables on the right-hand side of the equation determine the endogenous 

variable on the left-hand side of the same equation.  It is therefore important to test 

whether or not tLPOILΔ  is weakly exogenous in order to ensure that the classical OLS 

assumption is not violated.   

 

 The ideas of the testing simultaniety are drawn from Hausman (1978), Engel, 

Hendry and Richard (1983) and Hendry (1995).  Hendry (1995) has elaborated the 

concept of exogenity as “determined outside the system under analysis” and emphasized 
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that this requirement must be satisfied to sustain the valid inference.  Engel, Hendry and 

Richard (1983) classified exogeneity into three classes i.e. weak exogeneity, strong 

exogeneity and super exogeneity.  Hausman (1978) focuses more on the application side 

of exogeneity tests.  Based on those ideas, I present the test for simultaneity in my model. 

 

 When oil price is weakly exogenous, the short-run oil demand equation can be 

directly estimated from Equation (A1) 

 

tttttt LPSUBLPOILLLLKLGDPLOIL Δ+Δ+Δ+Δ+Δ+=Δ 543210 αααααα  

          ttttttt eLLLKLGDPLPSUBLPOILLOIL 111111019181716 +++++++ −−−−−− αααααα  

(A1) 

 

However, if it is suspected that oil price is not weakly exogenous and this implies that 

tLPOILΔ  could be somehow determined by the same set of the exogenous variables, then 

the equation of tLPOILΔ  can be written as following: 

 

ttttt LPSUBLLLKLGDPLPOIL Δ+Δ+Δ+Δ+=Δ 43210 βββββ  

              ttttttt eLLLKLGDPLPSUBLPOILLOIL 21101918171615 +++++++ −−−−−− ββββββ  

(A2) 

 

 Note that both Equation (A1) and (A2) are written in the reduced form i.e. both 

endogenous variables are expressed solely in terms of the exogenous and predetermined 

variables.  In the case where the weak exogeneity assumption does not hold, the model 

must be estimated simultaneously using both Equation (A1) and (A2).  The Equation 

(A2) can be estimated and the “fitted” value of the oil price called tLPOILΔ  together with 
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the estimated coefficients iβ  where { }10,..,1=i  can be obtained as shown in Equation 

(A3). 

 

ttttt LPSUBLLLKLGDPLPOIL Δ+Δ+Δ+Δ+=Δ 43210 βββββ  

          1101918171615 −−−−−− ++++++ tttttt LLLKLGDPLPSUBLPOILLOIL ββββββ  

(A3) 

 

 Let tv  denote the discrepancy between the actual price and the fitted price 

variable.  It then follows that 

 

ttt vLPOILLPOIL −Δ=Δ  (A4) 

 

Now I can add and subtract tLPOILΔγ  on the right hand side of Equation (A1) where γ  

is the arbitrary coefficient of tLPOILΔ .  Therefore, Equation (A1) becomes (A5) as 

follows: 

 

tttttttt LPOILLPOILLPSUBLPOILLLLKLGDPLOIL Δ−Δ+Δ+Δ+Δ+Δ+Δ+=Δ γγαααααα 543210

          ttttttt eLLLKLGDPLPSUBLPOILLOIL 111111019181716 +++++++ −−−−−− αααααα  

(A5) 

 

 Substitute Equation (A4) in (A5) and recollect the terms. Then, Equation (A5) can 

be rewritten as 

 

ttttttt LPOILLPOILLPSUBLLLKLGDPLOIL Δ+Δ+Δ+Δ+Δ+Δ+=Δ γαααααα 1253210  (A6) 
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          ttttttt uLLLKLGDPLPSUBLPOILLOIL 111111019181716 +++++++ −−−−−− αααααα  

 

where γαα −= 412  and ttt veu γ+= 11  

 

 By comparing Equation (A6) with (A1), it is true that oil price tLPOILΔ  is 

exogenous only if Equation (A6) is the same as (A1), which implies that 0=γ  i.e. 

412 αα = .  This means that testing the weak exogeneity of oil price variable is equivalent 

to testing whether the coefficient of  tLPOILΔ  in the Equation (A6) is statistically zero. 

 

 I have implemented the test for simultaneity of the current oil price in the oil 

consumption equation.  I found that the fitted value for the change in oil price was 

statistically insignificant for all sectors. The results from the empirical tests are as 

follows: 
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RESULTS OF WEAK EXOGENEITY TEST 
======================================================================================== 
                                 1. AGRICULTURE 
======================================================================================== 

 
Appendix 3.1.1a: Weak Exogeneity Test Results for Agricultural Sector (Step 1) 

Modelling DLPOILAG by OLS 
The estimation sample is: 1983 - 2007 

 
                  Coefficient  Std.Error  t-value  t-prob Part.R^2 
DLPOILAG_1          0.0295121     0.3501   0.0843  0.9347   0.0008 
DLGDPAG              0.374945      1.013    0.370  0.7199   0.0150 
DLGDPAG_1            -1.79473      1.189    -1.51  0.1655   0.2020 
DLKAG                0.774036      2.746    0.282  0.7844   0.0088 
DLKAG_1              -4.27906      3.134    -1.37  0.2052   0.1716 
DLLAG              -0.0860228     0.6487   -0.133  0.8974   0.0020 
DLLAG_1            -0.0757625     0.7614  -0.0995  0.9229   0.0011 
DLPELECAG            0.534460     0.8010    0.667  0.5214   0.0471 
DLPELECAG_1        -0.0473020     0.5128  -0.0922  0.9285   0.0009 
Constant      U      -4.88246      19.85   -0.246  0.8112   0.0067 
LOILAG_1      U     -0.148694     0.4363   -0.341  0.7410   0.0127 
LPOILAG_1     U     -0.285720     0.4592   -0.622  0.5492   0.0412 
LKAG_1        U     -0.132163      1.083   -0.122  0.9055   0.0017 
LLAG_1        U    -0.0825331      1.333  -0.0619  0.9520   0.0004 
LPELECAG_1    U     0.0177159      1.196   0.0148  0.9885   0.0000 
LGDPAG_1      U      0.895137      1.343    0.667  0.5218   0.0470 
 
sigma                0.106086  RSS               0.101287638 
R^2                  0.699308  F(15,9) =       1.395 [0.313] 
log-likelihood        33.3849  DW                       2.29 
no. of observations        25  no. of parameters          16 
mean(DLPOILAG)      0.0129632  var(DLPOILAG)       0.0134739 
 
