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Abstract

This thesis is an attempt to further understand the social and environmental dimen-
sion of sustainable development focusing on the impact of environmental reforms,
such as pollution reduction and energy pricing policy, has on inequality and poverty
for the case of Indonesia. The success of the implementation of the reforms largely
depend on the desirability of their distributional effects.

A multi-sector, multi-household, Computable General Equilibrium (CGE) model
is used to provide the basis for two important empirical case studies: (i) the effects
‘of a carbon tax, and (ii) energy pricing reforms. The CGE model captures the inter-
dependence among markets in the determination of both price of commodities and
factor of productions and how it will affect distribution of income. As a departure
from the previous literature, the disaggregation of household by expenditure classes
allows for precise estimates of the distributional impact and poverty incidence.

The main finding from the carbon tax study suggests that in contrast to most
studies from developed countries, the introduction of a carbon tax in Indonesia
would not necessarily be regressive. It is shown to be strongly progressive in rural
areas, and either neutral or slightly progressive in urban areas, with overall pro-
gressive distributional effect nationwide. The industries that experience the largest
contraction are generally more energy intensive. The owners of factors of production
in these industries are largely concentrated among higher income households and
people living in the cities.

For the analysis of counter factual scenarios on energy price reforms, the result
suggests that reducing subsidy on fuels used for transportation purposes (diesel, and
gasoline) constitute a progressive reform. However, a reform like the October 2005
package which include a massive increase in the price of the fuel used for domestic
purpose (kerosene) tends to be regressive unless accompanied by a proper and effec-
tive compensation scheme. However, the uniform transfer package implemented by
the Indonesia government in October 2005 tends to over-compensate rural house-
holds at the cost of under-compensating the urban poor. An alternative package
that recognizes the difference between urban and rural household’s income and ex-
penditure patterns are crucial in the attempt to minimise the adverse distributional
impacts of the energy pricing reform.

In general, this study shows there is not necessarily a conflict between envi-
ronmental and equity objectives, especially when the policies or reforms to achieve
environmental goals are carefully designed.
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Chapter 1

Introduction

1.1 Background and Motivation

The linkage between the economic, environmental and social dimension of sustain-
able development had been stressed since 1987 in the so-called "Brundtland report".
More recently, it was mentioned as one of the three pillars of sustainable develop-
ment at the 2002 Johannesburg World Summit. This three pillars concept is also
known as the ESE triangle representing the Economic, Social, and Environmental
dimension of sustainable development.!

It is widely acknowledged that the three dimensions of sustainable development
are related. In many cases, the three pillars can conflict, when the goal of one of
the aspects does-not go hand in hand with any of the others. Azis and Salim (2005)
suggest that for Indonesia, there has been greater emphasis on economic parameters
and less emphasis on social and environmental parameters.

The conflict between economic and social objectives, such as between growth
and inequality, has been extensively discussed in the literature. Similarly, the con-
flict between economic and environmental objectives has been widely debated in
the theoretical and policy literature. The literature on the Environmental Kuznet
Curve (EKC) provides a good example. The EKC hypothesis simply says that en-
vironmental degradation is positively associated with the level of development, but
only until a certain point is reached when the relationship is reversed. To some

extent, the increasing section of the curve may imply a trade-off between the level

1See OECD (1994) and Azis and Salim (2005).
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of well-being and environmental qualityz.

The linkage — including its possible conflict — between environmental and so-
cial objectives, vespecially equity objectives, seems less debated in the policy arena
compared to the discussion on the interaction between the economy and equity, or
between the economy and the environment. However, as environmental concern is
getting more widespread attention, and intervention in the form of environmental
policies is becoming more widely advocated, the equity aspect of such policies is
becoming increasingly important.

Because environmental issues are essentially externality problems, where the
market fails to provide the optimum social benefit, to achieve environmental ob-
jectives, the role of government policy is necessary. Environmental policy then
becomes the vehicle to achieve environmental goals. The equity dimension starts to
become important, when it is acknowledged that the natural consequences of any
government policy, including environmental policy, carries a distributional effect.

If this distributional effect is undesirable, because for example, it could increase
poverty and inequality, it may be perceived as having the potential do harm to the
society. .If there is an expectation of such an adverse distributive effect, it may even
prevent the policy from being implemented. In Indonesia, the plan to reduce fuel
subsidies has always been followed by social protest. This also happens elsewhere as
noted by OECD (2004, p. 79), "the social protest that followed the oil price increase
of 2000 prompted reductions in environmentally-motivated taxes on oil products in

-countries such as France, Italy, and Australia, and the postponement of planned
tax increases in others, like the United Kingdom or Germany delayed planned tax
increases".

- The complete picture of the distributional impact of environmental policies in
general, has to consider two distinct but inseparable issues (OECD, 1994). The first
is concerns related to distribution of the environmental benefit of the policy, i.e.,

who gains more and who gains less. The second is associated with the distribution

2Studies by Hettige et al. (1992), Shafik and Bandyopadhyay (1992), Grossman and Krueger
(1995), and Selden and Song (1995) have been commonly referred to in the discussion and typical
results of environmental Kuznet curve studies.
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of financial effects of the environmental policies, i.e., who pays more and who pays
less. This thesis focuses on the latter.

The trade-off between environmental and equity objectives, in the sense that
lower income households pay proportionately more than higher income households
following certain environmentally-motivated policies is supported by empirical ev-
idence, especially for the case of pollution regulatidn or energy-related emission.
For example, in developed countries, environmental policies to reduce pollution or
discourage fossil fuel consumption are mostly regressive i.e., the burden of the reg-
ulations are mostly borne by lower income households, thereby making income dis-
tribution less equal.®

However, whether or not a similar conclusion would apply to developing countries
still has to be researched. The distributional impact of environmental policies de-
pends on the income and expenditure patterns of households?, which may naturally
be different between rich and poor countries. Therefore, whether such environmental
policies are equitable or not is an empirical questién.

This thesis will use Indonesia as a case study in an attempt to answer this
empirical question and also to contribute to the debate of whether there is a conflict
between environmental and equity goals and to what extent policy design might
be able to mitigate any adverse distributive effects of environmentally-motivated
reforms.

