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Abstract:

This thesis contains three chapters of general equilibrium analysis of economic 
policy in Thailand, which can be summarized as follows:

The first chapter is the static general equilibrium analysis of the impacts of oil 
prices shock and government subsidies. The results show that oil prices shock in 2004 
lowers the GDP of the Thai economy by 0.14 percent and household welfare by $ 26.67 
billion (0.57 percent of GDP). The negative impact of oil prices shock on GDP can be 
alleviated by government subsidies while the negative impact on household welfare can 
be mitigated only when the cost of subsidies is financed by (i) the contraction of 
government consumption and (ii) the contraction of government consumption together 
with uniform direct tax rates increase. Nevertheless, subsidies policy is a regressive 
measure for income distribution.

The second chapter extends the analysis of oil prices shock to cover its dynamic 
transition. The results show that oil prices shock lowers GDP of the Thai economy by an 
approximately 1 percent in 2006-2007. The contraction of GDP is led by the reduction of 
investment and private consumption. Consumption price increases by 0.24 percent in 
2004 before steeply rising to 1.5 percent in 2006 -2007. The net real-export increases and 
contributes positively to GDP in 2004. However, as the shock persists and accelerates, 
the net real export decreases and reinforces the contraction of other GDP components. 
Household welfare decreases by 0.743 percent.

The third chapter is an analysis of the impact of trade liberalization in a revenue 
constrained economy. The results show that, without revenue compensation, the impacts 
of trade liberalization are consistent with the standard trade theory. In general, it raises 
GDP (0.036 percent) and household welfare by $ 6.469 billion (0.139 percent of GDP). 
Government revenue decreases by $ 20.829 billion (0.450 percent of GDP). In the 
context of a revenue constrained economy, the impacts of trade liberalization 
significantly differ from the case without revenue compensation. In all cases of revenue 
compensation, household welfare decreases and all tax measures are less efficient than 
tariffs.
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Chapter 1: The impacts of oil prices shock and government subsidies in Thailand: a 
static CGE analysis

Abstract:

This chapter analyzes the impacts of oil prices shock and government subsidies on 
the Thai economy in 2004. To satisfy the need for an analytical tool, I developed a static 
general equilibrium model that takes into account the roles of energy substitution. The 
results show that oil prices shock in 2004 lowers the GDP of the Thai economy by 0.14 
percent. Consumption and investment decrease by 1.05 and 1.18 percent in response to 
the reduction of income. The net real-export increases by 2.57 percent. An increase in 
energy cost imposes a pressure on the cost of production and raises producer prices index 
by 0.79 percent. The real exchange rate slightly appreciates to restore external balance. 
Measured by compensating variation, an increase in oil prices reduces household welfare 
by u 26.67 billion which is equivalent to 0.57 percent of GDP.

The impacts of subsidies policy in 2004 are investigated under the assumptions of 
three alternative financing scenarios, (i) the contraction of government consumption (ii) 
the contraction of government consumption together with uniform direct tax rates 
increase, and (iii) uniform direct tax rates increase. The results show that subsidies policy 
raises GDP by approximately 0.06 - 0.07 percent regardless of financing scenarios. 
However, the objective of welfare improvement for the poors can be met only in the first 
and second financing scenarios. Nevertheless, when the subsidies policy is justified in 
terms of GDP stimulation, it is a regressive measure for income distribution and 
reinforces the prevailing pressure on the cost of production that is generated by oil prices 
shock. Under the first and second financing scenarios, subsidies policy raises producer 
prices index by another 0.16 percent and causes domestic currency to depreciate by 0.39 
to 0.51 percent.
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1. Introduction and background
2

1.1 Introduction

An increase in oil prices during 2004 by nearly 40 percent raises new concerns 

about the detrimental effects for net oil-importing country such as Thailand. In particular, 

there are worries that it would lead to similar effects caused by the oil crisis in 1973-1974 

and 1978-1985 when the Thai economy experienced an economic downturn, high 

inflation and continuous large current account deficit. The fears lead to the introduction 

of petroleum price subsidies package as a countervailing measure. However, it raises 

another concern for policy makers about the burden of subsidies. The debate is now on 

the ultimate consequence of subsidies, particularly whether it is the effective 

counteractive measure to minimize the negative impacts of oil prices shock.

The extent to which the oil prices shock generated economic slowdown and 

inflation is still a controversial issue. The recent literature on the advanced country cases 

tend to put less weight on oil prices shock as an explanation for the slowdown in output 

and the rise in inflation than the earlier literature. In addition, a number of studies in 

energy-producing countries suggest that energy subsidies resulted in the welfare losses 

and undesired pattern of income distribution. However, studies in net oil-importing 

developing countries seem to be lacking. This study provides a general equilibrium 

analysis of the impacts of oil prices shock in 2004 on the Thai economy and 

quantitatively assesses how subsidies affect welfare, GDP and income distribution.
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1.2 Background

Thailand, located in the center of Southeast Asia, covers a total area of 513,115 

square kilometers. It has a total population of 61 million. In the early 1950s Thailand was 

primarily an agricultural economy. Most of its population was living under absolute 

poverty while its national income was dependent on a narrow range of primary 

commodities. In 1961, the first economic development plan was introduced. The national 

development strategy has been revised according to external and internal socioeconomic 

conditions every five years, from basic infrastructure development strategy in an early 

stage of development plan to import substitution and outward oriented respectively.

The results of these development strategies have been quite encouraging. Overall, 

the Thai economy can be regarded as one of the fastest growing economies. The rapid 

economic expansion of an average 6.9 percent per year over the last 4 decades had 

resulted in a remarkable change of socioeconomic structure. Share of agricultural sector 

in GDP has continually declined from 33.0 in 1961 to 9.4 percent in 2002 while the same 

figure of manufacturing sector increases from 15.2 to 33.9 percent during the same 

period. The ratio of trade value to GDP increases from 30.8 percent in 1972 to 116.6 

percent in 2004. Per capita income in nominal term increases from b 2,000 in 1961 to $ 

103,044 in 2004. Life expectancy increases from 56 years in 1950s to 69.2 years in 2002. 

Primary school enrollment increases to almost universal enrollment in 1985. According 

to the United Nation Development Program (UNDP), the Human Development Index 

(HDI) in Thailand rose steadily from 0.612 in 1975 to 0.768 in 2001 and belonged to the 

group of medium human development outcomes with a rank of 74th among 175 countries.
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The success side of the Thai economy has masked two structural problems, 

income inequality and current account instability. Rapid economic expansion led to the 

satisfactory reduction of poverty incidence, but the income gap increasingly widened. At 

the same time, the problem of current account deficit repeatedly emerged. In some cases, 

it triggered the economy-wide crisis as in the mid of 1980s and 1990s. The current 

account crisis in the early 1980s was driven by the high oil prices and terms of trade 

deterioration. Since the 1990s however, current account instability was attributable to the 

extensive reliance on import and the high exposure of the domestic economy to the world 

market. In such situations, any economic policy must be evaluated carefully in terms of 

its effects on economic growth, current account and income distribution.

As in many other developing countries, energy demand in Thailand grows at a

faster rate than income1. This is because the fast growing modem-manufacturing sector is 

the energy intensive industry and higher living standards have continually raised energy 

consumption per-capita. Because the domestic supply of petroleum insufficiently meets 

demand, the Thai economy is highly dependent on imported energy. According to the 

Energy Information Administration (EIA), Thailand is in the rank of high energy 

intensive economies. In 2002, total energy consumption accounted for 14 percent of GDP 

and the imported energy accounted for 52.4 percent of its requirement. The transportation 

sector is the largest energy consumption sector with 37 percent of total final energy 

consumption followed by the industrial sector with 36 percent and the residential sector 

with 26 percent.

1
According to the Energy Policy & Planning Office, one percent increase in GDP raises energy demand 

by 1.4 percent.
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The vital role of imported energy together with structural problems raises

concerns among policy makers and investors about the vulnerability of the Thai economy

to the fluctuation of oil prices. In particular, the oil price increase in 2004 was feared to

generate a similar outcome as in 1973-1974 and 1978-1985 when the Thai economy

experienced an economic downturn, high inflation and a large current account deficit.

Therefore, the increase of crude oil prices from an average US$ 28.84 per barrel in 2003

to US$ 61 per barrel in August 2005 made, in many investors’ opinion, Thailand among

the most vulnerable economy in Asia due to its high energy intensity, high import

reliance, and high exposure to the global economy. As a result, think tanks downsized

2
their GPD projections for the Thai economy by 0.5 -  2.5 percent .

The highlighted adverse effects are mostly centered at production cost, 

competitiveness of external sector and household income. The run-up of oil prices in 

2004-2005 occurred in a situation of excess capacity in the global economy, low 

inflation, and oil price subsidies in export-competing countries. Under this situation, 

domestic firms are less able to pass higher energy-input cost to their export prices. As a 

result, higher energy cost erodes profit of domestic firms, slows down a recovery of 

investment and reduces factor income. Together with its direct effects, high oil prices can 

possibly have a serious impact on household income and cause poverty reduction policy 

to be delayed.

For example, with the assumption o f crude oil prices o f US$ 35 per barrel, International Energy Agency 
and International Monetary Fund lower their projection o f Thailand’s GDP growth by 1.8 percent while 
Deutsche Bank currency strategists estimated that an increase in oil prices o f 25 percent to US$ 50 a barrel 
could reduce GDP growth o f the Thai economy by 2.1 percent.
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To mitigate these adverse impacts, the Thai government introduced a 

counteractive measure by imposing a cap on domestic retail prices of gasoline and diesel 

in January 2004. Since then the burden of subsidies has grown continuously at an average 

of ® 5.1 billion per month (between January 2004 and June 2005) and reached a total of ft

91.1 billion, which is equivalent to 1.4 percent of the 2004 GDP3.

The extent to which the oil prices shocks hurt developed economies in the 1970s 

has yet to be sorted out. Hooker (1996) and, Change and Wong (2003), for instance, put 

less weight on oil prices shock as an explanation for the slowdown in output and the rise 

in inflation than the earlier literature. In addition, the fiscal cost of subsidies can be 

significant. It can place a heavy burden on the government budget, weaken trade balance 

by stimulating importation of oil that tends to exacerbate current account instability. 

Therefore, the ultimate consequence of subsidies is debatable, particularly whether it is 

the effective countervailing measure to minimize the negative impacts of oil prices shock.

Energy market may not work properly. Therefore, it can be argued that there 

exists a justification for government to intervene the market in order to optimize social 

welfare. Subsidies can be justified only if overall welfare is increased. Clarke and 

Edwards (1997), however, show that GDP would be higher without subsidies. Some 

studies conclude that oil subsidy is not necessarily associated with less domestic prices 

volatility. Hope and Singh (1995), and Freund and Wallich (2000) indicate that subsidies 

benefit the rich more than the poors. All this implies that, in some cases, energy subsidies 

are not an effective countervailing measure to mitigate the impacts oil prices shock since

For details, see Table E-5 o f an Appendix E.
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it reduces aggregate GDP and can be justified neither on the ground of income 

distribution nor on the ground of economic stability.

Therefore, it is important to understand the economic adjustment to oil prices 

shock and subsidies that will provide a guideline for policy formulation and evaluation. 

Among the critical questions to answer are (i) what are the general equilibrium effects of 

oil prices shock on the Thai economy? and (ii) If it led to undesired impacts on economic 

growth, welfare of the poors, and economic stability, can these adverse effects be 

mitigated by subsidies policy that was introduced in 2004? With these questions in mind, 

in this chapter, I develop a Computable General Equilibrium (CGE) model of the Thai 

economy to trace the long-run energy-economy interaction and address the two questions 

stated above. This chapter is organized in 5 sections: section 1 is the introduction and 

background, section 2 provides a review of the literature, section 3 describes the model 

that is developed for the purpose of this study, section 4 presents the results of model 

simulations and section 5 is the conclusion.
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2. A review of the literature

After the macroeconomic turbulences that followed the two major oil prices 

shocks in the 1970s, the role of oil prices on economic activity has been deeply 

investigated both from theoretical and empirical perspectives. The analysis of oil prices 

shock is now part of many standard textbooks. As the energy sector is subject to 

increasing returns to scale, fluctuations in this sector have the potential to generate 

economy-wide business cycles. Moreover, it has been recognized that the demand for 

energy goods from households is rather inelastic. Hence, an increase in the oil prices may 

significantly contract the budget of the poors.

As oil prices have important economic implications at both positive (economic 

performance) and normative (income distribution, welfare of the poors) levels, arguments 

exist for government intervention. In Thailand, intervention has taken the form of 

subsidies for domestic demand. To assess the impacts of oil prices shock and subsidies on 

the economy of Thailand, I review the literature. To better evaluate the overall impacts of 

oil prices shock and subsidies, I organize this literature review by first discussing the 

macroeconomic sensitivity to changes in oil prices. This will facilitate the discussion that 

will follow on the role of energy subsidies.

2.1 Energy prices and the macro-economy

Choucri and Lahiri (1984) use a macro general equilibrium model to analyze the 

short-run interaction between energy and economy in Egypt. The model comprises 10 

productive sectors, a single representative consumer and two primary factors. The study 

shows that an increase in domestic petroleum prices of 54 percent raises inflation by 2.8
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percent, reduces the share of wage income that lowers household consumption, and 

contracts output by 2.0 percent.

Hooker (1996) analyzes the relationship between oil prices and U.S 

macroeconomic variables, and examines the tentative explanations that have been used to 

explain, in many research papers, the weak relationship between oil prices and 

macroeconomic variables of the U.S economy after 1973. The main tentative 

explanations are as follows:

a) Many authors argue that 1973 is the breaking point for the structural 

change of the U.S economy. It is the beginning period of productivity slowdown, floating 

exchange rate regime, followed by several years of unusually low interest rates. This 

structural change potentially causes the problem of sample instability, weakening 

Granger causality between oil prices shock and macroeconomic variables.

b) Some authors suggest that oil prices are endogenously determined by other 

model variables. The Granger causality test is essentially for whether the unforeseeable 

component of oil prices helps predict macroeconomic variables. The more information 

about future oil prices is contained in model variables, the smaller is the unforeseeable 

component of oil prices. In such a case, it is difficult to identify a significant relationship 

between oil prices and macroeconomic variables in an unrestricted Vector Autoregressive 

(VAR) framework.

c) Several theorists argue that both energy prices increases and decreases 

have a contractionary component since energy prices changes lead to costly reallocation 

of labor and capital. Therefore, the actual impact of energy prices decrease is perhaps 

economic contraction rather than expansion.
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Hooker (1996) shows that oil prices increase has had a significant impact on the 

U.S economy but impacts of oil prices decline in the 1980s are smaller and harder to 

characterize. However, the tentative explanations for the weak relationship between oil 

prices shock and aggregate economy are not supported by the data.

Hamilton (1996) responds to Hooker (1996) by reexamining the relationship 

between oil prices shock and macroeconomic variables of the U.S economy. Instead of 

using the percentage change of oil prices over previous quarter as in Hooker, Hamilton 

uses the percentage change over its previous year’s maximum. He concludes that the 

recent U.S. data are consistent with the historical correlation between oil prices shock and 

economic recession. This implies that the weak Granger causality between oil prices 

shock and macroeconomic variables found in Hooker is attributable to the calculation of 

oil prices change.

Uri and Boyd (1997) evaluate the effects of energy prices increase in Mexico. 

Using a static CGE model of 13 production sectors, 4 representative households and 3 

factors of production, the study shows that a 26.2 percent increase in gasoline and 

electricity prices result in a reduction of output by 0.05 percent, aggregate consumption 

by 0.99 percent, but in an increase of government revenue by 0.73 percent.

Adjaye (2000) estimates the causal relationship between energy consumption and 

income in four developing countries, including India, Indonesia, Philippines and 

Thailand. Using Vector Error Corrective Model (VECM), the estimation suggests a short- 

run unidirectional Granger causality runs from energy to income for India and Indonesia. 

For Thailand and Philippine, there are bidirectional Granger causality runs from energy
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to income. These findings are consistent with the expectation that an energy-dependent 

economy is relatively more vulnerable to oil prices shock.

Chang and Wong (2003) investigate the impact of oil prices fluctuation on the key 

macroeconomic variables of Singapore. Using quarterly data from 1978 to 2000 together 

with a Vector Error Corrective Model (VECM), the results show that the negative 

impacts of oil prices shock on GDP, inflation and employment are only marginal. This 

weak relationship between oil prices fluctuation and macroeconomic variables is possibly 

attributable to the decline of the share of oil consumption in GDP.

Cunado and Gracia (2003) analyze the impacts of oil prices fluctuations on 

inflation and industrial production during the period of 1960-1999 in 15 European 

countries. Using Vector Auto Regressive (VAR) model, the results show a permanent 

effect of oil prices increase on inflation and a short-run asymmetric impact on the growth 

rate of production. Moreover, the economic responses to the oil prices fluctuations are 

greatly different across countries.

Doroodian and Boyd (2003) use a dynamic CGE model of 8 production sectors 

and 3 representative households to examine whether an oil prices shock of the 1973-1974 

magnitude is inflationary in the U.S economy. The model simulations are conducted 

under the two separate cases (regular economic growth and low economic growth). The 

study shows that an oil prices shock of the 1973-1974 magnitude has fairly severe 

impacts on the prices of gasoline and refining but, in aggregate, these price changes are 

largely dissipated over time. In addition, technology progress leads to a reduction of 

Consumer Price Index (CPI) and Producer Price Index (PPI) regardless of the growth 

cases.

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



12

Ayadi (2005) uses a VAR model to analyze the relationship between oil prices

4
changes and economic development via industrial production in Nigeria . Using data 

from 1980 to 2004, the study shows that oil prices changes affect real exchange rate, 

which in turn indirectly affect industrial production. However, this indirect effect is not 

statistically significant. Therefore, the study concludes that, in Nigeria, an increase in oil 

prices does not lead to an increase in industrial production.

Cunado and Gracia (2005) examine the relationship between oil prices, economic 

activity and inflation in six Asian countries including Japan, Singapore, South Korea, 

Malaysia, Thailand and Philippines. By applying co-integration technique and the 

Granger causality test on the data between 1975 and 2002, the study shows that the 

impact of oil prices shock on economic activity is limited only to the short-run. With 

respect to GDP, the study shows Granger causality between oil prices shock and 

economic growth rate in Japan, South Korea and Thailand. In terms of domestic price 

stability, the study shows a significant effect on inflation in every country and 

increasingly significant when the oil prices shock is defined in terms of local currency. 

However, the impacts of oil prices shock are asymmetric. In particular, the relationship 

between oil prices and the economy seem to be less significant for the case of Malaysia, 

which is the only net oil- exporting country in the sample.

Roeger (2005) investigates the impacts of oil prices change on the economic 

growth and inflation in EU/OECD countries. Using the GUES model, the study shows 

that a permanent increase in oil prices of 50 percent during 2004 results in an output loss 

of 0.5 percent in 2005 and 1 percent in the long run. However, the results contain a trade

4
Note that, Nigeria is an oil exporting country.
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off between GDP growth and inflation. For example, a temporary increase in inflation by 

0.25 percent reduces output loss by 0.02 percent.

From an empirical perspective, most researchers found causality between oil 

prices shock, output and inflation. In most cases, oil prices increase leads to GDP 

contractions and generates a pressure on inflation. However, these impacts are 

asymmetric across countries. Some studies report strong impacts (such as in Choucri and 

Lahiri (1984)) while some others report moderate impacts (such as in Uri and Boyd 

(1997), and Chang and Wong (2003)). In some studies, however, the impacts of oil prices 

shock are insignificant (as in Ayadi (2005)). The asymmetric effects of oil prices shock 

across countries are attributable to the fact that countries differ from each other in their 

economic setting. In general, oil importing countries are relatively more vulnerable to oil 

prices shock (as in Adjaye (2000) and Cunado and Gracia (2005)). Among these 

countries, the degree of vulnerability is likely to depend on the degree to which they are 

net importer and the oil intensities of their economy.

The literature does not provide a clear transmission mechanism on how oil prices 

increases affect the economy; some of them, however, report a strong reduction in 

consumption and wage income. From a theoretical perspective, oil prices increase causes 

income reduction in oil importing country, which eventually lowers household 

consumption and saving. On the supply side, rising oil prices signals the scarcity of 

energy, a basic production input. Consequently, it lowers productivity that depresses 

demand for other inputs and eventually reduces the real wage rate. This transmission
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mechanism is known as a classic supply-side shock5. With institutional rigidity, the 

resistances to a real decline in wage rate generate an upward pressure on nominal wage. 

Together with the reduction in demand for labor, oil prices increase typically leads to 

higher unemployment and further GDP reduction. In addition, a higher domestic prices 

level and higher import prices of energy are likely to deteriorate trade balance.

Oil prices shock draws the attention of policy makers as it raises concerns about 

its impacts on output, inflation, international competitiveness and welfare of the poors. 

These concerns may lead to government intervention in the form of energy subsidies that 

bring the domestic energy prices lower than the full costs. Obviously, subsidies are a 

burden on public budgets. However, the ultimate consequences of subsidies on the 

economy are less clear. In the following subsection, I explore the empirical implications 

of energy subsidies that have been investigated so far in the literature.

2.2 Energy subsidies

Bumiaux, Martin and Martins (1992) use the OECD-GREEN model6 to estimate 

the impacts of removing energy prices distortion on real GDP and carbon emissions in 

OECD and non-OECD countries. The result shows that removing energy subsidies in the 

non-OECD countries and energy taxes in OECD countries reduces oil prices in the world 

market. This raises the real income of OECD and non-OECD countries through two main 

channels: terms of trade changes and efficiency gains. Overall, it raises GDP of OECD 

countries and non-OECD countries over the period 1990-2050 by 0.1 and 1.6 percent 

respectively.

5
For details, see Rasche and Tatom (1977 and 1981)

6
Multi regional dynamic general equilibrium model
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Hope and Singh (1995) analyze the impacts of energy prices increase in 6 

developing countries, including Columbia, Ghana, Indonesia, Malaysia and Zimbabwe. 

By analyzing the direct partial impact of energy prices increase on consumers, the study 

shows that the impacts of higher energy prices on equity depend on the share of energy in 

total household budgets in each income class and the price elasticity of demand. In 

aggregate, the budget share of commercial energy rises with income. Therefore, subsidies 

largely benefit non-poor people. With respect to the impacts of higher energy prices on 

producers and other aggregate macroeconomic variables, the study shows modest impacts 

on industry because energy costs account for only 0.5 to 3 percent of total cost and many 

industries are flexible to substitute when energy prices increase. Under the partial 

equilibrium framework, the authors suggest that it is hard to trace the impacts on inflation 

and national income. However, the effects on inflation would not be severe and inflation 

may even be reduced in the intermediate to long term. In addition, the growth rate of 

income is higher during the year of prices increase.

Bohringer (1996) applies a static CGE model of a small-open economy (of 25 

production sectors and 2 primary factors) to analyze the economic cost of an alternative 

hard coal subsidy policy in Germany at different levels of C02 reduction. The study 

shows that, for a target of 35 percent C02 reduction, the hard coal subsidy as a measure 

for retaining jobs can be very costly with additional specific costs up to DM 70,000 

annually.

Clarke and Edwards (1997) use a single-country static CGE model to analyze the 

economic and environmental impacts of hard coal subsidies in Western Germany. The
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result shows that removing all producer energy subsidies and the pfennig tax leads to a 

dramatic fall in demand for hard coal. The output of hard coal decreases by 64.4 percent. 

However, the efficiency gain raises GDP by 0.35 percent.

IEA (1999) conducts a study on the impacts of energy subsidies in 8 countries 

(China, Russia, India, Indonesia, Iran, South Africa, Venezuela and Kazakhstan). The 

main question in this study is “what would happen to energy consumption, exports and 

imports, and C02 emissions if all end-use subsidies were removed?” Within a partial 

equilibrium framework, the study shows a positive relationship between subsidies 

removal and income growth. In aggregate, it reduces primary energy consumption by 13 

percent and raises GDP by almost 1 percent. The results for each individual country are 

shown in Table 2-1.

Table 2-1: Results from 1999 IEA study

Area Subsidy 
(% o f reference price)

Efficiency gains 
(% GDP)

Change in energy 
consumption (%)

Change in C 02  
emissions (%)

China 10.89 0.37 9.41 13.44
Russia 32.52 1.54 18.03 17.10
India 14.17 0.34 7.18 14.15
Indonesia 27.51 0.24 7.09 10.97
Iran 80.42 2.22 47.54 49.45
South Africa 6.41 0.10 6.35 8.11
Venezuela 57.57 1.17 24.94 26.07
Total 21.12 0.73 12.80 15.96

Source: IEA (1999)

Freund and Wallich (2000) analyze the welfare impact of energy subsidies reform 

in Poland. By estimating the change in consumer surplus with the assumed price 

elasticity of demand, the study shows that the higher the elasticity, the lower the welfare 

loss. By assuming a zero elasticity of demand and 80 percent increase in energy prices, 

the welfare of the lowest income-group and that of the highest income-group declines by

7
A special consumption tax on electricity that is used to finance hard coal subsidies
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5.9 and 8.2 percent respectively. That is, removing energy subsidies would lead to higher 

welfare losses for the non-poor people than for the poors.

Saboohi (2001) evaluates the impact of reducing energy subsidies on the living 

expenses of households in Iran. By using a quantitative model that comprises of input- 

output analysis and reduced form regression function, the study indicates that, as 

subsidies are phased out through raising energy prices by 50.6 percent, the cost of living 

of urban and rural households increases by 28.7 and 33.7 percent respectively. However, 

financial resources obtained from subsidies elimination could be reallocated to 

compensate loss in purchasing power of households.

Arocena, Contin and Huerta (2002) analyze the distribution of benefit of energy 

prices regulation in Spain during the period 1987-1997. By comparing the actual 

evolution of energy prices with some alternative benchmarks, the study shows that the 

regulation is a pro-industry biased policy. The consumers benefit very little from the 

partial protection of an excessive monopolistic abuse.

Gangopadhyay, Ramaswami and Wadhwa (2005) examine the impact of reducing 

energy subsidies on the welfare of the poors in India. Basically, Liquid Petroleum Gas 

(LPG) and kerosene are subsidized by the Indian government to reduce the pressure of 

deforestation and indoor air pollution associated with biomass use. Using household 

consumption expenditure data over 100,000 households, the study shows that the LPG 

subsidy is largely used by the higher expenditure group in the urban sector. Therefore, it 

is regressive and is unlikely to have significant effects on biomass use. Kerosene subsidy, 

on the other hand, is widely used and is more likely to displace biomass use. On a per- 

capita basis, however, the urban sector receives a larger subsidy. Therefore, the study
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concludes that LPG and Kerosene subsidies are very ineffective measures for improving 

the welfare of the poors or displacing biomass use.

In general, the empirical studies on the interaction between energy subsidies and 

the economy can be divided into two groups. The first group focuses extensively on the 

welfare impact of subsidies reform policy both in partial and general equilibrium 

frameworks. The results suggest that subsidies removal raises economic efficiency and 

GDP of the economy. By analogy, this implies energy subsidies result in a reduction of 

allocation efficiency and aggregate income.

The second group of studies focuses on the distribution effect of energy subsidies 

that are mostly conducted under the partial equilibrium framework and the analysis of 

consumption expenditure. The findings suggest that the benefit of subsidies is largely 

distributed to non-poor people. This is why the removal of subsidies hurt non-poor people 

more than the poors. According to the analysis of consumption expenditure, the 

regressive nature of energy subsidies is attributable to the structures of consumption 

bundle. From a theoretical perspective, however, the distribution impacts may also 

depend on how subsidies distort relative prices and how subsidies redistribute income in 

the economy.

2.3 Methodology

The methodologies used in the literature are broadly classified into three main 

approaches: statistical, partial equilibrium analysis and general equilibrium analysis. 

These three approaches are commonly found in the analysis of the impacts of oil prices 

shock on the economy while the studies focusing on the impacts of subsidies are limited 

to partial and general equilibrium analysis.
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In principle, each approach has its own advantages and limitations. The statistical 

model (such as VAR) has its own advantage in forecasting, but usually is a system of few 

equations and considers the economy at aggregate level. The partial equilibrium model 

provides a realistic picture of the focusing sector, but it ignores the changes in the 

remaining economy and the consequent interactions. In contrast, the general equilibrium 

model is a representation of the economy that captures the complex interdependencies 

across agents and sectors. However, it is often poor in providing estimates of uncertainty 

around output fluctuation and relies on parameters that require statistical estimates.

Nevertheless, there are relevant reasons suggesting that oil prices shock and 

energy pricing policy can best be analyzed in the context of the general equilibrium 

framework. In this subsection, I briefly discuss two supporting reasons: the nature of the 

energy sector and the critical questions this study want to answer. Then I briefly discuss 

the model of interest.

By its nature, energy commodities are used in both consumption and production. 

Therefore, the general equilibrium effects of energy policy tend to be significant. From 

an empirical perspective, potentially important spillover effects are asserted in the 

literature. For example, Choucri and Lahiri (1984) noted that, “treating the energy sector 

in isolation of the rest of the economy could be counter productive and lead to the 

adoption of measures that may even have detrimental effects in the short run” (p.809).

Bohringer and Rutherford (2004) suggest that researchers can rely on partial 

equilibrium analysis as long as the spillover effects are insignificant. In the presence of 

spillover effects, however, if the policy is designed to achieve a change in target variable, 

it would affect other economic variables. In this situation, Thissen (1998) points out that

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



20

the final outcome of policy instrument may well differ from the effects predicted by the 

partial equilibrium approach. Therefore, Bergman and Henrekson (2003) suggest that, if 

proposed policy measures or other exogenous changes are likely to have spillover effects 

then, the CGE model should be used.

Apart from the nature of energy sector, the questions I introduced earlier require 

an analytical tool that allows for an integrate assessment of the impacts of energy prices 

shock and subsidies covering welfare, production and distribution issues. In this regard, 

the partial equilibrium model may not be appropriate since it falls short of incorporating 

income flow and market interdependencies.

In contrast, general equilibrium models are capable of representing many sectors 

and agents in a coherent system as well as incorporating market interactions. Producers 

and consumers are linked through an interdependence of commodity and factor markets 

as well as the distribution of factor incomes across institutions. Bhattacharyya (1996) 

concludes that “since energy policy issues are related to various aspects of the economy 

such as price formation, output determination, income generation and distribution, 

consumption behavior, government operation, etc., a coherent and systematic mechanism 

is required for such analysis” (p. 145).

Basically, a computable general equilibrium model is an analytical tool that is 

based on general equilibrium theory. The first CGE model was presented in the work of 

Johansen (1960). Since then, CGE models have been increasingly used as analytical tools 

for economic policy analysis in various areas. In connection with the energy sector, the 

CGE model that is particularly formulated for energy policy analysis dates back to the 

early 1970s when the first oil crisis provided an impetus for modelers to develop models
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for analyzing the impacts of energy policy. The first energy CGE model was an 

econometric CGE model of Hudson and Jorgenson (1975).

The second oil and economic crisis in the 1980s generated an additional demand 

from policy makers to develop models for analyzing exogenous shock. Since a CGE 

model is a powerful tool for comprehensive economic assessment, it gained popularity 

among the energy and macroeconomic modelers. After the second oil crisis, the global 

economy was on the path to recovery with the contribution of low and stable oil prices. 

However, since the early 1990s, the world community has been increasingly concerned 

about environmental problems. Together with the fact that the energy sector is a major 

source of pollution, the interest of policy makers shifted toward environmental problems 

that are related to the energy sector. In this regard, CGE models are widely applied to 

assess the economic and environmental consequences of different measures for 

controlling Green House Gas (GHG) emissions. The applications of CGE model in this 

area are, for example, Perroni and Wigle (1994), Abrego, Perroni, Whalley and Wigle 

(2001).

As with other quantitative models, the CGE model has its own limitations. With 

respect to the CGE model for energy policy analysis, Bergman and Henrekson (2003) 

summarize useful implications for environmental CGE modeling that can be applied to 

the energy-economic model of interest. Particularly they suggest that, “the model should 

have an elaborate treatment of the possibilities to substitute other forms of energy, or 

other factors of production, for fossil fuels” (p. 8).

Over the last few years, CGE models that address the issues of the energy sector 

have increasingly paid attention to energy substitution, particularly in the studies where
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the linkage between energy, economy and the environment is the main focus. However, 

only a few models take into account the full implications of energy substitution, which 

are the infra-energy substitution, substitution between primary and non-primary energy, 

between energy and labor, and between energy and capital.

From an empirical perspective, a number of studies found the existence of 

substitution between different types of energy, and between non-primary and primary 

energy. Also, various empirical studies support the substitutability between labor and 

capital, and between labor and energy, both in the short run and long run. In the case of 

capital and energy, there is conflicting econometric evidence. Some studies found that 

capital and energy are substitutes (for example, Christensen and Greene (1976), Griffin 

and Gregory (1976), Pindyck (1979)), while some others concluded that capital and 

energy are complements (for example, Hudson and Jorgenson (1974), Bemdt and Wood 

(1975)). In practice, most empirical analyses assume that capital and energy are 

substitutes at less or equal magnitude as between labor and energy.

The full implications of energy substitution are captured in large scale regional 

models such as the GTAP-E and the GREEN models. However, these models and their 

large scale data are not publicly accessible. Moreover, they are specifically designed for 

analyzing policy at the international focus and contain only one representative household 

for each country. These models cannot satisfy the need for an analytical tool in this 

chapter, where the within-country distribution effect is one of the main focuses. Given 

these limitations, I develop a CGE model for Thailand that captures the full implications 

of energy substitution that is suitable for analyzing energy policy at the national level.
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2.4 Expected contributions of this study

Overall, the impacts of oil prices shock and subsidies have been extensively 

investigated by a large body of research. The review of the literature in previous 

subsections provides the areas where this study can make contributions.

First, it has been asserted that the impacts of oil prices shock and subsidies are 

asymmetric across countries. From a theoretical perspective, these asymmetric effects are 

asserted as the result of the fact that countries differ in their composition and their 

relative position. From an empirical perspective, asymmetric effects were found in the 

literature (for example, Cunado and Gracia (2003), Cunado and Gracia (2005)). This 

implies that the estimates of the impacts of oil prices shock and subsidies cannot be based 

on the results of previous studies in other countries. Therefore, the findings of this study 

will directly contribute to the work in the area of economic analysis and policy evaluation 

of the Thai economy.

Second, studies on the impacts of oil prices shock and subsidies are concentrated 

in developed economies and net-energy exporting developing countries while the studies 

on general equilibrium effects of oil prices shock and subsidies in net-oil importing 

developing countries seem to be lacking. Moreover, the conclusions regarding the 

distribution effects of subsidies are mostly drawn from partial equilibrium studies and the

g
analysis of consumption expenditures. These results are, in some sense, suspicious since 

8
As pointed out by Sadoulet and Janvry (1995), the partial equilibrium approach often gives misleading 

results. An elaborate example o f the limitation o f partial equilibrium analysis in energy policy studies is the 
study by DRI, which is documented in UNEP (2002). According to the DRI study o f 6 OECD countries, 
the effects o f removing coal subsidies on demand for coal are small and the macroeconomic effects are 
insignificant. Anderson and McKibbin (1997) show that the effects have been largely underestimated 
because if  the spillover effects on regional employment were taken into account, the impacts o f removing 
coal subsidies would be significantly higher.
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their analytical frameworks ignore the indirect impacts of subsidies. Therefore, the 

findings of this study will not only fill the research gap between energy-producing 

developed countries and energy-importing developing countries but also provide a better 

understanding about the impacts of subsidies from a general equilibrium perspective.

Third, the extensive reliance on partial equilibrium analysis by large research 

bodies in developing countries is, in many cases, attributable to the limited access to an 

analytical tool for general equilibrium analysis. Therefore, the model developed in this 

study is expected to be used in the future by Thai government representatives.
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For the purpose of the analysis in this chapter, I develop a Computable General 

Equilibrium (CGE) model of the Thai economy. The model is a static energy-economic 

CGE model for a small-open economy. It is developed from the neoclassical 

structuralism modeling tradition. The model pays particular attention to the energy sector 

and its linkages to the rest of the economy. It takes into account the substitutability 

between different types of energy inputs, and between energy inputs and non-energy 

primary factors.

The model is made up of 534 linear and nonlinear equations that govern the 

behaviors of agents, sectors and their interdependencies in the economy. These 

interdependencies are described by equilibrium conditions and macroeconomic closures. 

The model belongs to a family of small-open economy GGE models found in the 

literature, which is suitable for long-run static comparative analysis of public policy at 

national levels.

The model is able to disaggregate production, consumption and factors of 

production up to the level that is provided by the Social Accounting Matrix (SAM). In 

this study, however, I disaggregate production into 12 activities, consumption into 3 

representative households, and primary factors into capital and labor. The model is 

homogenous of degree zero in prices. In this section, I describe in detail the equations 

within the model including the first order conditions. The lists of model variables and 

parameters are provided in Appendix A.
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3.1 Production

Production is made up of 12 production activities: agricultural, manufacturing, 

coal & lignite, crude petroleum, diesel, gasoline, aviation fuel, fuel oil, electricity, gas, 

transportation, and services. The energy sector is composed of non-primary energy 

production, which is electricity, and primary energy production that includes coal & 

lignite, crude petroleum, diesel, gasoline, aviation fuel, fuel oil and gas. The primary 

energy sector is further divided into non-substitutable primary energy (crude petroleum,

9
coal & lignite , aviation fuel and fuel oil) and substitutable primary energy (gasoline, 

diesel and gas).

Production block is particularly designed to capture stylize facts of energy sector, 

in particular, the substitution between different types of substitutable primary-energy 

inputs, between primary energy input and non-primary energy input, and between energy 

input and other primary factors (labor and capital).

As depicted in Figure 3-1, the model is made up of 9 production nests. Five of 

them are governed by the fixed-share Leontief production technology and the rest are 

governed by Constant Elasticity of Substitution (CES) production technology. With this 

production structure, I postulate the optimization problem at each production nest as a 

cost minimization problem as follows:

It should be noted that I treat coal & lignite as non-substitutable primary-energy inputs. This is because, 
in Thailand, coal & lignite is mostly used in electricity production and is recently facing strong resistant 
from inhabitants surrounding electricity generation plant. Therefore, the possibility o f substituting coal & 
lignite for other inputs is rather limited.
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Figure 3-1: Production structure
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QinAa = inaQAa (1)

QlkneAa = inlkneaQAa (2)
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QCinAca = icacaQinAa (4)

P i n A a =  Y j c a c,ap (ia ( V
c

3.1.3 Value added-energy composite ( QlkneA )

M in: PlkneAaQlkneAa = WdistaLaW + PkneAaQkneAa 

Subject to

QlkneAa = a ^ l S ^ L f  + (1 -  S ^ Q k n e A j^  f  ̂  (6)

The optimality conditions are:

QkneAa
PkneA„ 8.

1
Ikne 

"a ~  a

WdistJV ( \ - S j ne)

i+e'
(7)
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PlkneAaQlkneAa = WdistaLaW + PkneAaQkneAa

3.1.4 Capital energy composite ( QkneA )

Min : PkneAaQkneAa -  RdistaK aR +PneAaQneAa 

Subject to

QkneAa = c f [ S ^ K ^  + ( l - S ^ ) Q n e A f e] 

The optimality conditions are:

K a _
QneAa

PneA„ S'
 i_

kne l l+0b

RdistaR ( l - S kne)_

PkneAaQkneAa = RdistaK aR + PneAaQneAa

3.1.5 Energy composite ( QneA )

M in: PneAaQneAa = PnpneAaQnpneAa + PpneAaQpneAa 

Subject to

i_

QneADa = a ^ Q n p n e A ^  + (1 -  S ^ Q p n e A ^  ] 

The optimality conditions are:

QnpneAa = 
QpneAa

PpneAa S : 1+ 0 "

PnpneAa ( l - S nae)

PneAaQneAa = PnpneAaQnpneAa + PpneAaQpneAa

3.1.6 Non-primary energy composite ( QnpneA)

Min.: PnpneAaQnpneAa -  ^ icnpnec aPqcQnpneAa
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Subject to

QnpneAa = Min {.g C”̂
[ icnpnec a

The optimality conditions are:

QCnpneAca = icnpnecaQnpneAa (15)

PnpneAa = J^icnpnecaPqc (16)
c

3.1.7 Primary energy composite ( QpneA)

M in: PpneAaQpneAa

-  PnspneAaQnspneAa + PspneAaQspneAa 

Subject to

QpneA = Min
[ inspnea ispnea J  

The optimality conditions are:

QnspneAa = inspneaQpneAa (17)

QspneAa = ispneaQpneAa (18)

PpneAa = inspneaPnspneAa + ispneaPspneAa (19)

3.1.8 Non-substitutable primary energy composite ( QnspneA)

M in: PnspneAaQnspneAa = ^ icnspnec aPqcQnspneAa
C

Subject to
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QnspneA,= Min J gC" ^ eM  
[ icnspnec a j

The optimality conditions are:

QCnspneAc a = icnspnecaQnspneAa (20)

PnspneAa = ^ icn spn ecaPqc (21)

3.1.9 Substitutable primary energy composite ( QspneA)

M in: PspneAaQspneAa = 2 > c QCspneAc a

Subject to

QspneAa = a me 'ES^QCspneAj
Qspne

The optimality conditions are:

Pqc

(22)

= PspneAaQspneAa\ Q C spneA j^  S ^ Q C sp n e A jf '-1 (23)

PspneAaQspneAa -  cQCspneAca

3.2 Domestic output and trade

3.2.1 Commodity output

Activity output is linked to commodity output through the fixed coefficient10

10
Since each commodity in SAM is produced only by a single activity, the quantity o f domestic output of 

each commodity is equal to the output o f that activity. That is 0 a c =  1.
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(24)

PAa='L0a.eP*c
c

Figure 3-2: Flow o f commodity

Domestic output 
(0.x)

CET
function

Export
(Qe) Sold domestically 

(Q .d )

Armington
function

Import
(Qm)

Domestic composite supply 
(Qci)

Domestic demand
• Consumption demand
• Intermediate demand
• Investment demand
• Government consumption

(25)

Domestic economy is linked to the world economy through trade as depicted in 

figure 3-2. The allocation of each domestic output to the domestic sale and export is 

described by CET function, which implies the assumption of imperfect transformability 

between these two destinations. The final ratio of domestic sales to exports of each 

commodity is determined by the endogenous ratio of export price to domestic supply 

price.