Summary of Autometrics search with target size: 0.025 
 

Appendix 3.1.1b: Weak Exogeneity Test Results for Agricultural Sector (Step 2) 
Modelling DLPOILAG by OLS 

The estimation sample is: 1983 - 2007 
 
                  Coefficient  Std.Error  t-value  t-prob Part.R^2 
DLGDPAG_1            -2.72146     0.3202    -8.50  0.0000   0.8575 
DLKAG_1              -5.88784     0.8759    -6.72  0.0000   0.7901 
I:1988              -0.186828    0.04276    -4.37  0.0009   0.6141 
I:1994              -0.118423    0.04189    -2.83  0.0153   0.3998 
I:2000               0.269094    0.04988     5.39  0.0002   0.7081 
I:2002              -0.117388    0.03983    -2.95  0.0122   0.4199 
Constant      U      -3.12452      2.893    -1.08  0.3014   0.0886 
LOILAG_1      U     -0.403399     0.1110    -3.63  0.0034   0.5238 
LPOILAG_1     U    -0.0425525    0.08276   -0.514  0.6165   0.0216 
LKAG_1        U     -0.505771     0.1488    -3.40  0.0053   0.4906 
LLAG_1        U     -0.431761     0.1690    -2.56  0.0252   0.3523 
LPELECAG_1    U     -0.482510     0.1736    -2.78  0.0167   0.3917 
LGDPAG_1      U       1.79254     0.2694     6.65  0.0000   0.7868 
 
sigma               0.0359754  RSS              0.0155307263 
R^2                  0.953894  F(12,12) =    20.69 [0.000]** 
log-likelihood        56.8242  DW                       2.12 
no. of observations        25  no. of parameters          13 
mean(DLPOILAG)      0.0129632  var(DLPOILAG)       0.0134739 
 
DLPOILAG_fitted [1983 - 2007] saved to Agriculture (ktoe) Series (yearly 81-07).in7 
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Appendix 3.1.1c: Weak Exogeneity Test Results for Agricultural Sector (Step 3) 
Modelling DLOILAG by OLS 

The estimation sample is: 1983 - 2007 
 
                   Coefficient  Std.Error  t-value  t-prob Part.R^2 
DLOILAG_1             0.230900     0.1514     1.52  0.1782   0.2793 
DLGDPAG               0.991125     0.5511     1.80  0.1222   0.3503 
DLGDPAG_1             0.432925     0.6262    0.691  0.5152   0.0738 
DLKAG                 -2.67081      1.248    -2.14  0.0762   0.4327 
DLKAG_1                1.33463      1.648    0.810  0.4489   0.0985 
DLLAG                 0.216328     0.2912    0.743  0.4856   0.0842 
DLLAG_1              -0.711087     0.3572    -1.99  0.0936   0.3978 
DLPELECAG             0.818285     0.4192     1.95  0.0988   0.3884 
DLPELECAG_1          0.0688682     0.2362    0.292  0.7805   0.0140 
DLPOILAG              -2.24776     0.4797    -4.69  0.0034   0.7854 
DLPOILAG_1            0.177904     0.1677     1.06  0.3295   0.1580 
DLPOILAG_fitted        2.18832     0.5184     4.22  0.0056   0.7481 
Constant       U      -37.3646      10.06    -3.71  0.0099   0.6968 
LOILAG_1       U      -1.10814     0.2062    -5.37  0.0017   0.8280 
LPOILAG_1      U     -0.490012     0.2117    -2.31  0.0599   0.4717 
LKAG_1         U       1.22322     0.4846     2.52  0.0450   0.5150 
LLAG_1         U       1.81633     0.6305     2.88  0.0280   0.5804 
LPELECAG_1     U       1.16062     0.5838     1.99  0.0940   0.3971 
LGDPAG_1       U      0.436454     0.6162    0.708  0.5053   0.0772 
 
sigma               0.0465132  RSS              0.0129808889 
R^2                  0.941231  F(18,6) =      5.339 [0.023]* 
log-likelihood        59.0659  DW                       1.98 
no. of observations        25  no. of parameters          19 
mean(DLOILAG)       0.0445655  var(DLOILAG)       0.00883512 
 
Summary of Autometrics search with target size: 0.025 
 
Appendix 3.1.1d: Weak Exogeneity Test Results for Agricultural Sector (Step 4) 

Modelling DLOILAG by OLS 
The estimation sample is: 1983 - 2007 

 
                  Coefficient  Std.Error  t-value  t-prob Part.R^2 
I:1983               0.149079    0.02831     5.27  0.0002   0.6979 
I:1993              -0.189218    0.02095    -9.03  0.0000   0.8717 
I:1996               0.119164    0.02278     5.23  0.0002   0.6951 
I:1998               0.426557    0.02391     17.8  0.0000   0.9637 
I:2000             -0.0827163    0.02298    -3.60  0.0036   0.5192 
I:2005              -0.219336    0.02217    -9.89  0.0000   0.8908 
Constant      U     -0.531854      1.458   -0.365  0.7216   0.0110 
LOILAG_1      U      0.128041    0.05600     2.29  0.0412   0.3035 
LPOILAG_1     U     -0.173524    0.04541    -3.82  0.0024   0.5489 
LKAG_1        U     -0.276984    0.07994    -3.47  0.0047   0.5001 
LLAG_1        U     -0.250649    0.08725    -2.87  0.0140   0.4075 
LPELECAG_1    U      0.281006    0.07521     3.74  0.0028   0.5377 
LGDPAG_1      U      0.369072     0.1276     2.89  0.0135   0.4107 
 
sigma               0.0178431  RSS             0.00382050264 
R^2                  0.982703  F(12,12) =    56.81 [0.000]** 
log-likelihood        74.3547  DW                       1.79 
no. of observations        25  no. of parameters          13 
mean(DLOILAG)       0.0445655  var(DLOILAG)       0.00883512 
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======================================================================================== 
                                 2. CONSTRUCTION 
======================================================================================== 
 
Appendix 3.1.2a: Weak Exogeneity Test Results for Construction Sector (Step 1) 