Two empirical case studies are chosen. The first is the issue of climate change
policy, and the second is the issue of energy pricing reform in Indonesia. Indonesia is
chosen as a case study, not only because of its importance in global climate change
policy, but also because fuel subsidy is such an important issue there. The author’s
knowledge of Indonesia, access to data, and the potential to contribute to the debate
and to policy making in Indonesia, are considered to be the main advantages.

With regard to the carbon abatement policy, the main motivation here is to con-

tribute to the existing literature which generally concludes a carbon tax in developed

3As concluded, for example in literature review by OECD (1994), OECD (1995), Kristorm
(2003). This will be discussed further in chapter 2.
40ther factors include differences in taxation, transfers and social security system.
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countries is regressive (OECD, 1994). In addition, Indonesia recently ratified the
Kyoto Protocol®. As a party to the Convention, one of the obligations is to com-
municate actions taken to mitigate climate change and to establish the National
Committee on Climate Change. Ratifying the protocol means the issue of reducing
GHG emissions will have more priority in the public discourse. The likely distrib-
utive effect of undertaking GHG reduction in developing countries will be a crucial
issue thereby giving more relevance to this research.

For the second case study, i.e., energy pricing reform, the main motivation is
the concern that a fuel subsidy contributes to the deterioration of environmental
quality in developing countries. Government-induced market distortion has long
been considered dominant cause of environmental problems. Removing this dis-
tortion, therefore, constitutes one of the important environmental policies. This
includes removing environmentally-harmful fuel subsidy which is highly relevant in
the Indonesian current policy context.

One of the primary motivations of this study is actually more on the lack of
emphasis in the literature on the distributional aspect of environmental policies es-
pecially for developing countries. While the efficiency gain of environmental policies
has been widely researched, it is difficult to find studies that assess its distributional
impact outside industrialised countries. Given that the literature on developéd coun-
tries generally finds energy-related environmental policies to be regressive, it would
be interesting to know whether a similar conclusion could be drawn for developing
countries. It has also been pointed out - for example, by Shah and Larsen (1992) -
that many possible developing countries’ characteristics indicate that environmental
policies may not be regressive there. If so, it may have important policy implications
at the local and global level. For example, a carbon trade that practically shifts the
location of carbon abatement from developed to developing countries, may not only
create significant efficiency gain and possible narrowing of the income gap between
both, as widely suggested in the literature, but may also result in equity gain for

both.
Son June 28, 2004
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1.2 | Research Scope and Objectives

To summarise, in terms of the scope of the study, this thesis will look more closely at
the equity aspect of environmental policy and focus on the environmental probleins
related to pollution and energy related emissions, using case studies of (i) carbon
tax and (ii) energy pricing reform in Indonesia. The increasingly alarming problem
of climate change® and the importance of fossil-fuel energy subsidies’ in developing
countries are the main motivations for the chosen emphasis. As briefly discussed
above, the current state of the literature is also another main motivation. Environ-
mental policies related to pollution and energy tend to be regressive according the
literature from developed countries. The lack of studies from developing countries
motivates the research because the typical characteristics of a developing country’s
economy may lead to different conclusions.

The limiting scope of the study is that it focuses merely on the distributional
cost of environmental policy that is how the financial or implementation cost of the
policy is distributed. In other words, the question is about who pays for the imple-
mentation. For methodological reasons, such as the need for non-market valuation of
the environmental benefit, the distribution of the benefit from better environmental
quality is beyond the scope of this thesis.

The following are the specific objectives of the research.

1. To review the existing literature on the distributional impact of environmental

policies related to pollution and energy-related emissions.

2. In the context of the Indonesian economy, to provide a quantitative estimate
of the impé.ct of environmental policies in the form the introduction of a car-
bon tax and energy pricing reform. This refers to its economy-wide impact
including output and its sectoral composition, prices, and returns to factors

of production.

6See Stern (2006) and IPCC (2007) for recent discussion.

"Global fuel subsidy could amount to between 250 and 300 billion dollar a year, which could
"comfortably" pay off sub-Saharan Africa’s entire international debt burden, leaving billions of
dollars to spare (NEF, 2004)
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3. To analyse how the cost of environmental policy with the two case studies
above (carbon tax and energy pricing reform) is distributed to households in

order to examine whether the policy is progressive or regressive and how it

may affect poverty incidence.

4. To assess the feasibility of making equitable environmental policies and how
policies should be best implemented to reach the dual goal of equity and the
environment. This includes how to design the policies or the reforms, as well as
to compare alternative various compensation mechanisms to mitigate adverse

distributional impact of environmental policies.

1.3 Methodology

The main methodology to be used in this thesis is a multi-sectoral, multi-household,
Computable General Equilibrium (CGE) model which provides the basis for the two
important empirical case studies. CGE modeling is an attempt to use general equi-
librium theory® as an operational tool for empirically oriented analyses of resource
allocation issues in market economies (Bergman, 2005).

There are several important distinguishing features of the CGE model used in
this thesis. The model has detailed energy commodities’; allows substitution among
energy types and substitution between energy and primary factors; distinguishes de-
tailed labor classification, and between formal and informal labour which is relevant
for developing countries; introduces emission accounting and carbon taxation; and
fully integrates highly disaggregated households'’ in the model which is a necessary
element for distributional analysis.

The properties of the CGE model very much depend on the Social Accounting

Matrix serving as its database. A Social Accounting Matrix (SAM) is a matrix

8General equilibrium theory is a formalisation of the observation that real-world markets are
interdependent; changes in supply or demand conditions usually have repercussions on supply and
demand conditions, and thus equilibrium prices, in several other markets.

9The model itself has 38 industries and 43 commodities, with detailed energy sectors. See
Chapter 5 for detail.

10The model distinguishes 100 urban and 100 rural households, classified by percentile of expen-
diture per capita.
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representation of transactions in a socioeconomic system!!. It is a comprehensive,
flexible, and disaggregated framework, which elaborates and articulates the genera-
tion of income by activities of production and the distribution and redistribution of
income between social and institutional groups (Round, 2003b).

The Indonesian Social Accounting Matrix, constructed in this study constitutes
the biggest and most disaggregated Indonesian SAM ever constructed at the sec-
toral and household level, hence contributing to the literature on SAM construction
especially for developing countries.