The relationship between domestic output and import of each commodity is 

described by the Armigton equation. Similar to the CET specification, the Armington
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equation implies the assumption of imperfect substitution between two sources of 

commodities. The final ratio of domestic output to import is determined by the 

endogenous ratio of import price to domestic supply price.

3.2.2 Allocation of domestic output

The behavior of domestic producers to allocate their output between domestic 

sales and exports is postulated as a revenue maximization problem.

M ax: PxcQxc = PdscQdc + PecQec 

Subject to

3.2.3 Combination of domestic composite goods

The behavior of domestic agents in choosing an optimal bundle of foreign and 

domestic commodities is depicted as a cost minimization problem.

Min : Pqc{ 1 -  tcrc)Qqc = PdscQdc + PmcQmc 

Subject to

(26)

The optimality conditions are:

Qe£__ Per { \ - K )  <*M)
(27)

Qdc L Pdscs c

PxcQxc = PdscQdc + PecQec (28)

(29)

The optimality conditions are:
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Qmc _ Pdsc81) (!+*!)
(30)

Qdc [Pmc( 1 - ^ )

Pqc( l - tc r c)Qqc =P dscQdc + PmcQmc (31)

3.2.4 Export and import prices

Using the assumption of a small-open economy, the domestic economy faces a 

perfectly elastic world supply and demand at given import and export prices. Therefore, I 

define the import and export prices in local currency units as:

3.3 Institutions and Incomes

Institutions in the model are made up of households, state enterprise, private 

enterprise, government and the rest of the world. Gross income of domestic non

government institutions is made up of 4 components: factor income, domestic infra- 

institutional transfer, government transfer, and remittances to the rest of the world. Factor 

income is distributed to institutions proportionately to an institution’s share in total factor 

supply.

3.3.1 Gross income of institutions

Pmc = (1 + tmc)pwmcExr (32)

Pec = pwecExr (33)

Yh =Yifi + Y j riii-v + t r n s f r i , govcP i  + trmfrirowExr (34)
i'

3.3.2 Infra-institutional transfer

TriiiV = shiij v (1 -  mpsbari )(1 -  Timi )Yii (35)

3.3.3 Factorincome

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



35

Yift = shili S  WdistaLaW + shikk RdistaK aRa (36)
a’ a

3.4 Households and consumption

Households are grouped according to their occupational category into agricultural 

households, nonagricultural households, and government-employed households. With 

this level of disaggregation, the model is able to investigate the impacts of oil prices 

shock and subsidies on the welfare of each representative household.

3.4.1 Household disposable income

The disposable income of households is equal to their factor income net out of 

direct tax, and infra-institutional transfer.

3.4.3 Household consumption

Consumer preferences are described by a Stone-Geary utility function. Therefore, 

the consumer optimization problem can be postulated as a utility maximization problem 

as follows:

3.4.2 Household consumption expenditure

Ehh = (l -  mpsbarh Xl -  Tinsh I 1 -  £  shiii h Yih (37)
i

Subject to

E K ^ P ^ Q K j ,

The optimality conditions are:
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3.4.4 Consumer price index

In the model, consumer price index is the numeraire.

cpi = Y ,cwtscP(lc (39)
C

3.5 Government

Government revenue is made up of direct taxes from non-government institutions, 

indirect taxes from activities and commodities, import tariffs, factor income, and transfers 

from the rest of the world. Government expenditure is composed of government 

consumption and transfers to households. In this model, government consumption is 

distributed across commodities according to the exogenous base year fixed share.

3.5.1 Government revenue

Yg = Y j i n s ^  + Y j tvra{LaWdistaW + K aRdistaR)
i a

+ Y taraP aaQaa + Y tmcPWmcQmcExrc +
a c i

+ Yigov + trnsfrgovmwExr (40)

3.5.2 Government demand for consumption

Q gc = qbagcGadj (41)

3.5.3 Direct tax rate

Tins i — tinsbari + tinsdumy iDtins (42)
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3.5.4 Government expenditure

Eg = ^ Q g c  + Y*trnsfa .™ w i (43)
c i

3.6 System constraints

Factor and commodity balances are the equilibrium conditions for factor and 

commodity markets. Current account balance is specified in terms of foreign currency 

and the gap between spending and earning of foreign currency is foreign saving. 

Government saving indicates the difference between government revenue and its 

expenditure. Household savings is a fraction of its income after tax. Saving-investment 

balance requires that the sum of these savings be equal to total investment of the 

economy.

3.6.1 Commodity market equilibrium

Q <lc =  Z  Q C i n A c,a + Y J Q C n P n e A c,a +  Y j Q C n S P n e A c,a +  T , Q C s P n e A c,a
a a a a

+ X  QKh + Qinvc + qdstc + Qgc (44)
h

3.6.2 Labor market equilibrium

(45)
a

3.6.3 Capital market equilibrium

(46)
a

3.6.4 Government balance

Yg = Eg + Gsav (47)

3.6.5 External balance
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£  jowmcQmc = £ pwecQec + Y j msKn™ + Fsav (48)
C i  i

3.6.6 Saving-investment balance

PqcQinvc= y/cTsav (49)

Tsav = mpsbari (l -  Tinsi )Yit + Gsav + ExrFsav -  ̂ Pqcqdstc (50)
i  c

3.7 Macroeconomic closures

In the model, I assume that both labor and capital are fully employed factors. 

However, capital is an activity-specific factor while labor mobile across production 

activities. With these assumptions, economy-wide wage rate is a labor market clearing 

variable and activity-specific rates are capital markets clearing variables.

For current account balance, given the managed-float exchange rate system, 

foreign saving is fixed and the exchange rate adjusts to maintain external balance. For 

government balance, in the base model, government savings and all tax rates are fixed. 

Therefore, government real consumption adjusts to maintain government balance.

3.8 Model calibration

The model is calibrated to the 1998 Social Accounting Matrix (SAM) of the Thai 

economy in Appendix B and a set of elasticity parameters in Appendix D. Note that in 

this study, I apply elasticity parameters found in relevant literature.
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To investigate the impacts of oil prices shock and subsidies policy on the Thai 

economy in 2004, a set of simulations is undertaken. This section reports the results of 

four simulations: (i) the impacts of oil prices shock, (ii) the impacts of a subsidies policy 

when its cost is financed by a contraction of government consumption, (iii) the impacts of 

a subsidies policy when its cost is financed by a contraction of government consumption 

and direct tax rates increase, and (iv) the impacts of a subsidies policy when its total cost 

is financed by direct tax rates increase.

4.1 The impacts of oil prices shock

The main interest in the first simulation is to investigate the impacts of oil prices 

shock in 2004 on the Thai economy. In this simulation, I shock the model by the actual

percentage change of energy commodity prices as shown in Table 4-11J. The percentage 

change of crude oil price is calculated from crude oil prices in the major oil markets. The 

percentage changes of gasoline, diesel and fuel oil prices are calculated using a Thailand 

energy prices dataset, which is available from the Energy Policy and Planning Office 

(EPPO) of Thailand.

In simulation, I assume that both the import and export prices of each energy 

commodity increase by the same magnitude. In addition, the percentage changes of 

export and import prices of aviation fuel are approximated by the change in export and

See Table E-3 in Appendix E for calculation.
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12import prices of gasoline . In order to isolate the impacts of oil prices shock from other 

factors, the world market prices of other commodities are assumed to be constant. Taking 

into account that the run-up of oil prices in 2004 occurred in a situation of excess

capacity in the global market, this assumption should not be far from reality. 

Table 4-1: Shock to the model variables (%A)

Crude
petroleum

Gasoline

Diesel Aviation
fuel Fuel oil GasULG

13
95

URG
14

91
Actual change in 
import price 34.00 43.9 42.5 38.2 42.5 15.4 25.0

Shock to model’s 
export & import 
prices

34.00 42.5 38.2 42.5 15.4 25.0

Table 4-2 shows the impacts of oil prices shock on the domestic market prices of 

energy commodities. In general, it raises the domestic market prices of energy 

commodities but at a smaller magnitude than the shock. In addition, simulation results are 

very close to the changes of shadow prices of energy commodities, which make the next 

section’s analysis relevant.

Table 4-2: Energy prices (%A)

Crude
petroleum Gasoline Diesel Aviation

fuel
Fuel
oil Electricity Gas

Model results
- Domestic supply prices
- Domestic market prices

31.75
33.22

21.94
21.97

24.05
24.41

20.53
22.40

7.63
8.61

1.18
1.17

23.95
24.07

Actual market prices 
+ subsidies (shadow prices) - 23.40 25.60 23.40 8.50 - -

This is because import price data o f aviation fuel is not available, but it’s historical data reveals a close
movement with gasoline price
13

Unleaded premium gasoline (Octane = 95)
14

Unleaded regular gasoline (Octane = 91)
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4.1.1 Impacts on the aggregate economy

Table 4-3 reports the impacts of oil prices shock on the economy at aggregate 

level. Overall, it results in a contraction of real GDP by 0.14 percent. The reduction of 

aggregate income reduces private consumption and investment by 1.05 and 1.18 percent 

respectively. Government consumption increases by 2.75 percent as a result of higher 

indirect tax revenues.

Table 4-3: Impacts of oil prices shock on the aggregate economy

Base case % A
(a billion) (except for CV)

Absorption 3,914.51 -0.64
- Private consumption 2,529.28 -1.05
- Fixed investment 1,027.92 -1.18
- Government consumption 500.70 2.75

Export 2,723.72 -0.25
Import 2,002.30 -1.26

- Net export 721.41 2.57
GDP 4,635.92 -0.14

Producer price index - 0.79
Exchange rate - -0.003

Compensating variation ( b billion) -26.67

An increase in energy cost of production raises the producer price index by 0.79 

percent. With the assumption of fixed foreign saving, the real exchange rate slightly 

appreciates to restore external balance. A change in relative prices reduces real export but 

as import decreases at a faster rate, the net real export increases by 2.57 percent. 

Measured by compensating variation, oil prices shock reduces the aggregate welfare by e

26.67 billion, which is equivalent to 0.57 percent of GDP15.

According to the model specification, the increase in government consumption does not contribute to 
household welfare. Therefore, in some senses, the negative impact o f oil prices shock on household welfare 
is seen to be overestimated. For analytical purposes, I run a separate simulation by fixing the government 
consumption and used addition government revenues (that are generate by oil prices shock) to reduce the 
income tax burden on households. The results show that, the aggregate welfare decreases by $ 12.02 
billion (0 .26  percent o f  GDP).
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4.1.2 Sectoral impacts

4.1.2.1 Costs and Prices

Table 4-4 summarizes the impacts of oil prices shock on per-unit costs and prices 

across production sectors. On average, except for electricity, oil prices shock raises the 

per-unit energy cost of energy productions by approximately 20 to 33 percent.

Table 4-4: Impacts of oil prices shock on sectoral costs and prices (%A)

Cost per-unit o f  input Price per-unit o f output

Energy Intermediate Capital Labor Activity Domestic
supply

Domestic
market

Agricultural 21.10 -0.25 -2.48 -1.22 -0.30 -0.38 -0.36
Manufacturing 7.11 -0.29 -2.55 -1.22 -0.44 -0.66 -0.47
Coal & lignite 22.68 1.92 -22.59 -1.22 -13.82 -13.82 -11.95
Crude petroleum 24.45 -0.30 67.99 -1.22 31.87 31.75 33.22
Gasoline 32.91 -0.26 -9.99 -1.22 23.54 21.94 21.97
Diesel 32.90 -0.26 -11.71 -1.22 25.06 24.05 24.41
Aviation fuel 32.91 -0.27 50.94 -1.22 30.23 20.53 22.40
Fuel oil 19.46 -0.02 -17.69 -1.22 7.92 7.63 8.61
Electricity 6.46 -0.01 -1.01 -1.22 1.18 1.18 1.17
Gas 32.77 -0.39 -9.37 -1.22 24.33 23.95 24.07
Transportation 21.28 0.74 -5.33 -1.22 2.62 3.24 2.89
Services 7.69 -0.21 -0.53 -1.22 -0.40 -0.46 -0.42

For the non-energy sector, the strong increases in per-unit energy cost are 

observed in agricultural and transportation productions. This is because energy inputs of 

these two sectors are mostly primary energy commodities, in particular, diesel and 

gasoline, which are directly affected by the shock. In contrast, energy inputs of 

manufacturing and services productions are mostly electricity. Therefore, the impacts of 

oil prices shock on their per-unit energy cost are less severe than in other non-energy 

productions.

Oil prices shock reduces the per-unit labor cost of every production sector by 1.22 

percent. Since capital is activity-specific, the variation in each sectoral rental rate is 

driven by the fluctuation in its corresponding production activity. Entrepreneurs in crude
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petroleum and aviation fuel productions are better off as the rate of return on their capital 

stock increase by 67.99 and 50.94 percent respectively, while the entrepreneurs in other 

sectors are worse off.

An increase in energy cost generates an upward pressure on the prices of high 

energy-content commodities. On average, the domestic market prices of energy 

commodities increase by 8 to 33 percent, except for coal & lignite. Electricity is a special 

case, its market price increases by only 1.17 percent because it has a lower energy 

content than other energy commodities. For non-energy commodities, the domestic 

market prices of agricultural, manufacturing, coal & lignite and services decline. 

Manufacturing is an intermediate-input intensive production while agricultural, services 

and coal & lignite are value-added intensive productions. Therefore, the effect of higher 

energy cost is offset by the reduction in non-energy cost and a contraction in the demand 

for their products. In contrast, the domestic market price of transportation increases by 

2.89 percent.

4.1.2.2 Households

The impacts of oil prices shock on households are summarized in Table 4-5. 

Government-employed households experience the largest drop in real consumption and 

nominal income, followed by nonagricultural and agricultural households respectively. 

The extent to which the household income is affected by oil prices shock depends on the 

structure of the household endowment, how the shock reallocates factor incomes in the 

economy and the change in relative prices. In aggregate, oil prices shock reduces wage 

income by more than rental income. The strongest income reduction is observed in
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government-employed households, which are those with the largest share of labor 

income.

Table 4-5: Impacts of oil prices shock on households

Agricultural
Households

Nonagricultural
Households

Government -  
employed households

Real consumption (%A) -0.92 -1.06 -1.19
Total nominal income (%A) -1.01 -1.04 -1.17
Compensating variation (m billion) -5.53 -16.41 -4.73

- Per-capita C.V (») -218.75 -549.56 -780.53
Sources o f household income 

Wage income (%A) 38.08 38.99 85.58
Rental income (%A) 56.04 58.14 13.05
Government transfer (%A) 2.15 1.21 0.59
Transfer from ROW (%A) 3.73 1.65 0.77

Change in aggregate income 
Wage income (%A) 
Rental income (%A)

-1.22
-0.98

Although agricultural households have the largest share of energy consumption ,

Table 4-5 shows that the largest per-capita welfare loss occurred with government-

employed households, followed by nonagricultural and agricultural households

respectively. This implies that agricultural households, who are the lowest income 

17group , suffer the least from oil prices shock.

4.1.2.3 Demand for sectoral commodities

Table 4-6 shows the impacts of oil prices shock on the demand for sectoral 

commodities. Based on the assumption of fixed government savings, the change in 

domestic demand for each commodity is determined by variations in demand for private 

consumption, intermediate input, investment, and government consumption. The results

16
See Table C-9 of Appendix C for the structure of consumption bundle

17
For per-capita income, see Table C-6 o f Appendix C.
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show that, an increase in oil prices reduces real domestic demand for every commodity 

while its impact on real export varies across sectors.

Table 4-6: Impacts of oil prices shock on demand for sectoral commodities (%A)

Household
consumption

Intermediate
demand

Government
consumption

Investment
Demand

Domestic
demand

Export

Agricultural -0.82 -0.33 2.75 -1.26 -0.44 -0.28
Manufacturing -1.01 -0.40 2.75 -1.15 -0.66 -0.20
Coal & lignite - -2.17 - - -2.03 3.70
Crude petroleum - -3.41 - - -3.34 3.95
Gasoline -4.39 -4.29 - - -4.30 6.78
Diesel -4.72 -4.67 - - -4.65 2.18
Aviation fuel - -4.92 - - -4.82 7.70
Fuel oil - -3.67 2.75 - -3.58 1.09
Electricity -1.05 -0.18 2.75 - -0.18 -0.77
Gas -5.58 -3.34 2.75 - -3.69 -3.22
Transportation -2.14 -0.69 2.75 -4.37 -1.20 -3.31
Services -0.80 -0.38 2.75 -1.20 -0.02 0.13

4.1.2.4 Sectoral trades

Relative price changes affect the competitiveness of domestic products. Based on 

the assumption of imperfect substitution between domestic and foreign commodities both 

in production and consumption, Table 4-7 summarizes the impacts of oil prices shock on 

foreign trade of sectoral commodities.

Table 4-7: Impacts of oil prices shock on sectoral trades (%A)

Domestic
supply
price

Domestic
market
price

World 
market price 

(FCU)
Real export Real import Net export 

(import)

Agricultural -0.38 -0.36 - -0.28 -0.58 -0.18
Manufacturing -0.66 -0.47 - -0.20 -1.00 3.18
Coal & lignite -13.82 -11.95 - 3.70 -8.07 (-8.08)
Crude petroleum 31.75 33.22 34.50 3.95 -7.42 (-7.85)
Gasoline 21.94 21.97 42.50 6.78 -24.22 7.51
Diesel 24.05 24.41 38.20 2.18 -18.56 15.11
Aviation fuel 20.53 22.40 42.50 7.70 -24.23 12.91
Fuel oil 7.63 8.61 15.40 1.09 -7.03 (-9.79)
Electricity 1.18 1.17 - -0.77 0.40 (0.69)
Gas 23.95 24.07 25.00 -3.22 -4.19 -2.93
Transportation 3.24 2.89 - -3.31 0.78 -7.54
Services -0.46 -0.42 - 0.13 -0.19 0.72
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18For non-primary energy commodities , oil prices shock raises domestic supply 

prices of electricity and transportation. While the world market prices of these 

commodities remains unchanged, the increase in their domestic supply prices leads to a 

reduction of the net real-export of transportation and an increase in the net real-import of 

electricity. Conversely, the reduction in domestic supply prices raises the net real-export 

of manufacturing and services commodities. For primary energy commodities, domestic 

supply prices of crude petroleum, diesel, gasoline, aviation fuel, and fuel oil increased by 

a smaller magnitude than the increase in their world market prices. This is why 

improvements are observed in the trade balance of these sectoral commodities.

The negative impacts of oil prices shock on trade balance occur mostly through 

the deterioration in the trade balance of agricultural and transportation commodities. 

However, these negative impacts are outweighed by an increase in the net real-export of 

manufacturing and services, which account for approximately 80 percent of total imports 

and exports. As a result, the aggregate net export increases by 2.57 percent in real terms.

4.1.2.5 Sectoral supplies

Table 4-8 summarizes the impacts of oil prices shock on supply across production 

sectors. Oil prices shock contributes to the expansion of production activity of crude 

petroleum, aviation fuel and services but it depresses the production activity of other 

sectors. The expansion of economic activity in crude petroleum production is driven by 

the decrease of its net real-import. As its domestic supply price increases by a smaller 

magnitude than its world market price, domestic demand for crude petroleum shifts

18
As defined in previous sections, primary energy commodities are coal & lignite, crude petroleum, 

gasoline, diesel, aviation fuel, fuel oil and gas.
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towards domestic product. The expansion in economic activity of both aviation fuel and 

services production is driven by the increase in their net real-export.

Table 4-8: Impacts of oil prices shock on sectoral supplies (%A)

Level o f activity Domestic supply
Net export 

(import)
Agricultural .-0.40 -0.43 -0.18
Manufacturing -0.43 -0.53 3.18
Coal & lignite -0.97 -0.97 (-8.08)
Crude petroleum 1.71 1.61 (-7.85)
Gasoline -3.38 -4.26 7.51
Diesel -3.76 -4.23 15.11
Aviation fuel 2.03 -2.60 12.91
Fuel oil -2.90 -3.05 (-9.79)
Electricity -0.19 -0.18 (0.69)
Gas -3.48 -3.63 -2.93
Transportation -1.80 -1.44 -7.54
Services 0.008 -0.009 0.72

4.1.2.6 Savings

Investment in the model is saving-driven. As foreign and government savings are 

fixed at their base year levels, a reduction of aggregate investment implies the decrease of 

household and enterprise savings. Table 4-9 shows that savings of every household and 

enterprise decreases and results in a reduction of aggregate savings of 1.61 percent in 

nominal terms.

Table 4-9: Impacts of oil prices shock on savings

Households Enter]prises

Agricultural
Non

agricultural
Government 
- employed

State Private Total

Base case (in billion) -68.39 478.96 45.97 90.30 632.62 1027.92
% A -1.01 -1.17 -1.04 -1.35 -1.28 -1.61

4.1.2.7 Government balance

The impacts of oil prices shock on government balance are summarized in Table 

4-10. Overall, it raises aggregate government revenue by 1.53 percent as a result of 

higher price and the expansion of economic activity in energy productions. Since
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government savings is fixed at a base year level, an increase in aggregate government 

revenue raises government consumption by 2.37 percent in nominal terms.

Table 4-10: Impacts of oil prices shock on government balance ($ billion)

Revenues Base
Case % A Expenditures Base

case % A

Capital income 79.40 -0.97 Consumption 500.70 2.42
Indirect taxes 475.62 3.25 Agricultural 0.83 2.41

Value added 139.64 0.28 Manufacturing 23.88 2.26
Indirect taxes on activity 185.46 7.32 Fuel oil 0.45 13.33
Indirect taxes on commodity 88.49 2.26 Electricity 4.79 3.97
Import taxes 62.03 -0.82 Gas 0.41 26.83

Direct taxes 219.28 -1.17 Transportation 7.92 5.68
Net transfer from ROW 19.81 0.00 Services 462.42 2.32
Total income 794.11 1.53 Net transfer to institutions 11.97 0.00

Total expenditure 512.67 2.37
Savings 281.45 0.00

4.2 The impacts subsidies policy when its cost is financed by government 

consumption contraction

The main interest of this simulation is to evaluate the role of a subsidies policy in 

2004. To finance the cost of subsidies, I assume that the government contracts its 

consumption sufficiently to write off the cost. Based on this assumption, the total cost of 

subsidies is a burden on the government budget. In this simulation, I first run the oil 

prices shock as a base case scenario. A subsidies policy is then introduced to the model as 

negative indirect tax rates on gasoline and diesel commodities (see Table 4-11). To 

analyze the impacts of subsidies, I compare the results of the base case scenario (oil 

prices shock without subsidies in 4.1) with the results of the model with oil prices shock 

and subsidies.

The direct impact of subsidies is the reduction of domestic market prices of 

gasoline and diesel of 5.5 and 16.3 percent respectively.
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Table 4-11: Per-unit subsidies and indirect tax rates of gasoline and diesel

Gasoline Diesel
ULG 95 URG91

Actual per-unit subsidy (% base year price) 5.7 6.6 23.9
Shock to the model through indirect tax rate -6.1 -23.9
% A in market prices implied by the model -5 .5 -16.3
Gap between shadow and actual market retail prices (%) -5 .4 -6.1 - 16.6

4.2.1 Impacts on the aggregate economy

Table 4-12 summarizes the impacts of a subsidies policy in 2004 on the economy 

at aggregate level. Overall, it raises GDP by 0.07 percent. Given that the total cost of 

subsidies is a burden on the government budget, government consumption decreases by 

4.35 percent. The expansion of aggregate income stimulates private consumption and 

investment by 0.82 and 0.39 percent respectively. Measured by compensating variation 

(CV), subsidies raise aggregate welfare by a 20.60 billion. Producer price index increases 

by 0.16 percent while domestic currency significantly depreciates.

Table 4-12: Impacts of subsidies on the aggregate economy

Base case 
(8 billion)

%A
(except for CV)

Absorption 3889.56 0.05
- Private consumption 2502.7 0.82
- Fixed investment 1015.78 0.39
- Government consumption 514.47 -4.35

Export 2716.96 0.33
Import 1977.02 0.39

GDP 4629.51 0.07
Producer price index - 0.16
Exchange rate - 0.51

Compensating variation (e billion) 20.60

The increase of CV does not imply that subsidies raise the allocation efficiency. 

To replicate the general situation of the Thai economy, without subsidies in simulation 

4.1, I fixed government savings and therefore the real government consumption is a 

market clearing variable for government balance. As oil prices shock raises government 

income from indirect taxes, government consumption increases. To finance the cost of
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subsidies in this simulation, government consumption has to be lowered than in the case 

of oil prices shock without subsidies in 4.1. Therefore, private consumption increases but 

on the contraction of government real consumption. Thus, the increase of CV in Table 

4.12 is simply a result of consumption transfer from government to households.

While the alteration of CV cannot reflect the impact of subsidies on the allocation 

efficiency, a likely surprise is that subsidies raise GDP in the model of this study. This 

contradicts the findings in some previous studies. For example, Clark and Edwards 

(1997) show that removing hard coal subsidies in Germany eliminates distortion and 

results in a higher GDP, which implies subsidies reduce aggregate welfare. However, the 

second best theory suggests that the welfare impact of introducing subsidies into a 

distorted market could be affected by the existing distortions. In the work of Clark and 

Edwards (1997), the coal market distortion in the base run is totally eliminated in the 

counterfactual analysis. Therefore, removing subsidies in their study results in a net 

efficiency gain which should be reflected in a higher GDP. In this study, however, 

gasoline and diesel markets in the base run are distorted by high indirect tax rates on 

activities. Therefore introducing final demand subsidies in counterfactual analysis 

potentially reduces the existing distortion. If this is the case, GDP can increase.

4.2.2 Sectoral impacts

4.2.2.1 Costs and prices

The impacts of subsidies on sectoral costs and product prices are summarized in 

Table 4-13. The results show that subsidies reduce the per-unit energy cost of every non

energy production sector. The strong contributions of energy cost reduction are observed 

in agricultural and transportation productions.
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The larger reductions of per-unit energy cost in agricultural and transportation 

productions than manufacturing and services productions are attributable to the structure 

of energy inputs. Since energy inputs of agricultural and transportation productions are 

mainly made up of diesel and gasoline, these two sectors directly benefit from subsidies. 

In contrast, the main energy inputs of manufacturing and services productions are 

electricity. Therefore, these two sectors benefit less from subsidies than other non-energy 

productions.

Within energy sector, the reduction of per-unit energy cost is observed in coal & 

lignite and crude petroleum productions. However, subsidies raise the domestic market 

price of crude petroleum by 0.77 percent and result in higher per-unit energy cost in other 

energy productions, with the exception of coal & lignite.

Table 4-13: Impacts of subsidies on sectoral costs and prices (% A)

Cost per-unit o f  input Price per-unit o f  output

Energy Intermediate Capital Labor Activity Domestic
supply

Domestic
market

Agricultural -12.62 0.08 2.28 0.85 0.32 0.28 0.29
Manufacturing -1.48 0.25 2.90 0.85 0.58 0.61 0.58
Coal & lignite -15.20 -0.32 6.08 0.85 3.10 3.10 2.71
Crude petroleum -4.78 -0.18 3.30 0.85 1.05 1.07 0.77
Gasoline 0.73 -0.16 -2.72 0.85 0.41 0.39 -5.46
Diesel 0.72 -0.17 55.25 0.85 4.34 4.68 -16.27
Aviation fuel 0.73 -0.16 6.98 0.85 2.39 4.21 3.88
Fuel oil 1.25 -0.24 14.08 0.85 2.94 3.04 2.71
Electricity 0.81 -0.06 0.67 0.85 0.63 0.63 0.63
Gas 0.72 -0.15 -13.99 0.85 -0.26 -0.69 -0.56
Transportation -6.61 -0.32 3.50 0.85 -0.52 -0.75 -0.62
Services -1.93 -0.08 -1.67 0.85 -0.62 -0.79 -0.68

4.2.2.2 Households

Table 4-14 shows the impacts of a subsidies policy on households. When the total 

cost of subsidies is a burden on the government budget, subsidies raise real consumption 

and nominal income of every household. In terms of nominal income, govemment-
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employed households are better off the most, followed by nonagricultural and agricultural 

households. Therefore, a subsidies policy is a regressive measure for income distribution.

Subsidies raise real consumption and nominal income of nonagricultural and 

government-employed households by almost the same magnitude. Welfare per-capita, 

however, shows that the benefit of subsidies is largely distributed to government- 

employed households, followed by nonagricultural and agricultural households.

Table 4-14: Impacts of subsidies on households

Agricultural
Household

Nonagricultural
Household

Government 
employed household

Real consumption (%A) 0.62 0.88 0.90
Total nominal income (%A) 0.81 0.82 0.84
Disposable income (%A) 0.81 0.82 0.84
Compensation variation (a billion) 3.70 13.39 3.51

- Per-capita C.V ( b) 146.36 448.43 579.21
Source o f household income 

Wage income (%) 38.08 38.99 85.58
Rental income (%) 56.04 58.14 13.05
Government transfer (%) 2.15 1.21 0.59
Transfer from ROW (%) 3.73 1.65 0.77

Change in aggregate income 
Wage income (%A) 
Rental income (%A)

0.85
0.83

According to household consumption structure, agricultural households have the

largest share of consumption spending on gasoline and diesel as compared to those of 

19other households . With this consumption structure, the usual consumption bundle 

analysis tends to predict that subsidies policy in 2004 would benefit agricultural 

households the most. However, this study shows that this prediction does not necessarily 

hold true when the general equilibrium effects are taken into account. The impacts of 

subsidies on income and welfare distribution also depend on how subsidies redistribute

19
See Table C-9 o f  Appendix C for the structure o f consumption bundle
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factor income in the economy, the structure of household incomes and the change in 

relative prices.

4.2.2.3 Domestic demand for sectoral commodities

Table 4-15 shows the impacts of subsidies on domestic demand for sectoral 

commodities. Energy subsidies contribute to the expansion of domestic demand for 

almost every commodity. However, domestic demand for gas, gasoline and services 

decreases. The contraction of domestic demand for services is attributable to the 

reduction of government consumption while the contraction of domestic demand for gas 

and gasoline is attributable to the role of energy substitution in production.

Table 4-15: Impacts of subsidies on demand for sectoral commodities (%A)

Household
consumption

Intermediate
demand

Government
consumption

Investment
Demand

Domestic
demand

Export

Agricultural 0.64 0.22 -4.35 0.58 0.31 0.41
Manufacturing 0.71 0.28 -4.35 0.29 0.37 0.29
Coal & lignite - 0.51 - - 0.47 -0.50
Crude petroleum - 1.62 - - 1.59 -0.38
Gasoline 1.48 -0.55 - - -0.36 -0.28
Diesel 3.91 4.92 - - 4.88 2.19
Aviation fuel - 2.11 - - 2.07 -0.61
Fuel oil - 1.45 -4.35 - 1.40 -0.30
Electricity 0.44 0.08 -4.35 - -0.01 -0.07
Gas 0.63 -2.48 -4.35 - -1.93 -1.25
Transportation 1.11 0.36 -4.35 1.50 0.57 1.43
Services 0.95 0.21 -4.35 1.56 -0.29 0.14

4.2.2.4 Sectoral supplies

Table 4-16 summarizes the impacts of subsidies on sectoral supplies. Energy 

subsidies contribute to the expansion of production activity in almost every production 

sector. The strong positive impact observed in the production of diesel is attributable to 

the increase in the demand for its product. The contraction of production activity of 

services is attributable to the decrease in government demand.

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



54
Table 4-16: Im pacts o f  subsidies on sectoral supplies (%A)

Level o f activity Domestic supply Real export

Agricultural 0.34 0.32 0.41
Manufacturing 0.33 0.35 0.29
Coal & lignite 0.28 0.28 -0.50
Crude petroleum 0.21 0.24 -0.38
Gasoline -0.35 -0.36 -0.28
Diesel 4.51 4.71 2.19
Aviation fuel 0.50 1.58 -0.61
Fuel oil 1.14 1.20 -0.30
Electricity -0.01 -0.01 -0.07
Gas -1.62 -1.84 -1.25
Transportation 0.81 0.67 1.43
Services -0.20 -0.25 0.14

4.2.2.5 Savings

An expansion of aggregate investment is driven by an increase in aggregate 

savings. Since foreign and government savings are fixed in the model, it implies an 

increase in the savings of households and enterprises. Table 4-17, shows that subsidies 

raise savings of every household and enterprise, and result in an increase in aggregate 

savings of 0.87 percent in nominal terms.

Table 4-17: Impacts of subsidies on savings

Household Enteriprises
Total

Agricultural
Non

Agricultural
Government 
- employed State Private

Base case (* billion) -67.70 473.96 45.44 89.07 624.50 1011.34
% A 0.81 0.82 0.84 1.15 0.92 0.87

4.2.2.6 Government balance

Subsidies reduce aggregate government revenue by 3.13 percent, mainly through 

the reduction of indirect tax income. This is expected since the total cost of subsidies is a 

burden on the government budget, and it enters the model as negative indirect tax rates on 

gasoline and diesel commodities. As shown in Table 4-18, based on the assumption of
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fixed government savings, the government has to contract its consumption spending by 

4.93 percent to finance the total cost of subsidies.

Table 4-18: Impacts of subsidies on government balance (a billion)

Revenues Base
case % A Expenditures

Base
case % A

Capital income 78.63 0.83 Consumption 512.81 -4.93
Indirect taxes 491.08 -5.68 Agricultural 0.85 -3.53

Value added 140.03 1.07 Manufacturing 24.42 -3.81
Indirect taxes on activity 199.04 2.22 Fuel oil 0.51 -1.96
Indirect taxes on commodity 90.49 -37.95 Electricity 4.98 -3.82
Import taxes 61.52 0.88 Gas 0.52 -5.77

Direct taxes 216.72 0.87 Transportation 8.37 -4.90
Net transfer from ROW 19.81 0.50 Services 473.16 -5.00
Total income 806.24 -3.13 Net transfer to institutions 11.98 0.00

Total expenditure 524.79 -4.93
Savings 281.45 0.00

4.3 The impacts of subsidies policy when its cost is financed by government 

consumption contraction and income tax

In this experimental simulation, I assume that the government finances the cost of 

subsidies in part by contracting its real consumption to the level before oil prices shock. 

The remaining cost of subsidies is then financed by raising household income tax rates. 

Based on this assumption, the cost of subsidies is partially a burden on household 

budgets.

Similarly, to 4.2, in this simulation, subsidies enter the model, as they did in 4.2, 

as negative indirect tax rates on gasoline and diesel commodities (see Table 4-11). 

However, the real government consumption is fixed at the level before oil prices shock. 

To analyze the impacts of subsidies, I compare the results of the base case scenario (oil 

prices shock without subsidies in 4.1) with the results of this simulation. In addition, to 

analyze the implications of different financing scenarios, I compare the results of this
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simulation (cost of subsidies is partially a burden on household budgets) to the results in

4.2 (total cost of subsidies is a burden on government budget).

Table 4-19: Per-unit subsidy and indirect tax rates of gasoline and diesel

Gasoline Diesel
ULG 95 URG91

Actual per-unit subsidy (% base year price) 5.7 6.6 23.9
Shock to the model through indirect tax rate -6.1 -23.9
% A in market prices implied by the model -5 .6 -16.4
Gap between shadow and actual market retail prices (%) -5.4 -6.1 -16.6

The direct impact of subsidies is the reduction of domestic market prices for 

gasoline and diesel of 5.6 and 16.4 percent respectively.

4.3.1 Impacts on the aggregate economy

The impacts of a subsidies policy on the aggregate economy are summarized in 

Table 4-20. Overall, it raises GDP by 0.07 percent. Private consumption increases by 

0.46 percent while government consumption decreases by 2.68 percent. Producer price 

index increases by 0.16 percent and domestic currency depreciates by 0.39 percent.

Table 4-20: Impacts of subsidies on the aggregate economy

Base case 
(# billion)

%A
(except for CV)

Absorption 3889.56 0.05
- Private consumption 2502.7 0.46
- Fixed investment 1015.78 0.42
- Government consumption 514.47 -2.68

Export 2716.96 0.27
Import 1977.02 0.32

GDP 4629.51 0.07
Producer price index - 0.16
Exchange rate - 0.39

Compensating variation (is billion) - 11.48

Overall, the simulation results show that, when the cost of subsidies is partially 

financed by direct tax increase, the impacts of a subsidies policy on the aggregate 

economy are similar to its impacts when the total cost of subsidies is financed by a 

contraction of government consumption as described in 4.2. However, domestic demand
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is increasingly determined by government consumption, and the pressure on domestic

currency depreciation is less severe. Moreover, since the cost of subsidies is partially a

burden on household budgets, household welfare increases by a smaller magnitude than

when the total cost of subsidies is financed by a contraction of government 

. 20consumption .

4.3.2 Sectoral impacts

The simulation results show that the impacts of a subsidies policy on sectoral 

demands and sectoral supplies are very similar to its impacts when the total cost of 

subsidies is financed by the contraction of government consumption. Therefore, in this 

subsection, I limited the discussion to the impacts of subsidies on households and 

government budget.

4.3.2.1 Households

Table 4-21 shows the impacts of subsidies on households. Since the cost of 

subsidies is partially a burden on household budgets, the real consumption of every 

household increases by a smaller magnitude than when the total cost of subsidies is 

financed by the contraction of government consumption. In addition, with the assumption 

of a uniform direct tax rates increase, the income tax burden on agricultural households 

increases by a larger magnitude than those of nonagricultural and government-employed 

households.

In terms of income, subsidies reduce income-gaps between agricultural 

households and government-employed households, and between nonagricultural

20
As described in 4.2.1, the increase in CV indicates consumption transfer from government to 

household.
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households and government-employed households. However, income gap between 

agricultural and nonagricultural households is increasingly widened.

Table 4-21: Impacts of subsidies on households

Agricultural
Households

Nonagricultural
Households

Government -  
employed households

Real consumption (%A) 0.35 0.50 0.46
Total nominal income (%A) 0.81 0.82 0.80
Disposable income (%A) 0.46 0.47 0.42
Direct tax burden (%A) 71.58 9.51 4.94
Compensating variation ( b  billion) 2.06 7.62 1.80

- Per-capita C.V ($) 81.49 255.19 297.03
Change in aggregate income

Wage income (%A) 0.80
Rental income (%A) 0.87

In terms of per-capita welfare, the largest benefits occurred for government- 

employed households, followed by nonagricultural and agricultural households 

respectively. Therefore, the impacts of subsidies on welfare distribution are indifferent 

between these two alternative financing scenarios.

4.3.2.2 Government balance

Table 4-22: Impacts of subsidies on government balance ( b  billion)

Revenues Base
case

% A Expenditures Base
case % A

Capital income 78.63 0.86 Consumption 512.81 -2.91
Indirect taxes 491.08 -5.77 Agricultural 0.85 -2.35

Value added 140.03 1.11 Manufacturing 24.42 -2.25
Indirect taxes on activity 199.04 2.07 Fuel oil 0.51 -1.96
Indirect taxes on commodity 90.49 -38.06 Electricity 4.98 -2.21
Import taxes 61.52 0.67 Gas 0.52 -3.85

Direct taxes 216.72 5.83 Transportation 8.37 -3.46
Net transfer from ROW 19.81 0.40 Services 473.16 -2.95
Total income 806.24 -1.85 Net transfer to institutions 11.98 0.00

Total expenditure 524.79 -2.85
Savings 281.45 0.00

Table 4-22 shows the impacts of subsidies on government budget when the cost 

of subsidies is partially a burden on household budgets. In order to finance the cost of 

subsidies, the government contracts its real consumption to the level before oil prices
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shock, which results in the reduction of total government expenditure by 2.85 percent. To 

finance the remaining cost, the government raises household income tax rates by 0.003 

percent, which results in a direct tax income increase of 5.83 percent.

4.4 The impacts of subsidies policy when its cost is financed by income tax

As an alternative financing scenario, in this simulation, I assume that the total cost 

of subsidies is financed by a uniform household income tax rates increase. The 

government is assumed to use up its additional income that is generated by oil prices 

shock on its consumption. In order to finance the cost of subsidies, however, the 

government raises income tax rates on households. Based on this assumption, the total 

cost of subsidies is a burden on household budget.