Modelling DLPOILCST by OLS 
The estimation sample is: 1983 - 2007 

 
                  Coefficient  Std.Error  t-value  t-prob Part.R^2 
DLPOILCST_1          0.306944     0.3699    0.830  0.4229   0.0543 
DLGDPCST             0.103689     0.5707    0.182  0.8589   0.0027 
DLGDPCST_1            1.17562     0.4792     2.45  0.0304   0.3340 
DLKCST              -0.880786      1.321   -0.667  0.5174   0.0357 
DLKCST_1             0.138336     0.9023    0.153  0.8807   0.0020 
DLLCST             -0.0340066     0.4834  -0.0703  0.9451   0.0004 
DLLCST_1            -0.585346     0.4108    -1.42  0.1797   0.1447 
Constant      U       3.25511      6.442    0.505  0.6225   0.0208 
LOILCST_1     U      0.194102     0.2165    0.897  0.3875   0.0628 
LPOILCST_1    U     -0.327427     0.3094    -1.06  0.3108   0.0853 
LKCST_1       U      0.116114     0.3636    0.319  0.7549   0.0084 
LLCST_1       U    -0.0101625     0.7000  -0.0145  0.9887   0.0000 
LGDPCST_1     U     -0.227374     0.4715   -0.482  0.6383   0.0190 
 
sigma                0.109999  RSS               0.145198063 
R^2                  0.613367  F(12,12) =      1.586 [0.218] 
log-likelihood        28.8832  DW                       1.86 
no. of observations        25  no. of parameters          13 
mean(DLPOILCST)     0.0133746  var(DLPOILCST)      0.0150218 
 
Summary of Autometrics search with target size: 0.025 
 
Appendix 3.1.2b: Weak Exogeneity Test Results for Construction Sector (Step 2) 

Modelling DLPOILCST by OLS 
The estimation sample is: 1983 - 2007 

 
                  Coefficient  Std.Error  t-value  t-prob Part.R^2 
I:1991               0.200496    0.04995     4.01  0.0011   0.5179 
I:2000               0.430532    0.05902     7.29  0.0000   0.7801 
I:2005               0.277060    0.04994     5.55  0.0001   0.6724 
I:2006               0.161275    0.04945     3.26  0.0053   0.4149 
Constant      U     -0.964689      1.527   -0.632  0.5372   0.0259 
LOILCST_1     U    -0.0791726    0.04847    -1.63  0.1232   0.1510 
LPOILCST_1    U    -0.0130404    0.07587   -0.172  0.8658   0.0020 
LKCST_1       U     0.0802175    0.09058    0.886  0.3898   0.0497 
LLCST_1       U    -0.0492198     0.1896   -0.260  0.7988   0.0045 
LGDPCST_1     U     0.0725202     0.1083    0.670  0.5133   0.0290 
 
sigma               0.0419494  RSS              0.0263962197 
R^2                  0.929712  F(9,15) =     22.05 [0.000]** 
log-likelihood        50.1942  DW                       2.19 
no. of observations        25  no. of parameters          10 
mean(DLPOILCST)     0.0133746  var(DLPOILCST)      0.0150218 
 
DLPOILCST_fitted [1983 - 2007] saved to Construction (ktoe) Series (yearly 81-07).in7 
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Appendix 3.1.2c: Weak Exogeneity Test Results for Construction Sector (Step 3) 
Modelling DLOILCST by OLS 

The estimation sample is: 1983 - 2007 
 
                    Coefficient  Std.Error  t-value  t-prob Part.R^2 
DLOILCST_1            0.0364708     0.2120    0.172  0.8672   0.0033 
DLGDPCST               0.509003     0.6505    0.782  0.4541   0.0637 
DLGDPCST_1            -0.538187     0.7790   -0.691  0.5071   0.0504 
DLKCST                 -4.73539      1.797    -2.63  0.0271   0.4355 
DLKCST_1               -2.06935      1.444    -1.43  0.1855   0.1859 
DLLCST                  2.06204     0.5253     3.93  0.0035   0.6313 
DLLCST_1              -0.612341     0.5178    -1.18  0.2673   0.1345 
DLPOILCST             -0.517542      1.139   -0.454  0.6603   0.0224 
DLPOILCST_1            0.201335     0.4175    0.482  0.6411   0.0252 
DLPOILCST_fitted       0.359561      1.125    0.320  0.7565   0.0112 
Constant        U       3.00682      6.819    0.441  0.6696   0.0211 
LOILCST_1       U     -0.979315     0.3191    -3.07  0.0134   0.5113 
LPOILCST_1      U     -0.747892     0.3446    -2.17  0.0581   0.3436 
LKCST_1         U      -1.13936     0.4349    -2.62  0.0278   0.4327 
LLCST_1         U       1.47186     0.7373     2.00  0.0770   0.3069 
LGDPCST_1       U       1.08754     0.5230     2.08  0.0673   0.3245 
 
sigma                0.112406  RSS               0.113715611 
R^2                  0.916824  F(15,9) =     6.614 [0.004]** 
log-likelihood        31.9382  DW                       1.83 
no. of observations        25  no. of parameters          16 
mean(DLOILCST)       0.001518  var(DLOILCST)       0.0546869 
 
Summary of Autometrics search with target size: 0.025 
 
Appendix 3.1.2d: Weak Exogeneity Test Results for Construction Sector (Step 4) 

Modelling DLOILCST by OLS 
The estimation sample is: 1983 - 2007 

 
                  Coefficient  Std.Error  t-value  t-prob Part.R^2 
I:1994               0.403356     0.1551     2.60  0.0181   0.2732 
Constant      U       5.21333      4.475     1.16  0.2592   0.0701 
LOILCST_1     U     -0.803348     0.1541    -5.21  0.0001   0.6014 
LPOILCST_1    U     -0.546033     0.2351    -2.32  0.0321   0.2305 
LKCST_1       U     -0.237930     0.2273    -1.05  0.3091   0.0574 
LLCST_1       U      0.619181     0.4758     1.30  0.2095   0.0860 
LGDPCST_1     U      0.191726     0.3022    0.634  0.5338   0.0219 
 
sigma                0.138585  RSS               0.345705057 
R^2                  0.747139  F(6,18) =     8.864 [0.000]** 
log-likelihood        18.0396  DW                       1.85 
no. of observations        25  no. of parameters           7 
mean(DLOILCST)       0.001518  var(DLOILCST)       0.0546869 
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======================================================================================== 
                                 3. ELECTRICITY 
======================================================================================== 
 