With the SAM that takes into account detailed household disaggregation, the
CGE model not only allows for simultaneously taking into account both the income
and expenditure pattern as inseparable driving forces in the distributional story in
an economy-wide framework, but also allows for more direct and accurate calculation
of inequality indicators and poverty incidences.

In addition to the large-scale CGE model, household survey data analysis and a
simple analytical model in a setup of the Heckscher-Ohlin-Copeland-Taylor model
are also used to explore the possible existence of cases whereby environmental policy

in developing countries is not regressive.

1.4 Expected Contribution

The expected contribution of this research is two-fold. The first relates to the
understanding of the inter-related issues of equity and environmental policy. This
study will emphasise and add characteristics 'speciﬁc to developi_ng countries, using
Indonesia as a case study, and hence will be amongst the few studies that provide
quantitative estimates of the distributive effect of environmental policies outside

developed countries.

11 A Social Accounting Matrix is an essential database for computable general equilibrium (CGE)
modelling. In a SAM framework every agent’s expenditure has to equal its receipt (in the form of
equality between column and row sum), so that a SAM explicitly represents the initial equilibrium,
or market clearing conditions in the economy. Every good and service produced by industry is
equal to what is demanded. Each factor of production supplied has to be absorbed by industry,
and household spending has to be equal to income. An exercise using a CGE model, is basically
comparing this initial equilibrium condition, with other equilibrium induced by changing exogenous
shocks to the model.
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To the authof’s knowledge, this will be the first research in Indonesia that ex-
plicitly analyses climate change policy to assess its impact on income distribution
and poverty incidence. With regard to energy pricing reform, this will also be the
first study using an economy-wide framework, with full integration of households
disaggregated by income/expenditure classes.

The second expected contribution of this research relates to methodology. This
study constructs an Indonesian Social Accounting Matrix with highly detailed house-
hold disaggregation, and using the SAM, build a Computable General Equilibrium
Model with the emphasis on energy and carbon emission. The SAM constitutes
the biggest and most disaggregated Indonesian SAM yet constructed at the sectoral
and household level, hence contributing to the literature on SAM construction espe-
cially for developing countries. A SAM is also a basic and necessary element in CGE
modelling, and its construction provides a pathway for later studies to analyze rel-
- evant policy issues. In addition, since SAM éonstruction is rarely well-documented,
hopefully the transparency in the description of this SAM construction, will provide
greater replicability for future SAM construction, as well as for other researchers.

In the current literature, the methodology to assess the distributive effect of
environmental policies is either micro-simulation, i.e., using household level data to
examine income and expenditure patterns, or a Computable General Equilibrium
(CGE) model but without detailed household level disaggregation. The methodol-
ogy proposed in this research will combine these two approaches. The CGE model
will capture the economy wide effect, i.e., inter-industry relationship of input-energy-
emission, and the general-equilibrium mechanism of factor and commodity price
determination, and disaggregation of household by income or expenditure size will

provide precise estimates of the distributional impact and poverty incidence.
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1.5 Outline of the thesis

Chapter 1. Introduction

This chapter discusses the background and motivation of the research and follows
with an explanation of the research scope and objectives, expected contributions

and organisation of the thesis.

Chapter 2. Empirical Regularities

This chapter surveys the literature on the distributional impact. of environmental
policy, focusing on pollution and energy-related environmental problems. In addi-
tion, this chapter also compares and contrasts the pattern of the environmentaly-
sensitive spending of European households (using a dataset from Kohler et al.
(1999)) with Indonesian households (using an Indonesian household survey data

SUSENAS consumption module).

Chapter 3. Simple Analytical Analysis

While Chapter 2 provides cases where environmental policy in developing countries
may be different from developed countries by comparing their expenditure pattern,
this chapter, using a simple analytical model, illustrates the impact of environmental
policy on the functional (or factorial) distribution of income. In this analytical exer-
cise, some assumptions that may represent the ‘typical characteristics of a developing
country’s economy will be introduced, i.e., the dualistic nature of the economy where
it has a sector which is called "informal" where certain regulation such as labour
market regulations and environmental regﬁlations may not be able to be effectively

enforced.

Chapter 4. Constructing Social Accounting Matrix

The distributional impact of policies analysed in the CGE modelling framework have
been constrained in part by the absence of a Social Accounting Matrix (SAM) with

disaggregated households. Since the Indonesian official SAM does not distinguish
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households by income or expenditure size, it has prevente;d accurate assessment of
distributional impacts, such as calculation of inequality or poverty incidence. This
chapter describes how the Indonesian SAM developed in this study for the year
2003,”with 181 industries, 181 commodities, and 200 households (100 urban and 100
rural households grouped by expenditure per capita centiles), was constructed. This
SAM (with the size of 768x768 accounts) constitutes the most disaggregated SAM
available for Indonesia at both the sectoral and household level. SAM construction
is an essential part of CGE modeling, and this documentation provides greater

transparency as well as replicability for further improvement.

Chapter 5. Computable General Equilibrium Model

This chapter is the detailed description of the CGE model to be used in the following
empirical case studies. It describes the model structure such as production and
consumption structure, database, parameters, method for distributional analysis,

possible closures, and sensitivity analysis.

Chapter 6. Case Study: Carbon Tax

This first empirical study attempts to analyse the distributional impact of a carbon
tax in Indonesia, one of the largest carbon emitter developing countries. Using the
Computable General Equilibrium (CGE) model with disaggregated households as
described above, this chapter will examine whether or not the introduction of a
carbon tax in Indonesia is regressive. This chapter also examines what economic
factors may drive the results and in what manner. Alternative revenue-recycling
will also be introduced, i.e., through uniform reduction in a commodity tax rate

and uniform lump-sum transfers.

Chapter 7. Case Study: Energy Pricing Reforms

The Indonesian government implemented a massive fuel price increase in 2005.
While the benefit of the reform on efficiency grounds has been widely acknowledged,

whether or not it was equitable is still open for debate. Various counter-factual
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analyses of the recent energy pricing reform in Indonesia (October 2005 Package)
are carried out. The simulations carried out in this chapter emphasise how various
compensation schemes can be implemented to improve the mitigation scheme of

future energy pricing reforms.