In this simulation, subsidies enter the model, as they did in 4.2 and 4.3, as 

negative indirect tax rates on gasoline and diesel commodities (see Table 4-11). 

However, the real government consumption is fixed at its level in the base case scenario 

(oil prices shock without subsidies). To analyze the impacts of subsidies, I compare the 

results of the base case scenario (oil prices shock without subsidies in 4.1) with the 

results of this simulation. In addition, to analyze the implications of different financing 

scenarios, I compare the results of this simulation (total cost of subsidies is a burden on 

household budget) to the results in 4.2 (total cost of subsidies is a burden on government 

budget).

4.4.1 Impacts on the aggregate economy

The impacts of subsidies policy on the aggregate economy when the total cost of 

subsidies is financed by the uniform household income tax rates increase are summarized 

in Table 4-23. Overall, GDP increases by 0.6 percent, slightly lower than when the total
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cost of subsidies is financed by a contraction of government consumption (in 4.2). In 

contrast, private consumption decreases by 0.13 percent as a result of a higher income tax 

burden. Measured by compensating variation, aggregate welfare decreases by 8 3.18 

billion.

Table 4-23: Impacts of subsidies on the aggregate economy

Base case 
(b billion)

%A
(except for CV)

Absorption 3889.56 0.04
- Private consumption 2502.7 -0.13
- Fixed investment 1015.78 0.48
- Government consumption 514.47 0.00

Export 2716.96 0.19
Import 1977.02 0.21

GDP 4629.51 0.06
Producer price index - 0.16
Exchange rate - 0.20

Compensating variation (# billion) - -3.18

The producer price index increases by 1.6 percent. However, the pressure on 

domestic currency is significantly less severe as it depreciates by 0.20 percent, compared 

to 0.51 percent when the total cost of subsidies is a burden on government budget. This 

can be explained by the fact that the import demand for energy commodities increases by 

a smaller magnitude.

4.4.2 Sectoral impacts

4.4.2.1 Costs and prices

Changes in the component of domestic demand affect the direction and magnitude 

of the change in sectoral per-unit costs and product prices. In particular, the services 

commodity price increases by 0.36 percent compared to a decrease when the total cost of 

subsidies is a burden on government budget (in 4.2), and there is a decrease in 

agricultural commodity price compared to an increase in 4.2. This is because the
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expansion of domestic demand is increasingly driven by government consumption, where 

the spending on services has its largest contribution.

Table 4-24: Impacts of subsidies on sectoral costs and prices (% A)

Cost per-unit o f  input Price per-unit o f output

Energy Intermediate Capital Labor Activity Domestic
supply

Domestic
market

Agricultural -13.07 0.01 0.47 0.71 -0.39 -0.55 -0.51
Manufacturing -1.90 0.08 1.00 0.71 0.19 0.18 0.19
Coal & lignite -15.62 -0.94 4.75 0.71 2.13 2.13 1.85
Crude petroleum -5.18 0.22 2.53 0.71 0.68 0.70 0.44
Gasoline 0.40 0.20 -4.60 0.71 -0.03 -0.06 -5.89
Diesel 0.40 0.20 51.52 0.71 3.82 4.13 -16.70
Aviation fuel 0.40 0.20 5.65 0.71 1.83 3.14 3.12
Fuel oil 0.79 0.08 11.87 0.71 2.34 2.42 2.13
Electricity 0.30 0.05 0.04 0.71 0.27 0.27 0.27
Gas 0.39 0.26 -15.16 0.71 -0.59 -1.04 -0.89
Transportation -7.11 -0.32 1.48 0.71 -1.24 -1.57 -1.38
Services -2.13 0.07 0.55 0.71 0.36 0.38 0.36

4.4.2.2 Households

Table 4-25 shows that when the total cost of subsidies is a burden on household 

budgets, subsidies policy aggravates the negative impacts of oil prices shock on the 

household welfare. With the assumption of a uniform income tax rates increase, 

simulation results show that every household is worse off. Therefore, subsidies policy 

cannot be used to alleviate the excess burden of the poors although it raises the aggregate 

GDP. In terms of welfare per-capita, government-employed households suffer the most, 

followed by agricultural and nonagricultural households respectively.

Table 4-25: Impacts of subsidies on households

Agricultural
Households

Nonagricultural
Households

Government -  
employed households

Real consumption (%A) -0.10 -0.11 -0.25
Total nominal income (%A) 0.80 0.83 0.73
Disposable income -0.10 -0.11 -0.24
Compensating variation (is billion) -0.57 -1.64 -0.97

- Per-capita C.V (u) -22.50 -54.92 -160.07
Change in aggregate income

Wage income (%A) 0.709
Rental income (%A) 0.938

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



62

In terms of nominal income, subsidies raise the nominal income of every 

household. However, an increase in income tax burden reduces household disposable 

income and real consumption. In terms of nominal income, government-employed 

households benefit the least since a subsidies policy raises wage income by a smaller 

magnitude than rental income.

4.4.2.3 Domestic demand for sectoral products

Table 4-26 shows the impacts of a subsidies policy on domestic demand for 

sectoral commodities. Overall, it contributes to an increase in the domestic demand for 

almost every commodity, but at a smaller magnitude than when the total cost of subsidies 

is a burden on government budget (in 4.2). In addition, the domestic demand for services 

increases compared to its decrease in 4.2. This is because government consumption is the 

largest contributor to domestic demand for services.

Table 4-26: Impacts of subsidies on demand for sectoral commodities

Domestic demand 
(% A)

Agricultural 0.09
Manufacturing 0.11
Coal & lignite 0.39
Crude petroleum 1.42
Gasoline -0.54
Diesel 4.64
Aviation fuel 1.78
Fuel oil 1.22
Electricity -0.04
Gas -2.05
Transportation 0.31
Services 0.02

4.4.2.4 Sectoral supplies

Table 4-27 summarizes the impacts of subsidies on sectoral supplies. Subsidies 

policy contributes to the expansion of production activity in almost every sector, but at a 

slower pace than when the total cost of subsidies is a burden on government budget (in
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4.2). In addition, economic activity of services production slightly increases due to the 

expansion of domestic demand for its product. The contractions of production activities 

in gas, gasoline and electricity are attributable to the role of energy substitution.

Table 4-27: Impacts of subsidies on sectoral supplies (%A)

Level o f  activity Domestic supply

Agricultural 0.17 0.11
Manufacturing 0.12 0.12
Coal & lignite 0.24 0.24
Crude petroleum 0.19 0.22
Gasoline -0.52 -0.54
Diesel 4.29 4.48
Aviation fuel 0.42 1.35
Fuel oil 0.99 1.05
Electricity -0.04 -0.04
Gas -1.73 -1.95
Transportation 0.64 0.44
Services 0.004 0.01

4.4.2.5 Savings

Since household savings is a fixed proportion to household disposable income, an 

increase in income tax burden contracts a household savings. Table 4-28 shows that when 

the cost of subsidies is financed by a uniform direct tax rates increase, the subsidies 

policy reduces savings of every household. Nevertheless, enterprise savings increases. 

Overall, aggregate saving increases by 0.66 percent compare to 0.87 percent when the 

total cost of subsidies is a burden on government budget.

Table 4-28: Impacts of subsidies on savings

Household Enterprises
TotalAgricultural Non

agricultural
Government 
- employed State Private

Base case (# billion) -67.70 473.96 45.44 89.07 624.50 1011.34
% A -0.10 -0.11 -0.24 1.30 1.09 0.66
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4.4.2.6 Government balance

Although the government real consumption is fixed at its level in the base case 

scenario (oil prices shock without subsidies in 4.1), government expenditure increases by 

0.32 percent due to the relative price changes. In order to finance the cost of subsidies, 

the government raises the household income tax rates by 0.009 percent, which eventually 

raises government income from direct tax by 13.82 percent.

Table 4-29: Impacts of subsidies on government balance (b billion)

Revenues Base
case % A Expenditures Base

case % A

Capital income 78.63 0.93 Consumption 512.81 0.33
Indirect taxes 491.08 -5.92 Agricultural 0.85 0.00

Value added 140.03 1.18 Manufacturing 24.42 0.20
Indirect tax on activities 199.04 1.85 Fuel oil 0.51 1.96
Indirect tax on commodities 90.49 -38.23 Electricity 4.98 0.20
Import tax 61.52 0.33 Gas 0.52 0.00

Direct tax 216.72 13.82 Transportation 8.37 -1.31
Net transfer from ROW 19.81 0.20 Services 473.16 0.36
Total income 806.24 0.21 Net transfer to institutions 11.97 0.00

Total expenditure 524.79 0.32
Savings 281.45 0.00
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The purpose of this chapter is to analyze the likely long-run impacts of oil prices 

shock in 2004 on the Thai economy and to investigate economic implications of a 

subsidies policy that is introduced by the Thai government to offset the negative impacts 

of oil prices shock. For this purpose, I develop a single country static General 

Equilibrium Model of the Thai economy. The results of this chapter can be summarized 

as follows:

Oil prices shock in 2004 had negative effects on the Thai economy in terms of 

GDP contraction, lower household welfare, and a higher pressure on production prices. In 

aggregate, oil prices shock contracts the GDP by 0.14 percent. The reduction of 

household incomes reduces private consumption by 1.05 percent and investment by 1.18 

percent. The contraction of domestic demand together with relative price changes 

contributes to the expansion of the net real-export of 2.57 percent. Driven by higher 

indirect tax income, government consumption increases by 2.75 percent. On the 

production side, oil prices shock has asymmetric effects across production sectors. It 

contributes to the expansion of production activity of crude petroleum, aviation fuel and 

services, while other production sectors are negatively affected.

Oil prices shock generates pressures on production prices and domestic currency.

21Producer price index increases by 0.79 percent . Real exchange rate appreciates slightly 

to restore external balance. At a disaggregate level, relative price changes contribute to an 

increase in the net real-export of primary energy commodities as their domestic output 

21
Note that CPI in the model is the numeraire.
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prices increase by a smaller magnitude than the increase in their world market prices. The 

net real-exports of manufacturing and services increase as energy prices shock reduces 

their domestic output prices. Since theses sectors are the key determinants of trade 

balance, it raises the net real-export of the aggregate economy.

Households are negatively affected by oil prices shock. In aggregate, oil prices 

shock reduces household welfare by $ 26.67 billion (0.57 percent of GDP). However, the 

largest welfare loss occurred with government-employed households (the highest income 

group) followed by nonagricultural households (the middle income group). Agricultural 

households (the lowest income group) suffered the least even though it has a larger share 

of energy consumption than those of other households. Nevertheless, since the lowest 

income group is a net borrower, the reduction of its income provides some justifications 

for intervention policy to alleviate its excess burden caused by oil prices shock.

The impacts of subsidies policy are investigated based on the assumptions of three 

alternative financing scenarios: (i) the government contracts its consumption sufficiently 

to finance subsidies, (ii) the government contracts its real consumption to the level before 

oil prices shock together with a uniform household income tax increase and (iii) the 

government spends its extra income that is generated by oil prices shock on its 

consumption but it raises household income tax to finance subsidies.

With these three alternative financing scenarios, simulation results show that a 

subsidies policy raises GDP by approximately 0.06 - 0.07 percent. Therefore, a subsidies 

policy is justified on the basis of GDP stimulation. With the third financing scenario, a 

subsidies policy reduces welfare of every household. Therefore, a subsidies policy cannot 

be justified in terms of excess burden alleviation when its cost is totally financed by a
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uniform income tax rates increase, as it aggravates the negative effects of oil prices shock 

on household welfare.

Subsidies reinforce the prevailing pressure on the cost of production that is 

generated by oil prices shock. Results from simulations show that, with the first and 

second scenarios, a subsidies policy raises producer price index by another 0.16 percent 

and causes domestic currency to depreciate by 0.51 percent and 0.39 percent (with the 

first and the second financing scenarios respectively).

With respect to income distribution, simulation results show that while a subsidies 

policy is justified in terms of excess burden alleviation (with the first and second 

financing scenarios) it raises income gaps in the economy. With the first financing 

scenario, nominal and disposable incomes of government-employed households (the 

highest income group) increase by a larger magnitude than those of nonagricultural 

households (the middle-income group) and agricultural households (the lowest income 

group). With the second financing scenario, the income gap between agricultural and 

nonagricultural households increases. In terms of welfare, the benefit of subsidies is 

largely distributed to government-employed households (the highest income group) even 

though they have the smallest share of energy consumption among the three household 

groups. Measured in terms of welfare per-capita, the government-employed households 

benefit the most from a subsidies policy, followed by nonagricultural and agricultural 

households respectively. Therefore, a subsidies policy is a regressive measure for income 

distribution.

It follows that the usual partial equilibrium analysis and consumption bundle 

analysis of the impacts of subsidies on income and welfare distribution can be
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misleading. Since agricultural households has the largest share of consumption spending 

on gasoline and diesel, the usual partial equilibrium analysis and consumption bundle 

analysis tends to predict that a subsidies policy would benefit mostly agricultural 

households. However, simulation results show that this prediction does not necessary 

hold true when the general equilibrium effects of oil prices shock and subsidies are taken 

into account. The impacts of a subsidies policy on income and welfare distribution 

depend on how subsidies reallocate factor income in the economy and the structure of 

household incomes as well as the relative price changes.

Overall, this chapter provides a full range of analysis on the impacts of oil prices 

shock and subsidies on the Thai economy at both micro and macroeconomic levels. 

However, static analysis in this chapter faces limitations. First, the impacts of oil prices 

shock may differ if the dynamic properties of the economic system are taken into account 

(i.e. (i) if investment contraction in the wake of oil prices shock lower output in 

subsequent periods and (ii) if consumers can substitute their current period consumption 

for next period consumption). Second, as in most static CGE models, savings is a fixed 

proportion to income and it is distributed to sectoral investments according to its base 

year proportion. In other words, investment behavior in the model is not the result of an 

optimal decision. Third, the impacts of oil prices shock may depend on the timing and 

horizon of the shock. Fourth, the short-run impacts of oil prices shock may differ from its 

intermediate and long run impacts and may be potentially important for policy decisions. 

These limitations provide room for future research in this area to improve an 

understanding of oil prices shock on the Thai economy.

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



References
69

Abrego, L., C. Perroni, J. Whalley and R.M. Wigle (2001). “Trade and Environment: 
Bargaining Outcomes from Linked Negotiations”, Review o f international economics, 
Vol. 9, No. 3, pp. 414-428.

Adjaye, A.J. (2000). “The relationship between energy consumption, energy prices and 
economic growth: time series evidence from Asian developing countries”, Energy 
Economics, Vol. 22, No. 6, pp. 615-625.

Anderson, K and W.J. McKibbin (1997). “Reducing Coal Subsidies and Trade Barriers: 
Their Contribution to Greenhouse Gas Abatement”, Seminar Paper, Centre for 
International Economic Studies, University of Adelaide, Australia.

Armington, P.S. (1969). “A Theory of Demand for Products Distinguished by Place of 
Production”, IMF Staff Papers, Vol. 16, No. l,pp. 159-178.

Arocena, P., I. Contin and E. Huerta (2002). “Price regulation in the Spanish energy 
sectors: Who benefit?”, Energy Policy, Vol. 30, No. 10, pp. 885-895.

Ayadi, O.F. (2005). “Oil price fluctuation and Nigeria economy”, OPEC review, Vol. 
29, No. 3, pp. 199-217.

Bergman, L. and M. Henrekson (2003). “CGE Modeling of Environmental Policy and 
Resource Management”, Working Paper, Stockholm School of Economics, Stockholm, 
Sweden.

Bemdt, E.R. and D.O. Wood (1975). “Technology, prices and the derived demand for 
energy”, Review o f Economics and Statistics, Vol. 57, No. 3, pp. 259-268.

Bhattacharyya, S.C. (1996). “Applied general equilibrium models for energy studies: a 
survey”, Energy Economics, Vol. 18, No. 3, pp. 145-164.

Bohringer, C. (1996). “Fossil Fuel Subsidies and Environmental Constraint”, 
Environment and Resource Economics, Vol. 8, No. 3, pp. 331-349.

Bohringer, C. and T.F. Rutherford (2004). “General Equilibrium Modeling and Energy 
Policy Analysis”, Paper prepared for a plenary session presentation at the 6th IAEE 
European Conference, Zurich, Switzerland.

Bruno, M. and J. Sachs (1982). “Input price shocks and the slowdown in economic 
growth: The case of U.K. manufacturing”, Review o f Economic Studies, Vol. 49, No. 5, 
pp. 679-705.

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



70

Bumiaux, J.M., J.P Martin and J.O. Martins (1992). “The Effect of Existing Distortions 
in Energy Markets on the Costs of Policies to Reduce C02 Emissions: Evidence from 
GREEN”, OECD Economic Studies, No. 19, OECD, Paris.

Bumiaux, J.M., J.P. Martin, G. Nicoletti and J.O. Martins (1992). “The Costs of 
Reducing C02 Emissions: Evidence from GREEN”, OECD Economics Department 
Working Paper, No. 115, OECD, Paris.

Bumiaux, J.M. and P.T. Tmong (2002). “GTAP-E: an energy-environmental version of 
the GTAP model”, GTAP Technical Paper, No. 16, Purdue University, West Lafayette, 
IN.

Chang, Y. and J.F. Wong (2003). “Oil price fluctuations and Singapore economy”, 
Energy Policy, Vol. 31, No. 11, pp. 1151-1165.

Choucri, N. and S. Lahiri (1984). “Short-run Energy-Economy Interactions in Egypt”, 
World Development, Vol. 12, No. 8, pp. 799-820.

Christensen, L.R. and W.H. Greene (1976). “Economics of scale in U.S. electric power 
generation”, Journal o f  Political Economy, Vol. 84, No. 4, pp. 655-676.

Clarke, R. and T.H. Edwards (1997). “The Welfare Effects of Removing the West 
German Hard Coal Subsidy”, Department o f  Economics Discussion Paper, pp. 97-123, 
University of Birmingham, England.

Cunado, J. and F.P. de Gracia (2003). “Do oil price shocks matter? Evidence for some 
European countries”, Energy Economics, Vol. 25, No. 2, pp. 137-154.

Cunado, J. and F.P. de Gracia (2005). “Oil price, economic activity and inflation: 
Evidence for some Asian countries”, The Quarterly Review o f Economic and Finance, 
Vol. 45, No. 1, pp. 65-88.

Dervis, K., J. de Melo and S. Robinson (1982). General Equilibrium models for 
Development Policy. World Bank Research Publication, Cambridge University Press, 
Cambridge, MA.

Devarajan, S., J.D. Lewis and S. Robinson (1993). “External shocks, purchasing power 
parity, and the equilibrium real exchange rate”, World Bank Economic Review, Vol. 7, 
No. l,pp. 45-63.

Doroodian, K. and R.G. Boyd (2003). “The linkage between oil price shocks and 
economic growth with inflation in the presence of technological advance: a CGE model”, 
Energy Policy, Vol. 31, No. 10, pp. 989-1006.

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



71

Ferderer, J.P. (1996). “Oil Price Volatility and the Macroeconomy”, Journal o f  
Macroeconomics, Vol. 18, No. 1, pp. 1-26.

Freund, C.L. and C.I. Wallich (2000). “Raising Household Energy Prices in Poland: Who 
Gains? Who loses?”, World Bank Discussion Paper, No. 1002, The World Bank.

Gangopadhyay, S., B. Ramaswami and W. Wadhwa (2005). “Reducing subsidies on 
household fuel in India: How it effect the poor?”, Energy Policy, Vol. 33, No. 18, pp. 
2326-2336.

Ginsburgh, V. and M. Keyzer (1997). “The structure of applied general equilibrium 
models”. MIT Press, MA.

Griffin, J.M. and P.R. Gregory (1976). “An intercountry translog model of energy 
substitution response”, American Economic Review, Vol. 66, No. 5, pp. 845-857.

Hamilton, J.D. (1983). “Oil and the macroeconomy since World War II”, Journal o f  
Political Economy, Vol. 91, No. 2, pp. 228-248.

Hamilton, J.D. (1985). “Historical causes of postwar oil shocks and recessions”, The 
Energy Journal, Vol. 6, No. 1, pp. 97-116.

Hamilton, J.D. (1996). “This is what happened to the oil price - macroeconomic 
relationship”, Journal o f Monetary economics, Vol. 38, No. 2, pp. 215-220.

Hooker, M. (1996). “What happened to the oil price - macro economy relationship?”, 
Journal o f Monetary Economic, Vol. 38, No. 2, pp. 195-213.

Hope, E. and B. Singh (1995). “Energy Price Increase in Developing Countries”, Policy 
Research Paper, No. 1442, The World Bank.

Hudson, E.A. and D.W. Jorgenson (1971). “US energy policy and economic growth 
1975-2000”, Bell Journal o f  Economics and Management Science, Vol. 5, No. 2, pp. 461- 
514.

Humphrey, D.B. and J.R. Moroney (1975). “Substitution among capital, labor and natural 
resource products in American manufacturing”, Journal o f Political Economy, Vol. 83, 
No. 1, pp. 57-82.

IDC (1997). “Empirical Estimation of Elasticities in IDC’s General Equilibrium Model 
(IDCGEM)”, Technical Series, Industrial Development Corporation, Pretoria.

IEA (1999). “Looking at Energy Subsidies: Getting the Prices Right”, World Energy 
Outlook, International Energy Agency, Paris.

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



72

Johansen, L. (1960). A Multi-Sectoral Study of Economic Growth. Amsterdam, North- 
Holland.

Kim, I.M. and P. Loungani (1992). “The role of energy in real business cycle model”, 
Journal o f  Monetary Economics, Vol. 29, No. 2, pp. 173-189.

Larsen, B. and A. Shah (1992). “World Energy Subsidies and Global Carbon Emissions”, 
World Bank Research Paper, No. 1002, The World Bank.

Lofgren, H. (2000a). Exercises in general equilibrium modeling using GAMS. 
International Food Policy Research Institute, Washington D.C.

Lofgren, H. (2000b). Key to exercises in general equilibrium modeling using GAMS. 
International Food Policy Research Institute, Washington D.C.

Lofgren, H., R. Harris and S. Robinson (2001). A Standard Computable General 
Equilibrium 1CGE1 Model in GAMS. International Food Policy Research Institute, 
Washington, D.C.

Manne, A.S. and R.G. Richels (1977). “ETA-MACRO: A model of energy-economy 
interaction”, Research paper, No. 5, Resource for the Future, Washington, D.C.

Perroni, C. and R.M. Wigle (1994). “International Trade and Environmental Quality: 
How Important Are the Linkages?”, Canadian Journal o f Economics, Vol. 27, No. 3, pp. 
551-567.

Pindyck, R.S. (1979). “Interfuel substitution and industrial demand for energy”, Review 
o f Economics and Statistics, Vol. 61, No. 2, pp. 169-179.

Powell, A.A. and M.T. Rimmer (1988). “The Nested-Binary CES Composite Production 
Function”, Impact General Paper, No. OP-89, Center of Policies Studies and Impact 
Project, Monash University, Australia.

Ramey, V.A. (1991). “Nonconvex costs and behavior of inventories”, Journal o f Political 
Economy, Vol. 99, No. 2, pp. 306-334.

Rasche, R.H. and J.A. Tatom (1977). Energy Resources and Potential GNP”, Federal 
Reserve Bank o f St. Louis Review, Vol. 59, No. 6, pp. 10-24.

Rasche, R.H. and J.A. Tatom (1981). “Energy Price Shocks, Aggregate Supply, and 
Monetary Policy: The Theory and International Evidence”, Carnegie-Rochester 
Conference Series on Public Policy, Vol. 14.

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



73

Rattso, J. (1982). “Different macroclosures of the original Johansen model and their 
impact on policy evaluation”, Journal o f  Policy Modeling, Vol. 4, No. 1, pp. 85-97.

Robinson, S. (1991). “Macroeconomics, financial variables, and computable general 
equilibrium models”, World Development, No\. 19, No. 11, pp. 1509- 1525.

Robinson, S., A. Yunez-Naude, R. Hinojosa-Ojeda, J. D. Lewis and S. Devarajan (1999). 
“From stylized to applied models: Building multisector CGE models for policy analysis”, 
North American Journal o f Economics and Finance, Vol. 10, No. 1, pp. 5-38.

Roeger, W. (2005). “International oil price change: impact of oil prices on growth and 
inflation in EU/OECD”, International Economics and Economics Policy, Vol. 2, No. 1, 
pp. 25-32.

Rotemberg, J.J. and M. Woodford (1996). “Imperfect Competition and the Effects of 
Energy Price Increases on Economic Activity”, Journal o f Money, Credit and Banking, 
Vol. 28, No. 4, pp. 550-577.

Saboohi, Y. (2001). “An evaluation of the impact of reducing energy subsidies on living 
expenses on households”, Energy policy, Vol. 29, No. 3, pp. 245-252.

Sadoulet, E. and A. de Janvry (1995). Quantitative development policy analysis. Johns 
Hopkins University Press, Baltimore, Maryland.

Shoven, J.B. and J. Whalley (1992). Applying general equilibrium. Cambridge University 
Press, New York.

Thissen, M. (1998). “A Classification of Empirical CGE Modeling”, SOM Research 
Report, University of Groningen, The Netherlands.

Thurlow, J. and D.E.N. van Seventer (2002). “A Standard Computable General 
Equilibrium Model for South Africa”, Trade and Macroeconomics Discussion Paper, 
No. 100, International Food Policy Research Institute, Washington, D.C.

UNEP (2002). Reforming Energy Subsidies. Oxford, United Nations Publications.

Uri, N.D. and R. Boyd (1997). “An evaluation of the economic effects of higher energy 
price in Mexico”, Energy Policy, Vol. 25, No. 2, pp. 205-215.

Vinals, J.M. (1984). “Energy-Capital Substitution, wage flexibility and aggregate output 
supply”, European Economic Review, Vol. 26, No. 1-2, pp. 229-245.

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



Appendix A: List of parameters and variables in the model
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A -l List of parameters

Shift parameter of capital-energy production function
Ikne

U a Shift parameter of value added- energy production function

*7 Shift parameter of energy production function
at Shift parameter of Armington function
s y S p n e Shift parameter of substitutable primary-energy production function

Shift parameter of CET function
Marginal share of consumption spending

?kne
5 a Share parameter of capital-energy production function
slkne
° a Share parameter of value added- energy production function

87 Share parameter of energy production function

877 Share parameter of substitutable primary energy production function

81 Share parameter of Armington function

8‘c Share parameter of CET function

rZh Quantity of subsistence consumption

0.* Output yield parameter
Qkne Exponential parameter of capital-energy production function
Qlkne Exponential parameter of value added energy production function

87 Exponential parameter of energy production function
nspne

a Exponential parameter of substitutable primary energy production function

81 Exponential parameter of Armington function

8[ Exponential parameter of CET function

V c Share of real investment in total saving
cwtsc Weight of consumption commodity in consumption basket
cpi Consumer price index

iC a c,a Intermediate input commodity per unit of aggregate intermediate input
icapknea Capital input per unit of aggregate capital-energy input
icnpneca Non-primary energy commodity per unit of aggregate non-primary energy input
icnspneca Non-substitutable primary energy commodity per unit of aggregate non- 

substitutable primary energy input
icspneca Substitutable-primary energy commodity per unit of aggregate substitutable 

primary energy input
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iknelknea Aggregate capital-energy input per unit of aggregate energy-value added input
ilablknea Labor input per unit of aggregate energy-value added input
ineknea Aggregate energy input per unit of aggregate capital-energy input
inlknea Aggregate energy value-added input per unit of activity
inpnea Aggregate non-primary energy input per unit of aggregate energy input
inspnea Aggregate non-substitutable primary energy input per unit of aggregate primary 

energy input
ipnea Aggregate primary energy input per unit of aggregate energy input
inaa Aggregate intermediate input per activity unit
ispnea Aggregate substitutable primary energy input per unit of aggregate primary

energy input
ks Supply of capital
Is Supply of labor
mpsbart Base year propensity to save
pwec Export price in foreign currency unit
pwmc Import price foreign currency unit
qbargc Base year quantity demand for government consumption
qbarinvc Base year quantity demand for fixed investment
qdstc Quantity demand for stock investment
shikt Share of institution i in total capital income
shill Share of institution i in total labor income
shii , Share of institution i in net income of institution i*

tara Rate of indirect tax on activity
tcrc Rate of indirect tax on commodity
tinsbart Base year direct tax rate of institution
tinsdummyi Dummy variable
tmc Tariff rate
trnsfriac Transfer between institution i and other institutions
tvra Value added tax rate

22A-2 List of variables

Dtins Direct tax rate adjusting factor

Note that Dtins, Gsav, F sav, R , and Wdista are fixed in the base model
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Eg Government expenditure

E \ Household disposable income
Exr Exchange rate (local currency unit per foreign currency unit)
Fsav Foreign saving in foreign currency unit
Gadj Government scaling factor
Gsav Government saving
A Capital input

La Labor input

PA Activity price
Pdsc Supply price of commodity produced and sold domestically

Pec Export price in local currency unit
PinAa Price of aggregate intermediate input
PkneAa Price of aggregate capital-energy input
PlkneAa Price of aggregate energy-value added input
Pmc Import price in local currency unit
PneAa Price of aggregate energy input
PnpneAa Price of aggregate non-primary energy input
PnspneAa Price of aggregate non-substitutable primary energy input
PpneAa Price of aggregate primary energy input

Pqc Price of composite supply
PspneAa Price of aggregate substitutable primary energy input

P * c Price of domestic output

Q A Level of activity
QCnpneAca Quantity demand for non-primary energy commodity
QCnspneAc a Quantity demand for non-substitutable primary energy commodity
QCspneAca Quantity demand for substitutable primary energy commodity

Q A Quantity of commodity produced and sold domestically

Qec Quantity of export

Qgc Quantity of government demand

Q K h Quantity of consumption of goods

Q C in A , a Quantity demand for intermediate commodity
QinAa Quantity of aggregate intermediate input
Qinvc Quantity of investment demand
QkneAa Quantity of aggregate capital-energy input
QlkneAa Quantity of aggregate energy-value added input
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Qmc Quantity of import
QneAa Quantity of aggregate energy input
QnpneAa Quantity of aggregate non-primary energy input
QnspneAa Quantity of aggregate non-substitutable primary energy input
QpneAa Quantity of aggregate primary energy input

Qqc Quantity of composite supply
QspneAa Quantity of aggregate substitutable primary energy input

Qxc Quantity of domestic output
R Rental rate
Rdista Rental rate distortion factor
Tins t Direct tax rate
Trii . Infra institutional transfer
Tsav Total saving
W Wage rate
Walrassrq Square of saving-investment gap
Walras Saving-investment gap
Wdista Wage distortion factor
Yg Government revenue
Yi,, Total gross income of domestic non-government institution

Yifi Factor income of domestic institution

A-3 Set

A = Set of production activity
a g A = {Agricultural, Manufacturing, Coal & lignite, Crude petroleum, Diesel, 

Gasoline, Aviation fuel, Fuel oil, Electricity, Gas, Transportation, 
Services}

C = Set of commodities
c  g  C = {Agricultural, Manufacturing, Coal & lignite, Crude petroleum, Diesel, 

Gasoline, Aviation fuel, Fuel oil, Electricity, Gas, Transportation, 
Services}

I = Set of institutions
i g  I = {Agricultural household, Nonagricultural household, Government-

employed household, State enterprise, Private enterprise, Government, 
Rest of the world}

H = Set of households
h g  H = {Agricultural household, Nonagricultural household, Government- 

employed household}
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Appendix B: 1998 Social Accounting Matrix (m billion)

A-AGR A-IND

C-AGR 87.28 397.85

C-IND 186.37 2891.41

C-C0ALIG 3.09

C-PMPETR 1.09

C-GASLNE 3.09 9.63

C-DEISEL 34.35 18.83

C-AVIFUL 1.000000E-3

C-FULOIL 6.06 36.68

C-ELCITY 1.99 95.87

C-GAS 0.08 5.13

C-TRAN 22.96 210.23

C-SERV 127.56 844.31

LABOR 181.67 527.57

CAP 369.32 693.40

VATa 0.16 56.01

TA -0 .1 4 87.45

TOTAL 1020.77 5878.55

A-AVIFUL A-FULOIL

C-AGR

C-IND 0.46 2.86

C-COALIG

C-PMPETR 23.09 23.67

C-GASLNE 0.05 0.35

C-DEISEL 0.05 1.38

C-AVIFUL

C-FULOIL 0.11 30.32

C-ELCITY 0.10 0.26

C-GAS 0.04 0.05

C-TRAN 0.06 1.05
C-SERV 0.62 4.42

LABOR 6.79 12.33

CAP 9.36 17.00

VATa 0.59 1.31

TA 0.09 5.22

TOTAL 41.41 100.23

A-COALIG A-PMPETR A-GASLNE

0.54 11.52 1.09

5.03 54.22

1.34 0 .11

0.20 3.65 0 .11

. 000000E-3 1.54 0.25

0 .01  0.68 0.24

0.10
1.53 1.18 0.14

0.08 16.48 1.45

1.06 5.38 5.71

6.17 31.18 7.88

0.05 4.03 1.38

8.20 23.86

9.65 90.22 96.56

A-ELCITY A-GAS A-TRAN

0.34

14.25 1.01 76.06

7.50

21.21

1 .000000E-3 53.02

1.83 47.01

25.61

20.30 13.29

11.64 0.07 2.43

7.02 0.85 2.21

3.86 0.04 100.69

11.51 1.36 107.14

38.29 1.70 66.79

52.78 2.35 227.51

5.62 0.06 3.26

1.06 -1 .92

174.61 29.71 723.42

A-DEISEL

1.33

65.93

0.13

0.14

0.30

0.29

0.13

0.17

1.76

5.01

6.91

1.68
32.19

115.99

A-SERV

129.30

391.87

14.12

3.14

0. 66
41.52

1.44

69.36

456.02

605.67

1278.44

65.49

29.45

3086.48
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C-AGR C-IND C-COALIC C-PMPETR C-CASLNE C-DEISEL

A-AGR

A-IND

A-COALIG

A-PMPETR

A-GASLNE

A-DEISEL

TC

IMPTAX

ROW

TOTAL

1020.77

0.79

1.69

48.64

1071.89

5878.55

9.65

90.22

96.56

71.65 0.12 7.78 0.72

55.77 9.000000E-B 2.000000E-3 1.000000E-3

1504.39

7510.37

1.56

11.34

104.01

202.01
0.16

97.45

C-AVIFUL C-FULOIL C-ELCITY C-GAS C-TRAN

A-AVIFUL

A-FULOIL

A-ELCITY

A-GAS

A-TRAN

A-SERV

TC

IMPTAX

ROW

TOTAL

41.41

3.000000E-3

0.02

2.48

43.90

100.23

1.06 

0.65 

13.59 

115.54

174.61

29.71

0.09

6.000000E-3

1.29

175.90

2.46

32.27

723.42

71.08

794.50

LABOR CAP HtLAGR HH_GOV HH_NAG

C-AGR

C-IND

C-GASLNE

C-DEISEL

C-FULOIL

C-ELCITY

C-GAS

C-TRAN

C-SERV

HH_AGR

HH_GOV

HH_NAG

GOV

ENT_G

202.48

425.46

830.05

297.92

64.89

1237.66

79.40

124.50

70.61

367.16

2.53

0.60

4.67 

1.27 

32.14 

117.50

27.67

179.55

1.24

0.29

2.28

0.62

39.61

144.82

113.86

691.86 

4.77 

1.14

8.79

2.39

153.33

560.58
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115.99 

2.27 

0.03 

3.05 

121.34

C-SERV

3086.48

4.00

3.85

249.58

3343.92

GOV

0.83

23.88

0.45

4.79

0.41

7.92

462.42

11.44

2.94

25.70

-34 .20
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ENT_P 897.92 1.01 13.90 28.85

DIRTAX 2.58 41.17 84.07

S_I -68 .39 45.97 478.96
TOTAL 1457.99 2702.30 531.66 497.13 2128.61

ENT_G ENT_P VATa TA TC

GOV 139.64 185.46 88.49

DIRTAX 91.46

S_I 90.30 632.62

TOTAL 90.30 724.08 139.64 185.46 88.49

DIRTAX S_I DSTK ROW TOTAL

A-AGR 1020.77
A-IND 5878.55
A-COALIG 9.65
A-PMPETR 90.22

A-GASLNE 96.56
A-DEISEL 115.99

A-AVIFUL 41.41

A-FULOIL 100.23

A-ELCITY 174.61

A-GAS 29.71

A-TRAN 723.42

A-SERV 3086.48

C-AGR 0.28 28.67 215.20 1071.89
C-IND 946.14 -202.71 1925.70 7510.37
C-COALIG 0.74 1., 000000E-3 11.34

C-PMPETR 3.96 3.79 202.01
C-GASLNE -0 .1 0 7.17 97.45

C-DEISEL 0.58 8.03 121.34

C-AVIFUL 0.53 17.76 43.90
C-FULOIL 1.97 3.62 115.54

C-ELCITY 0.25 175.90

C-GAS -0 .1 4 10.68 32.27
C-TRAN 10.18 0.26 139.77 794.50
C-SERV 71.32 22.84 391.73 3343.92

LABOR 1457.99
CAP 2702.30

HH_AGR 19.82 531.66

HH_GOV 3.83 497.13

6.09

281.45

794.13

IMPTAX

62.03

62.03
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HH_NAC 55.20 2128.61

COV 219.28 19.81 794.13

ENT_G 90.30

ENT_P -223.69 724.08

VATa 139.64

TA 185.46

TC 88.49

IMPTAX 62.03

DIRTAX 219.28

S_I -576.38 884.53

DSTK -143.39  -143.39

ROW 2002.30

TOTAL 219.28 884.53 -143.39  2002.30

Source: Thailand Development Research In s t itu te

Definition

I. Production activities

A-ACR

A-IND
A-COALIG

A-PMPETR
A-GASLNE

A-DEISEL
A-AVIFUL

A-FULOIL

A-ELCITY

A-GAS

A-TRAN
A-SERV

A g ric u ltu re  

Non-energy in d u s try  
Coal and l ig n i t e  
Crude petroleum 
Gasoline 
Diesel
A v ia tio n  fue l 

Fuel o i l  

E le c t r ic i ty  
Gas
Transport services 

Other services

II. Commodities

C-AGR
C-IND

C-COALIG
C-PMPETR
C-GASLNE
C-DEISEL
C-AVIFUL
C-FULOIL

C-ELCITY

C-GAS
C-TRAN

A g ric u ltu re  
Non-energy in d u s try  

Coal and l ig n i t e  
Crude petroleum 
Gasoline 
Diesel

A v ia tio n  fue l 
Fuel o i l  

E le c t r ic i ty  
Gas

Transport services
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C-SERV Other services

I I I . Factors of production

LABOR Labour
CAP C ap ita l

IV . Domestic institutions

HH_AGR A g r ic u ltu ra l household
HH_GOV Government services household

HH_NAG N on -a g ricu ltu ra l household

GOV Government

ENT_G P riva te  en te rp rise

ENT_P P ublic  en te rp rise

V. Taxes

VATa Value added taxes
TA In d ire c t taxes on a c t iv i t y

TC In d ire c t  taxes on commodity

IMPTAX Im port duty
DIRTAX D ire c t taxes

VI. Miscellaneous

S_I Saving-investment

DSTK Investment in  stock
ROW Rest o f  the world

TOTAL T o ta l/
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Appendix C: Structure of the Thai economy as displayed by SAM

Table C-l: GDP balance sheet

Expenditure Income
® billion (%) 8 billion (%)

Government consumption 500.70 10.80 GDP at factor cost 4,160.29 89.74
Private consumption 2,529.28 54.56 Indirect taxes 475.63 10.26
Investment 884.53 19.08
Net export

- Export
- Import

721.41
2,723.71

-2,002.30

15.56
58.75
-43.19

GDP (market prices) 4,635.92 100.00 GDP (market prices) 4,635.92 100.00
Source: Thailand 1998  S oc ia l A ccounting M atrix

Table C-2: Production structure (%)

Output Value added Intermediate Input Energy input
Agriculture 9.00 13.20 6.87 6.47
Industry 51.70 29.30 70.32 24.17
Energy 5.78 5.10 1.26 40.35
- Coal & lignite 0.08 0.20 0.03 0.03
- Crude petroleum 0.80 0.90 0.47 1.74
- Gasoline 0.80 0.30 0.04 7.81
- Diesel 1.00 0.30 0.05 9.50
- Aviation Fuel 0.40 0.40 0.02 3.33
- Fuel oil 0.90 0.70 0.13 7.95
- Electricity 1.50 2.20 0.48 6.85
- Gas 0.30 0.10 0.04 3.14
Transportation 6.40 7.10 4.60 20.37
Services 27.20 45.30 16.94 8.64
Total 100.00 100.00 100.0 100.00

Source: Thailand 1998  S oc ia l A ccounting M atrix
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Table C-3: Share of inputs in the value of output (%)