Appendix 3.1.3a: Weak Exogeneity Test Results for Electricity Sector (Step 1) 

Modelling DLPOILEL by OLS 
The estimation sample is: 1983 - 2007 

 
                  Coefficient  Std.Error  t-value  t-prob Part.R^2 
DLPOILEL_1         -0.0883553     0.3108   -0.284  0.7826   0.0089 
DLGDPEL              0.386075     0.4813    0.802  0.4431   0.0667 
DLGDPEL_1           0.0309336     0.6144   0.0503  0.9609   0.0003 
DLKEL                -1.37672      2.245   -0.613  0.5549   0.0401 
DLKEL_1               4.22897      2.514     1.68  0.1268   0.2392 
DLLEL                0.297870     0.2034     1.46  0.1771   0.1925 
DLLEL_1            -0.0404503     0.1441   -0.281  0.7852   0.0087 
DLPSUBEL              1.23923     0.3205     3.87  0.0038   0.6242 
DLPSUBEL_1          -0.305019     0.3220   -0.947  0.3682   0.0907 
Constant      U      -10.8044      4.147    -2.61  0.0285   0.4299 
LOILEL_1      U     0.0516018    0.06070    0.850  0.4173   0.0743 
LPOILEL_1     U     -0.798654     0.3017    -2.65  0.0266   0.4378 
LKEL_1        U      0.114985     0.5679    0.202  0.8440   0.0045 
LLEL_1        U      0.117534     0.2044    0.575  0.5794   0.0354 
LPSUBEL_1     U       1.24859     0.4742     2.63  0.0272   0.4351 
LGDPEL_1      U      0.450811     0.5866    0.769  0.4618   0.0616 
 
sigma               0.0634209  RSS              0.0361999052 
R^2                  0.889805  F(15,9) =      4.845 [0.011]* 
log-likelihood        46.2462  DW                       2.34 
no. of observations        25  no. of parameters          16 
mean(DLPOILEL)      0.0219826  var(DLPOILEL)       0.0131403 
 
Summary of Autometrics search with target size: 0.025 
 
Appendix 3.1.3b: Weak Exogeneity Test Results for Electricity Sector (Step 2) 

Modelling DLPOILEL by OLS 
The estimation sample is: 1983 - 2007 

 
                  Coefficient  Std.Error  t-value  t-prob Part.R^2 
DLPSUBEL             0.824332     0.2628     3.14  0.0064   0.3807 
DLPSUBEL_1          -0.652318     0.2259    -2.89  0.0107   0.3427 
Constant      U      -6.37183      2.406    -2.65  0.0175   0.3048 
LOILEL_1      U      0.118662    0.03848     3.08  0.0071   0.3727 
LPOILEL_1     U     -0.506474     0.1611    -3.14  0.0063   0.3819 
LKEL_1        U      0.358394     0.2564     1.40  0.1813   0.1088 
LLEL_1        U    -0.0282984     0.1126   -0.251  0.8047   0.0039 
LPSUBEL_1     U      0.764989     0.2933     2.61  0.0190   0.2983 
LGDPEL_1      U    -0.0758441     0.2682   -0.283  0.7809   0.0050 
 
sigma               0.0664041  RSS              0.0705521396 
R^2                  0.785234  F(8,16) =     7.312 [0.000]** 
log-likelihood         37.905  DW                       2.25 
no. of observations        25  no. of parameters           9 
mean(DLPOILEL)      0.0219826  var(DLPOILEL)       0.0131403 
 
DLPOILEL_fitted [1983 - 2007] saved to Electricity (ktoe) Series (yearly 81-07).in7 
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Appendix 3.1.3c: Weak Exogeneity Test Results for Electricity Sector (Step 3) 
Modelling DLOILEL by OLS 

The estimation sample is: 1983 - 2007 
 
                   Coefficient  Std.Error  t-value  t-prob Part.R^2 
DLOILEL_1             0.510881     0.4130     1.24  0.2623   0.2032 
DLGDPEL               -2.09284      2.661   -0.786  0.4615   0.0934 
DLGDPEL_1           -0.0261032      3.656 -0.00714  0.9945   0.0000 
DLKEL                  23.9330      14.40     1.66  0.1477   0.3151 
DLKEL_1               -3.55810      17.05   -0.209  0.8416   0.0072 
DLLEL                -0.285154      1.315   -0.217  0.8355   0.0078 
DLLEL_1               -1.39423     0.8295    -1.68  0.1438   0.3201 
DLPSUBEL              -1.11599      2.982   -0.374  0.7211   0.0228 
DLPSUBEL_1            -1.98704      2.870   -0.692  0.5146   0.0740 
DLPOILEL              0.794057      1.781    0.446  0.6714   0.0321 
DLPOILEL_1             1.33328      1.768    0.754  0.4794   0.0866 
DLPOILEL_fitted      -0.225373      5.398  -0.0417  0.9681   0.0003 
Constant       U      0.000000        --- 
LOILEL_1       U      -1.15171     0.6211    -1.85  0.1131   0.3643 
LPOILEL_1      U      0.318526      1.274    0.250  0.8110   0.0103 
LKEL_1         U       1.08552      4.167    0.260  0.8032   0.0112 
LLEL_1         U      0.915509      1.393    0.657  0.5355   0.0671 
LPSUBEL_1      U      -1.16730      1.588   -0.735  0.4900   0.0826 
LGDPEL_1       U     -0.455274      4.438   -0.103  0.9216   0.0018 
 
sigma                0.338673  RSS               0.688196595 
R^2                  0.850231  F(18,6) =       1.892 [0.220] 
log-likelihood        9.43349  DW                       2.83 
no. of observations        25  no. of parameters          19 
mean(DLOILEL)      -0.0188986  var(DLOILEL)         0.183802 
 
Summary of Autometrics search with target size: 0.025 
 
Appendix 3.1.3d: Weak Exogeneity Test Results for Electricity Sector (Step 4) 