Chapter 8. Conclusion

This final chapter summarises the thesis, discusses some limitation of the research,
and prospects for future research. The chapter also discusses some implications and
lessons learned for other developing countries, as well as, calls for extending the

research for other countries.
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Chapter 2

Empirical Regularities

This chapter reviews empirical evidence of the distributional impact of environmen-
tal policies. The scope of the review is on policies that aifn to reduce environmental
problems related to energy consumption. These include, for example, emission of
greenhouse gas and pollution from vehicle fuel use. Carbon taxes or energy taxes
are the principal policy that is examined.

The chapter also undertakes a compa.rativé analysis of household spending pat-
terns. The spending pattern of European countries, as a representation of indus-
trialised coﬁntries, will be compared with that of Indonesia in order to see whether

there is a distinctive difference between the two.

2.1 Previous Studies

2.1.1 Empirical Findings from Industrialised Countries

Most of the studies reviewed in this chapter are from developed countries. Envi-
ronmental problems could be considered new issues in development as they only
started to gain widespread global attention in the 1970s, especially after the Stock-
holm Conference on the Human Environment in 1972. It is therefore understandable
that the distributional aspect of environmental policy in developing countries has
not become a focus of attention. For the case of a carbon tax, this is confirmed
by Baranzini et al. (2000) who observe: “Unfortunately, there are few studies on

the distributional effects of a carbon tax in developing countries or countries with

12
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economies in transition (p. 405)”. The lack of studies from developing countries
widens the relevance of the research in this thesis.

A study on American households by Poterba (1991) is considered to be one of
the earliest study. He analyses the distributional effect of a carbon tax by examining
the expenditure pattern of households, especially the pattern of energy spending.
The policy he examines is a charge of US$100 per ton of carbon implemented in
1990. Using data from the U.S. Consumer’s Expenditure Survey, Poterba (1991)
assumes that the US$100/ton carbon tax is fully translated into the purchaser’s
price! of various energy related products, and combines these with the data on
enefgy expenditure pattern to estimate the distributional burden of the carbon tax.
He concludes that a carbon tax is regressive which suggest that if a carbon tax
were adopted without any offsetting changes in other tax or transfer programs, the
burden would fall more heavily on low-income thén well-off households.

The source of the regressivity is apparently that the share of income low-income
households devote to heating fuel, electricity, and gasoline is significantly higher
than that of better-off households. In other words, that energy-related commodity
was in fact a necessity for American households. Poterba (1991, p. 8), for exam-
ple reports that total energy outlays for households at the 25th percentile of the
income distribution are approximately 16% of income, compared with only 7% for
households at the 75th percentile of the distribution.

Another early work is by Pearson and Smith (1991) using a more or less similar
method to Poterba (1991). This study examines the distributive effect of a carbon
tax in European countries. For the U.K., the study uses the 1988 UK Family
Expenditure Survey, and examines the impact of a tax on carbon and energy at a
level equivalent to US$10 per barrel. For U.K. households, the result suggests the
poorest quintile would pay 2.4% of their spe'nding, while, the richest quintile would

pay only 0.8%. Pearson and Smith (1991) conclude:

“[In nominal terms, the carbon tax payments| are slightly lower, but

show broadly similar effects: higher tax payments amongst the rich than

!Producer’s price is not affected.

13
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the poor, but the burden of the tax in relation to household spending

being higher for the poor than for the rich (p. 42).”

However, using a similar calculation for six other European countries, Pearson
and Smith (1991) suggest that the burden of carbon tax payments is only weakly
related to income or mildly regressive, except in Ireland where it tends to be strongly
regressive. In their review Barker and Kohler (1998) support this finding and suggest
that “carbon and energy taxes were weakly regressive for most countries, but more
strongly regressive for the UK and Ireland” (p. 377).

A study for Canada was conducted by Hamilton and Cameron (1994), estimat-
ing the distributional impact of meeting the Rio target of stabilising CO, emissions
at the 1990 level by the year 2000. The methodoldgy used is a combination of three
different methods. To get the estimated level of carbon tax to meet the stabilisa-
tion target, Hamilton and Cameron (1994), use a Computable General Equilibrium
(CGE) model of the Canadian Department of Finance. The model suggests a car-
bon tax of US$101.56 per tonne. Using an Input-Output model, this carbon tax is
then translated into increases in all prices in the economy. These price increases are
then used in a micro-simulation model using Statistics Canada’s micro-simulation
model.

The result suggest that carbon tax in Canada is mildly regressive. In their

~ conclusion, Hamilton and Cameron (1994) report:

“The distributional consequences of the simulated tax are moderately re-
gressive: decrease in consumable income for the lowest quintile of house-
holds are from 1.1 to 1.2 percent larger than for the highest quintile (p.
394).”

Cornwell and Creedy (1996) investigate the distributional implication of a reduc-
tion in emissions of 20% per cent of 1988 levels by 2005 to meet the Toronto target
for Australia. The methodology used is a combination of Input-Output analysis and
household demand system, which they describe as a three-stage process. In the first

stage, the carbon tax is shifted forward to consumers, increasing the price of goods

14
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in proportion to their carbon content. The second stage is calculating the demand
response of consumers to the price changes. In this stage, Auétralian Household
Survey (HES) data is used to calculate elasticities of demand for various income
groups. The third stage, is to caiculate the new levels of aggregated demand to
determine the amount of emission reductions.

The result suggests that a carbon tax of AU$113 per tonne of COs is needed to
reduce emissions by 20 per cent. With regard to distributional results, the general
conclusion suggests the distributive effect is regressive. For example, the simulation,
increases the Gini coefficient from 0.2778 to 0.2838.2

Barker and Kohler (1998) examine the distributional effect of imposing addi-
tional excise duties on energy products according to their carbon content. The
countries they analyse are quite comprehensive comprising all members of the Euro-
pean Unibn. The methodology used in this study is called the energy-environment-
economy model for Europe (E3ME), a sectoral, regionalised, econometric model.
Barker and Kohler (1998) argue that the model treats member states as distinct
economic entities interacting with one another but the same time it is still one model.
The model includes 11 member states, 30 industries, 27 consumer categories, 17 fuel
users and 11 fuels with detail on COy emissions.