Value added Intermediate
Input Energy input TotalCapital Labor Total

Agriculture 36.18 17.80 53.98 41.55 4.47 100.00
Industry 12.09 9.20 21.29 75.74 2.97 100.00
Energy 23.32 13.31 36.63 13.75 49.62 100.00
- Coal & lignite 64.27 11.09 75.36 22.39 2.25 100.00
- Crude petroleum 39.98 6.90 46.88 37.43 15.69 100.00
- Gasoline 11.05 8.01 19.06 3.76 77.18 100.00
- Diesel 8.42 6.10 14.52 3.97 81.51 100.00
- Aviation Fuel 22.98 16.67 39.65 2.80 57.55 100.00
- Fuel oil 18.15 13.16 31.31 8.89 59.80 100.00
- Electricity 31.23 22.66 53.89 17.53 28.58 100.00
-Gas 8.21 5.95 14.16 8.42 77.42 100.00
Transportation 31.51 9.25 40.76 39.36 19.88 100.00
Services 42.74 20.25 62.99 34.98 2.03 100.00

Source: Thailand 1998  S oc ia l A ccounting M atrix

Table C-4: Capital account balance sheet (8 billion)

Expenditure Income
Imports o f goods and services 2,002.30 Exports o f goods and services 2,723.71

Net factor income payment from ROW -145.01
Net current transfer from ROW -576.40

Total 2,002.30 Total 2,002.30
Source: Thailand 1998 S oc ia l A ccounting M atrix

Table C-5: Structure of trade by output

Export
(%)

Import
(%)

Net export 
(Bbillion)

Export / 
Output (%)

Import / 
Final demand (%)

Agriculture 7.90 2.43 164.87 21.08 5.88
Industry 70.70 75.13 365.53 32.76 28.30
Energy 1.87 6.41 -78.02 7.79 17.46
- Coal & lignite 0.00 0.08 -1.57 0.01 13.97
- Crude petroleum 0.14 5.19 -100.22 4.21 54.62
- Gasoline 0.26 0.01 7.00 7.43 0.19
- Diesel 0.29 0.15 4.95 6.92 2.78
- Aviation Fuel 0.65 0.12 15.27 42.89 9.53
- Fuel oil 0.13 0.68 -10.63 3.61 12.85
- Electricity 0.01 0.06 -1.03 0.14 0.73
-Gas 0.39 0.12 8.21 35.94 11.48

Transportation 5.13 3.55 68.69 19.32 10.86
Services 14.38 12.46 138.30 12.69 8.60
Total 100.00 100.00 659.37 23.96 19.28

Source: Thailand 1998  S oc ia l A ccounting M atrix
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Table C-6: Population by household and income per-capita

Population Income
Person 

(Million person) (%)
Total 

(« billion)
Income per-capita 

(•)
Agriculture household 25.28 41.3 534.328 21,135.7
Non-agriculture household 29.86 48.8 2,138.979 71,640.6
Government-employed
household 6.06 9.9 497.127 81,990.8

Total 61.20 100.0 3,170.434 -

Source: Thailand 1998  S oc ia l A ccounting M atrix

Table C-7: Source of household income (%)

Wage
income

Rental
Income

Government
Transfer

Transfer 
from ROW

Total

Agriculture household 38.08 56.04 2.15 3.73 100
Non-agriculture household 38.99 58.14 1.21 1.65 100
Government-employed household 85.58 13.05 0.59 0.77 100
Total 38.08 56.04 2.15 3.73 100

Source: Thailand 1998 S o c ia l A ccounting M atrix

Table C-8: Distribution of household spending (%)

Agriculture
Household

Non-agriculture
Household

Government-employed
Household

Consumption spending 112.19 72.18 79.68
Transfer payment 0.19 1.36 2.8
Income tax 0.48 3.95 8.28
Saving (borrowing) -12.86 22.50 9.25
Total 100.00 100.00 100.00

Source: Thailand 1998 S oc ia l A ccounting M atrix

Table C-9: Distribution of household consumption spending (%)

Agriculture Non-agriculture Government-employed
Household Household Household

Non energy commodity 98.48 98.89 98.88
- Agricultural 11.84 7.41 6.99
- Manufacturing 61.55 45.02 45.33
- Transportation 5.39 9.98 10.00
- Services 19.7 36.48 36.56

Energy commodity 1.51 1.11 1.12
- Gasoline 0.42 0.31 0.31
- Diesel 0.10 0.07 0.07
- Electricity 0.78 0.57 0.58
- Gas 0.21 0.16 0.16

Total 100.00 100.00 100.00
Source: Thailand 1998 S o c ia l A ccounting M atrix
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Table C-10: Structure of government balance

Spending Income Revenue
e
billion

%
a billion

%

Consumption 500.70 63.05 Taxes income 694.9 87.51
- Non energy commodity 495.05 62.34 - Value added 139.64 17.58
- Energy commodity 5.65 0.71 - Tax on activity 185.46 23.35

Transfer 11.97 1.51 - Tax on commodity 88.49 11.14
- Agriculture household 11.44 1.44 - Import tax 62.03 7.81
- Non-agriculture household 25.70 3.24 - Direct tax 219.28 27.61
- Government-employed household 2.94 0.37 Capital income 79.40 10.00
- Enterprise -28.11 -3.54 Transfer from ROW 19.81 2.49
Savings 281.45 35.44
Total 794.12 100.00 Total 794.12 100.00

Source: Thailand 1998 S oc ia l A ccounting M atrix

Table C -ll: Saving-investment balance ( 8  billion)

Saving Investment
Household

- Agricultural household
- Non-agricultural household
- Government-employed household

456.54
-68.39
478.96

45.97

Gross fixed capital formation
- Agriculture
- Manufacturing
- Transportation
- Services

1027.92
0.28

946.14
10.18
71.32Enterprises saving 722.92

Government saving 281.45 Investment in stock -143.39
Foreign saving -576.38
Total 884.53 Total 884.53

Source: Thailand 1998  S oc ia l A ccounting M atrix
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Table D-l: Trade elasticity

Armington elasticity CET elasticity

Agriculture 0.7 0.9
Industry 0.9 1.2
Energy
- Coal & lignite 0.5 0.3
- Crude petroleum 4.5 1.1
- Gasoline 1.5 0.7
- Diesel 1.5 0.6
- Aviation Fuel 1.5 0.6
- Fuel oil 0.6 0.6
- Electricity 0.5 0.5
- Gas 0.7 0.5

Transportation 0.7 0.7
Services 0.4 0.4

Table D-2: Elasticity of input substitution

K-ENa L-KENb ELEC-NELEC0 SPNEd

Agriculture 0.30 0.60 0.50 0.60
Industry 0.30 0.40 0.50 0.60
Energy
- Coal & lignite 0.20 0.30 0.50 0.60
- Crude petroleum 0.20 0.20 0.50 0.60
- Gasoline 0.20 0.20 0.50 0.60
- Diesel 0.20 0.20 0.50 0.60
- Aviation Fuel 0.20 0.20 0.50 0.60
- Fuel oil 0.20 0.20 0.50 0.60
- Electricity 0.20 0.20 0.50 0.60
-Gas 0.20 0.20 0.50 0.60

Transportation 0.30 0.30 0.50 0.60
Services 0.30 0.40 0.50 0.60

a B etw een ca p ita l (K) a n d  energy com posite  (EN) 
b B etw een labor(L ) a n d  cap ita l-en ergy  com posite  (KNE) 
c B etw een e lec tric  (ELEC) a n d  non-electric ity  (NELEC) 
d B etw een p r im a ry  energy
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Table D-3: Income elasticity o f  dem and

Agricultural
household

Nonagricultural
Household

Govt-employed
household

Agriculture 0.95 0.90 0.90
Industry 1.50 1.40 1.30
Energy
- Gasoline 0.90 0.70 0.70
- Diesel 0.90 0.70 0.70
- Aviation Fuel
- Fuel oil
- Electricity 0.90 0.90 0.90
- Gas 0.90 0.90 0.90

Transportation 1.50 1.30 1.10
Services 1.05 1.05 1.05

Frisch parameter = -2.8
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Appendix E: Oil prices and subsidies

Table E-l: Domestic retail price, subsidy and shadow price of petroleum products

........ 23
ULG95
(e/Litcr)

24
UGR91 

( b /Liter)
Diesel 

( b /  Liter)

Retail
Price

Shadow
Price

Subsidy Retail
price

Shadow
Price

Subsidy Retail
Price

Shadow
price

Subsidy

2003 Jan 16.8 16.8 0.0 15.8 15.8 0.0 14.7 14.7 0.0
Feb 17.1 17.1 0.0 16.1 16.1 0.0 14.9 14.9 0.0
Mar 17.0 17.0 0.0 16.0 16.0 0.0 14.8 14.8 0.0
Apr 16.9 16.9 0.0 15.9 15.9 0.0 14.7 14.7 0.0
May 16.3 16.3 0.0 15.3 15.3 0.0 14.0 14.0 0.0
Jun 15.4 15.4 0.0 14.4 14.4 0.0 12.8 12.8 0.0
Jul 16.3 16.3 0.0 15.3 15.3 0.0 13.0 13.0 0.0
Aug 17.2 17.2 0.0 16.2 16.2 0.0 13.6 13.6 0.0
Sep 16.4 16.4 0.0 15.4 15.4 0.0 13.6 13.6 0.0
Oct 16.3 16.3 0.0 15.4 15.4 0.0 13.8 13.8 0.0
Nov 16.6 16.6 0.0 15.8 15.8 0.0 14.1 14.1 0.0
Dec 17.1 17.1 0.0 16.3 16.3 0.0 14.4 14.4 0.0

Average 16.6 16.6 0.0 15.7 15.7 0.0 13.8 13.8 0.0
2004 Jan 17.0 18.6 -1.6 16.2 17.9 -1.7 14.6 15.5 -0.9

Feb 17.0 17.7 -0.7 16.2 17.0 -0.8 14.6 15.1 -0.5
Mar 17.0 18.8 -1.8 16.2 18.1 -2.0 14.6 15.2 -0.6
Apr 17.0 18.8 -1.8 16.2 18.1 -1.9 14.6 15.5 -0.9
May 17.5 20.6 -3.1 16.7 19.9 -3.2 14.6 16.8 -2.2
Jim 18.3 19.6 -1.3 17.5 18.9 -1.4 14.6 16.5 -1.9
Jul 18.8 19.9 -1.1 18.0 19.2 -1.2 14.6 17.7 -3.1
Aug 20.7 21.5 -0.7 19.9 20.8 -0.8 14.6 19.2 -4.6
Sep 21.8 20.8 1.0 21.0 20.1 0.9 14.6 19.9 -5.3
Oct 22.0 22.3 -0.3 21.2 21.6 -0.4 14.6 20.9 -6.3
Nov 21.7 21.7 0.0 20.9 20.9 0.0 14.6 20.1 -5.5
Dec 19.9 19.9 0.0 19.1 19.1 0.0 14.6 18.1 -3.5

Average 19.0 20.1 -1.0 18.3 19.3 -1.0 14.6 17.5 -3.3
% of
subsidy -5.0 -4.8 -5.7 -5.4 -20.2 -16.8
The impacts o f subsidy on the gap between shadow and actual retail prices 

ULG95 = 100*(19.0/20.1 -1) = - 5.4 %
URG91 = 100*(18.2/19.3 -1) = - 6.1%
Diesel =100^(14.6/17.5 -1) = -16.6%

Source: E nergy P o licy  &  P lanning Office, M in istry o f  E nergy

23
Unleaded premium gasoline (Octane = 95)

24
Unleaded regular gasoline (Octane = 91)
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Table E-2: Change in dom estic retail and shadow prices

ULG95 UGR91 Diesel

Retail
Price

Shadow
Price

Retail
Price

Shadow
price

Retail
Price

Shadow
price

2004 Jan 1.1 10.5 2.5 13.2 -0.4 5.9
Feb -0.5 3.4 0.7 5.6 -1.9 1.6
Mar 0.0 10.8 1.3 13.5 -1.4 2.8
Apr 0.8 11.5 2.1 14.2 -0.5 5.5
May 7.5 26.9 9.3 30.6 4.1 20.0
Jun 18.8 27.0 21.5 30.9 13.6 28.4
Jul 15.3 22.0 17.7 25.3 12.0 35.5
Aug 20.7 24.9 23.2 28.3 7.0 40.9
Sep 33.2 27.1 35.9 30.0 7.0 46.0
Oct 34.9 36.8 37.6 39.9 6.0 52.0
Nov 30.6 30.6 32.2 32.2 3.6 42.8
Dec 16.5 16.5 17.2 17.2 1.4 25.7

Average 14.9 20.7 16.8 23.4 4.2 25.6

Source: E nergy P o licy  &  P lann ing  Office, M in istry o f  E nergy

Table E-3: Change in import price of petroleum products

ULG95 UGR91 Kerosene Diesel Fuel oil

2004 Jan 32.6 33.7 15.7 1.5 -2.5
Feb 37.5 37.0 20.9 7.5 -5.8
Mar 17.4 15.8 -0.3 -0.3 -1.9
Apr 50.4 48.7 31.0 25.3 18.6
May 71.5 70.5 53.7 43.4 22.9
Jun 60.4 58.9 51.2 46.9 24.9
Jul 35.6 33.8 52.7 46.7 12.0
Aug 38.5 37.0 48.4 51.0 16.5
Sep 43.2 41.7 57.9 55.4 20.5
Oct 53.6 52.0 75.1 65.8 26.6
Nov 49.4 47.5 60.2 62.8 30.8
Dec 36.1 33.9 43.1 52.6 21.8

Average 43.9 42.5 42.5 38.2 15.4

Source: E nergy P o licy  &  P lanning Office, M in istry o f  E nergy
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Table E-4: Ratio o f  subsidy to base year shadow price

ULG95
((/Liter)

UGR91
((/Liter)

Diesel
((/Liter)

Base
year

shadow
price*

Subsidy % o f
Subsidy

Base
year

shadow
price*

Subsidy % o f
Subsidy

Base
year

shadow
price*

Subsidy % o f
Subsidy

2004 Jan 16.8 -1.6 -9.4 15.8 -1.7 -10.8 14.7 -0.9 -6.3
Feb 17.1 -0.7 -3.9 16.1 -0.8 -4.8 14.9 -0.5 -3.5
Mar 17.0 -1.8 -10.8 16.0 -2.0 -12.2 14.8 -0.6 -4.1
Apr 16.9 -1.8 -10.7 15.9 -1.9 -12.1 14.7 -0.9 -6.0
May 16.3 -3.1 -19.4 15.3 -3.2 -21.3 14.0 -2.2 -15.9
Jun 15.4 -1.3 -8.2 14.4 -1.4 -9.4 12.8 -1.9 -14.8
Jul 16.3 -1.1 -6.6 15.3 -1.2 -7.7 13.0 -3.1 -23.6
Aug 17.2 -0.7 -4.3 16.2 -0.8 -5.1 13.6 -4.6 -33.9
Sep 16.4 1.0 6.1 15.4 0.9 5.9 13.6 -5.3 -38.9
Oct 16.3 -0.3 -1.9 15.4 -0.4 -2.3 13.8 -6.3 -46.0
Nov 16.6 0.0 0.0 15.8 0.0 0.0 14.1 -5.5 -39.2
Dec 17.1 0.0 0.0 16.3 0.0 0.0 14.4 -3.5 -24.3

Average 16.6 -1.0 -5.7 15.7 -1.0 -6.6 13.8 -3.3 -23.9

N ote: *Price in 2003  is the base  y e a r  sh adow  p r ic e  in 2004. 
Source: E nergy P o licy  &  P lanning Office, M in istry o f  E nergy

Table E-5: Cost of subsidies policy

Cost o f subsidies (* billion)

ULG95 UGR91 Diesel Total Accumulated
subsidy

2004 Jan 0.3 0.4 0.9 1.6 1.6
Feb 0.2 0.3 0.7 1.1 2.7
Mar 0.5 0.7 0.9 2.0 4.7
Apr 0.4 0.7 1.2 2.3 7.0
May 0.8 1.2 3.1 5.1 12.1
Jun 0.3 0.5 2.6 3.3 15.4
Jul 0.3 0.4 4.6 5.3 20.7
Aug 0.2 0.3 7.2 7.7 28.4
Sep -0.3 -0.3 8.0 7.4 35.8
Oct 0.1 0.1 9.8 10.1 45.9
Nov 0.0 0.0 8.3 8.3 54.1
Dec 0.0 0.0 5.4 5.4 59.6

GDP 2004 = 6,577 Billion Baht
• Accumulated subsidy at the end of December 2004 = 0.9 percent of GDP 2004
• Accumulated subsidy at the end of June 2005 = 1.4 percent of GDP 2004

Source: E nergy P o licy  &  P lann ing  Office, M inistry o f  E nergy  
N ation al E conom ic & S oc ia l D evelopm en t B o a rd
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Chapter 2: The dynamic impacts of transitory oil prices shock on the Thai economy: 
a dynamic CGE assessment

Abstract:

In this chapter, I pursue the analysis of the impacts of transitory oil prices shock. 
To overcome the limitations of the long-run static analysis, I develop a dynamic CGE 
model along the lines of the neoclassical growth theory of the Ramsey type with the 
inclusion of investment Q theory. The results can be summarized as follows:

At an aggregate level, oil prices shock lowers GDP of the Thai economy by 0.16 
percent in 2004, close to the result from static analysis, and approximately 1 percent in 
2006-2007. The contraction of GDP is led by the reduction of real investment (2.58 
percent in 2004 and approximately 4.4 percent in 2006-2007) and real private 
consumption (0.44 percent in 2004 and approximately 2.4 percent in 2006-2007). 
Consumption price increases by 0.24 percent in 2004 before steeply rising to 
approximately 1.5 percent in 2006 -2007. The net real-export increases and contributes 
positively to GDP in 2004, consistent with the result from a long-run static analysis. 
However, as oil prices shock persists and accelerates, the net real export decreases and 
reinforces the contraction of other GDP components. Measured by compensating 
variation, household welfare decreases by 0.743 percent. In addition, the results suggest 
that oil prices shock has a strong negative impact on terms of trade of the Thai economy.

Taking into account the accumulated effect, the dynamic model shows a smaller 
negative impact of the shock on real consumption but a greater negative impact on real 
investment than the static model. At a more microeconomic level, oil prices shock raises 
prices of almost every commodity. It contributes to capital accumulation in almost every 
energy sector but hurts non-energy investment. Demands for every commodity decline 
but the increases of net real exports contribute to the expansion of crude oil and aviation 
fuel productions.
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One of the important and more perplexing aspects of oil prices shock is its 

dynamic interaction with the economy. This is because, the impacts of oil prices shock 

depend on the size and horizon of the shock. Therefore, permanent and transitory shocks 

have different implications. Taking into account the dynamic properties of the economy, 

the short and medium run impacts of oil prices shock potentially differ from the results of 

the long run static analysis. Therefore, the implications of the transitional adjustment 

process of the economy are potentially important for policy recommendations. 

Consequently, policy decision requires the analysis of oil prices shock in two dimensions, 

the long run analysis and the investigation of its dynamic interaction with economic 

variables.

With regards to this thesis, the model I developed in the previous chapter is 

formulated along the lines of a static CGE model. With sectoral and structural details, it 

provides a very good framework for analyzing the long run impacts of oil prices shock on 

income distribution and intersectoral resources allocation, which are the focuses of the 

analysis in the previous chapter. However, the model measures the change in the 

economy by comparing the initial equilibrium before the shock to the new equilibrium at 

some points of time in the future. It follows that the results from the static model are 

limited to the long-run likely impacts and cannot cover the dynamic aspect of oil prices 

shock where the dynamic setting in the model is necessary. This limitation is found in 

most of the CGE literature since the dynamic CGE models have been developed 

relatively recently and their applications are not very common.
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Given that the dynamic aspect of oil prices shock is of particular interest, in this 

chapter, I pursue an analysis of the dynamic interactions between oil prices shock and 

economic variables. Since access to dynamic models in the literature is rather limited, I 

develop a multi-sector perfect-foresight dynamic CGE model along the lines of the 

neoclassical growth theory. To take into account the economic dynamic properties, I 

explicitly model investment behavior at disaggregate level and take into account the role 

of intertemporal substitution in consumption.

The remainder of this chapter is organized as follows: Section 2 provides a review 

of the literature. Section 3 provides a brief description of the model. Section 4 outlines 

the results of the model simulation and section 5 provides the conclusion.
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Analytical CGE modeling has evolved from its first generation that is

characterized by perfect market competition, to incorporate some stylize facts of

2
imperfect market competition . The emergence of the neoclassical growth theory 

stimulates the development of CGE modeling further by attempting to incorporate 

dynamic features of the economy. The recent development of multi-sector dynamic 

general equilibrium models of the third generation provides a consistent framework for 

analyzing the transitional path of the economy that cannot be inferred in the framework 

of static analysis.

For the purpose of the study I briefly review in this section, the evolution of

theoretical perspectives that underline the formulation of dynamic CGE models and we

distinguish two new strands of third generation CGE models. At the end of this section, I

review the findings of previous studies that have applied the perfect foresight dynamic

CGE model to investigate the dynamic impacts of oil prices shock.

2.1 Underlying theoretical perspectives

The introduction of the dynamic properties of the economy into the CGE model

has been motivated by an attempt to analyze the dynamic nature of economic shock and

the adjustment process of the economy over time. Most dynamic CGE models of the third

generation are inspired by the neoclassical growth theory.

1
According to Lloyd and Maclaren (2004), the “first generation” o f CGE models generally assumed that 

all markets are perfectly competitive, while a “second generation” of models has been able to include 
increasing returns to scale and imperfect competition. In the “third generation”, CGE models sought to 
endogenize some dynamic effects, including allowing for investment and productivity growth 
2

See, for example, Nguyen and Wigle (1992), and Wigle (1998).
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According to the literature, there are two main neoclassical approaches to the 

growth theory that significantly influence the development of third generation CGE 

modeling. In the first approach, as described in Solow (1956) and Swan (1956), there is 

no specific presumption about consumer expectations. Production function is required to 

increase at the decreasing rate with capital input. Saving rate is exogenously given.

For every hypothetical economy, there exists a long term steady-state level of 

capital-labor ratio such that per-capita saving is offset by the capital depreciation and 

population growth. The evolution of the economy is described by an adjustment along the 

trajectory path to the long run steady-state in which no additional (net) investment and 

the per-capita income growth must eventually halt. In the short run, economic shock can 

cause the level of capital-labor ratio to deviate from its long run steady-state level and 

therefore growth or contraction of income per-capita can be observed in a transitional 

process to steady-state equilibrium.

The second approach of neoclassical growth theory refers to the works of Ramsey 

(1928), Cass (1965) and Koopmans (1965) in which saving is endogenously determined. 

In this approach, economic agents are assumed to have a perfect foresight and operate in 

a perfect competitive market. The economy optimizes its intertemporal utility such that 

the optimal intertemporal consumption and saving paths are endogenously determined. 

As a consequence, Ramsey-Cass-Koopmans models rely heavily on mathematic 

optimization and implicitly embodied a rational expectation notion of dynamic 

equilibrium.

As in the first approach, the Ramsey-Cass-Koopmans growth model is governed 

by the long run steady-state equilibrium such that there is a steady-state level of capital to
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satisfy some versions o f the golden rule. In the analytical model, however, there is a 

tendency for the capital stock to adjust instantaneously to this steady-state level. This 

“bang bang” behavior of investment makes the results empirically implausible. To solve 

this problem, structuralism modelers incorporate the convex cost of adjustment as has 

been proposed by Eisner and Strotz (1964), Gould (1967) and Lucas (1967). This finally

3
leads to the inclusion of Q theory of investment into the model with the contributions of

4
Abel (1979) and Hayashi (1982) . The extension of the theoretical growth model of the 

Ramsey-Cass-Koopmans type to incorporate adjustment costs of investment is described 

in Blanchard and Fisher (1989).

2.2 The recursive CGE and the Ramsey-Cass-Koopmans CGE

Recursive dynamic CGE models are formulated along the lines of the Solow- 

Swan exogenous saving model with some modifications. Economic agents are usually 

assumed to be myopic such that the consumer’s expectation can be either static or 

adaptive. With static expectations, there is no change in decision parameters over time, 

while adaptive expectations are backward looking. The model produces a sequence of 

static equilibriums, connected to each other through adjustment in stock variables. In 

other words, the model solves for equilibrium one period at a time.

Single country models of this type were developed by Li, Huang, Lin, and Hsu 

(2002) on China, and by Thurlow and Seventer (2002) on South Africa. Some large scale

3
According to Tobin (1969), investment is an increasing function of the ratio o f the market value o f the

firm to the replacement cost o f  its capital.
4

Abel (1979) and Hayashi (1982) show that if  the firm operates in perfect competitive market and with 
constant return to scale production technology, the model with standard adjustment cost leads to a Tobin’s 
Q theory o f investment. In such a model, Hayashi explicitly show that the marginal Q is equal to average
Q.
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multi-country recursive dynamic CGE models were also developed. For example, the 

Dynamic Applied Regional Trade (DART) general equilibrium model described in 

Springer (1998), the GREEN model described in Bumiaux, Martin, Nicoletti and Martins 

(1992), and the APEC model described in Coyle and Wang (1998).

Dynamic CGE models with perfect foresight endogenize saving decisions through 

intertemporal optimization. They are formulated along the lines of the Ramsey-Cass- 

Koopmans endogenous saving model. Economic agents are usually assumed to have a 

rational expectation, which means that current and future information are taken into 

account in the decision process. As the decisions of economic agents are time- 

inseparable, the model has to be solved simultaneously for all periods. Consequently, 

these CGE models are more complex and have to incorporate less sectoral details to be 

manageable.

Single country dynamic models with perfect foresight include Goulder and 

Summers (1990), Keuschnigg and Kohler (1995), Devarajan and Go (1998), Annabi and 

Rajhi (2001), Dissou (2002), Diao, Rattso and Stokke (2005). Multi-country dynamic 

models of this type include the RICE model described in Nordhaus and Yang (1996), the 

DGETM model described in Mercenier, Merette, Beausejour and Hsueh (2001) and the 

GCUBE model described in McKibbin and Wilcoxen (1998).

2.3 The dynamic CGE model with perfect foresight and oil prices shock

According to the literature, Srinivasan (1982), and Ballard and Goulder (1985), 

the empirical estimates suggest that consumers do look ahead to some extent. In addition, 

it is hard to imagine that none of the economic agents in the economy take a long term 

view for their decisions. Most dynamic CGE models with perfect foresight in literature
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were applied to trade issues (for example, Nordhaus and Yang (1996), Mercenier, 

Merette, Beausejour and Hsueh (2001), Keuschnigg and Kohler (1995), Devarajan and 

Go (1998), Annabi and Rajhi (2001), Dissou (2002), and Diao, Rattso and Stokke 

(2005)). The applications of the dynamic CGE model with perfect foresight to the study 

of the dynamic impact of oil prices shock were constructed in Adachi, Boyd, Jung and 

Lacombe (2004) and in Dissou (2006).

Adachi, Boyd, Jung and Lacombe (2004) analyze the effect of oil prices shock on 

the Japanese economy and show that, an increase in oil prices could seriously deteriorate 

the Japanese economy in the long run. Simulation results show that the Japanese 

economy permanently diverges from the long-run steady-state growth path after the 

shock. However, positive technological change can counter the adverse impacts of oil 

prices shock and drive the Japanese economy to a higher growth rate than the original 

benchmark steady-state level.

Dissou (2006) analyzes the potential aggregate and sectoral impacts of a sustained 

increase in the prices of oil and other resource-based commodities on the Canadian 

economy. The author concludes that the increase in the prices of these commodities 

would be beneficial to the Canadian economy at an aggregate level. Regarding to the 

impact of oil prices, the 20 percent permanent increase of oil prices reduces the GDP at 

factor cost by 0.3 percent in the first year but raises GDP later on. In the long run, GDP 

stabilizes at 0.4 percent higher than its reference run. However, the impact on real GDP at 

market prices is at a smaller magnitude, which is attributable to the role of intertemporal 

substitution in consumption. At a disaggregate level, oil industries benefit from oil prices 

increase but it hurts non-oil producing industries.
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In this section, I describe the model developed for the analysis of this chapter. The 

model belongs to the family of dynamic CGE models with perfect foresight of a small- 

open economy with an extension to incorporate the adjustment costs of investment. The 

model draws upon the Ramsey theoretical model, as described in Blanchard and Fischer 

(1989). Its core dynamic is taken from Devarajan & Go (1998) with modifications to take 

into account multi investment sectors and multi consumption goods. Its dynamic module 

is characterized by intertemporal decisions and forward looking behavior of domestic 

agents. Investment and consumption are the result of separate but simultaneous optimal 

decisions. At any point in time, investment is an increasing function of the ratio of the 

present value of profit stream to the replacement costs of capital (Tobin’s Q) and is 

subject to convex adjustment costs of capital as in Hayashi (1982). Consumption is an 

increasing function of wealth. Overall, its dynamic module features the neoclassical 

growth theory of the Ramsey-Cass-Koopmans type with the inclusion of investment Q 

theory.

Its core static module is similar to the model developed in the previous chapter. 

However, since welfare and income distribution are not of particular interest, I assume a 

single representative consumer and close the saving-investment gap by foreign borrowing 

which is supplied at a given world interest rate. In addition, since the model solves 

simultaneously for intra and intertemporal equilibrium, the number of unknown variables 

increases with the size of the horizon. Therefore, I reduced the production structure to 

three production nests. Overall, the model identifies 12 production and investment sectors
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with a single representative household. This provides a relevant degree of detail for 

production and investment diversity. The model can be divided into six blocks, 

consumption, investment and production, foreign sector, government, equilibrium 

condition, and terminal condition.

3.1 Households and consumption

As in the standard economic theory, households are the owners of factors of 

production and maximize their utility by choosing the optimal consumption. In the 

model, the representative household is faced with two levels of optimal decision: 

intertemporal decision to locate their time path of optimal aggregate consumption and 

saving; and intratemporal decision to allocate the aggregate consumption in each period 

across different consumption goods. In addition, for the purpose of model 

implementation, I define the households’ budget constraint at a national scope such that it 

is consistent with the national income identity.

3.1.1 Intertemporal optimization problem

Households in the model are represented by a single infinite-lived and forward- 

looking representative agent. The representative household is endowed with one unit of 

labor, and is the owner of the stock of capital. The representative household chooses its 

intertemporal consumption by maximizing its lifetime utility subject to its lifetime budget 

constraint. Its intertemporal optimization problem is postulated as follows: 

oo r  ■. v +1
M ax:U 0 =J^

Subject to

1 c //- (1)
1 — V
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2 > « r , (al)
1=0

Where;

«(0=n:=o(i+r,r1

(2)

N N

Yt = (1 -  ty) YHt -  £  Pk'J' -  £  PciQstk] + ERtFSt + GS, and (3)

N N

YHt = WtLt + ŷ iRk,tK't + ERttrowht + Pfttrght -  rwitERtDebtt (4)

Unless otherwise noted, the subscripts t,u ,s  denote time period, subscript

/denotes sector of production which is identical to goods varietyj^ . The objective 

function U0 in equation (1) is a familiar additive separable homogeneous utility function 

with constant elasticity of intertemporal substitution v . This formulation assumes that the 

household utility at time t = 0 is the sum of all future discounted aggregate consumption 

(Cft ) . The rate of time preference p  indicates the consumption is valued less in the 

future.

Let’s denote price of aggregate consumption by Pft and household disposable 

income by Yt , the intertemporal budget constraint in equation (al) implies that the sum 

of the net present value of consumption expenditure cannot exceed the sum of the net 

present value of disposable income. The intertemporal discount rate rt is the domestic

See also Appendix A for notation
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interest rate, which is linked to the world market interest rate (rwit) and exchange rate 

(ERt) by the well-known uncovered interest rate parity in equation (2).

Disposable income for consumption (Yt) in equation (3) is defined as a function

/ \
of household income (YHt) , investment expenditure ^  Pk‘J ‘ , inventory investment

V i )

^ P clQ sik ^ , government saving (GSt) and foreign saving in terms of domestic

currency unit (ERtFSt). Since YHt - P f tCft is private saving, the intertemporal budget

constraint in equation (al) is well defined at the national scope such that the national 

income identity holds.

Equation (4) is the definition of household income YHt which turned out as the

sum of total labor income ^ W (L \ , total capital income ' ĵ Rk,tK ,t , remittances

from the rest of the world (ERttrowht) and government transfer (Pfttrght) net of interest 

rate payment on foreign borrowing (rwitERtDebtt).

The optimality conditions to the intertemporal optimization problem are:

Of,/+1
cft

(l + Pw M) 
(1 + r)(Pft)

(5)

Yt = P ftCft (a2)

Equation (5) is the first necessary optimality condition. It is the well-known Euler 

equation that defines the growth rate of aggregate consumption between two adjacent 

periods as a function of the growth rate of aggregate consumption prices (P f ) , rate of

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



104

time preference (p) and the market rate of interest(r). Combining the first order 

condition in equation (5) into the intertemporal budget constraint gives the time path of 

consumption as

Wfi + r,)
C.

oo

p / t i + £ QM
V  s = f + l

(a3)

Where;

IT, = £ « (« ) Y,

\(rP""rLJ+'-rl
i (i+pr

I / O

and (o4)

(a5)

3.1.2 Intratemporal optimization problem

Within period, the representative household allocates the optimal aggregate 

consumption (Cft) across different consumption commodities (Cc\ ). Equation (a7)

indicates that the aggregate consumption expenditure in each period (PftCft') equals the

sum of consumption spending across different commodities ^  Pc‘t Cc‘
V i

. To avoid

excessive complexity, in equation (a6) I specify the aggregate consumption as a Cobb- 

Douglas aggregation of different consumption commodities. This specification is a 

simplified version of a Linear Expenditure System (LES) I employed in the previous 

chapter, and implies unitary income and price elasticity of demand. I postulate the 

intratemporal consumption allocation problem as follows:
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N

M ax:Cft = a cY [C c itP (a6)
i=1

Subject to

P f ,C f ,= ± P c ‘Ccl (al)
i=1

Note that « cand p l are the shift and share parameters in the Cobb-Douglas

aggregation function respectively. The first necessary order conditions are:

p ' C c ' f \ f l C c l P' =<pPc\ (a8)
j* ‘

i=l

Equations (a8) and (a9) are manipulated further to finally get the intratemporal 

consumption demand for each consumption commodity (Cc‘t ) and the aggregate 

consumption price level (Pft) as

<v; / ' f -  (6)
Pc,

1 Nv, = - n;=r
P clt

(V

3.2 Firms, investment and production

The model identifies 12 production sectors. Each sector is assumed to behave as a 

single representative firm, producing a single homogenous commodity. Over the model 

horizon, each firm makes an intertemporal investment decision that determines the 

availability of capital stock in each period. Within period, each firm allocates aggregate 

investment across different investment commodities, and employs a combination of
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capital, labor and intermediate inputs in its production process that is governed by 

production technology.

3.2.1 Intertemporal investment optimization problem

For the purpose of a clearer description, I formulate the investment decision 

problem in continuous time. Each firm is a forward-looking agent. In equation (a 10), it 

chooses optimal investment by maximizing the net present value of a stream of cash flow 

subject to the standard law of motion of the stock of capital in equation (a ll).

Investment cash flow (RNlt ) of each firm is defined as the return on capital

cost or purchased price of capital. J\ is the quantity of gross investment by destination 

sector, which is a function of net investment (Inv‘t ), capital stock (K ‘) and adjustment 

cost parameters , a ) . Let subscripts inv and k on J  denote derivative with respect to

6
With this specification, an investment decision can be made by a firm, its subsidiary unit, or the 

corresponding independent investment firm.

(alO)

Subject to

K' = Inv', -  S'K't (a ll)

Where;

RN] = Rk‘K ‘ -  PkltJ\ and

(8)

(Rk'tK ‘t ) net of investment expenditure (.Rk\J\ ) 6. Note that P k‘ is per-unit acquisition
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its arguments, by its definition, J  im > 0, J invjnv > 0, J k < 0 and J k k < 0. There are two

implications here. First, the marginal cost of investing is positive and increasing which 

implies the faster the rate at which the firm adjusts its capital, the higher the cost will be. 

Second, the larger the capital stock that the firms start with, the lower the cost of 

adjustment will be. Also note that the investment definition in equation (8) is a linear 

homogenous function. The Hamiltonian equation and its three necessary first order 

conditions to the investment optimization problem are as follows:

H  = e rt R k iK i-P k ] {  , P k l n v i / K i ) - a ] Inv\t  t  t 2 {lnv\!K \) t + r,

dH ‘

dlnvl
Pkl+PklP Inv]

v * ;
a r, (a 12)

K ‘ = —  = Invit - 5 iK ito t  t
8yt 

dH
r  = -

s k :
Rk] -  Pk\ —t t 2

(
a

f  ln v \x 

k K  J
-V ri

(9)

(al3)

Let Xt denote the shadow value of capital delivered at time t, Xt = er,y lt , the first 

order conditions in equation (a!2), (9) and (a!3) are solved to finally get

Pk‘t + Pk\f3
( Inv'

v * ;
-  a (cil4)

rX = Rk‘t -P k , a
f  I n v ] ^  

v H  't j
+ x - s ix (10)
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Equation (a 14) indicates that, in optimal decision, firms invest such that the

marginal cost of investment is equal to the shadow value of capital (Xt ) and equation

(10) implies that the required return on capital (rXt) is equal to the marginal revenue

product of addition unit of capital plus capital gain (X  ) net of depreciation loss (5Xt).

Imposing Transversality condition (limt_>00e rlXtK ‘ = 0), equation (al3) is solved 

to finally get

the stream capital earnings that will contribute to an increase in the value of the firm and 

the adjustment cost that can be saved in the future due to an increase in that unit of 

capital. However, since capital stock depreciates through time, the marginal benefit is 

discounted by the rate of capital depreciation.

Equation (a 16) is the discrete time equivalent of the continuous time solution in 

equation (a!5).

Investment-capital ratio is an increasing function of Tobin Q as indicated in 

equation (11). Equation (12) is the well-known Hayashi’s identity. According to Tobin 

(1969), investment is an increasing function of the ratio of value of the firm (Vt‘) to its 

replacement cost of capital (Pk't K \ ). This ratio is known as the average Q (Q ‘A).

dt (al5)

Equation (a 15) is the shadow value of capital (Xt) which is the present value of

(al6)
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However, Hayashi (1982) shows that, if the firm operates in perfect competitive 

environments and its investment function is linear homogenous, average Q is identical to 

marginal Q (Q 'tM). The latter is a ratio of shadow value of capital stock (Alt ) to its per- 

unit cost of capital (Pk\ ).

—L=«+^(e;M- i)=a+-^(e;^-1) o v

Where;

q ' u  _ _ K _ _  q ‘ a  = — X l —  a n c /  ( 12 )

Pklt Pk\K\ ' y

V*
x , = —  (al7)

k ;

3.2.2 Intratemporal investment allocation problem

In each period, in equation (a 18), total investment expenditure (Pk‘J ‘) equals

the sum of spending on different investment commodities ^  P c  /  D i m
v i

. In equation

(al9), investment by destination sector (J't ) is specified as a Leontief aggregation of 

different investment commodities (Dinvlt’J). With this specification, I postulate the 

investment allocation problem as

M in \P k \J lt -  Pcj J lt (al8)
j

Subject to

Ji = Min (al9)
I imat
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The optimality conditions are:

Dinv't’J = imat]’1 J\ (13)

(14)
j

Note, imat't’J denotes the coefficient in the Leontief function. The optimality 

conditions in equation (13) and (14) indicate that the demand for each investment 

commodity (Dinv\) is a fixed proportion to investment by destination (J \), and that the

purchased price of capital stock (Pk’t ) is the weighted average prices of investment 

commodities.

3.2.3 Intratemporal production optimization problem

To avoid the excessive number of model variables, production is disaggregated

7into 3 production nests . Two of them are governed by Constant Elasticity of Substitution 

(CES) production technology. At the top production nest, in equation (15), output of each 

production sector (QA‘) is a CES aggregation of aggregate value added (Qv't ) and 

aggregate intermediate input (QinAD') . By zero profit condition, in equation (a20), after 

tax revenue (PAlt (1 -  txd  )QA‘) equals the sum of value added cost (Pv\Qy\) and 

intermediate input cost (PinAD'tQinADlt ) . Therefore, I postulate a cost minimization 

problem at the top production nest as

Min : PA‘ (1 - txa' )QA‘ = PinADjQinAD* + PvltQv‘t (a20)

Subject to

7
With 12 production sectors, the model identifies 36,988 unknown variables.
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Q 4 = a ‘a fcQ vf*  + ( l - j 3 ‘a)QinAD‘ (15)

The optimality conditions are:

Qv\ _  PinAD'tP'a (1+̂ >
(16)

PA't ( \ - tx a ‘)QA‘ -  PinAD'tQinAD’t + P v ‘Qvlt (17)

Equation (16) implies that the optimal input ratio of value added and aggregate 

intermediate input is a function of relative input prices and parameters in CES production 

function.

Similarly for the bottom nest, as indicated by equation (18), aggregate value 

added (Qvlt ) is a CES aggregation of labor (Z/() and capital ( K ’).  In equation (a21), by 

zero profit condition, after tax revenue (Pv' (1 -  txvd )Qv‘) equals total production cost, 

the sum of labor cost (WtL\) and capital cost (Rk‘K't ). I postulate this cost minimization 

problem as

Min : Pv\ (1 -  txval )Qv\ = Rk\K\ + Wt L\ (a21)

Subject to

-l

(18)

The optimality conditions are:

(19)

Pv\ (1 -  txvd )Qv’ = Rk]K; + Wt L‘t (20)
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Equation (19) indicates that the optimal labor-capital input ratio is the function of 

the ratio of the return on capital stock to wage rate and the parameters in CES production 

function.