Modelling DLOILEL by OLS 
The estimation sample is: 1983 - 2007 

 
                  Coefficient  Std.Error  t-value  t-prob Part.R^2 
DLPOILEL             0.904966     0.2044     4.43  0.0013   0.6621 
I:1985              -0.503272    0.08107    -6.21  0.0001   0.7940 
I:1987              -0.566350    0.07134    -7.94  0.0000   0.8630 
I:1991              -0.258645    0.08122    -3.18  0.0097   0.5035 
I:1999               0.266218    0.09094     2.93  0.0151   0.4615 
I:2001              -0.679963    0.07414    -9.17  0.0000   0.8937 
I:2004               0.833554    0.07344     11.4  0.0000   0.9280 
I:2007              -0.692788    0.08056    -8.60  0.0000   0.8809 
Constant      U     -0.637040      2.750   -0.232  0.8215   0.0053 
LOILEL_1      U     -0.246468    0.05635    -4.37  0.0014   0.6567 
LPOILEL_1     U     -0.577872     0.1931    -2.99  0.0135   0.4724 
LKEL_1        U      -3.07745     0.3073    -10.0  0.0000   0.9093 
LLEL_1        U      0.522292     0.1147     4.55  0.0011   0.6746 
LPSUBEL_1     U       1.02828     0.3295     3.12  0.0109   0.4934 
LGDPEL_1      U       3.37633     0.2942     11.5  0.0000   0.9294 
 
sigma               0.0614299  RSS              0.0377363768 
R^2                  0.991788  F(14,10) =    86.26 [0.000]** 
log-likelihood        45.7266  DW                       2.34 
no. of observations        25  no. of parameters          15 
mean(DLOILEL)      -0.0188986  var(DLOILEL)         0.183802 
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======================================================================================== 
                                 4. MANUFACTURING 
======================================================================================== 
 
Appendix 3.1.4a: Weak Exogeneity Test Results for Manufacturing Sector (Step 1) 

Modelling DLPOILMF by OLS 
The estimation sample is: 1983 - 2007 

 
                  Coefficient  Std.Error  t-value  t-prob Part.R^2 
DLPOILMF_1          -0.331234     0.2503    -1.32  0.2183   0.1629 
DLGDPMF             -0.181500     0.6618   -0.274  0.7901   0.0083 
DLGDPMF_1          0.00147609     0.5194  0.00284  0.9978   0.0000 
DLKMF                -1.36878      1.819   -0.752  0.4710   0.0592 
DLKMF_1              -1.59345      1.502    -1.06  0.3164   0.1112 
DLLMF               -0.231326     0.4543   -0.509  0.6229   0.0280 
DLLMF_1              0.791192     0.5054     1.57  0.1519   0.2140 
DLPSUBMF            -0.439224     0.4317    -1.02  0.3356   0.1031 
DLPSUBMF_1          -0.531073     0.3412    -1.56  0.1540   0.2121 
Constant      U       6.52919      7.668    0.851  0.4166   0.0746 
LOILMF_1      U      0.349324     0.2285     1.53  0.1607   0.2061 
LPOILMF_1     U     -0.173554     0.2407   -0.721  0.4892   0.0546 
LKMF_1        U     -0.733178     0.6627    -1.11  0.2973   0.1197 
LLMF_1        U      -2.01991     0.8348    -2.42  0.0386   0.3942 
LPSUBMF_1     U     -0.372006     0.4976   -0.748  0.4738   0.0585 
LGDPMF_1      U       1.67627     0.7108     2.36  0.0427   0.3819 
 
sigma               0.0635029  RSS              0.0362935387 
R^2                  0.877696  F(15,9) =      4.306 [0.016]* 
log-likelihood        46.2139  DW                          2 
no. of observations        25  no. of parameters          16 
mean(DLPOILMF)      0.0173804  var(DLPOILMF)         0.01187 
 
Summary of Autometrics search with target size: 0.025 
 
Appendix 3.1.4b: Weak Exogeneity Test Results for Manufacturing Sector (Step 2) 

Modelling DLPOILMF by OLS 
The estimation sample is: 1983 - 2007 

 
                  Coefficient  Std.Error  t-value  t-prob Part.R^2 
DLKMF                -2.08821     0.7338    -2.85  0.0117   0.3361 
I:2000               0.257716    0.06437     4.00  0.0010   0.5005 
Constant      U      -2.31641      2.619   -0.885  0.3895   0.0466 
LOILMF_1      U      0.376025     0.1274     2.95  0.0094   0.3527 
LPOILMF_1     U     -0.311599     0.1253    -2.49  0.0243   0.2789 
LKMF_1        U     -0.977520     0.2741    -3.57  0.0026   0.4429 
LLMF_1        U     -0.230780     0.3462   -0.667  0.5146   0.0270 
LPSUBMF_1     U      0.228234     0.1849     1.23  0.2348   0.0870 
LGDPMF_1      U       1.15882     0.2910     3.98  0.0011   0.4977 
 
sigma               0.0509282  RSS              0.0414988621 
R^2                  0.860155  F(8,16) =      12.3 [0.000]** 
log-likelihood        44.5386  DW                        2.5 
no. of observations        25  no. of parameters           9 
mean(DLPOILMF)      0.0173804  var(DLPOILMF)         0.01187 
 
DLPOILMF_fitted [1983 - 2007] saved to Manufacturing (ktoe) Series (yearly 81-07).in7 



225 

Appendix 3.1.4c: Weak Exogeneity Test Results for Manufacturing Sector (Step 3) 
Modelling DLOILMF by OLS 

The estimation sample is: 1983 - 2007 
 
                   Coefficient  Std.Error  t-value  t-prob Part.R^2 
DLOILMF_1            -0.454685     0.2865    -1.59  0.1637   0.2956 
DLGDPMF               0.928566     0.4034     2.30  0.0609   0.4690 
DLGDPMF_1             0.610172     0.4105     1.49  0.1877   0.2692 
DLKMF                 -4.27986      1.639    -2.61  0.0400   0.5320 
DLKMF_1              -0.247875     0.9115   -0.272  0.7948   0.0122 
DLLMF                 0.789967     0.2929     2.70  0.0357   0.5480 
DLLMF_1                1.07997     0.3246     3.33  0.0159   0.6485 
DLPSUBMF             -0.709084     0.2536    -2.80  0.0313   0.5657 
DLPSUBMF_1           -0.618516     0.1953    -3.17  0.0194   0.6256 
DLPOILMF             -0.645247     0.2342    -2.75  0.0331   0.5584 
DLPOILMF_1           -0.168526     0.1419    -1.19  0.2799   0.1903 
DLPOILMF_fitted      -0.273788     0.4660   -0.588  0.5782   0.0544 
Constant       U       11.4343      5.096     2.24  0.0660   0.4563 
LOILMF_1       U    -0.0282579     0.1873   -0.151  0.8850   0.0038 
LPOILMF_1      U     -0.488537     0.1983    -2.46  0.0489   0.5028 
LKMF_1         U     -0.682034     0.5924    -1.15  0.2934   0.1810 
LLMF_1         U     -0.971935     0.5569    -1.75  0.1316   0.3367 
LPSUBMF_1      U     -0.562050     0.2903    -1.94  0.1010   0.3845 
LGDPMF_1       U       1.16800     0.6432     1.82  0.1193   0.3547 
 