The policy scenario is an increase in excise duties on energy products, such that
it escalates from 1999 to 2010 and achieves levels reducing CO, emissions by 10
per cent below the baseline by 2010 for 11 EU member states. The results without
revenue recycling suggest the excise duties are regressive, but progressive if revenue
from the additional excise duties is recycled as lump-sum transfers. For example
Barker and Kshler (1998) conclude that “the package of measures that is examined
here is regressive across expenditure groups ...(p. 399).” It is also suggested that
the results are dominated by the effects of domestic energy taxes, which are weakly
regressive.

Labandeira and Labeaga (1999) study the impact of a tax levied on Spanish

energy-related CO, emissions. A two stages approach is used in the study. The

2Table 3 of Cornwell and Creedy (1996, p. 31)
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first step uses an Input-Output demand model to calculate the price effects of the
Spanish carbon tax. The price effect is then transmitted into the second stage, using
a micro-simulation model of an estimated consumer’s demand system (Almost Ideal
Demand System) which yields consumer reaction to the carbon tax as well as its
distributional outcomes.

The policy examined is a hypothetical carbon tax rate with a rate chosen to
reflect the damage associated with Spanish CO, emissions. Using a damage estimate
from the literature, Labandeira and Labeaga (1999) focus on the impact of a carbon
tax of US$20.3 per tonne of carbon. In contrast with other studies, Labandeira and

Labeaga (1999) do not find that a carbon tax in Spain is regressive and concludes:

“.. the variation of equivalent losses across total expenditure deciles is
inconclusive on the regressivity of the reform, although the reform has a

greater effect on households with older heads (p. 318).”

Symons et al. (2000) examine the likely immediate impact of a pollution tax
on the tax burden of households in a number of European countries. Although a
number of pollutants are examined, they focus on CO,. The method is basically
similar to many other studies, such as Labandeira and Labeaga (1999) and Cornwell
and Creedy (1996), where an input-output framework is used to assess the likely
impact of pollution/energy taxes, via increases in the cost of using fossil fuels, upon
the prices of consumer goods. The Input-Output approach is then combined with
investigation of the expenditure patterns of households, where the price changes
deriving from the taxes are linked to consumer demand.

The policy scenarios used in the study are a CO, tax of 0.1ECU per kg emissions
of CO; and an energy tax that raises the same revenues as the CO, tax. Revenue
recycling is not included in the analysis because as Symons et al. (2000, p. 7) states
"we need to know the extent of the regressivity of the tax without any additional
effects".

The results suggest that both a CO, tax and energy tax are regressive in Ger-

many, where for CO,, the lowest income groups pay 8% of expenditure, while the
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highest income group pay just above 5%. The tax is also regressive for France and
slightly regressive for Spain. The result for Spain is slightly different to the study by
Labandeira and Labeaga (1999), where they found neutrality of a carbon tax. How-
ever, in Italy, the result is neutral, and in contrast to other studies, is progressive
for the U.K.

Tiezzi (2001) simulate the welfare effects of the carbon-energy tax implemented
in Ttaly in 1999. The methodology used is the True Cost of Living index number?
for which the parameters have been obtained through demand system estimation
using household level data from 1985 to 1996.

The policy examined is a new green tax, which is a carbon-energy tax based on
a reduction in COy emissions. As Tiezzi (2001, p. 3) suggests, the policy “is in line
with the national actions defined in 1988 ... to reduce CO,; emissions in order to

comply with the obligations of the Kyoto Protocol.” Tiezzi (2001) concludes:

“Contrary to what has been found in other similar studies, the tax bur-
den is proportionally distributed across households at different welfare
levels. Thus the presumed regressivity of carbon taxation is not sus-
tained [in Italy]. This might be due to the fact that reform has mainly
hit transport fuels, whereas heating fuels price have increased relatively

less (p. 12).”

Jacobsen et al. (2003) analyses the distributional implications of environmental
taxation in Denmark. The taxes examined in the paper are various individual taxes,
as well as the combinétion of all these taxes and duties related to environmental
concerns. The method used by Jacobsen et al. (2003) is an examination of survey
data of 3.3 per cenf of the Danish population. The distributional impact is examined
by looking at tax payments relative to disposable income for each income decile.
Comparing the pattern of tax payments, Jacobsen et al. (2003, p. 495) concludes

“the distributional effect varies a great deal between different environmental taxes,

3Tiezzi (2001, p. 5) describes a true cost-of-living index number (TCOL) as comparing the cost
of achieving a given level of economic welfare before a price increase with the cost of achieving the
same level of economic welfare after the price increase and measures how much extra income is
needed to get back to the original welfare level.
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with transport-related taxes reducing after-tax inequality, and green taxes [including
CO, tax]| increasing inequality”.

Bork (2003) studies the impact of ecological tax reform in Germany. The eco-
logical tax reform refers to energy taxation combined with reduced social insurance
contributions. The reform was launched in 1999 with the aim of reducing energy con-
sumption and emissions and promoting the development of environmentally sound
production and technologies.

The methodology uséd by Bork (2003) is a combination of a macroeconomic
model and a micro-simulation model. The macro model is an empirical general
equilibrium model of the German economy, called the LEAN model. The model has
an emphasis on energy and labour markets and is linked with a micro-simulation
model that incorporates detailed household data to look at the impact on personal
income distribution.

Bork (2003, p. 167) reports the reform "in itself leads to a net burden for most
households ... however, as a share of household income this burden is low". With

regard to distributional results, Bork (2003) concludes:

"All in all, the ecological tax reform is not neutral in its effects on private
households ... Households with lower incomes will bear a somewhat
heavier burden as a share of net household income. The main reasons are
the higher prices for electricity, heating oil and natural gas. By contrast,
medium-income households will bear the greater burden as regard to the

increased fuel taxes (p. 167)."

In other words, the study by Bork (2003, p. 167) suggests ecological tax reform
in Germany is regressive. The introduction of a fuel tax, where fuel is mostly used
for transportation purposes, tends to be progressive.

Brannlund and Nordstrom (2004) analyse consumer responses to changes in en-
ergy or environmental policy in Sweden. Sweden introduced a CO, tax in 1991,
initially set at the level of US$30 per tonne. As at January 1, 1997 the tax rose to

US$46 per tonne and green policy has become the Swedish policy agenda ever since.
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The methodology used by Brannlund and Nordstrom (2004) is an econometric
model for non-durable consumer demand that utilises micro and macro-data. They
estimated a system of demand equations using micro-data from Swedish Household
Expenditure Surveys with aggregate data from the Swedish National Accounts. The
distinguished feature of this micro-simulation model is the incorporation of a labour-
leisure choice. The specification of the demand system is the quadratic Almost Ideal
Demand System or QAIDS.