In equation (a23), aggregate intermediate input (QinAD ‘) is specified as a 

Leontief aggregation of different intermediate input commodities (QCinD jJ ).  Budget 

constraint in equation (a22) requires that the value of aggregate intermediate input 

(PinAD iQinAD ‘ ) be equal to its cost, the sum of spending across different intermediate

Equation (21) and (22) indicate that, in optimal decision, demand for each 

intermediate input commodity {QCinD jJ ) is a fixed proportion to aggregate intermediate

input and that the per-unit price of aggregate intermediate input (PinADj) is the 

weighted average prices of intermediate commodities.

input commodities ^ icin‘JPcjQinAD't
v J

Therefore, I postulate a cost minimization

problem as

Min : PinAD'tQinAD‘ = icin'tJPcjQinADj (a22)
j

Subject to

QinAD‘ (a23)

The optimality conditions are:

QCinD]'j = icin‘t’J QinAD] (21)

PinAD't = Y jc in ‘; j Pci (22)
j
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3.3 Foreign trade

Domestic economy is linked to the world economy through trade and capital 

markets. By the assumption of a small-open economy, a domestic market faces perfect 

elastic world supply and demand curves. On the demand side, for any given commodity, 

domestic agents (firms, households and government) face a composite of locally 

produced and imported goods. On the supply side, for any given domestic output, each 

firm can either sell its output domestically or export it to foreign markets. Therefore, 

there are two optimization problems, the optimal combination of composite goods and 

the optimal allocation of domestic output. For capital market, the small-open economy 

balances its saving-investment gap (or external balance) through external borrowing at a 

given world rate of interest.

3.3.1 Allocation of domestic output.

Domestic output (QA\) is allocated between domestic sale (QSc't ) and 

export(EXc‘t ) . The allocation behavior of each firm is governed by the Constant Elastic

Transformation function (CET) as in equation (23). Imposing the CET specification 

implies the imperfect transformability between these two destinations. In equation (a24), 

total revenue (PA'tQA't ) is composed of the value of domestic sales (PDc^QScj) and the

value of exports (PXc^EXcj). Therefore I postulate the optimal allocation behavior as a 

revenue maximization problem as

M ax: PA,QAt = PDc‘QSc‘ + PXc'EXc' (a24)

Subject to
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(23)

The optimality conditions are:

-i
EXc) P X c\{\-/3 lT) (i

(24)
QSc) [  PDc\(3j

PA'QA' = PDc)QSc) + PXc)EXc) (25)

Equation (24) implies that the optimal ratio of export to domestic sale is a 

function of the ratio of export price to domestic market price and the parameters in CET 

function. In addition, since domestic firms are price takers, export price of each 

commodity in local currency unit (PXc)) is the product of exchange rate (ER‘t ) and its

world market price in foreign currency unit(pewx'). That is

3.3.2 The optimal combination of composite goods

For any goods i that are available in the domestic market, the composite 

goods(ABS)) is the combination of locally produced (QDc)) quantity and imported

{Me)) quantity. The behavior of domestic agents (firms, households and government) in 

choosing their optimal combinations is governed by the Armington equation as shown in 

equation (27), which implies imperfect substitution between imported and local goods.

Let Pc) denote price of composite goods, PMc) denote price of imported

quantity in local currency unit and PDc) denote price of locally produced quantity. The

budget constraint in equation (a25) requires the total expenditure of domestic agents on 

composite goods (net of sale tax) be equal to the sum of spending on locally produced

PXc) = pcwxlERt (26)

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



115

quantity and spending on imported quantity. The optimization problem of domestic 

agents can be depicted as an expenditure minimization problem as

M in : Pc\{ 1 -  txcr)ABST‘ = PDc’QDci + PMc'Mci 

Subject to

(a25)

a b st ;  = a \ +(1 -P 'JQ D c^ (27)

The optimality conditions are:

M dt  _

qd c:
P D cifi)

PMcl( l - f f )

(1+8'a)

Pc\ (1 -  txc‘ )ABST‘ = PDclQDcl + PMcltMc:

(28)

(29)

Equation (28) implies that the optimal ratio of imported to locally produced 

quantities is a function of the ratio of their relative price. In addition, since import tariff is 

imposed on the value of import, the import price in local currency unit is defined gross of 

tax as

PMc\ = pcwm' (1 + txml)ERt (30)

3.3.3 Capital market

Current account position (FS, ) is defined in terms of foreign currency unit. It is

f  N
the sum of spending on import pcwm]Me] and interest rate payment on external

V  i )

f  \

debt (rwi,Debt,) minus the sum of export income ^ pcwx\EXc] and foreign

remittances to household (trowg,) and to government (lrowht ) . With this specification,
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a positive value of FSt implies current account deficit or, in other words, domestic saving 

insufficiently met the required optimal investment.

N  1V

Fst = ^ ipcwm’tMc’t +rw itDebt( -  ^ pcwx‘tEXc't - trowht -tro w g f (a26)

Debtt =D ebtt_x + F st (31)

Domestic economy balances its current account (FSt) through borrowing or 

lending to the world capital market at a given world rate of interest (rwi,). The current 

account position affects the external debt accumulation process in equation (31). This 

specification implied that domestic economy can access the world capital market without 

any constraint, and external borrowing is a capital market clearing variable.

3.4 Government

Government has no utility. It earns revenues from two main sources, tax income 

and foreign transfer, and spends its income on government consumption and transfers to 

households. Equation (32) identifies the components of tax revenue (TAT,), direct tax,

value-added tax, indirect tax on activities, import tax and sales tax. Tax and tariff rates 

are assumed to be exogenous and fixed throughout the model horizon. Equation (33) 

defines government saving as the sum of tax income and transfer from the rest of the 

world minus the sum of government consumption expenditure and government transfers 

to households.

TAX, =t y YHl - 'Z Pk ' , J ; +ER, FS , +GS
N

+ txva' Pv) Qv\

N  N  N

+ 'Y_ttxal Pa tQa\ + ^  txm ‘ ERt Mc‘t pcwm' + '^ tx c ‘ Pc't ABST) (32)
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(33)

3.5 Within period equilibrium conditions

For the economy to reach equilibrium, in each period, the following equilibrium 

conditions must be satisfied:

3.5.1 Commodity market equilibrium

In each period, aggregate demand for each commodity is composed of

/

V  I

intermediate inputs demand ^  QCinD ]J , consumption demand (Cc1),  investment

\

demand ^  Dim]'1 , government consumption demand (Qgj)  and demand for stock

investment (Qstkf) . Commodity market equilibrium condition in equation (34) requires 

the aggregate demand for each commodity be equal to its composite supply. Note that, in 

equation (35), inventory demand for each commodity (Qstkf) is a base year fixed

proportion to output level (QA/ ).

N

ABSj = QCinD]’1 + Cc/ + DinvJt+Qstk( +QgJt (34)
i

Where

Qstk] = s tk ’QA] (35)

QDc] = QSc] (36)

Equation (36) also requires that, in equilibrium, demand for locally produced

commodity (QDcj ) be equal to the quantity of domestic output supplied to the domestic

market {QSc1, ) .

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



118

3.5.2 Labor market equilibrium

Labor market equilibrium condition requires that the sum of labor demand across 

production sectors in each period be equal to the labor supply.

f lL',=LS, (37)
i

3.5.3 External balance

In each period, the domestic economy spends foreign currencies on imports

^  pcwm [Me] and interest rate payment on external debt (rwi,Debtt ) but earns

foreign currencies from exports ^  pcwx\EXc' and foreign remittances to government
V i /

(trowg t ) and households (trowht ) . External balance requires that the current account 

position in each period (FSt) be equal to the difference between spending and earning of 

foreign currencies.

N  N

Fst = ^ pcwm 'Mc\ + rwitDebtt -  ^ pcwx‘t EXc't -  trowht -  trowgt (38)

3.6 Steady-state conditions

The model is calibrated to the base year data from the 1998 Social Accounting 

Matrix of the Thai economy and parameter values shown in Appendix B. In calibration, 

the Thai economy is assumed to be in steady-state equilibrium with zero balance growth 

path, and then the model is solved for the consistent steady-state variables

SL’K ’ImL’A'a and Ql-
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Steady-state conditions are also imposed in terminal period (t = ss). This is 

consistent with economic theory and ensures that the model will generate a steady-state 

equilibrium solution with values that are consistent with the benchmark data.

3.6.1 Steady-state budget constraint

t=tss ( 1  "I" Vss  )

1 °° 1
—Y -  V    P f Cft - 1 SS /  i S+ J  ss J  ss

t =tss (1 + rss)
(a27)

— V. = — P f .c r .r r

PfssCfss (39)

Equation (a27) is the budget constraint from t -  ss and onward. In steady-state, 

exchange rate is constant. Therefore, domestic interest rate is fixed and equal to world 

market interest rate. It follows that, in equation (39), the steady-state value of 

consumption equals the steady-state disposable income.

3.6.2 Steady-state investment

Inv = S i K ipo e’er rss ss ss (40)

Equation (40) implies that steady-state investment of each sector just covers the 

depreciation of capital stock. Therefore, in steady-state, the value of capital stock of each 

production sector remains constant.

3.6.3 Steady-state shadow value of capital

Rk' -P h i a
r Inv[^

2\
(41)

In steady state, shadow value of capital stops changing. Therefore, the steady- 

state condition in equation (41) is the asset market equilibrium condition that requires the
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return on investment be equal to the market rate of interest plus the rate of capital 

depreciation.

With steady-state terminal conditions and the consistent steady-state values of 

variables 5 ‘ss,K'ss,Invlss,Xss,Q ‘SS, I solve the model as a social planner problem for intra

and intertemporal solutions in a reference run over a horizon of 100 periods. Since the 

solution in a reference run represents the steady-state equilibrium of the Thai economy, 

an advent of oil prices shock traces an alternative time path that deviates from the steady- 

state equilibrium of the reference run.
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In this section, I first discuss the assumptions behind the simulation scenario. 

Then I present the simulation results. Unless otherwise specified, data in tables and 

figures presented in this section are expressed in terms of percentage deviations from 

their equilibrium values in the reference run.

4.1 Simulation scenario

The simulation scenario is based on 3 main assumptions. First, the reference case 

projection of International Energy Outlook (2005) and the low oil prices case of IEO

g
(2006) are assumed to be taken into consideration by agents in the model. There are two 

main conclusions that agents derive from these projections; (i) the long-run equilibrium 

oil prices lies somewhere between their average prices of 2003 and 2004, and (ii) oil 

prices reach their peak level at some point in time between 2006 and 2007, and gradually 

decrease to the long-run equilibrium before 2015. Second, while there are uncertainties 

about the duration of the shock, agents in the model take into account the pattern of the 

second oil crisis. In other words, the shock is assumed to be transitory and it takes about 

8 years before returning to the pre-crisis level. Third, oil prices shock in the first period 

(2004) is assumed to be fully unanticipated.

Given these assumptions, I set import prices of oil in 2003 at long-run equilibrium 

and assume that oil prices shock is transitory with 8 years duration. Therefore, as shown 

in table 4-1, I simulate the model by using the actual percentage change of oil prices

8
Note that, over the last few years, most analytical and research paper as well as economics news base 

their analysis on IEO projections. Therefore, to some extend, it should influence the economic decision o f  
agents.
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during 2004-2006. In 2007, oil prices are set at the same level as in 2006, before 

proportionately decreasing over 2008-2012. To isolate the impacts of oil prices shock 

from other factors, the world market prices of other commodities are assumed to be 

constant.

Table 4-1: Shock to the import and export prices

Crude
petroleum Gasoline Diesel Aviation

fuel Fuel oil Gas

2004 34.50 42.50 38.20 42.50 15.40 24.00
2005 84.50 75.00 85.00 75.00 52.40 53.00
2006 137.00 108.60 114.00 108.60 84.00 80.00
2007 137.00 108.60 114.00 108.60 84.00 80.00
2008 109.60 86.70 91.00 86.70 66.30 63.90
2009 82.20 64.90 68.00 64.90 48.60 47.90
2010 54.80 43.10 45.00 43.10 30.80 31.90
2011 27.40 21.20 22.00 21.20 13.10 15.80
2012 0.00 0.00 0.00 0.00 0.00 0.00

4.2 The results from the model and the actual data

Table 4-2 shows the impact of oil prices shock on domestic market prices of

gasoline, and diesel. Although the results from the model are not for forecasting 

9
purposes , they show that the model reasonably replicates the actual behavior of 

economic variables that should be directly affected by oil price increases in the world 

market.

Table 4-2: The impacts of oil prices shock on domestic market prices of gasoline and diesel

Gasoline Diesel
Result from 

model
10

Shadow price
Result from 

model
11

Shadow price

2004 21.77 23.24 24.25 25.02
2005 50.62 47.53 54.86 55.62
2006 77.24 76.95 84.10 87.08

9
While the actual data is the market outcome o f the interaction between various factors, the simulation 

results should be considered only as the likely impacts o f oil prices shock given other things being equal.

Average o f January -  July 2006
11

Average o f January -  July 2006
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4.3 The dynamic impacts of oil prices shock on the aggregate economy

Table 4-3 presents the impacts of oil prices shock on the aggregate economy 

during the period of the shock (2004-2011). In aggregate, oil prices shock reduces GDP 

in 2004 by 0.16 percent, which is very close to the result from long run static analysis in 

the previous chapter (0.14 percent). However, as oil prices accelerate further to their peak 

level in 2006-2007, it reduces GDP further to approximately 1 percent. The contraction 

of GDP coincides with an upward pressure on domestic prices. Aggregate consumption 

price increases by 0.24 percent in 2004 before steeply rising to approximately 1.50 

percent in 2006 and 2007. Measured by compensating variation, oil prices shock reduces 

aggregate welfare by 0.743 percent.

Table 4-3: Impacts of oil prices shock on the aggregate economy

GDP C I G X M CPI
2004 -0.16 -0.44 -2.58 3.34 -1.07 -2.01 0.24
2005 -0.54 -1.44 -3.71 7.59 -2.74 -4.03 0.85
2006 -0.99 -2.39 -4.59 11.44 -4.29 -5.63 1.44
2007 -1.07 -2.56 -4.19 11.29 -4.40 -5.63 1.54
2008 -0.93 -2.30 -3.13 9.09 -3.80 -4.87 1.38
2009 -0.78 -1.98 -2.10 6.83 -3.13 -4.01 1.18
2010 -0.63 -1.59 -1.11 4.50 -2.40 -3.03 0.95
2011 -0.48 -1.12 -0.21 2.07 -1.57 -1.87 0.66
C.V. -0.743

The contraction of GDP is led by the reduction of real investment and real 

consumption, which are the main components of GDP. In 2004, the net real export 

increases and contributes positively to real GDP as found in long-run static analysis. 

However, as oil prices accelerate, the net real export decreases and reinforces the 

contraction of other GDP components throughout the remaining periods of the shock 

(2005-2011).
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Although oil prices shock lowers the aggregate economic activity, the increase in

commodity prices and the expansion of energy production raise government income from

12indirect taxes. With the assumption of fixed government saving , government

13consumption increases throughout the period of the shock . With its small contribution, 

the increase in government consumption is completely offset by the contractions of other 

GDP components. In addition, notice that the largest contraction of GDP occurs in 2007 

due to the accumulated effects embodied in the dynamic properties of the model.

Also notice that, the contraction of the real consumption in the dynamic model is 

less than in the static analysis, but the contraction of real investment is greater. The 

possible explanation is the forward looking behaviors of agents in a dynamic setting. 

Since consumption price is expected to increase further, households consume more in the 

current period and less in the future. Similarly, firms cut their investment spending by 

taking into consideration the reduction of future stream of marginal product revenue of 

capital.

Figure 4-1 shows the dynamic transition path of aggregate economic variables. 

Since oil prices shock is assumed to be transitory, aggregate economic variables 

gradually converge to their balance growth paths in reference run. Nevertheless, the 

figure indicates the strong reductions of real investment, real consumption, real export 

and real import during the peak period of the shock.

This assumption is chosen to reflect the real situation in 2003-2006 and to make our results form 
dynamic analysis comparable to the results from static analysis.

Note that, in 2003 and 2004 many analysts refer to the increase of tax revenues as a positive indication 
for aggregate economic activity. Our simulation shows that, in the presence o f  oil prices shock, tax 
revenues can increase concurrently with GDP contraction.
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Figure 4-1: Transition path of aggregate variables
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According to model specifications, the strong contraction of real consumption

during the peak period of oil prices shock is attributable to the reduction of real lifetime

income and the intertemporal substitution behavior of households. At any point in time,

the increase in consumption price reduces the purchasing power of existing lifetime 

14
income . In addition, since the increase of consumption price is transitory, households 

substitute their current period consumption by consumption in other periods, when the 

prices have eased.

The contraction of aggregate real investment is attributable to the reduction of 

investment in non-energy sectors. Although the higher prices of non-energy commodities 

provide a better prospect for firms, the sharp reduction in the demand for their products 

together with the higher cost of energy input makes their existing installed capital over

employed, and reduces the stream of marginal product revenue of capital. Combined with

14
For details, see equation (a3) in previous section
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the increase of purchased price of capital, the Q\ measurement decreases and firms adjust

capital stock downward15.

The increase of domestic price affects the price competitiveness of domestic 

output in the world market. Together with the reduction of domestic demand, it results in 

the contraction of both aggregate real export and real import throughout the period of the 

shock. The right panel of figure 4-1 shows that the aggregate nominal import decreases 

by a smaller magnitude than aggregate nominal export throughout the remaining periods 

of the shock. In contrast to their nominal value, the aggregate real import decreases by a 

larger magnitude than the decrease of aggregate real export as shown in the left panel of 

figure 4-1. This implies a strong deterioration effect of oil prices shock in terms of trade, 

which is consistent with the observed sharp reduction of the actual current account 

position in 2004 and 2005.

4.4 Sectoral impacts

4.4.1 Prices

Simulation results show that oil prices shock raises the aggregate consumption 

price level by 0.24 percent in 2004 and approximately 1.5 percent in 2006 and 2007 when 

oil prices accelerate to their peak level. As the increase of aggregate price coincides with 

the contraction of aggregate demand, it is the stylized cost-push effect.

Figure 4-2 shows the transition path of commodity prices and Table 4-4 presents 

the impacts of oil prices shock on the prices of selected commodities. Except for services 

and coal & lignite, the size of impact of oil prices shock on each commodity price largely 

depends on the share and the structure of energy input.

15 For details, see equation (a l5 ) , (11) a n d  (12) in previous section
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Figure 4-2: Transition path of commodity prices
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With respect to energy commodities, domestic prices of crude oil, gasoline, diesel 

and aviation fuel strongly increase, but at a smaller magnitude than the increase in their 

world market prices. This is due to cheaper domestic cost embodied in their production

processes . In addition, simulation results show that domestic prices of gasoline and 

diesel in the model reasonably replicate their shadow price. Since crude oil accounts for 

approximately 70 percent of the total cost of gasoline, diesel and aviation fuel production, 

domestic market prices of these commodities strongly respond to the shock. However, the 

price of coal & lignite decreases as the pressure of higher energy cost is offset by a strong 

reduction of demand for its product.

Table 4-4: Impacts of oil prices shock on the prices of selected commodities

Agri
cultural

Manu
facturing

Trans
portation Services Crude

Petroleum Gasoline Diesel Electricity

2004 0.05 -0.16 3.32 -0.33 29.56 21.77 24.25 2.32
2005 0.43 0.08 8.02 -0.59 67.95 50.62 54.86 5.71
2006 0.86 0.35 12.31 -0.75 104.46 77.24 84.10 8.71
2007 1.01 0.50 12.26 -0.64 102.33 75.40 82.14 8.55
2008 0.98 0.53 10.15 -0.47 81.48 60.23 65.50 6.86
2009 0.91 0.54 7.96 -0.31 61.00 45.24 49.10 5.16
2010 0.82 0.52 5.62 -0.14 40.41 30.02 32.50 3.40
2011 0.68 0.47 3.09 0.02 19.32 14.17 15.31 1.53

Also, this implies the price advantage o f refined petroleum products in international trade. This 
implication is consistent with the base year data, which indicates that Thailand is the net importer of crude
oil but the net exporter o f gasoline, diesel and aviation fuel.
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The increase in energy price put an upward pressure on the domestic market

prices of other commodities through the cost-push mechanism. Among non-energy

productions, transportation is the highest energy intensive commodity and its energy

input is mostly made up of gasoline and diesel. Therefore, price of transportation strongly

responds to the shock, with an increase of 3.32 percent in 2004 and a steep rise of 12.31

percent in 2006. Agricultural price increases by more than manufacturing price as its

17energy input has a larger share of gasoline and diesel than manufacturing . The cost-

push pressure on the domestic market price of services is minimal and is totally offset by

the reduction of demand. This is because the energy input of services production is

mostly electricity. Therefore, it is indirectly affected by oil prices shock through the

increase in electricity price. However, it is worth noting that, since the early 2000s,

electricity production in Thailand has increasingly relied on gas generators as compared

to 1998 (the base year data). Therefore, the impact of oil prices shock on electricity price

is possibly underestimated. Nevertheless, considering the actual increases in electricity

prices of 4.2 and 7.9 percent in 2004 and 2005, which is the market outcome of many

factors, the results from the model reasonably replicate the direction of the actual data.

4.4.2 Sectoral investments

Investment behavior at disaggregate level cannot be analyzed in the framework of

18a static model presented in the previous chapter . Therefore, it is of particular interest 

for the analysis in this subsection. Although the extension of the analytical model to take

17
The main energy input o f  manufacturing production is electricity. Therefore, it is indirectly affected

through the increase in electricity price.
18

In a static model, savings is a base year fixed proportion to income and is allocated across investment 
commodities according to the base year proportion.

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



129

into account dynamic investment is more commonly noted recently, most studies rely on 

the strong assumption of capital stock homogeneity. In addition, the traditional partial 

equilibrium analysis of investment Q theory tends to ignore the role of purchased price

of capital stock.

Figure 4-3: Transition path o f investm ent indicators o f  non-energy sectors
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Figure 4-3 presents the transition path of investment indicators of non-energy 

production sectors, the key determinant of aggregate investment of the Thai economy. In 

general, except for services, oil prices shock affects investment indicators of non-energy 

sectors in a similar fashion. The fully unanticipated shock in 2004 instantaneously 

reduces the rate of return on capital. At the existing level of capital stock of the reference

19run, the shadow value of capital and Q\ of these sectors jump downward . This

19
On the supply side, oil price increases imply scarcity o f energy input and reduces the productivity of 

other inputs including capital input. On the demand side, the sharp reduction o f demand for their products 
makes their installed capital over- employed. This situation reduces the rate o f return on capital, value of

firms and hence their shadow value o f capital (A!t ) .  Together with the increase in purchased price of 

capital, at existing steady state level o f capital stock, Q‘ jumps downward.
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situation creates a wedge between the rate of return on investment and the market rate of 

interest. Firms adjust their capital stock downward while the shadow value of capital 

increases. However, since oil prices shock persists and raises the purchased price of

capital further, Q\ continually decreases and coincides with the reduction of capital stock 

20
until 2006-2007

After 2007, oil prices gradually decline from their peak level. The economic 

environment improves and the purchased price of capital decreases (from its value in 

2007). Therefore, in 2008, Q\ bottoms out. However, since the value of Q\ remains 

below its steady-state level, firms continue to adjust their capital stock downward and 

results in an increase of rate of return and shadow value of capital. This adjustment 

process continues until the capital stock, oil prices and purchased price of capital stock 

are sufficiently low and raise Q\ and investment across their steady-state levels at some

point in time between 2010 and 2011. At this point, the level of capital stock reaches its 

lowest level.

In 2012 and onward, oil prices return to their steady-state equilibrium values in 

reference run. Without adjustment costs, the optimal level of capital stock required by 

profit maximizing firms would instantaneously set back to its steady-state level before the 

shock. With the investment adjustment costs, however, the delay in capital adjustment 

process raises the gap between the optimal and the existing level of capital stock. This 

situation raises the rate of return on capital stock and therefore Q\ further to their peak

20
If the shock was not persistent and did not raise purchased price of capital stock further, we would 

observe a decrease o f the capital stock but an increase o f  Q’ after 2004.
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level in 2012. Investment increases and capital stock gradually adjusts to its long run 

steady-state level. The higher level of capital stock reduces the rate of return on 

investment to finally equal the market rate of interest plus the rate of capital depreciation 

where the asset market equilibrium condition is met in the long run.

Table 4-5: Impacts of oil prices shock on the investment of non-energy sectors

Agricultural Manufacturing Transportation Services

2004 -7.11 -7.52 -10.28 -1.19
2005 -8.34 -8.38 -10.96 -2.38
2006 -8.71 -8.41 -10.37 -3.47
2007 -7.12 -6.71 -7.84 -3.49
2008 -4.84 -4.43 -4.81 -2.93
2009 -2.84 -2.48 -2.22 -2.33
2010 -1.15 -0.86 -0.10 -1.70
2011 0.23 0.41 1.51 -1.05

Although investment transition path of non-energy production sectors displays a 

similar pattern, the sizes of the impact of oil prices shock differ across production sectors. 

Table 4-5 shows that the impact of oil prices shock on the investment is strongest in the 

transportation sector, which is attributable to the strong reduction of demand and the 

strong increase of energy cost of production. The impacts on the investment in the 

agricultural and manufacturing sectors are almost at the same magnitude. The contraction 

of investment in the services sector is less than in other sectors and is mainly attributable 

to the increase in purchased price of capital stock.

Figure 4-4 presents the transition path of investment indicators of energy sectors. 

Except for coal & lignite and electricity, oil prices shock stimulates capital formation of 

energy production sectors. Since the behavior of investment indicators of coal & lignite 

and electricity as well as their underlined fundamental factors resemble those of non

energy sectors, the analysis in this subsection focuses on the sectors that benefit from oil 

prices shock.
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Figure 4-4: Transition path of investment indicators of energy sectors
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Although oil prices shock reduces demand for every energy commodity, the rate 

of return on capital stock increases. This implies that the negative effects of oil prices 

shock through the reduction of demand and the higher energy cost of production are fully 

offset by the increase in their output prices. Therefore, the shadow value of capital 

increases. In contrast to the non-energy sector, at their initial steady-state level of capital 

stock in 2004, Q ‘ jumps upward. The gap between the rate of return on investment and 

the market rate of interest stimulates investment in energy sectors. Firms gradually adjust 

their capital stock upward that, together with the increase of purchased price of capital 

stock, brings their Q\ downward. This process continues until Q ‘ measurement and
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investment fall to their steady-state levels at some point in time between 2010 and 2011, 

when capital stock of each sector reaches its peak level. Since oil prices shock is 

transitory, in 2012, the optimal level of capital stock required by profit maximizing firms 

is set back to its initial steady-state level. However, firms are subjected to convex 

adjustment costs. The delay in capital formation process reduces the rate of return on 

capital stock and pushes Q\ further downward below its steady-state level. Therefore,

firms adjust their capital stock downward until the asset market equilibrium condition is 

met in the longer run.

Table 4-6: Impacts of oil prices shock on the investment of energy sectors

Crude
Petroleum Gasoline Diesel Aviation

fuel Fuel oil Gas
Coal

&
lignite

Electricity

2004 82.13 13.83 22.37 25.55 11.37 11.00 -25.57 -0.61
2005 85.20 12.67 21.20 22.80 11.17 10.03 -26.87 -1.21
2006 78.64 10.00 17.37 18.60 9.25 7.80 -24.69 -1.84
2007 61.35 6.61 12.01 13.55 6.21 5.13 -16.92 -2.02
2008 42.01 3.41 6.75 8.43 3.18 2.65 -7.99 -1.91
2009 25.71 0.76 2.36 4.16 0.70 0.67 -0.71 -1.73
2010 12.94 -1.27 -1.05 0.88 -1.17 -0.75 4.98 -1.50
2011 4.15 -2.58 -3.31 -1.27 -2.34 -1.55 8.97 -1.22

Table 4-6 presents the impacts of oil prices shock on the investment of energy 

sectors. Overall, it contributes to the expansion of investment in almost every energy 

sector, except for coal & lignite and electricity that suffer from higher energy cost of 

production and reduction of demand for their product.

4.4.3 Demand for sectoral commodities

According to model formulation, the demand for each commodity comes from 

consumption, investment, intermediate inputs, government consumption and inventory. 

In general, simulation results show that oil prices shock results in a contraction of 

demand for every commodity.
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Table 4-7: Impacts of oil prices shock on the demand for non-energy commodities
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Agricultural Manufacturing Transportation Services

2004 -1.06 -1.30 -2.86 -0.17
2005 -2.56 -2.69 -5.81 -0.46
2006 -3.95 -3.96 -8.56 -0.73
2007 -4.04 -3.95 -8.54 -0.79
2008 -3.46 -3.30 -7.23 -0.75
2009 -2.83 -2.62 -5.80 -0.69
2010 -2.15 -1.89 -4.22 -0.60
2011 -1.38 -1.12 -2.43 -0.49

In terms of transmission mechanism, oil prices shock lowers household’s wealth 

and the value of firms in major production sectors. In addition, its indirect effect in terms 

of higher price level lowers purchasing power of existing wealth and squeezes the budget 

of non-energy production firms. In this regard, households reduce their consumption and 

non-energy production firms reduce their intermediate and investment demands. 

Although the increase in price level gives rise to an increase of indirect tax income and 

raises government consumption, its contribution is fully offset by the contraction of other 

demand components.

Figure 4-5: Transition path of demand for non-energy commodities
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Among non-energy commodities, Table 4-7 indicates that the largest reduction of 

demand is for transportation followed by agricultural and manufacturing, while the 

services sector suffers the least. According to the transition path of demand components 

in Figure 4-5, the reductions of demand for agricultural, manufacturing and transportation 

commodities are attributable to the contraction of intermediate inputs demand, while the 

reduction of demand for the services commodity is attributable to the decrease in 

consumption demand. This movement reflects the structure of demand of each non

energy commodity where the consumption demand has its highest share in the services 

commodity.

Table 4-8: Impact of oil prices shock on the demand for selected energy commodities

Electricity Crude
petroleum

Gasoline
Diesel Aviation

fuel Fuel oil Gas

2004 -1.29 -2.99 -4.79 -2.87 -5.00 -2.77 -5.92
2005 -2.99 -7.27 -9.96 -6.19 -11.05 -5.53 -11.65
2006 -4.49 -10.48 -13.86 -8.88 -15.87 -7.95 -15.87
2007 -4.51 -9.98 -13.65 -8.68 -15.66 -7.82 -15.70
2008 -3.80 -8.28 -11.59 -7.20 -13.18 -6.54 -13.54
2009 -3.05 -6.53 -9.32 -5.65 -10.49 -5.21 -11.08
2010 -2.23 -4.58 -6.72 -3.98 -7.48 -3.76 -8.15
2011 -1.33 -2.21 -3.61 -2.08 -4.00 -2.12 -4.49

Table 4-8 presents the impacts of oil prices shock on the demand for selected 

energy commodities. The contraction of the aggregate economy and the increase in oil 

prices lead to a reduction of demand for every energy commodity. However, simulation 

results show that demands for crude oil, diesel, gasoline, and aviation fuel are rather 

inelastic. As their market prices in 2006 are about 1.2-1.4 times higher than in 2003, their 

demand only decreases by approximately 12 percent.

Although the sizes of the impact of oil prices shock on the demand are 

asymmetric across energy commodities, Figure 4-6 shows that their transition path share
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a similar pattern. Except for gas, they are largely determined by the movement of 

intermediate demands. This is because the intermediate use of energy accounts for 

approximately 70 percent of the total energy demand in Thailand. Together with the fact 

that the price elasticity of demand for energy is rather inelastic, any effective energy 

saving measure must take place in production rather than in consumption and the non

price measures are privileged.

Figure 4-6: Transition path of demand for energy commodities
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4.4.4 Production and trade

Similar to the findings from long-run static analysis, the results from the dynamic 

model show that oil prices shock leads to the contraction of production output in almost 

every sector, except for crude petroleum and aviation fuel. Among non-energy 

productions, Table 4-9 shows that transportation experiences the largest contraction as its 

product price increases the most. The contractions of agricultural and manufacturing 

productions are almost at the same magnitude while the production of services decreases 

slightly.

Table 4-9: The impacts of oil prices shock on the production of non-energy sectors

Agricultural Manufacturing Transportation Services

2004 -1.07 -1.20 -3.27 -0.14
2005 -2.60 -2.74 -7.39 -0.40
2006 -4.04 -4.16 -10.82 -0.66
2007 -4.15 -4.23 -10.80 -0.73
2008 -3.57 -3.60 -9.16 -0.70
2009 -2.94 -2.93 -7.37 -0.66
2010 -2.24 -2.19 -5.38 -0.59
2011 -1.46 -1.39 -3.09 -0.50

In Figure 4-7, I plot the transition path of production, domestic demand and the 

net real export of non-energy sectors. The figure indicates that the contractions of 

production of agricultural, manufacturing, and transportation are the result of the 

reductions of both domestic demand and the net real export. According to model 

specifications, the increase in oil prices raises the relative price of domestic output to 

foreign market price. A relative price change of this kind reduces the net real export of 

non-energy commodities, in particular those of agricultural and manufacturing, which are 

the key determinants of current account balance of the Thai economy.

The transition path of the net real export of services shows a distinctive feature. 

The contraction of demand for services reduces its domestic price and raises the net real
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export during the first few periods of oil price shock. As oil prices gradually decrease 

after 2007, demand for services increases. This pushes its domestic price gradually 

upward and results in the deterioration of price competitiveness. After the shock in 2012, 

production of services cannot catch up with demand and bid up its domestic price further. 

This leads to the contraction of its net real export after the shock.

Figure 4-7: Transition path of production of non-energy sectors
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Table 4-10 shows the impacts of oil prices shock on the production of energy 

sectors. Except for crude oil and aviation fuel, the impact of oil prices shock on energy 

sectors is similar to its impact on non-energy production sectors. The increase in their 

commodity price reduces demand. Although the change in relative prices contributes to 

the expansion of the net real export in some production sectors, it is completely offset by 

a reduction in domestic demand. Therefore, we observe the contraction of production in 

almost every energy sector.

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



139
Table 4-10: Impacts of oil price shock on the production of energy sectors

Electricity Crude
petroleum

Gasoline
Diesel

Aviation
fuel Fuel oil Gas

2004 -1.32 11.55 -4.38 -2.20 4.92 -2.56 -5.87
2005 -3.05 26.31 -9.59 -5.10 1.08 -3.97 -11.55
2006 -4.59 38.45 -13.47 -7.99 -1.17 -5.59 -15.86
2007 -4.61 42.28 -13.24 -7.73 -0.34 -5.38 -15.47
2008 -3.88 40.75 -11.22 -6.33 0.26 -4.46 -13.30
2009 -3.11 37.05 -9.01 -4.92 0.64 -3.55 -10.88
2010 -2.27 31.19 -6.48 -3.41 0.93 -2.60 -7.97
2011 -1.35 22.98 -3.45 -1.70 1.24 -1.54 -4.21
2012 -0.37 11.81 0.36 0.33 1.78 0.10 1.04

Crude petroleum and aviation fuel are special cases. Domestic demand falls as 

product price rises, but their production increases. For crude petroleum, since its 

domestic price increases by a smaller magnitude than its world market price, domestic 

demand increasingly relies on domestic output. This results in the decrease of its net real 

import and therefore we observe the contraction of domestic demand but the expansion of 

its production. For aviation fuel, while domestic demand decreases, change in the relative 

prices contributes to the expansion of its export. With the high ratio of export to domestic 

output, we observe the expansion of its production.

The impacts of oil prices shock on the production of gasoline, diesel, fuel oil and 

gas are similar to the implications found in the static analysis of the previous chapter. The 

contractions of their productions are attributable to the reduction of domestic demand. 

However, while the results from both static and dynamic models indicate the increase in 

the net real export of gasoline in 2004, figure 4-8 shows that its net real export decreases 

in the longer run.
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Figure 4-8: Transition path of production of energy sectors
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In this chapter, I analyze the macro and microeconomic impacts of transitory oil 

prices shock on the Thai economy. For the purpose of this study, I develop a dynamic 

CGE model along the lines of the neoclassical growth theory of the Ramsey type. With 

the inclusion of the investment Q theory, it becomes possible for the analysis to 

investigate the dynamic investment behavior at a disaggregate level as well as to analyze 

the dynamic transitional path of the economy over a relevant time horizon.

The results indicate that oil prices shock reduces the GDP in 2004 by 0.16 

percent, close to the result from static analysis. However, as the oil prices accelerate 

further, it reduces GDP by approximately 1 percent in 2006-2007. The contraction of 

GDP is led by a reduction of real investment (of 2.58 percent in 2004 and approximately 

4.4 percent in 2006-2007) and the contraction of real private consumption (of 0.44 

percent in 2004 and approximately 2.4 percent in 2006-2007). Aggregate consumption 

price increases by 0.24 percent in 2004 before steeply rising to approximately 1.5 percent 

in 2006 and 2007 when the shock reaches its peak. The net real export increases and 

contributes to GDP in 2004, which is consistent with the findings from the long run static 

analysis. However, as oil prices shock persists and accelerates further, the net real export 

decreases and reinforces the contraction of other GDP components. Considering the 

changes in real export and import relative to their nominal values, the results suggest that 

oil prices shock has a large and significant negative impact on terms of trade, and 

therefore on the current account position of the Thai economy.
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In a dynamic setting, economic decisions in each period depend on expectation 

about future economic conditions. Consequently, when compared to static analysis, the 

results from dynamic model show a smaller negative impact of oil prices shock on real 

consumption, but a greater negative impact on real investment. In addition, this 

accumulated effect tends to increase with the size of the shock. In simulation, this adds 

another 0.08 percent of GDP contraction during the peak period of the shock in 2007.

At a more disaggregate level, oil prices shock puts upward pressure on production 

cost and raises the price of almost every commodity, except for coal & lignite and 

services. Among energy commodities, prices of gasoline, diesel, aviation fuel and crude 

oil increase sharply but at a smaller magnitude than the increases in their world market 

prices. This induces the expansion of the net real export of energy commodities. For non

energy commodities, price of transportation increases the most (3.32 percent in 2004 and 

approximately 12.3 percent in 2006-2007) followed by agricultural and manufacturing. 

Given that the world market price is constant, this situation reduces competitiveness and 

leads to a contraction of the net real export of non-energy commodities (except for 

services), which are the key determinants of aggregate export of the Thai economy.

The increase of commodity price and the negative effect of oil price shock on 

household incomes and budgets of firms lead to a contraction of demand for every 

commodity. For non-energy commodities, the largest contraction of demand is for 

transportation followed by agricultural and manufacturing respectively. The impact on 

services is minimal as it benefits from the expansion of government spending. With 

respect to energy commodities, except for coal & lignite and fuel oil, results suggest that 

the demand is inelastic. As their price in 2006-2007 is almost 1.4 times higher than in
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2003, the demand for these energy commodities only decreases by approximately 12 

percent on average.

Although energy production sectors experience a reduction of demand and higher 

energy cost of production, in most cases, these negative impacts are offset by the increase 

in their commodity price. Except for coal & lignite and electricity, oil prices shock raises 

marginal product revenue of capital and therefore stimulates capital accumulation in 

energy sectors. In contrast, investment in non-energy sectors is negatively affected. This 

is because the contraction of demand and increase in energy cost reduces the shadow 

value of capital. Reinforced by the increase in the purchased price of capital, it leads to 

the contraction of investment of every non-energy sector, which is the key determinant of 

the aggregate investment of the Thai economy.