sigma               0.0320235  RSS             0.00615302585 
R^2                  0.971513  F(18,6) =     11.37 [0.003]** 
log-likelihood        68.3976  DW                       2.88 
no. of observations        25  no. of parameters          19 
mean(DLOILMF)         0.02969  var(DLOILMF)       0.00863981 
 
Summary of Autometrics search with target size: 0.025 
 
Appendix 3.1.4d: Weak Exogeneity Test Results for Manufacturing Sector (Step 4) 

Modelling DLOILMF by OLS 
The estimation sample is: 1983 - 2007 

 
                  Coefficient  Std.Error  t-value  t-prob Part.R^2 
DLLMF                 1.04923     0.1875     5.60  0.0001   0.6911 
I:1987              -0.139030    0.04332    -3.21  0.0063   0.4238 
I:1991              -0.131586    0.04124    -3.19  0.0065   0.4210 
I:2005              -0.102853    0.03909    -2.63  0.0197   0.3309 
Constant      U      -4.32932      1.772    -2.44  0.0284   0.2990 
LOILMF_1      U     -0.422798    0.09794    -4.32  0.0007   0.5710 
LPOILMF_1     U     -0.412048    0.06291    -6.55  0.0000   0.7540 
LKMF_1        U      0.269779     0.1106     2.44  0.0287   0.2982 
LLMF_1        U       1.07213     0.2703     3.97  0.0014   0.5291 
LPSUBMF_1     U      0.396444     0.1327     2.99  0.0098   0.3892 
LGDPMF_1      U     -0.367188     0.1981    -1.85  0.0849   0.1971 
 
sigma               0.0333813  RSS              0.0156003973 
R^2                  0.927774  F(10,14) =    17.98 [0.000]** 
log-likelihood        56.7682  DW                       2.37 
no. of observations        25  no. of parameters          11 
mean(DLOILMF)         0.02969  var(DLOILMF)       0.00863981 
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======================================================================================== 
                                 5. RESIDENTIAL & COMMERCIAL 
======================================================================================== 
 
Appendix 3.1.5a: Weak Exogeneity Test Results for Residential and Commercial Sector (Step 1) 

Modelling DLPOILRC by OLS 
The estimation sample is: 1983 - 2007 

 
                  Coefficient  Std.Error  t-value  t-prob Part.R^2 
DLPOILRC_1           0.307650     0.2531     1.22  0.2552   0.1410 
DLGDPRC              0.146449     0.3711    0.395  0.7023   0.0170 
DLGDPRC_1           -0.177796     0.4192   -0.424  0.6814   0.0196 
DLKRC                0.170773     0.1595     1.07  0.3121   0.1130 
DLKRC_1              0.175354     0.1000     1.75  0.1135   0.2546 
DLLRC               -0.105792     0.2937   -0.360  0.7270   0.0142 
DLLRC_1              0.297259     0.2506     1.19  0.2659   0.1352 
DLPELERC             0.214543     0.3148    0.682  0.5126   0.0491 
DLPELERC_1          -0.207550     0.3484   -0.596  0.5660   0.0379 
Constant      U     -0.854798      4.427   -0.193  0.8512   0.0041 
LOILRC_1      U     0.0698395     0.1291    0.541  0.6016   0.0315 
LPOILRC_1     U     -0.706810     0.2349    -3.01  0.0147   0.5014 
LKRC_1        U      0.134313     0.2429    0.553  0.5938   0.0328 
LLRC_1        U     -0.209647     0.4079   -0.514  0.6196   0.0285 
LPELERC_1     U      0.666823     0.3077     2.17  0.0584   0.3429 
LGDPRC_1      U   -0.00636569     0.5331  -0.0119  0.9907   0.0000 
 
sigma               0.0349702  RSS              0.0110062041 
R^2                  0.857599  F(15,9) =      3.613 [0.029]* 
log-likelihood        61.1287  DW                       2.86 
no. of observations        25  no. of parameters          16 
mean(DLPOILRC)    -0.00957527  var(DLPOILRC)      0.00309161 
 
Summary of Autometrics search with target size: 0.025 
 
Appendix 3.1.5b: Weak Exogeneity Test Results for Residential and Commercial Sector (Step 2) 

Modelling DLPOILRC by OLS 
The estimation sample is: 1983 - 2007 

 
                  Coefficient  Std.Error  t-value  t-prob Part.R^2 
DLKRC                0.308199    0.06583     4.68  0.0004   0.6102 
DLKRC_1              0.182142    0.04428     4.11  0.0011   0.5472 
I:1989             -0.0589194    0.01973    -2.99  0.0098   0.3890 
I:2002               0.111661    0.02482     4.50  0.0005   0.5911 
Constant      U       3.34042      1.355     2.47  0.0272   0.3028 
LOILRC_1      U      0.157325    0.04480     3.51  0.0035   0.4683 
LPOILRC_1     U     -0.420546    0.08703    -4.83  0.0003   0.6252 
LKRC_1        U      0.199928    0.09271     2.16  0.0489   0.2493 
LLRC_1        U     0.0219010     0.1194    0.183  0.8571   0.0024 
LPELERC_1     U      0.251811     0.1005     2.51  0.0252   0.3096 
LGDPRC_1      U     -0.473943     0.1436    -3.30  0.0053   0.4376 
 
sigma               0.0189027  RSS             0.00500236049 
R^2                  0.935278  F(10,14) =    20.23 [0.000]** 
log-likelihood        70.9856  DW                       2.62 
no. of observations        25  no. of parameters          11 
mean(DLPOILRC)    -0.00957527  var(DLPOILRC)      0.00309161 
 