The policy simulation is intended to illustrate the response and distributional
impact of non-marginal changes of the CO, tax. The motivation is the Swedish
commitment according to the Kyoto-protocol. Two scenarios are considered. The
first is a 100% increase in the CO, tax with a tax replacement of a lower general
VAT, and the second scenario is the same CO; tax but with a tax replacement in
the form of lower VAT on public transport.

It appears the distributional impact of the first simulation is regressive. House-
holds with the lowest income quintile pay 0.52 per cent of their disposable income,
and households with the highest income quintile pay only 0.33 per cent. Brannlund
and Nordstrom (2004), conclude:

“The welfare effect, ... differs substantially between household cate-
gories. ... relative to disposable income the welfare loss will be greater

for low income household indicating that the tax is regressive (p. 225).”

With regard to the second simulation, the result also suggests regressivity. House-
holds with the lowest income quintile experience a welfare loss of 0.46 per cent of
their disposable income, while households with the highest income quintile only
experience 0.4 per cent. Brannlund and Nordstrom (2004,' p. 227) conclude that
“compared with the first scenario, the welfare loss relative to disposable income is
distributed in a similar manner.” v

West and Williams (2004) study the incidence or distributional effect of a gasoline
tax in the US. The method is the Almost Ideal Demand System estimated using 1996

and 1998 Consumer Expenditure Surveys. They compare four different measures of
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the incidence of the tax: the equivalent variation, two consumer sﬁrplus measures,
and a measure that implicitly assumes all demand is completely unresponsivé to
price.

There are three scenarios with regard to how the gas tax revenue is used: dis-
carded, used to cut taxes on wage income, and returned as a uniform lump-sum

distribution. West and Williams (2004, p. 537) report in their conclusion:

“We find that increasing the gas tax is regressive, but this depends
greatly on how the revenue is used; using the additional revenue to pro-
vide lump-sum transfers more than offsets the regressivity ..., using the
revenue to cut the tax on labor income ... reduces the regressivity ...,

but this effect is not sufficient to make the change progressive overall.”

Wier et al. (2005), explicitly examine whether a carbon tax is regressive in
Denmark. This policy is very important in Denmark because it was one of the
first countries to impose explicit CO, taxes on both household and business energy
consumption in 1992/1993. Denmark carries one of the heaviest environmental tax
burdens in the world, bringing in around 10% of public revenues.

The methodology used by Wier et al. (2005) is the combination of Input-Output
model and household survey data which is common in the literature?. The Input-
Output model is used to calculate actual indirect tax payments by households for
different types of commodities, whereas the consumer survey from Statistics Den-
mark is used for distributional analysis.

The results suggests that the carbon tax payment in Denmark is regressive. Wier
et al. (2005, p. 244), for example, report that “as income rises, a falling share going
to environmental taxes indicates a regressive tax”. More explicitly Wier et al. (2005)

suggest:

“... low-income families paid (direct as well as indirect) CO, taxes con-
stituting around 0.8% of disposable income, while high-income families

paid CO; taxes constituting around 0.3% of disposable income (p. 245).”

4The same method is used, for example, by Symons et al. (2000), Labandeira and Labeaga
(1999) and Cornwell and Creedy (1996).
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However, Wier et é,l. (2005) suggest the degree of regressivity of CO, taxes
decreases when using total expenditure instead of income.

To summarise, although not all studies reviewed conclude regressivity of en-
vironmental policy related to energy and carbon emissions, the literature generally
suggests environmental policy in the form of a carbon tax or energy tax is regressive.
The burden is borne proportibnately more by lower income households. Similar con-
clusions are shared by other studies that survey more or less similar literature. The
survey by Baranzini et al. (2000), OECD (1994), OECD (1996), Kristérm (2003),
and Boyce et al. (2005) confirm this general tendency.

One of the earliest reviews by the OECD (1994) to provide a systematic frame-
work that can be used to estimate the distributive effect of environmental policy
indicates a general tendency toward regressivity particularly for industrialised coun-

tries. In their conclusion, OECD (1994) reports:

“”Nevertheless, the available studies do appear to show common patterns
... pollution control cost tend to be regressive, i.e., the percentage burden
is greater for lower income households than for higher income households;

environmental taxes also tend to be regressive — at least in many

OECD countries (pp.99-100).”
The same OECD report further suggests:

“Overall, this review of the literature available on the distribution of the
financial effects of environmental policies suggests the following main
findings: There is evidence that economic instruments tends to be regres-
sive with a particular concern for taxes, with a weak to mild regressivity

in general (p.30).”
In its later report, specific for carbon tax, OECD (1995) concludes:

“With regard to income distributional effects, empirical studies suggest
that a national carbon tax or trading programme would be at least mildly

regressive (i.e., would impose greater percentage burdens on the lower
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income groups) in many OECD countries, although there is some evi-
dence that such programmes might actually be progressive in developing

”»

countries (p.57)

With regard to environmental policy related to enérgy, a study by OECD (1996)
also reaches more or less similar conclusions. They suggest "in some OECD coun-
tries, domestic energy has the character of a necessity in household budgets, and
taxes on domestic energy are correspondingly regressive (p.61).".

Baranzini et al. (2000), in their evaluation of carbon taxes with regard to their
competitiveness, distributional and environmental impact, suggest a tendency to-

ward regressivity. They conclude:

"Results from empirical studies show that carbon taxes are generally
regressive, ... For instance, of the seven studies reviewed by [the 2nd
Assessment Report of the IPCC] four indicate that carbon taxes are
| regressive, while others indicate possible proportional or progressive im-

pacts (p.404)."

A more recent review by Kristérm (2003) which attempts to provide a framework
for assessing the distribution of the financial effects of environmental policies, also

concludes:

"Our survey of the cost of environmental policy in a distributional con-
text leads to the following conclusions. First of all, environmental policy
must have distribution_al impacts in order to be successful. Empirical
evidence tends, on balance, to suggest that environmental policy is re-

gressive (on a gross basis) (p.44)."