On the production side, oil prices shock stimulates the productions of crude oil 

and aviation fuel. However, it reduces production in all other sectors. The increases of 

crude oil and aviation fuel productions are driven by the increases of their net real exports 

while their domestic demands show a contraction. The contraction of production in all 

other production sectors is attributable to the reduction of domestic demand, in particular 

the demands for intermediate inputs and consumption.
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I. List of parameters

a Adjustment cost parameter
< Shift parameter in domestic output CES production function

«c Shift parameter in Cobb-Douglas consumption function

<
Shift parameter in Armington function

a\ Shift parameter in CET function

<a Shift parameter in value-added CES production function

P Parameter in adjustment cost function

P i Share parameter in domestic output CES production function

P I Share parameter in Armington function

P i Share parameter in CET function

P L Share parameter in value-added CES production function

p ‘ Share parameter in Cobb-Douglas consumption function
s ‘ Depreciation rate of capital stock

O'a Exponential parameter in domestic output CES production function
Exponential parameter in Armington function

o\ Exponential parameter in CET function

Ola Exponential parameter in value-added CES production function
icin  )'j Intermediate goods j per unit of aggregate intermediate input
i m a t ‘,J Share parameter in investment matrix
P Rate of time preference
p c w m  ,' Import price in foreign currency unit
p c w x  ‘ Export price in foreign currency unit
rw i t World market interest rate
s t k ' Ratio of inventory investment to output
tr g h , Transfer between government and household
tr o w g  , Transfer between ROW and government
tro w h  t Transfer between ROW and household
t x a ' Indirect tax rate on activity
t x c ' Indirect tax rate on commodity
tx m ' Import duty
t x v a ' Value added tax rate
ty Direct tax rate
V Elasticity of marginal intertemporal utility
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II. List of variables21

4 Shadow value of capital
ABS; Quantity of domestic composite
Cc\ Quantity of consumption demand for goods i

Cft Quantity of full consumption
Debtt Foreign debt
Dinv't’j Quantity demand for investment goods by origin
ER, Nominal exchange rate (fixed as numeraire)
EXc\ Quantity of export
FS, Capital flow
GSt Government saving
lnv\ Quantity of investment by destination sector

A Total investment by destination sector (including adjustment portion)

k ; Capital stock

L) Demand for labor
LS, Labor supply
Mc\ Quantity of import
p a : Price of domestic output
Pci Price of composite good
PDc\ Price of domestic output sold domestically

Pft Price of full consumption
PinAD] Price of aggregate intermediate input
Pk\ Replacement cost of capital stock
PMc\ Import price in local currency unit
PXc] Export price in local currency unit
Pv\ Price of value added

q : Q measurement

QA\ Quantity of domestic output
QCinD1/ Quantity of intermediate demand for goods j
QDcl Quantity of domestic demand for domestic output

Note that in the base model ERt , GSt , and LSt are fixed
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Qg\ Quantity of government demand for goods i
QinAD' Quantity of aggregate intermediate input
QSc\ Quantity of domestic output sold domestically
Qstk\ Quantity of demand for stock investment

Qy\ Quantity of value added

r, Domestic interest rate
Rk\ Rental rate
TAXt Government revenue from taxes
U Utility function
Wt Wage rate

Y, Consumer’s budget
YH, Household income
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Table B -l: Trade elasticity

Armington elasticity CET elasticity

Agriculture 0.8 0.9
Industry 0.9 1.5
Energy
- Coal & lignite 0.5 0.3
- Crude petroleum 4.5 1.1
- Gasoline 1.5 0.7
- Diesel 1.5 0.6
- Aviation Fuel 1.5 0.6
- Fuel oil 0.6 0.6
- Electricity 0.5 0.5
-Gas 0.7 0.5

Transportation 0.7 0.6
Services 0.5 0.5

Table B-2: Elasticity of input substitution and adjustment cost parameter

K-La Qv-QintADb Adjustment cost 
parameter

Agriculture 0.5 0.3 3.33
Industry 0.5 0.3 3.33
Energy
- Coal & lignite 0.5 0.3 13.00
- Crude petroleum 0.5 0.2 20.00
- Gasoline 0.5 0.2 16.00
- Diesel 0.5 0.2 16.00
- Aviation Fuel 0.5 0.2 20.00
- Fuel oil 0.5 0.2 10.00
- Electricity 0.5 0.2 16.00
- Gas 0.5 0.2 16.00

Transportation 0.5 0.3 3.33
Services 0.5 0.3 3.33

a B etw een ca p ita l (K) a n d  la b o r (L)
b B etw een  value a d d e d  com posite  (Q v) a n d  in term ediate com posite  (Q intAD)

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



152

C h a p te r  3: T h e  im p a c t  o f  tr a d e  lib er a liz a tio n  in  a  re v en u e  co n stra in ed  eco n o m y : th e  ca se  o f  
Thailand

Abstract:

This chapter analyzes the impact of trade liberalization in the context of a revenue 
constrained economy. In the framework of the CGE model for tax policy analysis, the 
results show that, tariff reductions of 41.9 percent for agricultural and 37.7 percent for 
manufacturing reduce government revenues by s 20.829 billion which is equivalent to 
0.450 percent of GDP. Aggregate production increases and raises the aggregate real 
income. GDP increases by 0.036 percent led by the expansions of investment and 
consumption. Government consumption decreases by 2.297 percent. Overall, without 
revenue constraint, tariff reductions raise the aggregate welfare by $ 6.469 billion which 
is equivalent to 0.139 percent of GDP.

In the context of a revenue constrained economy, the reduction in tariff revenue is 
neutralized by the incomes from Value Added Tax (VAT), Excise Tax (ET), Special 
Business Tax (SBT) and Household Income Tax (HIT). The results show that the impacts 
of trade liberalization significantly differ from the case without revenue compensation. In 
all cases, the aggregate welfare decreases and implies all tax measures are less efficient 
than tariffs. With VAT, SBT and HIT, GDP increases by significantly less than in the 
case without revenue compensation. With ET, it leads to GDP contraction. At a 
disaggregate level, simulation results show that ET has an economy-wide distortion effect 
on production. SBT directly distorts against services production. HIT reduces the 
aggregate production through its impact on labor force reallocation that raises wage rate. 
VAT directly distorts against informal agricultural production sectors. The distortion 
effect of VAT, which can be captured when the model explicitly takes into account the 
invoices rebate system, has an important implication for VAT policy analysis.
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1. Introduction
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Trade theory asserts that free trade is optimal for a small open-economy. Tariff 

revenue can even increase in the early stage of trade liberalization but may eventually 

decline. Consequently, a government may want to replace tariff revenue by another 

source. A recent study by Khattry (2003) shows that trade liberalization can pose an 

adverse effect on government revenue and induces developing countries to employ some 

sorts of tax compensation. It turns out that the removal of trade distortion is offset by 

other distortionary tax measures. Thailand is now likely to be in this situation.

In this respect, the ultimate goal of a free trade regime may not be fully met in a 

revenue-constrained economy. Since the recent literature, for example Baunsgaard and 

Keen (2005), indicates that the revenue effect of tariff reduction tends to be stronger in 

the later stages of trade liberalization, the revenue impact of proactive tariff reduction and 

the distortionary effect of revenue compensation measures in Thailand are of particular 

interest. Therefore, this chapter analyzes the impacts of trade liberalization in the context 

of a revenue-constrained economy.

1.1 Background

1.1.1 Trade liberalization and tariff reform in Thailand

In the early stage of economic development, tariffs in Thailand were used as a 

means to increase government revenue and to protect domestic infant-industries along the 

line with an import-substitution industrial development strategy. The turning point was in 

the mid 1970s when the development strategy shifted from import-substitution to export 

promotion. However, the political uncertainty in the region of Southeast Asian and the
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prolonged world economic recession in the late 1970s and early 1980s delayed the

process of industrial development.

The big-push for an outward-oriented policy took a major step in the mid 1980s

when the government launched a spatial infrastructure development project to support the

manufacturing sector and moved further to establish a sound fundamental for the free

market regime. Trade barriers were significantly reduced. Together with the favorable

external economic and political environments, these policies effectively hasten the

transformation process of the Thai economy from predominantly agricultural to an

industrial-based economy in 1992. The export sector has been successfully used as a

growth-engine and drove the growth rate of the Thai economy to an average 10.9 percent

per year during the last four years of the 1980s.

Figure 1-1: Average applied tariff rates in Thailand

55 -i

1991 1995 1999 2 0 0 2  2003

■  A v e ra g e  applied ra te  ■  A gricultural (US 01-24) □  M anufacturing  (HS 25-97)

Source: WTO

Under the extensive liberalization plan, trade and investment barriers were 

gradually abolished. The major tariff reductions were initiated in 1988, starting with the 

reduction of tariffs on electric and electronic appliances as well as the tariffs on their 

inputs. In 1995 and 1997 a comprehensive tariff reform was implemented, aimed at the 

reduction of both the nominal tariff rates and their dispersion. The maximum rate
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decreased from 100 percent to 30 percent in most cases and covered 4,000 commodity 

items. The complicate rates were simplified and brought down to the six tariff rates 

system. Two top rates of 20 and 30 percent were levied on finished products. Two middle 

rates of 5 and 10 percent were levied on intermediate goods. Two low rates of 0 and 1 

percent rates were applied for raw materials. This resulted in the reduction of applied 

average tariff rates from 44 percent in 1991 to 23 percent in 1995.

In 1998, economic crisis resulted in the shortfall of government revenues. The

Ministry of Finance raised tariff rates on some commodity items1 and imposed a

temporary surcharge of 10 percent on all imports with customs duty of over 5 percent.

This measure slightly raised the average applied tariff rate but none of these tariff

increases or surcharges violates Thailand's tariff binding commitments.

In 1999, the temporary surcharge was eliminated and the government announced

an additional tariff restructuring plan to strengthen industrial competitiveness and to meet

its international commitments. Tariff rates for 1,190 commodity items were reduced to

between 0 and 5 percent in January 2000. About 153 commodity items are exempted

from customs duties. In order to strengthen industrial competitiveness, the tariff rates on 

2 3capital goods and raw materials of more than more than 630 commodity items were 

reduced or exempted on a permanent basis.

In 2002, the tariff system was restructured and further simplified to only 3 rates. 

The top rate of 10 percent is applied to finished products, products requiring extra

1
e.g., the rates on tobacco and clothing were raised from 30 to 60 percent, and the rates on some cosmetics

and leather goods were raised from 10 to 40 percent
2

Machinery, mechanical appliances and parts, electrical machinery equipment and parts
3

Inputs o f pharmaceutical, food, chemical, plastic and textile industries
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protection, and luxury goods. The middle rate of 5 percent is levied on semi-finished

products and the lower rate of 1 percent is applied on raw materials and inputs not

produced in the domestic economy. As of January 2005, approximately 73 percent of

total tariff lines are aligned with the 3 rates system. The proactive tariffs reform after the

financial crisis reduced the average applied tariff rate further from 17.00 percent in 1999

4
to 15.00 percent in 2002, 14.7 percent in 2003 and approximately 10.71 percent in 2004 .

1.1.2 Tariff reduction and government revenue compensation

Apart from tariffs, the alternative sources of government tax revenues are 

household Income Tax (HIT), Corporate Income Tax (CIT), Value Added Tax (VAT) 

and Excise Tax (ET), Special Business Tax (SBT). VAT is imposed on the purchase of 

both locally produced and imported goods. ET is a selective production tax that has been 

used for a revenue purpose and as a means to correct market failures. SBT is the semi 

corporate income tax. It is levied on the activities where it is difficult to measure value 

added.

The proactive tariff reform continually reduces the government revenue from 

tariffs. As indicated in Table 1-1, the share of tariffs in the total tax revenues significantly 

decreases from 16.0 percent in 1996 to only 9.0 percent in 2004, while the ratio of tariff 

revenue to GDP decreases from 2.8 percent to 1.6 percent over the same period. The 

reduction of tariff revenue is however offset by a raise of VAT and ET revenues with 

respect to total tax revenue and GDP.

4
It is noteworthy that since only 73 percent o f total tariff lines are aligned with the 3 rates system, the 

average applied tariff rate are higher than the top rate o f  3 rates system.
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Table 1-1: Structure of tax revenues (%)

1996 1997 1998 1999 2000 2001 2002 2003 2004

VAT

- % total tax revenue

- %GDP

22.90

4.10

24.40

4.20

32.20

5.00

29.60

4.40

27.10

4.00

28.00

4.20

26.90

4.30

26.60

4.50

27.50

4.90

Excise tax

- % total tax revenue

- %GDP

20.80

3.80

22.50

3.80

21.50

3.50

24.00

3.40

23.20

3.40

23.10

3.50

24.50

3.90

25.00

4.30

23.90

4.40

Tariff

- % total tax revenue

- %GDP

16.00

2.80

12.80

2.20

9.30

1.40

9.80

1.50

12.00

1.80

11.90

1.80

11.40

1.80

11.20

1.90

9.00

1.60

1.1.3 Trends

According to the tariff restructuring plan, there will be further tariff reductions in 

2007 and 2008. It is expected that by 2008, over 73 percent of commodity items will be 

covered by the current 3 rates system. In addition, economic policy after the period of 

economic crisis indicates that Thailand has continually pursued a proactive trade 

liberalization strategy. These trends indicate that the government revenue from custom 

duties will decrease further and some sorts of revenue compensation measure may be 

implemented.

Therefore, the implications of trade liberalization on public finance in Thailand 

are similar to other developing countries that have been involved in free trade regime. 

Trade liberalization leads to a reduction of tariff revenue, which is neutralized by income 

from other taxations. This trend features a process of trade liberalization in a second-best 

tax revenue constrained economy. Although this trend is increasingly recognized by 

international economic and trade organizations, few attempts have been devoted to 

investigating its implications.
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1.2 Objective of the study

According to trade theory, free trade is optimal for a small open-economy. But 

custom duties are an important source of government revenue in a revenue constrained 

economy. If the tariff revenue cannot be easily compensated, trade liberalization implies 

a fiscal issue. In such a situation, IMF (2005) suggests that, unless the government wishes 

to reduce the tax burden of the economy, economic management requires some 

compensating measures to neutralize the fiscal effect of trade liberalization.

According to the research of Ebrill, Stotsky and Gropp (1999), tariff revenue 

potentially increases in the early stage of trade liberalization. However, Baunsgaard and 

Keen (2005) argue that there must be some points at which further trade liberalization 

leads to tariff revenue reductions, since a move towards a more liberalized economy is a 

move towards no trade tax. Recent empirical study by Devarajan, Go, and Li (1999) on 

sixty countries shows that trade liberalization generates a significant loss of government 

revenue.

In principle, trade liberalization induces economic expansion and raises other tax 

revenues. Baunsgaard and Keen (2005), however, show that the recovery rate of tariff 

reduction in developing countries is rather low. IMF (2005) suggests that, it would be 

unwise to count on long-run second-round revenue effects of trade liberalization. 

Therefore, as the reduction of tariff revenue cannot be self-financing and the negative 

revenue impact is often stronger in the latter stage of liberalization, revenue-constrained 

economies search for some sort of compensation and increasingly rely on other taxation 

measures.
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Konan and Maskus (2000) show that interactions between the existing distortion 

and tax-compensation measures can significantly reduce welfare gains from trade. In 

such a situation, the devise revenue neutralize strategy is to secure and maximize the 

efficiency gain from trade.

Thailand has performed trade liberalization policy since 1980s. The fiscal 

indicators trends indicate that tariff reductions cannot be self-financing. In addition, the 

progress in privatization policies made the reduction of tariffs revenue difficult to replace 

by the incomes from non-taxation. Therefore, some sorts of tax compensation measure 

evidently have been employed and seemingly are being used increasingly. This paper 

aims to analyze the impacts of trade liberalization and tax-compensation measures in 

Thailand in the context of a revenue constrained economy.

The remainder of this paper is organized as follows: Section 2 provides a review 

of the literature. Section 3 provides a description of the model in this study. Section 4 

presents the results of model simulations and section 5 provides the conclusion.
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2. A review of the literature
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Edwards (1993) and many others found a strong correlation between trade 

liberalization and economic growth. The effect of trade liberalization on government 

revenue is ambiguous because it is dependent on the economic structure of each country, 

the stage of liberalization as well as the relative mix of intervention measures and the 

elasticity of tax revenues with respect to tariff rates. In some cases, trade liberalization 

has an important negative impact on government revenue. Therefore, it is often important 

to consider a comprehensive tax reform to mitigate the undesired revenue consequences 

of trade liberalization and to preserve the gains from trade liberalization.

The impacts of trade liberalization on government revenue as well as the 

implications of its associated revenue compensation measures have been debated in the 

literature. Some attempts have been devoted to analyzing their empirical implications. 

Across countries, the results vary greatly. In this section, I first review the empirical 

evidences of the impacts of trade liberalization on government revenue and the empirical 

implications of revenue compensation measures that have been found in the literature.

2.1 Trade liberalization and government revenue

Baunsgaard and Keen (2005) examine the degree to which countries can recover 

the revenues they have lost from a past episode of trade liberalization. Using panel data 

of 111 countries over 25 years together with the GMM estimator, they conclude that the 

recovery rate is rather weak in low-income countries- at best they can recover not more 

than 30 cents for each lost dollar. Within this group, the presence of VAT insignificantly 

affects the rate of recovery. For the middle-income countries, the recovery rate is
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between 40-60 percent. For high-income countries, the recovery rate is high in fact it is in 

excess of a dollar per dollar. Within this group, recovery is also higher for those countries 

with VAT.

Khattry (2003) uses panel data of 80 countries during 1970-1998 to examine the 

presumption that trade leads to a fiscal squeeze because of declining tax revenues and 

rising debt interest expenditure. Under the fixed effect regression framework, the results 

indicate that trade liberalization adversely affects trade tax revenues of low and upper 

middle-income countries. That is, trade liberalization leads to the reduction of 

government revenues and higher interest payments. This situation contributes to the 

observed decline in infrastructure spending.

Ebrill, Stotsky and Gropp (1999) show that the revenue implications of trade 

liberalization depend significantly on the episode of liberalization. In the early stage, the 

impact on tax revenue tends to be smaller and, in some cases, tax revenue can be 

increased provided that (a) the initial protection is highly restrictive, (b) trade 

liberalization involves tariffication of the existing quantitative restrictions, (c) in moving 

to the uniform system, the reduction in tariff dispersion raises some existing low rates 

and eliminates some existing exemptions, and (d) custom and trade administration 

reforms reduce the incentive for tax evasion. However, the negative relationship between 

trade liberalization and trade tax revenue is more prominent in the longer run.

Devarajan, Go, and Li (1999) estimate the fiscal effect of trade reform in 60 

countries. In a general equilibrium framework, they found that, with the current account 

constraint, for the domestic commodity to be substituted by imported goods, the 

transformation elasticity has to be high. With the higher substitutability between domestic
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and foreign goods, both in consumption and production, tariff reform has a larger impact 

on the external sector and can theoretically be self-financing. If the elasticities are not 

large, tariff reduction leads to a decrease in tax revenues. In this case, a fiscal adjustment 

policy is necessary. However, since the study shows that the estimated elasticities are in 

the range of 0-3 in most cases, the self-financing tariff reform is unlikely.

IMF (2005) summarizes the channels through which trade tax reforms affect the 

government revenue. In the short-run, the direct effect is the reduction of tariff revenue. 

For indirect effects, since the consumption taxes are imposed gross of tariff rate, tariff 

reduction indirectly affects other tax revenues. In the longer run, trade liberalization 

affects the growth rate of the economy, which potentially raises government revenues. 

Therefore, the full implications of trade liberalization on government revenues depend on 

a range of considerations. However, since the second round effects are subjected to 

uncertainty, it is not prudent to presume that the second round effects will automatically 

compensate for the revenue loss caused by trade liberalization. The IMF paper suggests 

that some policy responses are needed to deal with revenue loss unless the government 

wishes to reduce the overall tax burden on the economy. By examining sample data of 8 

countries with different magnitudes of tariff rate reduction and different rates of revenue

recovery5, the paper concludes that countries with a high rate of recovery also raise their 

domestic consumption tax. The income tax revenues are also stronger in the countries 

with a high rate of tariff revenue recovery. In addition, countries which fail to recover

The less than full recovery countries are composed o f Kenya, Sri Lanka, Egypt and Cote d’Ivoire. The 
full recovery countries are Malawi, Uganda, Senegal and Jordan.
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tariff revenue appear to have fairly large fiscal deficits over the period, which indicates 

budget pressure.

2.2 Trade liberalization and tax reform

Many attempts have been devoted to explaining why fiscal reform (tax reform) 

and trade liberalization are often observed together. Kubota (2005), for example, 

proposes that fiscal constraint is the driving force for trade liberalization. According to 

this view, tariff reduction and trade liberalization are the logical consequences of the 

demand to increase government revenues. In contrast, the trade liberalization literature 

(WTO, IMF) suggests that the causality tends to run in the opposite direction. Trade 

liberalization ultimately leads to a tax revenue reduction. Consequently fiscal reform (tax 

reform) can be considered as an integral part of trade liberalization.

Since each country requires a certain level of government revenue to sustain 

development, the reduction of tariffs revenue imposes a fiscal constraint on developing 

countries. This is a potential driving force for fiscal reforms in developing countries. The 

tendency by developing countries to move away from tariffs toward other forms of 

taxation is also stimulated by the fact that customs duties are not an efficient source of 

revenues. In principle, tariffs have a narrower base than income tax and VAT and its 

distortionary feature interferes with both production and consumption decisions. 

Therefore, the recent policy advice by the IMF and WTO recommends the use of other 

taxation measures to neutralize the revenue effect of tariff reduction. This policy advice 

seems to be a standard premise for trade liberalization in a revenue constrained economy.

Among non-trade taxes, indirect taxes on consumption are generally preferred to 

direct taxes. According to public finance theory, indirect taxes that shift the burden from
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factor of production to consumption are generally believed to be associated with better 

conditions for saving, employment and investment. In addition, they are perceived as an 

effective measure for market failure correction and have merit in terms of tax 

administration. However, a uniform consumption tax increase tends to be regressive and 

discriminates against the poors.

Since the modifications of tax structure have both positive and normative 

implications, in this subsection, I briefly review the consequences of revenue

compensation measures that have been found in the literature6.

Clarete and Whalley (1987) use a CGE model to examine the distortion effect of 

trade and commodity taxes in the Philippines. By comparing the marginal welfare costs 

of trade and commodity taxes, the result shows that the marginal welfare costs of the 

former are substantially larger than the latter. That is, moving from trade tax to 

commodity tax raises welfare.

Erbil (2001) investigates the welfare impact of trade reform when trade tax 

revenue is replaced by an increase in other indirect taxes. By using the concept of 

marginal cost of fund, he shows that trade tax is a cheaper distortion than other indirect 

taxes for 11 countries. Therefore, replacing the trade tax by other indirect taxes will lead 

to welfare reduction. For 4 other countries, trade tax is a more expensive distortion than 

other indirect taxes; therefore replacing trade tax by other indirect taxes improves 

welfare.

6
It is noteworthy that, in principle, tax bases broadening and improving tax administration as suggested in 

policy advice can compensate the trade tax loss. However, it is difficult to measure the value o f such 
contributions. In addition, given the limited capabilities o f developing countries to achieve tax base 
broadening and tax administration strengthening in the short-run, this study is limited only to compensation 
measures using increased rates o f alternative taxes.
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Go, Kearney, Robinson and Thierfelder (2005) analyze the impacts of replacing 

the Goods and Services Tax (GST) system by a VAT in South Africa and then evaluate 

the impacts of an alternative revenue neutral tax system by replacing the VAT by income 

taxation. In the framework of a static CGE model with fixed labor and capital supplies, 

the study indicates that VAT is mildly regressive but it is an effective source of 

government revenue compared to other tax instruments. Replacing the GST system by 

VAT leads to welfare improvement. For the alternative revenue neutral tax system, the 

result shows that, replacing VAT by income taxes can benefit the low-income group 

without imposing an excess burden on the high-income group.

Konan and Maskus (2000) use the CGE model to analyze the impacts of various 

tax reform schemes, various trade reform schemes, and tax reform in conjunction with 

trade reform schemes in Egypt. In the framework of a revenue constrained economy, the 

real government revenue is fixed and the reduction of one or more tax revenues is 

compensated by the increase of some others. The result shows that welfare effects depend 

critically on the type of replacement scheme. In the presence of the domestic distortion 

taxes and revenue constraint, the welfare gains from trade liberalization can be significant 

smaller than what predicted by standard trade theory. With some specific compensation 

measures, it is possible that unilateral tariff reduction can reduce Egyptian welfare.
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In this chapter, I develop a static CGE model for tax policy analysis. The model 

departs from the static CGE model for energy policy analysis in the first chapter by 

taking into account details of the tax system of the Thai economy. The production 

structure is scaled down to 3 production nests. All tax rates are endogenized in the model 

in order to analyze the impacts of different revenue compensation measures.

7
The model belongs to the small-open economy CGE literature . It is composed of 

3,254 linear and nonlinear equations that govern the behavior of agents, sectors and their 

interdependencies in the economy. Production is composed of 54 sectors. In order to 

analyze the distribution effects of trade liberalization and revenue compensation 

measures, households are represented by 3 occupational categories. Factor of production 

is composed of labor, capital and intermediate goods. In this section, I describe in detail 

the equations of the model including the first order conditions. The lists of model 

variables and parameters are provided in Appendix A.

3.1 Production

Production is made up of 54 sectors. Each of them is assumed to behave as a 

single representative firm, producing a single homogenous commodity. As depicted in 

Figure 3-1, the production structure of each sector is composed of 3 production nests. The 

production of output and aggregate intermediate input are governed by the fixed-

7
Modeling style is largely influenced by the standard CGE modeling tradition described in Lofgren, Harris 

and Robinson (2001).
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coefficient Leontief production technology. The production of aggregate value-added 

input is governed by the Constant Elasticity of Substitution (CES) production function.

Figure 3-1: Production structure

3.1.1 Production output.

In each production sector, activity output (QAa)  is a Leontief aggregation of

aggregate value-added (QyAJ and aggregate intermediate input ( QinsAJ as indicated in 

equation (a2). According to the zero profit condition, in equation (al), after tax revenue 

( PAa(1 -  TexcRa -TspbRa -TsubRa) QAa)  of each sector is equal to its total cost, which 

is the sum of aggregate value-added input cost ( PvAaQvAa)  and aggregate intermediate 

input cost (PinsAaQinsAJ Therefore, a cost minimization problem at this production nest 

is postulated as

Output of activity (QA)

Value- added 
Composite (QvA)

Intermediate input 
Composite (QinA)

A A A
Agriculture Manufacturing Transportat

Labor (L) Capital (K)

Min: PAa(l-T excR a -TspbRa -TsubRa)QAa = PvAaQvAa + PinsAaQinsAa (al)

Subject to

(a2)

The optimality conditions are:

QinsAa = insaQAa (1)
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QvAa = ivaQAa (2)

PAa (1 -  TexcRa -  TspbRa -  TsubRa )QAa = PvAaQvAa + PinsAaQinsAa (3)

The variables TexcR, TspbR and TsubR denote the effective rates of excise tax,

special business tax and subsidy respectively. Equations (1) and (2) show that the optimal 

level of aggregate intermediate input (QinsAa)  and aggregate value-added input (QvAJ

are the fixed proportion to output (QAa)  level.

3.1.2 Aggregate value-added

At the second production nest, as indicated by equation (19), aggregate value 

added (QvAJ  is a CES aggregation of primary inputs (QFf J  which are labor and

capital. By zero profit condition in equation (a3), total revenue (PvAaQvAa)  equals the

sum of return on factors of production (^  WFf WFdist f aQFf a ) . A cost minimization
/

problem at this production nest is postulated as:

M in: PvAaQvAa = ^ W F f WFdiSt faQFfa (a3)
f

Subject to

(4)
f

The optimality conditions are:

WFfWFdist^^PvA&A^
/

(5)

PvAaQvAa = Y JWFjWFdistfa QFJa (a4)
f
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3.1.3 Aggregate intermediate input

Aggregate intermediate input (QinAJ is the Leontief aggregation of different 

intermediate input commodities as shown in equation (a6). Zero profit condition in 

equation (a5) requires that total revenue (PinsAaQinsAa) be equal to the sum of spending

on different intermediate input commodities (^T PqcQCinAc a)  net out of VAT rebate

(REBATEa). With this specification, the production decision at the third production nest 

is postulated as a cost minimization problem as

M in : PinsAaQinsAa = ^  Pqc QCinAc a -  REBATEa (a5)
C

Subject to

QinsAa = Min j  QCmAc a j
I iCQc,a J

The optimality conditions are:

QCinAca = icacaQinsAa (6)

PinsAa = Y Jicac,ap <lc
r REBATE, A

QinsAa

Equation (6) and (7) indicate that the optimal level of each intermediate input 

commodity ( QCinAca)  is the fixed proportion to aggregate intermediate input ( QinsAJ

and the price of intermediate aggregate input (PinsAa)  is a weighted average price of

different intermediate commodities C £ jc a caPqc)  net of VAT rebate per-unit of
C

aggregate intermediate input.
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3.2 Domestic output and trade

3.2.1 Commodity output

Activity output (QAa)  is linked to its corresponding commodity output ( Qxc)

g
through the fixed coefficient ( 9a c)  .

a

PAa = ^ e a:CPxc (9)
c

3.2.2 Allocation of domestic output

Domestic output of each commodity (Q xJ  is allocated between domestic sales

(Q dJ  and export (Q eJ. With the assumption of imperfect transformability between 

these two destinations, the allocation behavior of each firm is governed by the Constant 

Elastic Transformation function (CET) as described in equation (11). In equation (a7), 

total value of domestic output of each sector (PxcQxc) equals the value of domestic 

output sold domestically (P dcQdc)  and the value of export (PecQeJ. Therefore, the 

optimal allocation behavior is postulated as a revenue maximization problem:

M ax: PxcQxc = PdscQdc + PecQec (a7)

Subject to

Qxc = a ‘[stcQe0J  +(1 - d ‘c) Q d f ^  (10)

Since each representative production sector produces a single homogenous commodity output ( Qxc), the 

transformation coefficient ( 6 a c)  equals 1. Therefore QAa = Qxc and PA = Pxc.
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The optimality conditions are:

Qec _ Pec( l - S ‘c) («-0
(11)

PxcQxc = PdcQdc + P ecQec (12)

Equation (11) implies that the optimal ratio of export to domestic sales is a 

function of the ratio of export price to domestic output price and the parameters in CET 

function. In addition, with the assumption of a small-open economy, domestic firms are 

price takers. Therefore, export price of each commodity in local currency unit ( P eJ  is

3.2.3 Optimal combination of composite goods

The composite goods (Qqc)  of each commodity available in domestic market are

the combination of domestic output sold domestically (Q dJ  and imported (Q m J. With

the assumption of imperfect substitution between imported and domestic goods, the 

behavior of domestic agents (firms, households and government) in choosing their 

optimal combinations is governed by the Armington equation as shown in equation (14).

Let Pqc denote price of composite goods, Pm c denote price of imported goods in 

local currency unit and Pdc denote price of domestic output sold domestically. The 

budget constraint in equation (a8) requires that the total expenditure of domestic agents 

on composite goods net out of VAT be equal to the sum of spending on domestic output

the product of exchange rate ( Exr ) and its world market price in foreign currency units

( p w e j. That is

Pec = pw ejE xr (13)
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and spending on imported. The optimization problem of domestic agents can be depicted 

as an expenditure minimization problem:

M in: Pqc( 1 -  TvatRc)Qqc = PdcQdc + PmcQmc (a8)

Subject to

= <  \s;Q m f  + (1 -  S t)Q clf  ]+? (14)

The optimality conditions are:

Qn%
Q d c

Pqc (1 -  TvaRc)Qqc -  PdcQdc + PmcQmc (16)

TvatRc in equation (16) is the VAT rate on each commodity that is imposed on

both locally produced and imported goods. With the assumption of a small-open 

economy, domestic agents are faced with a perfectly elastic supply of foreign goods. 

Therefore, the import price in local currency units is defined as gross of tariff as

Pmc = (1 + tmc) pwmcExr (17)

3.3 Institutions and incomes

Institutions in the model are households, state enterprise, private enterprise, 

government and the rest of the world. Households, state and private enterprises are 

domestic non-government institutions.

3.3.1 Gross income of institutions

Gross income of domestic non-government institutions (Yf)  is made up of 4

components: factor income C^_Yifi f ), domestic infra-institutional transfer C £P riiit- ),
f  ’ i

PdcS j)  
Pmc (1 -  S j )

(i+3?)
(15)
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transfers from government (trnsfri govCPI), and remittances from the rest of the world

(trnsfrirowExr).

Y i i = Z  YifiJ + Z Triiu* + trnsfn,govC pl +  trnsA mvExr (18)
f  f

3.3.2 Infra-institutional transfer

Infra-institutional transfer between domestic non-government institutions is a 

fixed proportion (shii..,) to gross income (Yt)  net out of income tax and saving. Note

that, Tinsi and mpsbari are the rate of income tax and the average saving rate 

respectively.

TriiiV = shiiiV (1 -  mpsbari )(1 -  Tinsi )Yii (19)

3.3.3 Factor income

Total income from primary factors (Yf{ ) , is the sum of returns on labor and

capital across production sectors (^  WFf WFdisf  aQFf a). In equation (21), total factor
a

income is allocated across domestic institutions (Yifi f )  according to the base year share 

of each instruction in the aggregate endowment of each factor ( shifi f ).

V f = Y WFf WFdists,.QFi.. (20>
a

W ij  = shift, f Yff (21)

3.4 Households and consumption

Households are represented by the 3 occupational representative households, 

agricultural, nonagricultural, and government-employed households. With this level of
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disaggregation, the model can be used to investigate the impacts of trade liberalization 

and different revenue compensation measures on income and welfare distribution.

3.4.1 Consumption expenditure

Consumption expenditure (Ehh) of each household is the gross household income

(Yih) net out of saving, income tax payment and transfer to other domestic non

government institutions.

3.4.2 Consumption

Consumer preferences are described by the Stone-Geary utility function as shown 

in equation (a9). Budget constraint in equation (a 10) requires that the consumption 

expenditure of each household ( Ehh)  be equal to the sum of its spending on different

consumption commodities PqcQhc h). Therefore, the consumption problem of each

Ehh = (l “  mpsbarh Xl -  Tinsh 1 1 -  Y jshiiuh Yh (22)
i  J

representative household can be postulated as a utility maximization problem:

(a9)

Subject to

(a 10)

The optimality conditions are:

V c

\

(23)

Ehh= ^ P q cQhC'h (a ll)
C
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3.4.3 Consumer price index

Consumer price index is the weighted average price of different consumption 

commodities. In the model, consumer price index is the fixed numeraire.

3.5 Government

Government is a separate institution without preference. The role of government 

in the model is to collect revenues from different sources, and spend its income on 

government consumption and transfers to other non-governmental institutions.

3.5.1 Government revenue

Government revenue is made up of income tax revenue from non-governmental 

institutions ('Y'TinsjYi), VAT revenue from the purchased of domestic composite goods

(^ TvatRcPqcQqc), net out of VAT rebate for the purchased of intermediate

input REBATEa), excise tax revenue ( TexcRaPAaQAa) , special business tax
a a

revenue TspbRaPAaQAa), tariff revenue tmcpwmcQmcExr), factor income
a c

(Yigov)  and transfer from the rest of the world ( trnsfrgov rowExr).

CPI = Y JCWtscPqc (24)

Yg = Y jT in s fr  + Y j TvatRcPqcQqc -^ R E B A T E a
C a

+ Y,TexcRaPA„QA, + Y l TsPbR. PA.QA,
a a

+ Y j tmcPWmcQ™cExrc + YigoV + tmSf rgm,,0WExr (25)
c
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3.5.2 Government expenditure

Government expenditure (E g) is composed of government consumption spending

PqcQgc), subsidies to domestic production sector (^ TsubRaPAaQAa), and
c  a

government transfers to domestic non-government institutions ( ^  Trnsfrj gov).
i

E g = ' Z P ‘I & g c  + Y , T ™ b R . P A . Q A  + ' L t r m A ^ c p I  (26)
c  a  i

3.5.3 Government demand for consumption

Government consumption demand for each commodity ( Egc)  is a function of its

base year value ( q b a g j  and the scaling ( Gadj)  factor. With this specification,

government consumption demand can be either fixed at its base year level by setting 

scaling factor at unity, or endogenized to the model by allowing scaling factor to adjust.

Qgc = qbagcGadj (27)

3.5.4 Tax rates

For the purpose of tax policy analysis, the income tax rate (TinsJ, VAT rate 

(TvatRJ, excise tax rate (TexcRJ, special business tax rate (TspbRa), and the rate of 

production subsidy (TsubRa), can be selectively endogenized to the model according to

the following specifications:

Tins i = tinsbari (1 + tinszo (TinsAD J) (28)

TvatRc = tvc(l + vatzocVatADJ) (29)

TexcRa = texca(L + exczoaExcADJ) (30)

TspbRa = tspba( 1 + spbzoa SpbADJ) (31)

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



177

TsubRa = suba(l + subzo aSubADS) (32)

Note that, TinsADJ, VatADJ, ExcADJ, SpbADJ, and SubADJ are adjustment

variables for the proportional scaling endogenous change of their corresponding tax rates. 

If one of these tax rates is chosen as the endogenous model variable, its corresponding 

adjustment variable must be endogenous. Alternatively, these rates are fixed by setting 

their corresponding adjustment variable to zero.

3.5.5 VAT rebate

The VAT system in Thailand is of European-style; all purchased transactions are 

taxed at a fixed proportional rate regardless of whether they are purchased for final 

demand or purchased for intermediate demand. This means that both domestic goods sold 

domestically and imported goods are subjected to VAT but the exportation of domestic 

output is not. However, firms can deduct VAT paid on the purchase of their intermediate 

inputs. Therefore, to prevent the cascading effects of the change in VAT rate on 

intermediate input use, I model the VAT rebate as found in the work of Delfin S. Go, 

Mama Keamey, Sherman Robinson and Karen Thierfelder (2005) as

3.6 System constraints

For the economy to reach equilibrium, the following equilibrium conditions must 

be satisfied;

3.6.1 Commodity market equilibrium

The aggregate demand for each composite commodity is composed of 

intermediate input demand (^ Q C in A ca), household consumption demand ("J]Qhch),

REBATE a = Y JTvatRcPqcQCinAca (33)

a h
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investment demand (Qinvc), government consumption demand (Q gc)  and demand for 

stock investment ( q d s tj .  The commodity market equilibrium condition in equation (34) 

requires that the aggregate demand for each commodity be equal to its composite supply

(QqJ•

QQc = X  QCinAc,a + X  QKh + Qinvc + QSc + qdstc (34)
a h

3.6.2 Factor market equilibrium

Factor market equilibrium condition requires that the sum of each primary input 

(labor and capital) employed across production sectors (Y'JQFfa ), be equal to total
a

endowment (QFf  ).

'ZQFu=QFSf (3}>
a

3.6.3 Government balance

Government balance requires that government income (Yg)  be equal to the sum 

of government spending (E g) and government saving ( Gsav).

Yg — Eg + Gsav (36)

3.6.4 External balance

Current account balance in equation (37) is defined in terms of foreign currency. 

The gap between spending ( ^  pwecQec + ^  trnsfrrow i ) , and earnings of foreign
c i

currency ( ^ p w m cQmc)  is foreign savings ( Fsav).
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H  pwmc Qmc = Y  pwec Qec + Y  trmfrmw,, + Fsav (37)
c i i

3.6.5 Saving-investment balance

Total savings (Tsav) is composed of private savings of domestic non-govemment 

institutions (Y  mpsbari (1 -  Tinsi) Yii ), government savings (Gsav), and foreign savings
i

in terms of domestic currency (ExrFsav) net out of inventory investment ( Y P ^ c^ stc)-
c

Savings is distributed across different investment commodities according to their base 

year shares (y/c). Since the sum of y/c is unity, equation (39) is the Walras saving- 

investment identity.

Tsav = Y  Mpsbari (l -  Tinst )7/;. + Gsav + ExrFsav -  Y  Pqcqdstbarc (38)
i c

PqeQ inv= y/cTsav (39)

3.7 Model closures

In order to analyze the impacts of trade liberalization (without revenue 

compensation measures) on the fiscal balance and other macroeconomic variables, 

government savings in equation (36) is fixed at its base year level. All tax rates in 

equations (28-32) are fixed and the real government consumption adjusts to maintain 

government balance. With this closure rule, the direction and magnitude of the change in 

government consumption indicates the impact of tariff reduction on government real 

revenue.

To analyze the impact of trade liberalization in conjunction with revenue 

compensation measures, the real government consumption and government saving are
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fixed. The reduction of tariff revenue is offset by the increase in other tax revenues. 

Therefore, one of the tax rates in equation (28-32) is endogenized to the model depending 

on the hypothetical compensation measure.

In all simulations, labor is assumed to be fully employed factor and mobile across 

production activities. Therefore, supply of labor is fixed and the economy-wide wage rate 

is a labor market clearing variable. Capital is fully employed but activity specific factor. 

Therefore, specific wage rates are the capital market clearing variable. In order to prevent 

the domestic economy from financing the shortfall of tariff revenue by foreign 

borrowing, the foreign savings (Fsav) is fixed at its base year level. In addition, the 

exchange rate (Exr)  is the fixed numeraire.

3.8 Model calibration

The model is calibrated to the 1998 Social Accounting Matrix (SAM) of the Thai 

economy and a set of elasticity parameters in Appendix B. Note that in this study, I apply 

elasticity parameters found in the relevant literature. The structure of the Thai economy 

and tax system as displayed by SAM are provided in Appendix C.

3.9 Taxes in the model

9The model incorporates all major taxes of the Thai economy which are the direct 

income tax on households (HIT) and enterprises, Value Added Tax (VAT), Excise Tax 

(ET), Special Business Tax (SBT) and tariffs. VAT is imposed on the purchase of both 

locally produced and imported goods. The suppliers of certain goods and services are 

subjected to a zero VAT rate. According to the 1998 SAM, the effective VAT rates on

9
Note first that the tax system in Thailand can be divided into major taxes that are administered by the 

central government and the local taxes that are administered by the local government. However, our brief 
review is limited to the former which is directly relevant to our analysis and is covered by SAM.
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manufacturing and services are almost at the same rate of approximately 2.3 percent1̂  

but the effective rates on agricultural and transportation are lower. This is because 

various agricultural and transportation commodities are subjected to a zero VAT rate.

ET is a selective production tax. In addition to revenue purpose, excise tax has 

been used as a means to correct market failures and some other specific purposes. 

According to SAM, the base of ET covers agricultural, manufacturing and services 

productions. However, the effective rate on services production is very low and the 

effective rate on agricultural production is negligible. Therefore, excise tax revenue is 

mainly derived from manufacturing production in particular energy production.