DLPOILRC_fitted [1983 - 2007] saved to Residential & Commercial (ktoe) Series (yearly 81-
07).in7 
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Appendix 3.1.5c: Weak Exogeneity Test Results for Residential and Commercial Sector (Step 3) 
Modelling DLOILRC by OLS 

The estimation sample is: 1983 - 2007 
 
                   Coefficient  Std.Error  t-value  t-prob Part.R^2 
DLOILRC_1            0.0752942     0.4797    0.157  0.8804   0.0041 
DLGDPRC                2.66343      2.010     1.33  0.2333   0.2265 
DLGDPRC_1             -1.21480      2.425   -0.501  0.6343   0.0401 
DLKRC                -0.371778     0.5381   -0.691  0.5155   0.0737 
DLKRC_1               0.550772     0.5130     1.07  0.3242   0.1612 
DLLRC               -0.0720088      1.037  -0.0694  0.9469   0.0008 
DLLRC_1             -0.0966597     0.8208   -0.118  0.9101   0.0023 
DLPELERC            0.00306087      1.067  0.00287  0.9978   0.0000 
DLPELERC_1           -0.642222      1.261   -0.509  0.6288   0.0414 
DLPOILRC               2.13626      2.662    0.802  0.4529   0.0969 
DLPOILRC_1             1.01536     0.9030     1.12  0.3038   0.1740 
DLPOILRC_fitted       -5.09144      3.543    -1.44  0.2007   0.2561 
Constant       U      -22.8107      17.44    -1.31  0.2388   0.2218 
LOILRC_1       U     -0.981453     0.5631    -1.74  0.1320   0.3362 
LPOILRC_1      U      -2.37507      1.191    -1.99  0.0933   0.3985 
LKRC_1         U     -0.916657     0.7715    -1.19  0.2797   0.1905 
LLRC_1         U       1.37044      1.349     1.02  0.3488   0.1468 
LPELERC_1      U       2.55897      1.314     1.95  0.0993   0.3875 
LGDPRC_1       U       1.99292      2.182    0.913  0.3962   0.1221 
 
sigma                 0.10006  RSS              0.0600718062 
R^2                  0.816405  F(18,6) =       1.482 [0.328] 
log-likelihood        39.9152  DW                       2.35 
no. of observations        25  no. of parameters          19 
mean(DLOILRC)       0.0574916  var(DLOILRC)        0.0130879 
 
Summary of Autometrics search with target size: 0.025 
 
Appendix 3.1.5d: Weak Exogeneity Test Results for Residential and Commercial Sector (Step 4) 

Modelling DLOILRC by OLS 
The estimation sample is: 1983 - 2007 

 
                   Coefficient  Std.Error  t-value  t-prob Part.R^2 
DLLRC                 0.632529     0.1804     3.51  0.0039   0.4862 
I:1984               -0.438503    0.06748    -6.50  0.0000   0.7646 
I:1985               -0.284445    0.04583    -6.21  0.0000   0.7477 
I:1991               -0.136449    0.05329    -2.56  0.0237   0.3352 
Constant       U      -2.69687      3.287   -0.820  0.4267   0.0492 
LOILRC_1       U    -0.0834196     0.1230   -0.678  0.5094   0.0342 
LPOILRC_1      U     -0.304164     0.1907    -1.60  0.1347   0.1637 
LKRC_1         U     -0.254473     0.1051    -2.42  0.0308   0.3109 
LLRC_1         U      0.476345     0.3041     1.57  0.1412   0.1588 
LPELERC_1      U      0.442462     0.2464     1.80  0.0959   0.1987 
LGDPRC_1       U     0.0935783     0.3180    0.294  0.7732   0.0066 
 
sigma               0.0386324  RSS              0.0194020035 
R^2                  0.940703  F(11,13) =    18.75 [0.000]** 
log-likelihood        54.0422  DW                       2.46 
no. of observations        25  no. of parameters          11 
mean(DLOILRC)       0.0574916  var(DLOILRC)        0.0130879 
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======================================================================================== 
                                 6. TRANSPORT 
======================================================================================== 
 
Appendix 3.1.6a: Weak Exogeneity Test Results for Transport Sector (Step 1) 

Modelling DLPOILTP by OLS 
The estimation sample is: 1983 - 2007 

 
                  Coefficient  Std.Error  t-value  t-prob Part.R^2 
DLPOILTP_1        -0.00764030     0.2985  -0.0256  0.9800   0.0001 
DLGDPTP              0.885369     0.8501     1.04  0.3182   0.0829 
DLGDPTP_1            0.738290     0.7527    0.981  0.3460   0.0742 
DLKTP                -1.21916      1.897   -0.643  0.5324   0.0333 
DLKTP_1             -0.875760      1.662   -0.527  0.6079   0.0226 
DLLTP                0.181101     0.7852    0.231  0.8215   0.0044 
DLLTP_1              0.593782     0.6040    0.983  0.3450   0.0745 
Constant      U     -0.360888      4.072  -0.0886  0.9308   0.0007 
LOILTP_1      U       1.62513      1.069     1.52  0.1543   0.1615 
LPOILTP_1     U      0.137014     0.3030    0.452  0.6592   0.0168 
LKTP_1        U      0.421654     0.3731     1.13  0.2806   0.0962 
LLTP_1        U      -1.05064      1.477   -0.711  0.4906   0.0404 
LGDPTP_1      U      -1.25168      1.171    -1.07  0.3063   0.0869 
 
sigma                0.101564  RSS               0.123782495 
R^2                  0.519771  F(12,12) =      1.082 [0.447] 
log-likelihood        30.8779  DW                       1.96 
no. of observations        25  no. of parameters          13 
mean(DLPOILTP)      0.0081337  var(DLPOILTP)       0.0103103 
 
Summary of Autometrics search with target size: 0.025 
 
Appendix 3.1.6b: Weak Exogeneity Test Results for Transport Sector (Step 2) 