Finally, Boyce et al. (2005), after reviewing studies on distributional impact of

carbon tax in developed countries, conclude:

Studies in [European| and other industrialised countries generally have

concluded that carbon charges are regressive — taking a bigger slice
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in percentage term from low-income households than from high-income

households — or in some case distributionally neutral or mixed (p.3).

In other words, the literature from developed countries suggests environmental
policies (in the form of energy-related policies, or climate change policy) tend to be

regressive.

2.1.2 Developing Countries Studies

As suggested earlier, compared to numerous studies from industrialised countries,
studies from developing countries analysing the distributive effect of environmental
policies hardly exist. Among the few are an early study by Shah and Larsen (1992),
and recent studies by Corong (2007) and Boyce et al. (2005).

Concerning the case that most of the studies are from developed countries, Shah
and Larsen (1992) argue that the kconclusion from the developed country literature
which confirms the regressivity of environmental policies, particularly carbon taxes,
may not necessarily apply to develop’ing countries. They argue that the source of the
regressivity may have been a declining share of fossil fuel consumption with income.
However, if forWard shifting can be fully avoided (e.g., through price controls) the
burden Willvfall to the capital owner. In reality, as Shah and Larsen (1992) argue,
forward shifting would only be partial, and the effect of a carbon tax may be pro-
gressive, as they showed with the case of Pakistan. In developing countries, such
factors as market power, price controls, import quotas, rationed foreign exchange,
the presence of black markets, tax-evasion, and urban-rural migration, may cast
doubt on the regressivity of environmental policies (Shah and Larsen (1992), p. 8).

Boyce et al. (2005) suggest the same thing. Explicitly Boyce et al. (2005, p. 4)

mention that:

“Whether these findings can be generalised to the developing countries
of Asia, Africa, and Latin America is an open question. Patterns of
household expenditure and energy use in developing countries are likely

to differ from those of industrialised countries.”

23



CHAPTER 2. EMPIRICAL REGULARITIES

OECD (1995, p. 25) even conjectures that “the net effect of adding a carbon tax
in developing countries may well be proportional to income, or even progressive”.

The study by Shah and Larsen (1992), although no longer recent, is very compre-
hensive, because it includes developing countries like India, Indonesia, and Pakistan.
The study attempts to quantify the efficiency and equity implication of carbon taxes
for a few selected developing countries. It is unfortunate that there are almost no
subsequent studies to provide enrichment of the literature on the equity impact of
environmental policies in developing countries.

Shah and Larsen (1992) examine the case for carbon taxes in terms of their rev-
enue potential, efficiency, and distributional implications. A small fossil fuel carbon
tax of the order of US$10/ton is selected. However, the distributional implication is
only analysed for the Pakistan case. The illustration for Pakistan uses four different
cases. For the first case of ‘full forward shifting’ where the price increase is per-
fectly translated into final consumer prices, Shah and Larsen (1992, p. 8) show that
"the carbon tax burden falls with income, thereby yielding a regressive pattern of
incidence. Such regressivity is, nevertheless, less pronounced with respect to house-
hold expenditure". However, with only partial forward shifting the results suggest
“roughly proportional incidence of carbon taxes .. and a progressive incidence pat-
tern.” Shah and Larsen (1992, p. 10) conclude that “the ... analysis suggests that
the regressivity of carbon taxes should be less of a concern in developing countries
than in developed countries”.

Another recent study from developing countries is by Corong (2007), where he
studies the economic and poverty impact of a voluﬁtary carbon reduction for the
Philippines. He uses a static Computable General Equilibrium (CGE) model cali-
brated to the 1994 Philippine Social Accounting Matrix (SAM) and linked to house-
hold survey data. The approach is transferring the change in household disposable
income and the cost of a household specific consumer basket (per household groups)
from the CGE model into the household level data.

Amongst three scenarios in the study, one is the imposition of a 385 peso carbon -

tax per ton of carbon emissions, with the government recycles the generated carbon
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revenue by reducing income taxes imposed on households.

However, there is no discussion on the impact of the scenario on inequality
because the focus is more on poverty. The result suggest national poverty incidence
increases marginally as a results of the carbon tax.

Another developing countries study found in the literature is a study for China
by Boyce et al. (2005). This study analyses the distributional impacts of carbon
charges and revenue recycling in China, using data from a nationally representa-
tive household income and expenditure survey for the year 1995. They separate
household spending into six categories, and apply a carbon loading factor to each
of these categories to estimate the carbon usage embodied in these different types
of household consumption.

The policy simulated is a charge of 300 yuan per metric ton of carbon. The
result suggests that even without revenue recycling the effect of a carbon charge

would be progressive. As Boyce et al. (2005) report:

“The lowest decile pays 2.1% of their total expenditures ..., and the
highest decile pays 3.2%. This reflects the fact that the mix of products
that relatively rich people buy is, on average, more carbon intensive than
what relatively poor people buy. This contrast with results from studies
in other [industrialised] countries. ... Our results call into question the

generality of this conclusion (pp. 9-10).”

The authors then conclude the results are primarily driven by differences between

urban and rural expenditure patterns, and also conjecture that:

“A similar pattern may exist in other developing countries — particularly
where rural areas are relatively poor, consume few industrial products
and obtain much of their direct energy use from firewood and other ...
In contrast to the pattern often reported for industrial countries, carbon
[taxes] may turn out to be progressive in many developing countries (p.

10).”
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The discussion of what would primarily drive the distributional impact of envi-
ronmental policy in general or a carbon tax or energy-related policy in particular,
it seems that the expenditure pattern is seen as the main driver of the results. For
example, some of the literature in developed countries mentions that domestic en-
ergy such as heating could drive the effect to be more regressive, while vehicle fuels
or transport tends to have less regressive effects®.