SBT is the semi corporate income tax. It is levied on the activities where it is 

difficult to measure value added. To avoid the excess burden of value added calculation, 

some certain businesses are subjected to a special business tax such as financial services 

and real estates. Tariffs are levied on either a specific or ad-valorem basis. The ad- 

valorem rate is based on CIF prices and import classification is based on the Harmonized 

Commodity. The effective tariff rates in SAM vary across production sectors.

3.10 Informal sectors

In calibration, some productions are treated as informal production sectors and are 

unable to rebate their VAT burden on the purchased of intermediate inputs. This is 

because the VAT in Thailand is implemented through the invoices rebate system. In 

principle, suppliers are required to collect VAT at a statutory rate of 7 percent of the sale 

value on their invoices. This is called the output tax. However, the net VAT liability of

10
Note that all tax rates in the model are the effective rates that are differ to their statutory rates due to 

sector aggregation, the treatment o f the informal sector and measurement error.
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each supplier is calculated by deducting the output tax by the VAT payment shown on 

the invoices of their intermediate purchased (which is called the input tax). With this 

system, sectors without invoices and a standard accounting system are unable to rebate 

their VAT burden on their intermediate purchased. By considering the facts of the 

production structure of the Thai economy, in calibration, the productions of paddy, fruits 

& vegetable, other crops, livestock, fishing and other agricultural productions are treated 

as informal sectors. Overall, these sectors account for 9.05 percent of the total value of 

production and 13.13 percent of the total value added of the Thai economy.
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To analyze the impact of trade liberalization both with and without revenue 

compensation measures, I first simulate the model by using a tariff reduction of a similar 

magnitude as its actual reduction during 1996-2002. Then different revenue 

compensation measures are introduced to the model in conjunction with tariff reduction 

to neutralize the effect of tariff reduction on government revenue. This section, reports 

the results of the following 5 simulation scenarios:

(a) Trade liberalization without revenue compensation. In this simulation, I 

introduce unilateral tariff rate reductions of 41.900 percent for agricultural 

imports and 37.700 percent for manufacturing imports. The purpose of this 

simulation is to investigate the impacts of trade liberalization on government 

revenue and other economic indicators.

(b) Value Added Tax (VAT) compensation measure. In this simulation, the 

impact of trade liberalization on government revenue is offset by an increase in 

income from VAT. Therefore, the tariff reductions in (a) are introduced to the 

model in conjunction with an endogenous percentage change in effective VAT 

rates.

(c) Excise Tax (ET) compensation measure. In this simulation, the 

government revenue effect of trade liberalization is compensated by an increase in 

income from excise tax. That is, the tariff reductions in (a) are introduced to the 

model in conjunction with an endogenous percentage change in effective excise 

tax rates.
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(d) Special Business Tax (SBT) compensation measure. In this case, the effect 

of trade liberalization on government revenue is neutralized by an increase in 

income from SBT. Therefore, the tariff reductions in (a) are introduced to the 

model in conjunction with an endogenous percentage change in effective SBT 

rates.

(e) Household Income Tax (HIT) compensation measure. Instead of indirect 

tax compensation, in this simulation, the impact of trade liberalization on 

government revenue is neutralized by an increase in income from HIT. Tariff 

reductions in (a) are introduced to the model in conjunction with an endogenous 

percentage change in effective HIT rates.

It is noteworthy that the purpose of the analysis in this chapter is not to investigate 

the implications of optimal tax literature11. This is because to investigate such 

implications, the burden of revenue compensation measures must be imposed on the 

commodities that their tariff rates have been reduced. Instead, in this study, tax burden of 

revenue compensation measures is imposed at convenience on the commodities or sectors 

that are already subjected to tax instrument. In addition, the increases of tax rates of each 

revenue compensation measure are assumed to be a uniform percentage change, not a 

uniform point change that involves a higher cost of tax administration. These 

assumptions are not far from reality where the government seeks to offset its revenue loss 

while minimizing the costs of tax administration.

While the implication from optimal tax literature is sound theoretically, in practice, it involves the cost 
o f tax administration. In addition, VAT is not a pure consumption tax (as it is required by optimal tax 
literature) but, in the presence o f informal sectors, it implies a production distortion.
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4.1 The impacts on the aggregate economy

Table 4-1 presents the impacts of trade liberalization with and without revenue 

compensation measures on the aggregate economy. Without revenue compensation, tariff 

reduction reduces the producer cost and consumption price. The reduction in producer 

cost stimulates aggregate production activity and raises factor income by $ 1.766 billion. 

Together with the reduction in domestic market price, the real consumption and real 

investment increase by 0.257 percent and 0.649 percent respectively. With respect to 

fiscal balance, government revenue decreases by m 20.829 billion which is equivalent to 

government revenue loss of 0.450 percent of GDP. As a result, real government 

consumption decreases by 2.297 percent. However, with its small contribution, the 

contraction of government consumption is outweighed by the expansion of private 

consumption and investment. In aggregate, tariff reduction raises the real GDP by 0.036 

percent.

Through its impacts on income and consumption price, tariff reduction improves 

household well-being. Measured by compensation variation, aggregate household welfare 

increases by $ 6.469 billion which is equivalent to 0.139 percent of GDP. On external 

balance, both real export and real import increase. Therefore, the domestic economy 

increasingly relies on the world market. With respect to import, tariff reduction reduces 

import price relative to domestic producer price, in particular those of agricultural and 

manufacturing products, which are the main consumption and intermediate input 

commodities. This situation shifts domestic demand towards import goods and raises real 

import by 0.889 percent. The reduction of domestic demand for domestic goods and the 

lower cost of intermediate input reduces domestic producer price. The ratio of export
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price to domestic producer price increases and raises the aggregate real export by 0.653 

percent.

Table 4-1: The impacts on the aggregate economy

(a) (b) (c) (d) (e)
Real GDP (% A) 0.036 0.012 -0.016 0.015 0.017

- Private consumption 0.257 -0.014 -0.162 -0.024 -0.114
- Investment 0.649 0.089 0.327 0.127 0.358
- Government consumption -2.297 0.000 0.000 0.000 0.000
- Export 0.653 0.460 0.488 0.468 0.487
- Import 0.889 0.626 0.664 0.637 0.662

Real absorption 0.043 0.015 -0.019 0.018 0.020
Production output (% A) 0.184 0.058 0.034 0.056 0.061
Producer price index (% A) -0.199 -0.081 0.048 0.052 -0.137
CPI (% a) -0.345 0.273 0.086 -0.224 -0.345
Factor income ( A : & billion ) 1.766 11.053 -3.081 -10.482 10.943
Welfare (C.V: $ billion) 6.469 -0.359 -4.120 -0.631 -2.890
Per-capita C.V ( b ) 105.696 -5.857 -67.313 -10.317 -47.222
Effective VAT rate (%) 2.625 3.520 2.625 2.625 2.625
Effective excise tax rate (ET: %) 10.735 10.735 11.733 10.735 10.735
Effective SBT tax rate (%) 5.979 5.979 5.979 9.517 5.979
Effective income tax rate (HIT: % ) 3.179 3.179 3.179 3.179 3.725
Note: (a) : Tariff reduction

(b ) : Tariff reduction, replace government revenue by VAT
(c ) : Tariff reduction, replace government revenue by excise tax
(d) : Tariff reduction, replace government revenue by SBT tax
(e ) : Tariff reduction, replace government revenue by household income tax

Columns (b), (c), (d) and (e) present the impacts of trade liberalization in 

conjunction with revenue compensation measures. In order to sufficiently compensate the 

government revenue loss, VAT rates must be increased by 34.075 percent. Alternatively, 

the rates of ET, SBT or HIT must be raised by 9.291 percent, 59.181 percent and 17.177 

percent respectively. Although each of these compensation measures generates the same 

real government revenue, they differ in their economic implications and their impacts on 

the economy. Simulation results show that VAT directly distorts against agricultural 

production. ET distorts against economy-wide production through its indirect effect on
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12 13energy price . SBT directly distorts against services production . The degree of

distortion is reflected in the alteration of aggregate economic variables from the standard

case without revenue compensation in (a).

Overall, with the revenue compensation measures, the impacts of tariff reduction 

on the aggregate economic variables significantly differ from the case without revenue 

compensation. In the cases of VAT, SBT and HIT, the aggregate GDP increases by 

0.012, 0.015, and 0.017 percent respectively, significantly lower than without revenue 

compensation. In the case of ET, it results in the contraction of the aggregate economy by 

0.016 percent.

In all cases of revenue compensation, the aggregate production output is lower 

than without revenue compensation. This is attributable to two main reasons: first, the 

production resources are allocated to the value-added intensive services production more 

than in the case without revenue compensation and, second, indirect tax measures distort 

against production. Without the direct distortion effect on production, the slower rate of 

production output of 0.061 percent in the case of HIT is attributable to its indirect effect 

on resources reallocation that raises the economy-wide wage rate. This reallocation effect 

is reinforced by the direct effect on production distortion in the case of indirect tax 

measures. Therefore, it results in the slower expansions of production output of 0.058, 

0.034 and 0.056 percent in the cases of VAT, ET and SBT respectively, significantly 

lower than in the case without revenue compensation.

12
Excise tax is imposed on production o f luxury commodities but also covers gasoline, diesel and crude 

oil. The base year effective rate for energy commodities is reasonably high.
13

SBT is imposed on the production sectors for which it is difficult to calculate value added. In the base 
year data, only banking and real estate productions are subjected to SBT.
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Aggregate factor income increases by a 11.053 billion and a 10.943 billion in the 

cases of VAT and HIT respectively, significantly higher than in the case without revenue 

compensation. This is because the domestic production structure after the increase of 

VAT or HIT relies more on the value-added intensive production. However, with ET and 

SBT the aggregate factor income decreases by a 3.081 billion and a 10.482 billion as the 

former leads to economy-wide production distortion and the latter directly distorts against 

the value-added intensive services production.

Producer price index and consumer price index are higher than in the case without 

revenue compensation. With VAT, CPI increases the highest of all cases while the PPI is 

higher than in the case without revenue compensation. This is because the domestic 

market price is gross of VAT and therefore the consumption price strongly reflects the 

increase in VAT burden. In addition, since VAT on the intermediate purchased of 

agricultural production is not deductible, it raises the PPI higher than in the case without 

revenue compensation. With ET, both CPI and PPI increase as it is imposed on 

production and its burden is partially shifted to consumers. With SBT, PPI suffers its 

highest increase as it is imposed on value-added intensive production. Nevertheless, its 

burden is partially shifted to consumers as reflected in its slightly higher CPI when 

compared to the case without revenue compensation. The increase in wage rate, in the 

case of HIT, raises PPI to a level slightly higher than in the case without revenue 

compensation.

With revenue compensation measures, aggregate real investment increases at a 

slower pace. In the case of VAT, it is attributable to the increase in domestic market 

prices of investment commodities while, in the case of HIT, it is attributable to the
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reduction of disposable income caused by a higher income tax burden. In the case of ET, 

it is attributable to both the reduction of aggregate factor income and the increase in the 

price of investment commodities. In the case of SBT, it is solely attributable to the 

reduction of aggregate factor income.

Aggregate real consumption declines in all cases of revenue compensation. 

Although the aggregate factor income is higher in the cases of VAT and HIT than in the 

case without revenue compensation, the real consumption decreases. In the case of VAT, 

the price effect works in the opposite direction and outweighs the income effect. With 

HIT, both price effect and income effect contribute to the expansion of aggregate real 

consumption but insufficiently cover the increase in income tax burden. In the cases of 

ET and SBT, the aggregate factor income decreases. With ET, the income effect is 

reinforced by the prices effect and result in the strongest contraction of real consumption. 

With SBT the aggregate factor income decreases more than in the case of ET. However, 

the income effect is partially offset by the price effect. Overall, the aggregate real 

consumption decreases and results in household welfare contraction in all cases of 

revenue compensation. In this regard, the static welfare implications of trade 

liberalization in a revenue constrained economy significantly differ from the standard 

case without revenue compensation.

The contraction of aggregate household welfare in all cases of revenue 

compensation implies that all tax measures in simulations are less efficient than tariffs. 

This potentially raises questions about the results as it is generally believed that VAT is a 

cheaper distortion than tariffs which is contradictory to the results of this study. However, 

this contradiction arises because of the presence of informal production sectors in the

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



190

model. In order to test this implication I run a separate simulation scenario by assuming 

that there are no informal sectors in the Thai economy and therefore VAT burden on 

intermediate purchased of every production sector is deductible.

Simulation results in Table 4-2 show that, in the absence of informal sectors, 

VAT is more efficient than tariffs. Therefore, the contradiction is entirely attributable to 

the presence of informal sectors. This implies that, in the presence of informal sectors, 

invoices VAT rebate system creates a production distortion, which is the important 

implication for tax policy analysis in developing countries. In addition, it implies that the 

real consumption tax, as it is required by optimal tax literature, hardly exists in second- 

best developing countries. Therefore, the standard premise of trade liberalization for a 

revenue constrained economy should be carefully evaluated.

Table 4-2: The impacts on the aggregate economy in the absence of informal sectors

(a) (b) (c) (A) (e)
Real GDP ( % a) 0.036 0.011 -0.016 0.015 0.017

- Private consumption 0.257 0.011 -0.162 -0.025 -0.114
- Investment 0.649 0.024 0.327 0.127 0.358
- Government consumption -2.297 0.000 0.000 0.000 0.000
- Export 0.653 0.449 0.488 0.468 0.487
- Import 0.889 0.611 0.664 0.637 0.662

Real absorption 0.043 0.013 -0.019 0.018 0.020
Production output (% A) 0.184 0.056 0.034 0.056 0.061
Producer price index (% a) -0.199 -0.089 0.048 0.052 -0.137
CPI (% a) -0.345 0.357 0.086 -0.224 -0.345
Factor income (A : 8 billion) 1.765 14.660 -3.072 -10.481 10.937
Welfare (C.V: 8 billion) 6.471 0.252 -4.121 -0.633 -2.890
Per-capita C.V (8) 105.733 4.118 -67.342 -10.336 -47.225
Note: (a ) : Tariff reduction

(b ) : Tariff reduction, replace government revenue by VAT
(c) : Tariff reduction, replace government revenue by excise tax
(d )  : T a r i f f  re d u c t io n , re p la c e  g o v e rn m e n t re ve n u e  b y  S B T  ta x
(e) : Tariff reduction, replace government revenue by household income tax
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4.2 Sectoral impacts

This subsection reports the impacts of trade liberalization and different revenue 

compensation measures at a disaggregate level. To summarize the results, I aggregate the 

54 production sectors of the model into 4 major sectors, agricultural, manufacturing, 

transportation and services.

4.2.1 Sectoral price indexes

Column (a) of Table 4-3 presents the impacts of tariff reduction on sectoral price 

indexes. Tariff reduction reduces import prices of agricultural and manufacturing 

commodities, which are the main intermediate-input of domestic production. Therefore, 

every sectoral production sector benefits from tariff reduction in terms of lower 

intermediate-input prices.

Economy-wide wage rate decreases by 0.587 percent as the tariff reduction leads 

to the contraction of labor-intensive production. However, the sector-specific rate of 

return on capital of every sector increases which indicates the expansion of production in 

other sectors. Since labor accounts for 35.045 percent of total value added, the reduction 

in the economy-wide wage rate is offset by the increase in the aggregate rate of return on 

capital. Therefore, the aggregate value-added price index increases by 0.040 percent. At a 

disaggregate level, however, the value-added price indexes of labor-intensive agricultural 

and services productions decrease as a result of the reduction of economy-wide wage rate 

while the value-added price index of intermediate-input intensive manufacturing 

production increases which reflect a strong expansion in its production activity.

The effect on the domestic output price of each sector depends on the structure of 

its input as well as the elasticity of substitution between labor and capital. In general, the
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output price index of every sector decreases, except for transportation. The reduction of 

output price indexes in agricultural and service productions is attributable to the reduction 

of both intermediate-input price and value-added price while the reduction of the output 

price index of manufacturing is attributable to the reduction of intermediate input price. 

The increase in the output price index of transportation is attributable to the increase in 

value-added price and reflects the expansion in its production activity.

Table 4-3: The impacts on sectoral prices

(a) (b) (c) (d) (e)

(1) Im port price index (% A)
- Agricultural
- Manufacturing
- Transportation
- Service

-1.066
-1.408
-1.261
0.000
0.000

-1.066
-1.408
-1.261
0.000
0.000

-1.066
-1.408
-1.261
0.000
0.000

-1.066
-1.408
-1.261
0.000
0.000

-1.066
-1.408
-1.261
0.000
0.000

(2) Interm ediate input price index (% a)
- Agricultural
- Manufacturing
- Transportation
- Service

-0.237
-0.226
-0.264
-0.066
-0.197

-0.151
0.302

-0.287
-0.061
-0.089

-0.151
-0.115
-0.264
0.811
0.003

0.009
0.135

-0.153
0.079
0.280

-0.255
-0.305
-0.303
-0.120
-0.140

(3) Econom y-wide wage rate -0.584 0.357 -0.041 -0.207 0.287
(4) Rate of return of capital

- Agricultural
- Manufacturing
- Transportation
- Service

0.313
0.220
0.925
0.654
0.026

-0.072
-0.469
0.670
0.321
0.103

-0.279
-0.536
0.143

-1.104
0.065

-0.373
-0.506
0.139

-0.262
-0.481

0.049
-0.228
0.644

-0.125
0.199

(5) Value added price index
- Agricultural
- Manufacturing
- Transportation
- Service

0.040
-0.045
0.286
0.372

-0.175

0.265
-0.197
0.537
0.329
0.184

-0.075
-0.373
0.064

-0.864
0.031

-0.252
-0.407
-0.008
-0.250
-0.393

0.263
-0.058
0.493

-0.032
0.228

(6) Dom estic output price index (% A)
- Agricultural
- Manufacturing
- Transportation
- Service

-0.151
-0.093
-0.191
0.114

-0.148

-0.062
0.124

-0.178
0.100
0.087

0.036
-0.196
0.067
0.122
0.028

0.040
-0.109
-0.211
-0.056
0.650

-0.104
-0.152
-0.185
-0.084
0.082

(7) Com posite price index (% A)
- Agricultural
- Manufacturing
- Transportation
- Service

-0.345
-0.068
-0.536
0.126

-0.248

0.273
0.070
0.112
0.281
0.573

0.086
-0.416
0.247
0.134

-0.048

-0.224
-0.193
-0.494
-0.062
0.142

-0.345
-0.419
-0.516
-0.093
-0.132

Note: (a) : Tariff reduction
(b) : Tariff reduction, replace government revenue by VAT
(c ) : Tariff reduction, replace government revenue by excise tax
(d ) : Tariff reduction, replace government revenue by SBT tax
(e) : Tariff reduction, replace government revenue by household income tax
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Assuming imperfect substitution between domestic and foreign goods, the price 

of each commodity available in the domestic market or composite price is the outcome of 

the interactions between export, import and domestic output prices that are governed by 

CET and Armington equations. Overall, it results in the reduction of the composite price 

and the producer price indexes for agricultural manufacturing and services but the 

increase in domestic producer price and composite price indexes for transportation. At an 

aggregate level, the composite price index and domestic producer price index decrease by 

0.345 and 0.199 percent respectively.

Columns (b), (c), (d) and (e) present the impacts of tariff reduction in conjunction 

with revenue compensation measures on the sectoral price indexes. Since the exchange 

rate is the numeraire, aggregate and sectoral import price indexes are equal to the case 

without revenue compensation. Therefore, the change of intermediate input price index 

from the case without revenue compensation reflects the change in the structure of 

production, the demand condition as well as the distortion effect of each revenue 

compensation measure.

In general, with revenue compensation measures, production resources are 

increasingly diverted from intermediate-input intensive manufacturing production. 

Therefore, without distortion effect on production, the aggregate intermediate-input price 

index tends to be lower than in the case without revenue compensation as in the case of 

HIT. In all cases of indirect tax compensation measures, however, the aggregate 

intermediate price indexes are higher than in the case without revenue compensation. 

This is attributable to the distortion effect of indirect tax measures on production. VAT 

directly raises the intermediate-input price index of agricultural production while ET and
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SBT directly raise the intermediate-input price indexes of transportation and services 

productions respectively.

In all cases of revenue compensation measures, labor-intensive services 

production decrease by a smaller magnitude than in the case without revenue 

compensation. Therefore, the economy-wide wage rate is higher than in the case without 

revenue compensation. Among the revenue compensation measures, the economy-wide 

wage rate is the highest in the case of VAT followed by HIT, ET and SBT respectively. 

Although the HIT is without production distortion and the aggregate production increases 

more than in the case of VAT, the economy-wide wage rate increases by a smaller 

magnitude. This is because, with HIT, the expansion of production activity is induced by 

the expansion of intermediate-intensive manufacturing production by more than in the 

case of VAT.

In contrast, the aggregate rate of return on capital is lower than in the case without 

revenue compensation. This is because, with revenue compensation measures, the 

aggregate production activity increases at a slower pace. In the cases of indirect tax 

compensation measures, the aggregate rate of return on capital decreases in contrast to 

the case without revenue compensation and to the case of HIT. At a disaggregate level, 

the sectoral specific rates of return on capital reflect the strong distortion effect of VAT 

on agricultural production, the distortion effect of ET on transportation production and 

the distortion effect of SBT on the services production.

Each revenue compensation measure affects the sectoral valued-added price 

indexes through its impact on the economy-wide wage rate and the sectoral specific rates 

of return on capital. With VAT and HIT, the aggregate value-added price index is higher
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than in the case without revenue compensation. In contrast, with the ET and SBT, the 

aggregate value added price index decreases against its increase in the case without 

revenue compensation. Ceteris paribus, this results imply the higher aggregate factor 

income in the cases of VAT and HIT than in the case without revenue compensation and 

vice versa in the cases of ET and SBT.

Output price is the Leontief aggregation of intermediate and value added prices, 

and is defined gross of indirect taxes on production. The change in the output price index 

reflects the supply side condition. In general, the aggregate output price index tends to be 

higher in the cases of revenue compensation than in the case without revenue 

compensation. With VAT and HIT, aggregate output price index decreases at a slower 

pace than in the case without revenue compensation, which is attributable to the increase 

in the aggregate value-added price index discussed earlier. In addition, with VAT, the 

VAT burden on the intermediate purchased of agricultural production reinforces the 

increase in value-added price. With ET and SBT, aggregate domestic output price index 

increases compared to its decrease in the case without revenue compensation. The 

increase of aggregate output price index in the case of ET is solely attributable to the 

higher tax burden, while the case of SBT is attributable to both the increase of 

intermediate-input price and the higher tax burden.

Similarly, composite price reflects the demand condition and is defined gross of 

VAT. Without revenue compensation, tariff reduction reduces the price of imported 

commodities in terms of domestic currency unit and therefore the aggregate composite 

price. With revenue compensation measures, the aggregate composite price index tends 

to be higher than in the case without revenue compensation. Among the indirect tax
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measures, composite price index is the highest in the case of VAT. This is because the 

composite price is VAT inclusive. With ET and SBT, the aggregate composite price 

index is higher than in the case without revenue compensation but lower than in the case 

of VAT. This is because ET and SBT are levied on production but their tax burdens are 

partially shifted to consumers and therefore the higher aggregate composite price is 

observed.

4.2.2 Sectoral productions

Table 4-4 shows the impacts of tariff reduction with and without revenue 

compensation measures on the sectoral production activities. Column (a) shows that, 

without revenue compensation, except for services, tariff reduction raises the production 

activity of every sector and results in the increase of aggregate production by 0.184 

percent. The strongest expansion is for manufacturing production followed by 

transportation and agricultural productions respectively. This is because, as shown in 

Table 4-3, the first-round direct effect of tariff reduction is the reduction of import price 

of intermediate inputs. Therefore, without revenue compensation, tariff reduction benefits 

the intermediate input intensive manufacturing production more than the value-added 

intensive agricultural and transportation productions. However, the value-added intensive 

services production decreases as tariff reduction results in the contraction of government 

demand.

The expansion of aggregate production activity raises the demand for aggregate 

intermediate input. However, the demand for aggregate value-added decreases because 

the contraction of services production. In terms of demand by origins, the expansion of 

aggregate production is driven by the increase in both aggregate domestic demand and
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the aggregate demand for export. Nevertheless, the expansion of aggregate demand for

export is significantly stronger than domestic demand. In addition, the strong increase in

export at an aggregate level is attributable to the strong increase in manufacturing

exports. Therefore, the expansions of manufacturing and the aggregate production 

14
activity are mainly driven by export demand.

Table 4-4: The impacts on sectoral productions

(a) (b) (c) (d) (e)

(1) Production output (% A) 0.184 0.058 0.034 0.056 0.061
- Agricultural 0.107 -0.096 -0.045 -0.040 -0.067
- Manufacturing 0.374 0.124 0.090 0.119 0.138
- Transportation 0.140 -0.004 -0.122 -0.006 -0.047
- Service -0.188 -0.016 -0.023 -0.033 -0.035

(2) Intermediate-input composite (% a) 0.297 0.098 0.077 0.094 0.101
- Agricultural 0.097 -0.083 -0.047 -0.036 -0.061
- Manufacturing 0.401 0.150 0.133 0.142 0.164
- Transportation 0.140 -0.004 -0.122 -0.006 -0.047
- Service -0.012 -0.017 -0.040 -0.022 -0.048

(3) Value-added composite (% a) -0.003 0.000 -0.001 0.000 0.000
- Agricultural 0.116 -0.107 -0.043 -0.043 -0.072
- Manufacturing 0.314 0.061 0.054 0.064 0.073
- Transportation 0.140 -0.004 -0.122 -0.006 -0.047
- Service -0.301 -0.015 -0.011 -0.036 -0.028

(4) Domestic demand for local goods (% A) 0.033 -0.070 -0.112 -0.076 -0.075
- Agricultural 0.091 -0.101 -0.080 -0.076 -0.107
- Manufacturing 0.158 - 0.111 -0.174 - 0.111 -0.097
- Transportation 0.157 0.010 -0.104 -0.015 -0.059
- Service -0.224 -0.010 -0.019 -0.030 -0.033

(5) Export (% a) 0.653 0.460 0.488 0.468 0.487
- Agricultural 0.169 -0.075 0.088 0.097 0.082
- Manufacturing 0.866 0.658 0.686 0.642 0.672
- Transportation 0.072 -0.064 -0.194 0.028 0.003
- Service 0.053 -0.057 -0.047 -0.047 -0.050

Note: (a) : Tariff reduction
(b ) : Tariff reduction, replace government revenue by VAT
(c ) : Tariff reduction, replace government revenue by excise tax
(d) : Tariff reduction, replace government revenue by SBT tax
(e) : Tariff reduction, replace government revenue by household income tax

In this respect, the main channel through which trade liberalization induces the 

economic expansion is its indirect stimulation effect on manufacturing exports. This is

14
Note that manufacturing output accounts for 57.62 percent o f  total production. Therefore changes in 

manufacturing production strongly influence the aggregate output production.
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because tariff reduction reduces producer price of manufacturing product by a smaller 

magnitude than its import price, but by a larger magnitude than export price. Change in 

the relative prices of this manner shifts domestic demand for manufacturing towards 

import goods and boosts its exportation. However, while tariff reduction raises the 

aggregate value-added price index by 0.040 percent, it reduces the demand for aggregate 

value-added by 0.003 percent. Therefore, the positive effect of trade liberalization in 

terms of factor income stimulation is not strong.

Columns (b), (c), (d), and (e) indicate that, in all cases of revenue compensation, 

the aggregate production increases at a slower rate than in the case without revenue 

compensation. This indicates direct and indirect distortion effects on production. Among 

the revenue compensation measures, the aggregate production output is highest in the 

case of HIT but significantly lower than in the case without revenue compensation. Since 

HIT has no direct distortion effect on production, the slower expansion in aggregate 

production is attributable to its indirect effect on the production resources reallocation 

that raises the aggregate value-added cost higher than without revenue compensation. In 

the case of indirect tax measures, this reallocation effect is reinforced by the direct 

distortion effect on production. Therefore, the aggregate production activity is lower in 

the cases of VAT, ET and SBT than in the case of HIT.

At a disaggregate level, in all cases of revenue compensation, manufacturing 

production increases but the production activities of all others sectors decrease. However, 

the production activity of manufacturing increases at a slower pace than in the case 

without revenue compensation while the production activity of services decreases at a 

slower pace. Therefore, the demand for aggregate intermediate inputs is lower than in the
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case without revenue compensation and vice-versa for the demand for aggregate value- 

added input.

The changes in sectoral production activities indicate the location of the distortion 

effect for each indirect tax measure. VAT shows a strong negative impact on agricultural 

production while ET and SBT show a strong bias against transportation and services 

productions respectively. These results are consistent with the structure of the tax system 

of the Thai economy and the way they distort the relative prices discussed in the previous 

subsection. That is, VAT is levied on the purchased of both domestic and imported 

commodities. In general, the VAT burden on the purchased of intermediate goods is 

deductible through the invoices rebate system. In the absence of standard accounting and 

invoices system, the VAT burden on the intermediate purchased is on the producer. 

Therefore, VAT distorts against the agricultural sector by raising its intermediate input 

price. ET is imposed mainly on luxury productions but covers gasoline, diesel and crude 

petroleum. Therefore, ET has a strong and economy-wide distortion effect in terms of 

higher energy input price. SBT is imposed specifically on the productions of real estate 

and banking. Therefore, it directly distorts against services production.

The slower expansion of aggregate production activity is consistent with the 

changes in demands. In all cases of revenue compensation, domestic demand decreases 

and export demand increases at a slower pace than without revenue compensation. The 

reduction of domestic demand is attributable to the slower expansion of the real income 

at an aggregate level and the change in relative price that favors import goods. The 

slower pace of the increase in export demand is attributable to the higher domestic
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producer price index which is caused by the increase in tax rates. Since the domestic 

demand decreases in all cases of revenue compensation, the expansion of production 

activity and the aggregate domestic economy rely totally on the exportation.

4.2.3 Sectoral demands

Table 4-5 shows the impacts of trade liberalization with and without revenue 

compensation measures on sectoral demands. At an aggregate level, without revenue 

compensation, trade liberalization raises the aggregate domestic demand by 0.206 

percent. The expansion of domestic demand is driven by increases in the demand for 

consumption, intermediate input and investment demand, but government consumption 

demand decreases. This result is expected as tariff reduction depletes government 

revenue and reduces the real government consumption. At a disaggregate level, it 

contributes to the expansion of domestic demand for agricultural, manufacturing and 

transportation, but domestic demand for services decreases. The strongest increase in the 

composite demand is for manufacturing.

Nevertheless, the aggregate import demand increases at a faster rate than the 

aggregate demand for domestic output. Tariff reduction reduces the aggregate import 

price in terms of domestic currency by a larger magnitude than the reduction in the 

aggregate domestic producer price. Changes in the relative price create a bias against 

domestic goods in favor of import goods and therefore the aggregate domestic demand 

increasingly relies on the world market. At a disaggregate level, the strong increase in 

sectoral import demands is observed in agricultural and manufacturing commodities, 

which is consistent with the pattern of tariff reductions.
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Table 4-5: The impacts on sectoral demands

(a) (b) (c) (d) (e)

(1) Dom estic com posite demand(% a )
- Agricultural
- Manufacturing
- Transportation
- Service

0.206
0.129
0.412
0.168

-0.207

0.068
-0.060
0.131
0.020

-0.019

0.043
-0.045
0.101

-0.093
-0.026

0.066
-0.041
0.135

-0.020
-0.030

0.073
-0.068
0.160

-0.067
-0.043

(2) Consum ption dem and (% a)
- Agricultural
- Manufacturing
- Transportation
- Service

0.257
0.113
0.354
0.102
0.186

-0.014
0.008
0.028

-0.013
-0.084

-0.162
-0.071
-0.165
-0.270
-0.152

-0.025
-0.040
0.066

-0.102
-0.138

-0.114
-0.036
-0.029
-0.273
-0.223

(3) Interm ediate input dem and (% A )
- Agricultural
- Manufacturing
- Transportation
- Service

0.298
0.143
0.354
0.248
0.218

0.099
-0.087
0.147
0.033
0.057

0.078
-0.038
0.114
0.004
0.043

0.094
-0.043
0.139
0.031
0.043

0.102
-0.083
0.155
0.040
0.049

(4) Investm ent dem and (%  a )
- Agricultural
- Manufacturing
- Transportation
- Service

0.649
0.616
0.749
0.282

-0.621

0.090
0.037
0.174
0.224

-1.055

0.327
0.198
0.377

-0.151
-0.273

0.127
-0.174
0.186

-0.252
-0.596

0.358
0.111
0.410
0.133

-0.292
(5) Governm ent dem and (% a )

- Agricultural
- Manufacturing
- Transportation
- Service

-2.297
-2.297
-2.297
-2.297
-2.297

2.187
2.187
2.187
2.187
2.187

2.205
2.205
2.205
2.205
2.205

2.189
2.189
2.189
2.189
2.189

2.194
2.194
2.194
2.194
2.194

(6) Dem and for dom estic goods (% A)
- Agricultural
- Manufacturing
- Transportation
- Service

0.033
0.091
0.158
0.157

-0.224

-0.070
-0.101
-0.111
0.010

-0.010

-0.112
-0.080
-0.174
-0.104
-0.019

-0.076
-0.076
-0.111
-0.015
-0.030

-0.075
-0.107
-0.097
-0.059
-0.033

(7) Dem and for im ported goods (%  A)
- Agricultural
- Manufacturing
- Transportation
- Service

0.889
0.733
1.073
0.256

-0.105

0.626
0.587
0.761
0.097

-0.097

0.664
0.503
0.815
0.001

-0.100

0.637
0.513
0.774

-0.063
-0.034

0.662
0.533
0.826

-0.132
-0.154

Note: (a ) : Tariff reduction
(b) : Tariff reduction, replace government revenue by VAT
(c ) : Tariff reduction, replace government revenue by excise tax
(d ) : Tariff reduction, replace government revenue by SBT tax
(e ) : Tariff reduction, replace government revenue by household income tax

Columns (b), (c), (d) and (e) show the impact of tariff reductions in conjunction 

with revenue compensation measures. In all cases, the aggregate domestic demand 

increases at a slower pace than in the case without revenue compensation. At a 

disaggregate level, the impact of every revenue compensation measure on the structure of
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domestic demand shares a similar feature. It leads to the expansion of domestic demand 

for manufacturing but it results in the contraction of the domestic demand for other 

commodities. In addition, the domestic demand for services decreases by a smaller 

magnitude than in the case without revenue compensation. These results reflect the 

change in the structure of the aggregate GDP where the real investment increases on the 

contraction of consumption and the reduction of government consumption is less than in 

the case without revenue compensation. In addition, it is consistent with the composition 

of domestic demand where the aggregate demand for intermediate input, investment and 

government consumption increase but the aggregate demand for consumption decreases 

in all cases of revenue compensation.

In terms of demand by the origin of the goods, Table 4-5 shows that, in all cases 

of revenue compensation, the aggregate demand for domestic output decreases and is 

replaced by the increase in the import demand. Among the indirect tax measures, while 

the increase in the domestic demand is strongest in the case of VAT follow by SBT and 

ET, the strongest increase in import demand is for ET followed by SBT and VAT 

respectively. Therefore, VAT provides the lowest incentive to domestic economy for 

importation, followed by SBT and ET respectively. This is consistent with the nature of 

each tax instrument. VAT is levied on both domestic and imported commodities. 

Therefore, it has a neutrality effect on commodities from different origins. ET and SBT 

bias against domestic goods due to the fact that they raise domestic price relative to 

import price. The import stimulation effect is particularly high in the case of ET since its 

base covers the energy commodity.
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4.2.4 Sectoral trades

Table 4-6, presents the impacts of tariff reduction with and without revenue 

compensation measures on sectoral trades. At an aggregate level, without revenue 

compensation, trade liberalization results in a reduction of aggregate domestic producer 

price index. Since exchange rate is the numeraire, the ratio of aggregate export price to 

aggregate domestic price increases and raises aggregate real export by 0.653 percent. At a 

disaggregate level, the real export of every commodity increases. The strong expansions 

are observed in the exportation of agricultural and manufacturing commodities that are 

directly benefit from tariff reduction.

Without revenue compensation measures, tariff reduction reduces the import price 

index at a faster rate than producer price. The aggregate real import increases by 0.889 

percent. At a disaggregate level, except for services, the import of every sectoral 

commodity increases. Together with the change in the sectoral exports, tariff reduction 

raises the net real export of services and agricultural commodities.

Columns (b), (c), (d) and (e) show the impacts of trade liberalization in 

conjunction with revenue compensation measures. At an aggregate level, in all cases of 

revenue compensation, both aggregate real import and aggregate real export increase less 

than without revenue compensation. Among the indirect tax measures, the smallest 

increase in aggregate domestic demand is in the case of ET. However, the aggregate real 

import shows the highest increase in the same case. This implies that ET has the strongest 

stimulation effect on importation since it puts an economy-wide upward pressure on 

production cost. Similarly, in the case of SBT, while aggregate domestic demand is lower 

than in the case of VAT, aggregate import increases by a larger magnitude.
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Table 4-6: The impacts on sectoral trades

(a) (b) (c) (d) (e)

(1) Im port price index (% A)
- Agricultural
- Manufacturing
- Transportation
- Service

-1.066
-1.408
-1.261
0.000
0.000

-1.066
-1.408
-1.261
0.000
0.000

-1.066
-1.408
-1.261
0.000
0.000

-1.066
-1.408
-1.261
0.000
0.000

-1.066
-1.408
-1.261
0.000
0.000

(2) Dom estic producer price index (% A)
- Agricultural
- Manufacturing
- Transportation
- Service

-0.199
-0.049
-0.275
0.142

-0.171

-0.081
0.141

-0.257
0.124
0.100

0.048
-0.274
0.096
0.151
0.033

0.052
-0.129
-0.305
-0.070
0.746

-0.137
-0.254
-0.267
-0.104
0.094

(3) Export/ D om estic prices (% A)
- Agricultural
- Manufacturing
- Transportation
- Service

0.200
0.049
0.276

-0.141
0.171

0.082
-0.141
0.257

-0.124
-0.100

-0.048
0.274

-0.096
-0.151
-0.033

-0.052
0.129
0.306
0.070

-0.741

0.138
0.255
0.268
0.104

-0.094
(4) Im port /  Dom estic price (% A)

- Agricultural
- Manufacturing
- Transportation
- Service

-0.869
-1.360
-0.989
-0.141
0.171

-0.985
-1.548
-1.006
-0.124
-0.100

-1.113
-1.138
-1.355
-0.151
-0.033

-1.117
-1.281
-0.959
0.070

-0.741

-0.930
-1.157
-0.996
0.104

-0.094
(5) R eal export (% A)

- Agricultural
- Manufacturing
- Transportation
- Service

0.653
0.169
0.866
0.072
0.053

0.460
-0.075
0.658

-0.064
-0.057

0.488
0.088
0.686

-0.194
-0.047

0.468
0.097
0.642
0.028

-0.047

0.487
0.082
0.672
0.003

-0.050
(6) Real Im port (% A)

- Agricultural
- Manufacturing
- Transportation
- Service

0.889
0.733
1.073
0.256

-0.105

0.626
0.587
0.761
0.097

-0.097

0.664
0.503
0.815
0.001

-0.100

0.637
0.513
0.774

-0.063
-0.034

0.662
0.533
0.826

-0.132
-0.154

(7) Ratio o f  real export to local goods (% A)
- Agricultural
- Manufacturing
- Transportation
- Service

0.620
0.078
0.707

-0.085
0.278

0.531
0.027
0.770

-0.074
-0.047

0.601
0.168
0.861

-0.090
-0.028

0.545
0.174
0.754
0.042

-0.017

0.563
0.189
0.769
0.062

-0.017
(8) Ratio o f  real im port to local goods (% A)

- Agricultural
- Manufacturing
- Transportation
- Service

0.872
0.659
0.932
0.099
0.113

0.714
0.709
0.890
0.087

-0.087

0.798
0.601
1.011
0.106

-0.082

0.731
0.610
0.904

-0.049
-0.004

0.756
0.658
0.941

-0.073
-0.121

(9) N et real export (% A)
- Agricultural
- Manufacturing
- Transportation
- Service

0.000
0.004

-0.116
-0.119
0.332

0.000
-0.268
0.170

-0.230
0.013

0.000
-0.033
0.076

-0.397
0.046

0.000
-0.024
0.017
0.121

-0.071

0.000
-0.050
-0.059
0.143
0.131

Note: (a ) : Tariff reduction
(b) : Tariff reduction, replace government revenue by VAT
(c) : Tariff reduction, replace government revenue by excise tax
(d ) : Tariff reduction, replace government revenue by SBT tax
(e) : Tariff reduction, replace government revenue by household income tax
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Among the indirect tax measures, the aggregate real export has the highest 

increase in the case of ET followed by HIT, SBT, and YAT respectively. However, the 

strong increase in the real export in the case of ET does not mean that ET has a stronger 

stimulation effect on the exportation. Instead, it is driven by the fact that the expansion of

aggregate production occurs at a faster rate than the expansion of composite demand15 as 

indicated in Table 4-4 and Table 4-5.

4.2.5 Households

Table 4-7 shows the impacts of trade liberalization with and without revenue 

compensation measures on households. Without revenue compensation, tariff reduction 

induces the expansion of domestic production and raises the total aggregate factor income 

by 9 1.8 billion. Together with the change in consumption price, it contributes to the 

increase in the real consumption per-capita by $ 106.2 and raises welfare per-capita by a 

105.7 on average.