Modelling DLPOILTP by OLS 
The estimation sample is: 1983 - 2007 

 
                  Coefficient  Std.Error  t-value  t-prob Part.R^2 
I:1991               0.168561    0.05914     2.85  0.0116   0.3368 
I:2000               0.292168    0.05997     4.87  0.0002   0.5973 
I:2005               0.185839    0.05557     3.34  0.0041   0.4114 
Constant      U     -0.932002     0.9998   -0.932  0.3651   0.0515 
LOILTP_1      U      0.474426     0.3375     1.41  0.1789   0.1099 
LPOILTP_1     U      0.102226     0.1085    0.942  0.3602   0.0525 
LKTP_1        U      0.127917     0.1432    0.893  0.3850   0.0475 
LLTP_1        U     -0.390517     0.3460    -1.13  0.2756   0.0738 
LGDPTP_1      U     -0.304464     0.3320   -0.917  0.3728   0.0499 
 
sigma               0.0515358  RSS              0.0424950573 
R^2                  0.835135  F(8,16) =     10.13 [0.000]** 
log-likelihood        44.2421  DW                       2.23 
no. of observations        25  no. of parameters           9 
mean(DLPOILTP)      0.0081337  var(DLPOILTP)       0.0103103 
 
DLPOILTP_fitted [1983 - 2007] saved to Transport (ktoe) Series (yearly 81-07).in7 
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Appendix 3.1.6c: Weak Exogeneity Test Results for Transport Sector (Step 3) 
Modelling DLOILTP by OLS 

The estimation sample is: 1983 - 2007 
 
                   Coefficient  Std.Error  t-value  t-prob Part.R^2 
DLOILTP_1             0.149192     0.2112    0.706  0.4978   0.0525 
DLGDPTP               0.727756     0.2591     2.81  0.0204   0.4670 
DLGDPTP_1          -0.00190062     0.3231 -0.00588  0.9954   0.0000 
DLKTP                 0.152202     0.5674    0.268  0.7945   0.0079 
DLKTP_1               0.376800     0.4706    0.801  0.4440   0.0665 
DLLTP                 0.351387     0.2289     1.53  0.1592   0.2075 
DLLTP_1              -0.131032     0.1773   -0.739  0.4786   0.0572 
DLPOILTP            -0.0510474     0.1649   -0.310  0.7640   0.0105 
DLPOILTP_1           -0.102935     0.1019    -1.01  0.3389   0.1018 
DLPOILTP_fitted      -0.107747     0.1867   -0.577  0.5781   0.0357 
Constant       U      -1.07949      1.136   -0.950  0.3668   0.0912 
LOILTP_1       U     -0.926032     0.3537    -2.62  0.0279   0.4323 
LPOILTP_1      U     -0.120268    0.08928    -1.35  0.2109   0.1678 
LKTP_1         U    -0.0958512     0.1150   -0.833  0.4262   0.0716 
LLTP_1         U      0.647082     0.4188     1.54  0.1567   0.2096 
LGDPTP_1       U      0.652544     0.3523     1.85  0.0970   0.2760 
 
sigma               0.0281643  RSS             0.00713902638 
R^2                  0.941375  F(15,9) =     9.635 [0.001]** 
log-likelihood        66.5397  DW                       2.23 
no. of observations        25  no. of parameters          16 
mean(DLOILTP)       0.0657896  var(DLOILTP)       0.00487099 
 
Summary of Autometrics search with target size: 0.025 
 
Appendix 3.1.6d: Weak Exogeneity Test Results for Transport Sector (Step 4) 

Modelling DLOILTP by OLS 
The estimation sample is: 1983 - 2007 

 
                  Coefficient  Std.Error  t-value  t-prob Part.R^2 
DLGDPTP              0.968428    0.09386     10.3  0.0000   0.8912 
DLKTP_1              0.895670     0.1526     5.87  0.0001   0.7260 
DLPOILTP_1          -0.170097    0.04666    -3.65  0.0030   0.5055 
I:1989              0.0666998    0.01916     3.48  0.0041   0.4824 
I:2000             -0.0826004    0.01914    -4.32  0.0008   0.5889 
I:2002             -0.0546268    0.01824    -3.00  0.0103   0.4084 
Constant      U     -0.240079     0.3847   -0.624  0.5434   0.0291 
LOILTP_1      U      -1.09125     0.1365    -8.00  0.0000   0.8310 
LPOILTP_1     U     -0.198743    0.04040    -4.92  0.0003   0.6505 
LKTP_1        U    -0.0198513    0.05625   -0.353  0.7298   0.0095 
LLTP_1        U      0.247108     0.1092     2.26  0.0414   0.2825 
LGDPTP_1      U      0.902418     0.1304     6.92  0.0000   0.7865 
 
sigma               0.0158252  RSS             0.00325569329 
R^2                  0.973265  F(11,13) =    43.02 [0.000]** 
log-likelihood        76.3544  DW                       2.59 
no. of observations        25  no. of parameters          12 
mean(DLOILTP)       0.0657896  var(DLOILTP)       0.00487099 
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Appendix 3.2: Automatic Model Selection (Autometrics) 
 
 There is some concern on whether using Autometrics with small sample size data 

will affect the accuracy of the estimates or not.  Doornik and Hendry (2010) test this 

concern by applying Monte Carlo methods with a small size of 20 observations.  Their 

model includes 40 irrelevant variables.  Their results show that even though the number 

of variables i.e. 40 is far greater than the number of observations i.e. 20, the simulation 

results still match the large sample theory very well.  The details of their results are 

shown as below: 

 

 Let N denote the number of variables in the model, T denote the number of 

observations and α  denote the significance level.  Then, the theory predicts that  

1. The average number variables retained in the model is Nα ; 

2. The probability of 0 variable retained in the model is N)1( α− ; 

3. The probability of 1 variable retained in the model is 1)1( −− NN αα . 

 

Appendix 3.2.1: Comparing the Results of Monte Carlo with Theory for Small Sample Size Data 
 Ave. retained 0 retained 1 retained 
 5% 1% 5% 1% 5% 1% 
Theory 2.0 0.40 0.13 0.67 0.27 0.27 
Monte Carlo 2.03 0.38 0.09 0.71 0.31 0.22 
Source: Doornik and Hendry (2010) 
 
 It can be seen from this table that Monte Carlo methods yield the results close to 

what has been predicted by the theory.  In case of average retained, the results between 

Monte Carlo and theory are almost the same for both 5 and 1 percent significance level.  

For the 0 retained variable case, the results are slightly lower when the significance level 

is 5 percent and slightly higher when the significance level is 1 percent.  For the case of 1 
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retained variable, Monte Carlo gives slightly higher results than does the theory at 5 

percent but slightly lower result at 1 percent.  Therefore, it has been concluded that 

Autometrics can perform quite well even under the condition of small sample size. 

 