At a disaggregate level, trade liberalization asymmetrically contributes to the 

expansion of sectoral productions. As shown in the previous subsection, it contributes to 

the expansion of manufacturing production more than it does to agricultural production 

and the contraction of labor-intensive services production. Therefore, the increase in total 

factor income is driven by the increase of capital income in nonagricultural production by 

more than capital income in agricultural production.

As a result, the nonagricultural households benefit the most from trade 

liberalization followed by agricultural households. Government employed-households 

15
In addition, we test this implication in a separate auxiliary simulation. The result shows that ET alone 

reduces aggregate composite demand by 0.026 percent and aggregate real production output by 0.025 
percent.
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suffer from tariff reduction. This is because agricultural households derive 43.305 percent 

of their income from agricultural capital and 40.463 percent from labor, nonagricultural 

households derive 58.938 percent of their total income from nonagricultural capital, and 

the labor income accounts for 86.766 percent of the total income of government 

employed households. Therefore, different households benefit unequally from trade 

liberalization. These results are consistent with the standard trade theory and previous 

literature on the distribution effects of trade liberalization. Overall trade liberalization 

improves household welfare but benefits those households in modem sectors more than it 

does for other households.

Table 4-7: The impacts on households

(a) (b) (c) (d) (e)

(1) Nominal factor income ( A : 8 billion) 1.8 11.1 -3.1 -10.5 11.0
- Labor -8.5 5.2 -0.6 -3.0 4.2
- Agricultural capital 0.8 -1.7 -2.0 -1.9 -0.8
- Non agricultural capital 9.5 7.6 -0.5 -5.6 7.6

(2) Real consumption per-capita (A: a ) 106.2 -5.6 -66.9 -10.1 -47.3
- Agricultural household 73.2 -47.2 -78.7 -4.2 . 90.0
- Non-agricultural household 171.6 20.9 -54.5 -15.1 -46.8
- Government-employed household -78.4 36.9 -78.3 -10.3 -622.6

(3) Welfare per capita (C.V:e)) 105.7 -5.9 -67.3 -10.3 -47.2
- Agricultural household 72.8 -47.4 -79.0 -4.3 89.6
- Non-agricultural household 170.9 20.7 -55.1 -15.4 -46.7
- Government-employed household -78.4 36.6 -78.9 -10.6 -620.4

Note: (a ) : Tariff reduction
(b) : Tariff reduction, replace government revenue by VAT
(c ) : Tariff reduction, replace government revenue by excise tax
(d ) : Tariff reduction, replace government revenue by SBT tax
(e ) : Tariff reduction, replace government revenue by household income tax

Columns (b), (c), (d) and (e) show the impact of trade liberalization in 

conjunction with revenue compensation measures. Overall, the aggregate nominal factor 

income is higher in the cases of VAT and HIT than without revenue compensation but 

lower in the cases of ET and SBT. With VAT, the income from agricultural capital 

decreases as it distorts against the agricultural production while the income from
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nonagricultural capital increases by more than labor income. With ET and SBT, income 

from every primary factor decreases.

Although the aggregate factor income increases in the cases of VAT and HIT, 

households are worse off at an aggregate level. With VAT, consumption price increases 

and outweighs the contribution of higher income. Therefore, in aggregate, household per- 

capita consumption and per-capita welfare decreases. With HIT, the increase in 

household per-capita income insufficiently covers the increase of household income tax 

burden. Therefore, the consumption and welfare per-capita decrease at aggregate levels. 

In the cases of ET and HIT, the aggregate factor income decreases and results in the 

contraction of the real income per-capita and, hence, the real consumption and welfare 

per-capita. Therefore, the aggregate welfare decreases in all cases of revenue 

compensation. This indicates that VAT, ET, SBT and HIT are less efficient than tariffs.

Although households in aggregate are worse off in all cases of revenue 

compensation, the impacts of each measure differ significantly across households and in 

terms of welfare distribution. With VAT, government-employed households and 

nonagricultural households are better off because VAT raises labor income and income 

from nonagricultural capital. Therefore, the contraction of agricultural household welfare 

and the total welfare at an aggregate level is essentially attributable to the distortion effect 

of VAT on agricultural production. ET results in the contraction of income from every 

factor and, therefore, every household is worse off. Nevertheless, since the income from 

agricultural capital decreases more than incomes from other factors, agricultural 

households suffer the most followed by government-employed and non-agricultural 

households respectively. In the case of SBT, every factor income decreases and results in
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the contraction of welfare of every household. However, as SBT directly distorts against 

service production, the income from nonagricultural capital decreases more than 

agricultural capital and labor incomes. Therefore, nonagricultural households suffer the 

most. With HIT, agricultural households are better off while the nonagricultural 

households and government-employed households are worse off. This is because of the 

progressive nature of income tax system in the base year, where the effective rate is the 

highest for government-employed households, followed by nonagricultural and 

agricultural households respectively. With this income tax structure, the uniform 

percentage change of income tax rates raises the tax burden on government-employed 

households by more than nonagricultural and agricultural households. Therefore, with the 

HIT, government-employed households are much worse off than nonagricultural 

household.
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This chapter investigates the impacts of trade liberalization in the context of a 

revenue constrained economy. The main focus of this chapter is at the impacts of tariff 

reduction with and without other revenue compensation measures, in particular the 

impacts on the aggregate income and household welfare. With revenue compensation, the 

effect of tariff reduction on government revenue is neutralized by the increase in the 

incomes from Value Added Tax (VAT), Excise Tax (ET), Special Business Tax (SBT) 

and Household Income Tax (HIT) respectively.

For the purpose of the analysis in this chapter, I develop a static CGE model for 

tax policy analysis. The model incorporates all major taxes of the Thai economy that are 

administered by the central government and explicitly model the invoices VAT rebate 

system. It is composed of 54 production sectors, 3 representative households and 2 

primary factors of production. The findings can be summarized as follows.

Without revenue compensation measures, the impacts of trade liberalization are 

consistent with the standard trade theory. That is, tariff reduction induces the expansion 

of domestic production and results in higher aggregate income. Aggregate GDP increases 

by 0.036 percent led by the expansions of the real investment of 0.649 percent and the 

real private consumption of 0.257 percent. With the assumption of fixed government 

saving, government revenue decreases by $ 20.829 billion which is equivalent to 

government revenue loss of 0.450 percent of GDP and results in the contraction of 

government real consumption of 2.297 percent.
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Aggregate production increases by 0.184 percent, which is driven by the strong 

expansion of aggregate exports of 0.653 percent. The increase in aggregate real income 

stimulates the expansion of domestic demand and raises the aggregate real imports by 

0.889 percent, which is significantly higher than the increase in the domestic demand for 

domestic output of 0.033 percent. The domestic economy increasingly relies on the world 

market as, at a disaggregate level, tariff reduction reduces the import price but raises the 

export price relative to domestic producer price, and therefore shifts the domestic demand 

towards import goods and boosts exportation. At a disaggregate level, tariff reduction 

contributes more to the expansion of intermediate-input intensive manufacturing 

production than to value-added intensive agricultural and transportation productions.

The increase in private consumption improves household well-being. Measured 

by compensating variation, aggregate household welfare increases by » 6.469 billion 

which is equivalent to 1.395 percent of GDP. In terms of distribution, trade liberalization 

improves the welfare of nonagricultural households in modem sectors more than the 

welfare of agricultural households.

In the context of a revenue constrained economy, I introduce tariff reductions 

with different revenue compensation measures. Overall, the simulation results show that 

the impacts of trade liberalization differ significantly from the case without revenue 

compensation. In the cases of VAT, SBT and HIT the GDP increases by 0.012, 0.015 and 

0.017 which is significantly lower than the case without revenue compensation. With ET, 

it leads to contraction of GDP by 0.016 percent. In all cases of revenue compensation, 

aggregate real consumption decreases as compared to an increase in the case without
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revenue compensation and the aggregate real investment increases at a significantly 

slower pace.

Aggregate production increases at a slower pace. The strongest negative impact 

on production is observed in the case of ET. In all cases of revenue compensation, the 

expansion of aggregate production is entirely driven by real export while the domestic 

demand for domestic goods decreases. The aggregate domestic demand and the aggregate 

real import increase at a slower pace than in the case without revenue compensation, 

which reflects the slower expansion of the aggregate real income. At a more 

microeconomic level, simulation results show that VAT directly distorts against 

agricultural production through its higher tax burden on the purchased of intermediate- 

inputs. ET has an economy-wide distortion effect on production. This is because its base 

covers gasoline, diesel and crude petroleum productions. SBT directly distorts against 

services production. HIT reduces aggregate production through its impact on the 

production resources reallocation that raises the economy-wide wage rate.

The reduction of real consumption results in the contraction of aggregate 

household welfare in all cases of revenue compensation. With ET, the aggregate 

household welfare decreases by the largest followed by HIT and VAT respectively. In 

terms of welfare distribution, VAT biases against the low-income agricultural households 

in favor of nonagricultural and government-employed households. In contrast, HIT biases 

against the high and middle-income households in favor of the low-income agricultural 

households. In the cases of SBT and ET, every household is worse off.

Therefore, tax measures in simulations are less efficient than tariffs. This result 

contradicts the findings of some previous studies. However, the contradiction arises
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because there is a distortion effect of VAT on the production of informal sectors. This 

distortion effect can be captured only when the model incorporates the invoices rebate 

system. Nevertheless, this finding has an important implication for VAT policy decision 

and casts some doubts on previous literature in developing countries that ignore the 

potential production distortion of VAT in their analysis.

Lastly this study shows that, under certain conditions, proactive trade 

liberalization results in static household welfare contraction. In the longer run, the 

dynamic gains from trade liberalization can offset the static welfare contraction and 

improve household well-being which is the ultimate objective of trade liberalization. 

However, the long run is subject to uncertainties and many proactive developing 

countries continually reduce their tariff protection. In such a situation, households are 

more likely worse off on the trajectory path of trade liberalization. In addition, in the 

presence of informal sectors, the real consumption tax as it is required by optimal tax 

literature is hardly available. Therefore, the standard premise of trade liberalization for 

the revenue constrained economy should be carefully evaluated.
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Appendix A: List of parameters and variables in the model 

A-l List of parameters

< Shift parameter of Armington fimction

< Shift parameter of CET function

< a Shift parameter of value-added production function

Pin Marginal share of consumption spending

S' Share parameter of Armington function

K Share parameter of CET function

87.a Share parameter of value-added production function

K h Quantity of subsistence consumption

Yield parameter

SI Exponential parameter of Armington function

01 Exponential parameter of CET function

07 Exponential parameter of value-added production function

¥ 0 Share of real investment in total saving

cwtsc Weight of each consumption commodity in consumption basket

i c a c,a Intermediate input commodity per unit of aggregate intermediate input

insaa Aggregate intermediate input per unit of activity

iV a Aggregate value-added input per unit of activity

mpsbart Propensity to save
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pwec Export price in FCU

pwmc Import price in FCU

qbagc Demand for government consumption

qdstc Demand for stock investment

shift,/ Share of each institution in the total factor income

shii. Infra-institution transfer

tinszOi 0-1 parameter for potential flexing of direct tax rate

vatzoi 0-1 parameter for potential flexing of VAT rate

exczOj 0-1 parameter for potential flexing of excise tax rate

spbzoi 0-1 parameter for potential flexing of special business tax rate

subzOj 0-1 parameter for potential flexing of subsidy rate

suba Base year subsidy rate

tesa Base year excise tax rate

tinsbari Base year direct tax rate of institution

tmc Base year tariff rate

trnSf ri,row Transfer between domestic institution and the rest of the world

trmK goV Transfer between domestic non-government institution and government

tsph a Base year special business tax rate

K Base year VAT rate
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A-2 List of variables
16

CPI

Eg

Eh

ExcADJ

Exr

Fsav

Gadj

Gsav

PA

Pdc

Pec

PinsAa

Pmc

P<lc

PvA„

Px,

Q A

QA

Qec

Consumer price index 

Government expenditure 

Disposable income of household 

Excise tax rate adjustment variable 

Exchange rate (LCU per FCU)

Foreign saving in FCU 

Government scaling factor 

Government saving 

Activity price

Price of domestic output sold domestically 

Export price in LCU 

Price of aggregate intermediate input 

Import price in LCU

Price of composite commodity (domestic market price) 

Price of aggregate value-added 

Price of domestic output 

Level of activity

Quantity of commodity produced and sold domestically 

Quantity of export

16
Variables ExcADJ, Exr, Fsav, Gsav, QFSf , SpbADJ, Sub AD J, Vat AD J, Tins AD J  and

WFdistf  are fixed in the base model.
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QFu Quantity demand for primary factor

QFSf Quantity supply of primary factor

Qgc Quantity of government demand

Q K h Quantity of household consumption

QCinAca Quantity demand for intermediate commodity

QinsAa Quantity of aggregate intermediate input

Qinvc Quantity demand for investment

Qmc Quantity of import

Qqc Quantity of composite supply

QyAa Quantity of aggregate value-added

Qx C Quantity of domestic output

REBATE a VAT rebate

SpbADJ Special business tax rate adjustment variable

SubADJ Subsidy rate adjustment variable

TexcRa Rate of excise tax

Trii... Infra-institutional transfer between domestic non-government institutions

Tinsi Direct tax rate

TinsADJ Direct tax rate (income tax) adjustment variable

Tsav Total saving

TspbRa Rate of special business tax

TsubRa Rate of subsidy
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TvatRc Rate of VAT

VatADJ VAT adjustment variable

Walras Saving-investment imbalance

WFf Economy-wide rate of return on primary factor

WFdistfa Sector specific rate of return on primary factor

YFf Factor income

Yg Government revenue

Ti, Total gross income of domestic non-government

m Factor income of domestic institution

A-3 Set

A Set of production activity

C Set of commodities

F Set of primary production factors

I Set of institutions

H Set of households

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



220

Appendix B: Parameters in the model

Table B-l: Elasticity of substitution

K andL
Armington
elasticity CET elasticity

Agriculture 0.5 0.8 0.9
Industry 0.5 0.9 1.5
Transportation 0.5 0.7 0.6
Services 0.5 0.5 0.5

Table B-3: Income elasticity of demand

Agricultural
household

Nonagricultural
household

Govt-employed
household

Agriculture 0.95 0.90 0.90
Industry 1.50 1.40 1.30
Energy
Transportation 1.50 1.30 1.10
Services 1.05 1.05 1.05

Frisch parameter = -2.8
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Appendix C: Structure of the Thai economy as displayed by SAM

Table C-l: GDP balance sheet

Expenditure Income
i billion (%) in billion (%)

Government consumption 500.70 10.80 GDP at factor cost 4,160.29 89.74
Private consumption 2,529.28 54.56 Indirect taxes 475.63 10.26
Investment 884.53 19.08
Net export

- Export
- Import

721.41
2,723.71

-2,002.30

15.56
58.75
-43.19

GDP (market prices) 4,635.92 100.00 GDP (market prices) 4,635.92 100.00
Source: Thailand 1998  S o c ia l A ccounting M atrix

Table C-2: Population by household and income per-capita

Sector
Population Income

Person 
(Million person) (%) Total 

(s billion)
Income per capita 

(•)
Agriculture household 25.28 41.30 534.32 21,135.70
Non-agriculture household 29.86 48.80 2,138.98 71,640.60
Government-employed household 6.06 9.90 497.13 81,990.80
Total 61.20 100.00 3,170.43 -

Source: T hailand 1998  S o c ia l A ccounting M atrix

Table C-3: Source of household income (%)

Wage
income

Rental
Income

Government
Transfer

Transfer 
from ROW

Total

Agriculture household 38.08 56.04 2.15 3.73 100
Non-agriculture household 38.99 58.14 1.21 1.65

oo

Government-employed household 85.58 13.05 0.59 0.77

©©3

Total 38.08 56.04 2.15 3.73 100
Source: Thailand 1998  S o c ia l A ccounting M atrix

Table C-4: Distribution of household spending (%)

Agriculture
Household

Non-agriculture
household

Government-employed
Household

Consumption spending 112.19 72.18 79.68
T ransfer payment 0.19 1.36 2.8
Income tax 0.48 3.95 8.28
Saving (borrowing) -12.86 22.50 9.25
Total 100.00 100.00 100.00

Source: Thailand 1998 S ocia l A ccounting M atrix
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A gricu lture
H o u seh o ld

N on -agricu lture
h o u seh o ld

G overn m en t-em p lo y ed
H ou seh o ld

Agricultural 11.84 7.41 6.99
- Paddy 0.00 0.00 0.00
- Other crops 0.21 0.13 0.12
- Vegetable and fruits 8.38 5.25 4.95
- Livestock 0.41 0.26 0.24
- Fishing 2.41 1.51 1.42
- Forest 0.17 0.11 0.10
- Other agricultural 0.25 0.16 0.15

Manufacturing 63.08 46.13 46.45
- Coal and lignite 0.00 0.00 0.00
- Crude petroleum 0.00 0.00 0.00
- Other mining 0.00 0.00 0.00
- Rice and flour 8.54 6.25 6.29
- Meat 5.18 3.79 3.81
- Canned food 1.02 0.74 0.75
- Other food 3.25 2.37 2.39
- Other agricultural products 1.25 0.92 0.92
- Beverage 9.88 7.23 7.28
- Tobacco 2.60 1.90 1.92
- Textile 2.68 1.96 1.98
- Apparel 14.63 10.70 10.77
- Leather and footwear 1.19 0.87 0.87
- Wood products 0.00 0.00 0.00
- Furniture 1.51 1.10 1.11
- Paper 0.00 0.00 0.00
- Printing and publishing 2.15 1.57 1.59
- Basic chemical 0.00 0.00 0.00
- Gasoline 0.42 0.31 0.31
- Diesel 0.10 0.07 0.07
- Aviation fuel 0.00 0.00 0.00
- Fuel oil 0.00 0.00 0.00
- Non-metal products 0.00 0.00 0.00
- Basic metal 0.00 0.00 0.00
- Fabric metal 0.00 0.00 0.00
- Transport equipment 2.23 1.63 1.64
- Electricity 0.78 0.57 0.58
- Gas distribution 0.21 0.16 0.16
- Water 0.65 0.47 0.48
- Construction 0.00 0.00 0.00
- Other industries 4.81 3.52 3.54

Transportation 5.39 9.98 10.00
Services 19.70 36.48 36.56

- Retail trade 0.43 0.80 0.80
- Restaurant 5.50 10.18 10.20
- Hotel 0.47 0.88 0.88
- Communication 1.43 2.65 2.65
- Banking 0.31 0.57 0.57
- Insurance 0.40 0.75 0.75
- Real estate 4.04 7.48 7.49
- Business service 0.05 0.08 0.09
- Public administration 0.00 0.00 0.00
- Education 0.38 0.71 0.71
- Health care and medical 4.04 7.47 7.49
- Nonprofit organizations 0.00 0.00 0.00
- Recreation 1.81 3.36 3.36
- Repairs 0.09 0.16 0.16
- Personel service 0.75 1.40 1.40

Total 100.00 100.00 100.00
Source: Thailand 1998 Social Accounting Matrix
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Table C-6: Structure of government balance

Spending Revenue
s

billion
% $

billion
%

Consumption 500.69 63.05 Taxes income 694.91 87.51
- Agricultural commodity 0.83 0.10 - Value added tax 220.12 27.72
- Manufacturing commodity 29.52 3.72 - Excise tax 175.58 22.11
- Transportation commodity 7.92 1.00 - Special business tax 32.56 4.10
- Services commodity 462.42 58.23 - Subsidy -14.66 -1.85

Transfer 11.98 1.51 - Custom duties 62.03 7.81
- Agriculture household 11.44 1.44 - Income tax 219.28 27.61
- Non-agriculture household 25.7 3.24 Capital income 79.4 10.00
- Government-employed household 2.95 0.37 Transfer from ROW 19.81 2.49
- Enterprise -28.11 -3.54
Saving 281.45 35.44
Total 794.12 100.00 Total 794.12 100.00

Source: Thailand 1998  S ocia l A ccounting M atrix

Table C-7: Saving-investment balance (B billion)

Saving Investment
Household

- Agricultural household
- Non-agricultural household
- Government-employed household

456.54
-68.39
478.96

45.97

Gross fixed capital formation
- Agriculture
- Manufacturing
- Transportation
- Services

1027.92
0.28

946.14
10.18
71.32Enterprises saving 722.92

Government saving 281.45 Investment in stock -143.39
Foreign saving -576.38
Total 884.53 Total 884.53

Source: Thailand 1998 S oc ia l A ccounting M atrix

Table C-8: Capital account balance sheet (B billion)

Expenditure Income
Imports o f goods and services 2,002.30 Exports o f goods and services 2,723.71

Net factor income payment from ROW -145.01
Net current transfer from ROW -576.40

Total 2,002.30 Total 2,002.30
Source: Thailand 1998 S oc ia l A ccounting M atrix
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Table C-9: Production structure (%)

O utput V alue added Labor Capital
Interm ediate

Input
Agricultural 9.08 13.24 12.46 13.67 6.98

- Paddy 1.55 3.13 5.79 1.69 0.66
- Other crops 0.39 0.69 0.52 0.78 0.23
- Vegetable and fruits 2.44 2.13 0.57 2.97 2.75
- Livestock 1.16 1.04 1.66 0.71 1.29
- Fishing 2.09 3.3 1.58 4.24 1.44
- Forest 0.05 0.11 0.04 0.14 0.02
- Other agricultural 1.41 2.85 2.29 3.14 0.59

Manufacturing 57.62 34.39 41.42 30.6 70.59
- Coal and lignite 0.09 0.17 0.07 0.23 0.03
- Crude petroleum 0.77 0.88 0.37 1.15 0.55
- Other mining 0.25 0.43 0.18 0.56 0.14
- Rice and flour 2.99 0.63 0.76 0.56 4.57
- Meat 0.97 0.47 0.56 0.42 1.32
- Canned food 2.16 1.18 1.42 1.05 2.86
- Other food 1.62 0.53 0.64 0.47 2.35
- Other agricultural products 2 1.64 1.97 1.47 2.29
- Beverage 1.74 1.01 1.22 0.9 1.45
- Tobacco 0.57 0.01 0.01 0.009 0.5
- Textile 2.79 2.24 2.69 2.00 3.18
- Apparel 5.05 3.69 4.43 3.3 5.97
- Leather and footwear 1.22 1.14 1.37 1.02 1.31
- Wood products 0.18 0.08 0.1 0.07 0.24
- Furniture 0.81 0.47 0.56 0.42 1.02
- Paper 1.05 0.61 0.73 0.54 1.33
- Printing and publishing 0.32 0.29 0.34 0.26 0.34
- Basic chemical 1.12 0.5 0.6 0.44 1.51
- Gasoline 0.85 0.33 0.39 0.29 0.81
- Diesel 1.03 0.29 0.34 0.26 0.98
- Aviation fuel 0.36 0.39 0.47 0.35 0.34
- Fuel oil 0.88 0.71 0.85 0.63 0.92
- Non-metal products 1.25 1.21 1.45 1.08 1.29
- Basic metal 0.77 0.004 0.004 0.003 1.23
- Fabric metal 1.05 0.68 0.82 0.61 1.27
- Transport equipment 1.44 0.44 0.53 0.4 1.94
- Electricity 1.5 2.19 2.63 1.95 1.14
- Gas distribution 0.26 0.1 0.12 0.09 0.34
- Water 0.21 0.38 0.46 0.34 0.11
- Construction 4.29 4.02 6,14 2.88 4.54
- Other industries 18.05 7.69 9.22 6.86 24.71

Transportation 6.41 7.07 4.58 8.42 6.25
Services 26.89 45.29 41.54 47.31 16.18

- Retail trade 8.16 16.26 4.73 22.49 3.63
- Restaurant 4.1 4.47 5.36 3.99 4.05
- Hotel 0.84 1.03 1.23 0.92 0.75
- Communication 0.71 1.55 1.01 1.85 0.21
- Banking 2.61 4.54 3.45 5.13 1.1
- Insurance 0.4 0.9 0.71 1.01 0.1
- Real estate 1.63 3 2.34 3.35 0.79
- Business service 0.4 0.22 0.27 0.2 0.52
- Public administration 1.84 4.53 11.91 0.54 0.28
- Education 1.92 4.41 5.29 3.94 0.51
- Health care and medical 1.76 1.74 2.09 1.55 1.83
- Nonprofit organizations 0.05 0.1 0.12 0.09 0.02
- Recreation 0.66 0.6 0.72 0.53 0.6
- Repairs 1.49 1.26 1.51 1.12 1.66
- Personel service 0.32 0.67 0.8 0.6 0.12

Total 100.00 100.00 100.00 100.00 100.00
Source: Thailand 1998 Social Accounting Matrix
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Table C-10: Structure of production input (%)

V alue added Interm ediate
input Total

Capital Labor Total
Agricultural 36.18 17.80 53.98 46.02 100.00

- Paddy 26.18 48.45 74.63 25.37 100.00
- Other crops 47.66 17.34 65.00 35.00 100.00
- Vegetable and fruits 29.29 3.05 32.34 67.66 100.00
- Livestock 14.72 18.56 33.28 66.72 100.00
- Fishing 48.83 9.79 58.62 41.38 100.00
- Forest 68.76 10.90 79.65 20.35 100.00
- Other agricultural 53.77 21.15 74.92 25.08 100.00

Manufacturing 13.38 9.77 23.15 76.85 100.00
- Coal and lignite 64.44 11.13 75.57 24.43 100.00
- Crude petroleum 42.49 7.34 49.83 50.17 100.00
- Other mining 56.34 9.73 66.07 33.93 100.00
- Rice and flour 4.57 3.32 7.89 92.11 100.00
- Meat 10.40 7.54 17.94 82.06 100.00
- Canned food 11.79 8.55 20.34 79.66 100.00
- Other food 7.10 5.15 12.25 87.75 100.00
- Other agricultural products 17.80 12.91 30.71 69.29 100.00
- Beverage 17.47 12.67 30.15 69.86 100.00
- Tobacco 0.76 0.55 1.31 98.69 100.00
- Textile 17.62 12.78 30.40 69.60 100.00
- Apparel 16.04 11.63 27.67 72.33 100.00
- Leather and footwear 20.27 14.71 34.98 65.02 100.00
- Wood products 9.75 7.07 16.83 83.17 100.00
- Furniture 12.77 9.26 22.03 77.97 100.00
- Paper 12.75 9.25 22.00 78.00 100.00
- Printing and publishing 19.87 14.41 34.28 65.72 100.00
- Basic chemical 9.80 7.11 16.91 83.09 100.00
- Gasoline 11.59 8.41 19.99 80.01 100.00
- Diesel 8.85 6.42 15.27 84.73 100.00
- Aviation fuel 23.81 17.27 41.07 58.93 100.00
- Fuel oil 18.61 13.50 32.10 67.90 100.00
- Non-metal products 21.25 15.41 36.66 63.34 100.00
- Basic metal 0.11 0.08 0.19 99.81 100.00
- Fabric metal 14.41 10.45 24.86 75.14 100.00
- Transport equipment 7.19 5.21 12.40 87.60 100.00
- Electricity 31.51 22.86 54.36 45.64 100.00
- Gas distribution 8.61 6.24 14.85 85.15 100.00
- Water 39.55 28.69 68.25 31.75 100.00
- Construction 16.47 18.91 35.38 64.62 100.00
- Other industries 9.35 6.78 16.13 83.87 100.00

Transportation 31.84 9.35 41.18 58.82 100.00
Services 43.00 20.37 63.38 36.62 100.00

- Retail trade 65.96 7.49 73.45 26.55 100.00
- Restaurant 23.51 17.06 40.57 59.43 100.00
- Hotel 26.60 19.29 45.89 54.11 100.00
- Communication 63.23 18.56 81.79 18.21 100.00
- Banking 52.70 19.09 71.79 28.21 100.00
- Insurance 61.37 23.14 84.51 15.49 100.00
- Real estate 50.85 19.18 70.03 29.97 100.00
- Business service 12.14 8.81 20.95 79.05 100.00
- Public administration 7.07 83.98 91.04 8.96 100.00
- Education 48.79 35.39 84.19 15.81 100.00
- Health care and medical 21.48 15.58 37.05 62.95 100.00
- Nonprofit organizations 42.14 30.57 72.71 27.29 100.00
- Recreation 22.09 16.02 38.11 61.89 100.00
- Repairs 18.53 13.44 31.97 68.03 100.00
- Personel service 44.80 32.49 77.29 22.71 100.00

Source: Thailand 1998 Social Accounting Matrix
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Table C -ll:  Structure of trade by output

E xport (% ) Im port (% )
N et export 
(8 billion)

E xport /  
O utput (% )

Im port /F inal 
dem and (% )

Agricultural 7.90 2.43 166.56 25.43 7.39
- Paddy 0.00 0.00 0.00 0.00 0.00
- Other crops 0.84 0.28 17.44 52.17 22.22
- Vegetable and fruits 0.45 0.27 6.75 4.47 2.26
- Livestock 0.21 0.13 3.23 4.40 1.99
- Fishing 3.28 0.04 88.41 38.06 0.62
- Forest 0.06 0.49 -8.17 29.47 71.55
- Other agricultural 3.06 1.22 58.90 52.80 25.08

Manufacturing 72.58 81.56 344.00 30.54 27.31
- Coal and lignite 0.00004 0.08 -1.56 0.01 14.04
- Crude petroleum 0.14 5.19 -100.22 4.40 55.80
- Other mining 0.17 0.37 -2.69 17.03 25.06
- Rice and flour 3.86 0.07 103.62 31.26 0.79
-M eat 0.01 0.22 -4.27 0.18 3.97
- Canned food 3.45 1.52 63.55 38.66 17.02
- Other food 2.80 1.04 55.41 41.87 17.51
- Other agricultural 

products 0.16 0.65 -8.76 1.90 6.14

- Beverage 0.29 0.48 -1.60 4.05 5.85
- Tobacco 0.12 0.20 -0.88 4.99 6.91
- Textile 4.70 2.27 82.59 40.89 20.16
- Apparel 5.18 0.62 128.76 24.88 3.25
- Leather and footwear 4.07 0.69 97.11 80.65 34.86
- Wood products 0.58 0.80 -0.35 77.35 77.98
- Furniture 1.03 0.06 27.03 30.91 2.08
- Paper 0.83 1.23 -2.00 19.32 21.57
- Printing and publishing 0.44 0.87 -5.56 33.47 43.33
- Basic chemical 1.95 4.52 -37.60 42.15 56.76
- Gasoline 0.26 0.01 7.01 7.48 0.19
- Diesel 0.29 0.15 4.98 6.96 2.79
- Aviation fuel 0.65 0.12 15.28 43.50 9.75
- Fuel oil 0.13 0.68 -9.98 3.65 12.99
- Non-metal products 1.08 0.61 17.27 21.11 10.57
- Basic metal 1.99 7.14 -88.60 62.76 82.02
- Fabric metal 1.83 4.31 -36.28 42.49 57.37
- Transport equipment 2.40 1.25 40.44 40.54 21.99
- Electricity 0.01 0.06 -1.03 0.15 0.76
- Gas distribution 0.39 0.12 8.22 35.90 11.46
- Water 0.001 0.002 -0.01 0.11 0.15
- Construction 0.02 0.00 0.41 0.08 0.00
- Other industries 33.73 46.20 -6.27 45.31 46.18

Transportation 5.13 3.55 68.69 19.41 10.91
Services 14.38 12.46 142.15 12.97 8.79

- Retail trade 5.51 0.00 150.12 16.37 0.00
- Restaurant 2.61 1.67 37.46 15.40 7.91
- Hotel 2.00 1.55 23.31 57.58 43.67
- Communication 0.40 0.76 -4.33 13.63 18.10
- Banking 0.07 0.13 -0.72 0.62 0.86
- Insurance 0.14 0.58 -7.79 8.44 22.04
- Real estate 0.99 0.90 8.88 14.67 10.32
- Business service 0.84 0.86 5.79 50.93 43.71
- Public administration 0.00 0.00 0.00 0.00 0.00
- Education 0.003 0.01 -0.03 0.04 0.05
- Health care and medical 0.70 3.35 -47.98 9.64 28.36
- Nonprofit organizations 0.0001 0.000 0.00 0.05 0.00
- Recreation 0.03 0.23 -3.80 1.15 6.00
- Repairs 0.001 0.002 -0.01 0.01 0.02
- Personel service 1.10 2.44 -18.74 82.95 88.77

Total 100.00 100.00 721.41 24.24 19.52
Source: Thailand 1998 Social Accounting M atrix
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Table C-12: Structure of demand by composite commodity (net of stock investment) (%)

Consum ption
dem and

Interm ediat 
e dem and

Investm ent
dem and

G overnm ent
dem and

Total

Agricultural 25.63 74.24 0.03 0.10 100.00
- Paddy 0.00 99.95 0.00 0.05 100.00
- Other crops 46.76 51.25 0.00 2.00 100.00
- Vegetable and fruits 56.13 43.83 0.00 0.04 100.00
- Livestock 5.71 94.00 0.22 0.07 100.00
- Fishing 29.56 70.42 0.00 0.02 100.00
- Forest 18.68 81.32 0.00 0.00 100.00
- Other agricultural 4.83 94.79 0.00 0.38 100.00

Manufacturing 19.58 65.46 14.51 0.45 100.00
- Coal and lignite 0.00 100.00 0.00 0.00 100.00
- Crude petroleum 0.00 100.00 0.00 0.00 100.00
- Other mining 0.00 100.00 0.00 0.00 100.00
- Rice and flour 62.04 37.96 0.00 0.01 100.00
- Meat 91.88 8.10 0.00 0.02 100.00
- Canned food 11.30 88.70 0.00 0.00 100.00
- Other food 55.94 44.04 0.00 0.01 100.00
- Other agricultural products 10.79 89.20 0.00 0.00 100.00
- Beverage 97.33 2.67 0.00 0.00 100.00
- Tobacco 78.39 21.61 0.00 0.00 100.00
- Textile 21.46 78.08 0.46 0.00 100.00
- Apparel 67.39 32.47 0.00 0.14 100.00
- Leather and footwear 84.74 15.25 0.00 0.01 100.00
- Wood products 0.00 99.72 0.28 0.00 100.00
- Furniture 45.05 31.12 23.83 0.01 100.00
- Paper 0.00 96.90 0.00 3.10 100.00
- Printing and publishing 96.54 1.77 0.00 1.69 100.00
- Basic chemical 0.00 100.00 0.00 0.00 100.00
- Gasoline 9.45 90.55 0.00 0.00 100.00
- Diesel 1.80 98.20 0.00 0.00 100.00
- Aviation fuel 0.00 100.00 0.00 0.00 100.00
- Fuel oil 0.00 99.59 0.00 0.41 100.00
- Non-metal products 0.00 98.55 1.44 0.01 100.00
- Basic metal 0.00 99.70 0.30 0.00 100.00
- Fabric metal 0.00 87.67 11.87 0.46 100.00
- Transport equipment 28.54 18.78 49.40 3.28 100.00
- Electricity 8.96 88.31 0.00 2.73 100.00
- Gas distribution 19.67 78.45 0.00 1.88 100.00
- Water 53.34 40.98 0.00 5.68 100.00
- Construction 0.00 27.58 72.31 0.11 100.00
- Other industries 4.77 78.85 15.87 0.51 100.00

Transportation 34.39 62.84 1.56 1.21 100.00
Services 28.40 53.12 2.38 16.09 100.00

- Retail trade 2.32 88.35 8.66 0.67 100.00
- Restaurant 54.04 45.02 0.00 0.93 100.00
- Hotel 27.12 67.62 0.00 5.26 100.00
- Communication 71.17 15.64 0.00 13.19 100.00
- Banking 4.36 95.53 0.00 0.11 100.00
- Insurance 32.14 67.80 0.00 0.06 100.00
- Real estate 96.57 1.01 2.07 0.35 100.00
- Business service 3.57 94.16 0.00 2.27 100.00
- Public administration 0.00 4.43 0.00 95.57 100.00
- Education 7.40 10.68 0.00 81.92 100.00
- Health care and medical 66.20 10.90 0.00 22.90 100.00
- Nonprofit organizations 0.00 100.00 0.00 0.00 100.00
- Recreation 96.48 3.26 0.00 0.26 100.00
- Repairs 2.17 97.18 0.00 0.65 100.00
- Personel service 52.16 44.71 0.00 3.13 100.00

Source: Thailand 1998 Social Accounting Matrix
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Table C-13: Structure of tax revenue (%)

T axes
Subsidy

Direct VAT Special business E xcise T ariff
% of total tax revenue 30.90 31.02 4.59 24.74 8.74 -

% GDP 4.73 4.75 0.70 3.79 1.34 -0.32
Effective rate
Agricultural 0.00 0.15 0.00 0.01 3.48 -0.10

- Paddy 0.00 0.00 0.00 0.00 0.00 0.00
- Other crops 0.00 0.00 0.00 0.00 9.11 0.00
- Vegetable and fruits 0.00 0.02 0.00 0.00 10.05 0.00
- Livestock 0.00 0.04 0.00 0.00 0.67 0.00
- Fishing 0.00 0.00 0.00 0.00 5.06 0.00
- Forest 0.00 5.05 0.00 0.07 0.95 0.00
- Other agricultural 0.00 0.10 0.00 0.00 1.98 -0.10

Manufacturing 0.00 2.31 0.00 2.90 3.46 -0.03
- Coal and lignite 0.00 1.51 0.00 0.00 0.61 0.00
- Crude petroleum 0.00 5.96 0.00 9.51 0.00 0.00
- Other mining 0.00 4.24 0.00 2.04 3.50 0.00
- Rice and flour 0.00 0.71 0.00 0.00 23.60 0.00
- Meat 0.00 0.42 0.00 0.00 0.34 0.00
- Canned food 0.00 0.47 0.00 0.00 0.71 0.00
- Other food 0.00 3.26 0.00 0.00 7.54 0.00
- Other agricultural products 0.00 0.48 0.00 0.00 10.62 0.00
- Beverage 0.00 2.61 0.00 26.75 22.42 0.00
- Tobacco 0.00 2.16 0.00 46.98 10.78 0.00
- Textile 0.00 2.14 0.00 0.01 2.81 0.00
- Apparel 0.00 0.39 0.00 0.00 15.56 0.00
- Leather and footwear 0.00 2.57 0.00 0.00 2.80 0.00
- Wood products 0.00 8.47 0.00 0.00 1.46 0.00
- Furniture 0.00 0.75 0.00 0.00 17.19 0.00
- Paper 0.00 2.71 0.00 0.00 5.47 0.00
- Printing and publishing 0.00 3.13 0.00 0.00 3.46 0.00
- Basic chemical 0.00 4.39 0.00 0.00 5.38 0.00
- Gasoline 0.00 1.53 0.00 25.63 0.61 0.00
- Diesel 0.00 2.60 0.00 28.79 1.02 0.00
- Aviation fuel 0.00 2.25 0.00 0.23 0.63 0.00
- Fuel oil 0.00 1.98 0.00 5.44 4.80 0.00
- Non-metal products 0.00 2.59 0.00 0.07 6.32 0.00
- Basic metal 0.00 5.81 0.00 0.00 2.91 0.00
- Fabric metal 0.00 3.78 0.00 0.00 5.53 0.00
- Transport equipment 0.00 4.31 0.00 5.50 8.17 0.00
- Electricity 0.00 3.20 0.00 0.00 0.00 0.00
- Gas distribution 0.00 0.28 0.00 10.38 0.24 -6.50
- Water 0.00 3.65 0.00 0.00 0.00 0.00
- Construction 0.00 1.80 0.00 0.00 0.00 0.00
- Other industries 0.00 2.21 0.00 0.07 2.90 0.00

Transportation 0.00 0.50 0.00 0.00 0.00 -0.27
Services 0.00 2.35 6.84 10.29 5.74 -0.66

- Retail trade 0.00 4.64 0.00 0.00 0.00 -0.78
- Restaurant 0.00 0.32 0.00 0.00 0.00 0.00
- Hotel 0.00 2.82 0.00 0.00 0.00 0.00
- Communication 0.00 0.25 0.00 0.00 0.00 0.00
- Banking 0.00 0.41 9.72 0.00 0.00 -0.09
- Insurance 0.00 0.16 0.00 0.00 0.00 0.00
- Real estate 0.00 0.33 2.24 0.00 0.00 -0.04
- Business service 0.00 6.60 0.00 0.00 0.00 0.00
- Public administration 0.00 0.02 0.00 0.00 0.00 0.00
- Education 0.00 0.02 0.00 0.00 0.00 -1.46
- Health care and medical 0.00 1.80 0.00 0.00 5.74 0.00
- Nonprofit organizations 0.00 0.04 0.00 0.00 0.00 0.00
- Repairs 0.00 0.74 0.00 0.00 0.00 0.00
- Personel service 0.00 9.01 0.00 0.00 0.00 0.00

Agricultural household 0.48 0.00 0.00 0.00 0.00 0.00
Nonagricultural household 3.95 0.00 0.00 0.00 0.00 0.00
Agricultural household 8.28 0.00 0.00 0.00 0.00 0.00
Private enterprise 12.63 0.00 0.00 0.00 0.00 0.00
State enterprise 0.00 0..00 0.00 0.00 0.00 0.00
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