However, environmental policy may also have an effect on household income
through changes in-factor prices or employment caused by the restructuring of the
output composition. Hardly any studies address this issue in conjunction with the
expenditure pattern. Amongst the reasons is that to complete the story, it may
be necessary to address it in a general equilibrium framework using a CGE model
that has disaggregated households built in or integrated in the model. Most studies
use household level data only, or if using a CGE model is usually linked with the
household level data, but not in an integrated manner. ‘As discussed in the previous
chapter, this is the main contribution offered in this thesis, i.é., by applying a CGE
model that can incorporate both expenditure and income pattern as inseparable
driving forces in the distributional story. In the next chapter, the issue of how
income pattern (as represented by the pattern of functional distribution of income)
will be addressed in a analytical analysis. ‘The next section will first have a closer

look at the expenditure pattern.

2.2 A Closer Look at Spending Pattern: Europe
and Indonesia Compared

As argued by Shah and Larsen (1992), one of the key reasons, a carbon tax may
be regressive, is that the share of spending on certain commodities of which their
prices are very sensitive to a carbon tax is higher in the consumption basket of poor
households, and lower in that of rich households. It will, therefore, be.interesting

to compare the share of this spending between the industrialised and developing

SFor example Pearson and Smith (1991) and Tiezzi (2001).
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countries. Kohler et al. (1999) study the pattern of certain spending they con-
sidered environmentally sensitive, from 12 European countries. The commodities
categorised as environmentally sensitive are energy, including electricity, gas, and
other fuels; transportation including vehicle purchases, vehicle fuels, and public
transport; and ‘white goods’ including the purchase of domestic appliances such as
freezers and air-conditioning, etc. Kohler et al. (1999) categorized households into
6 income groups. The data from the study by Kohler et al. (1999) is borrowed, and
compared with the Indonesian data.

The share of environmentally sensitive spending for Indonesian households is
calculated using Indonesian household survey data, SUSENASS 2002. The category
of expenditure classes uses the same category as in Kohler et al. (1999) to make it
comparable, i.e., according to its deviation from mean expenditure per capita.” The
result of the calculation is shown in figure 2.1.

For European households, it can be seen that the only one of the commodities
shown for which its expenditure share is declining with income is energy (the top
three panels of 2.1). The poorest household, for example, spend around 9 percent
while the richest household spend only 3 percent on energy. The expenditure share
on energy is declining both for electricity and other energy (gas and other fuels).
Therefore, it may be inferred that if the spending pattern is behind the conclusion
in the literature that environmental policies are regressive in developed countries, it
can be explained by the declining share of energy spending.

Interestingly, the share of spending in Indonesia on non-energy environmentally
sensitive goods (vehicle purchase, vehicle fuels, pliblic transport, and domestic ap-
pliance) in Ihdonesia follows‘a similar pattern to European households, i.e., most
are increasing with income. However, the pattern of energy spending is markedly
different. In total (urban and rural) the share of energy spending is increasing until

the third richest group, and declining afterward. However, the richest group still

6SUSENAS is a national-level survey which covers all areas of Indonesia and carried out once a
year using a sample of approximately 200,000 households. The more detail consumption sub-model
of SUSENAS is called Module SUSENAS is carried out once every three years using a sample of
65,000 households. :

"The category is 0.4, 0.6, 0.8, 1.2, 1.6 of mean expenditure per capita.
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Figure 2.1: Share of environmentally sensitive spending in Indonesia and Europe
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consumes proportionately mbre than the poorest. The share of energy spending is
declining in urban area, although its slope is very much flatter than in Europe. In
rural areas, the expenditure share of énergy is increasing, even up to the second
highest richest group.

Looking at the detailed component of energy, it can be seen that the pattern
of electricity spending in Indonesia follows a totally different pattern to that of the
European countries. While it is declining in European countries, it is increasing in
Indonesia, both in urban and rural areas. However, the spending of urban Indonesian
households on other energy follows a similar pattern to the European one, while in
rural areas it is still increasing with income. It should be noted that the biggest
component of other energy in European countries is gas, while in Indonesia it is
kerosene, the cheapest fuel for domestic cooking.

The above comparative analysis suggests the spending pattern of the develdped
and developing countries may be different, and that this may have an effect on the
distributional analysis of environmental policies. The expenditure share of energy
in European countries is declining with income,' suggesting energy is a necessity.
However, energy spending in developing countries like Indonesia, is not necessarily
declining with income, and certain form of energy, such as electricity, are increas-
ing with income and thus can be considered luxuries. Therefore, while in Europe,
stricter environmental regulation that is translated to higher prices of environmen-
tally sensitive goods will be regressive, in developing countries, the burden will be

more borne by the rich rather than the poor.
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Chapter 3

A Simple Analytical Framework

It is suggested in the previous chapter that households in developing countries may
have a different expenditure pattern to those in developed countries, and that this
may drive the distributional impact of environmental policy. These policies may
not necessarily be regressive. This chapter takes a closer look at the income side
in attempting to study cases where environmental policy may not necessarily be
regressive in developing countries. Using a simple analytical model, it analyses
the impact of environmental policy on the functional (or factorial) distribution of
income. In the cases of this exercise, some assun}ptions or cases that may represent
typical characteristics of a devéloping country’s economy will be introduced. These
are the dualistic nature of such an economy, in the sense that it has a sector called
"informal" Where certain regulations, such as labour market and environmental
regulations, may not be able to be effectively enforced.

In other words, the objective here is to see the possible distributional implication
of stricter environmental policy in a developing country characterized by the pres-
ence of an informal sector which may not be subject to environmental ;egulation,
and a formal sector which may be subject to a minimum wage policy. Throughout
the analysis, the informal sector is assumed to be labour intensive, and the formal
sector capital intensive.

The rest of the chapter is organised as follows: Section 3.1 briefly reviews similar
models in the literature; section 3.2 discusses the setup of the model, especially the
~ assumption of the technology representation of industries; section 3.3 analyses the

factorial distributional impact of stricter environmental regulation in a comparative
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static analysis; section 3.4 applies the model in a hypothetical numerical example

to give a clearer illustration; and section 4.7 concludes.

3.1 Brief Literature Review

The model used as a starting point for this analysis is a simple Heckscher-Ohlin-
Samuelson (HOS) 2-goods, 2-factors model, standard in the international trade liter-
ature, as extended by Copeland and Taylor (2003) and Copeland and Taylor (1997).
The model is simply extended here by introducing a dualistic setting of the economy,
with a possibility of labour market rigidity.

Amendment of a Heckscher-Ohlin-Samuelson model incorporating minimum wage
policy, wage rigidity, or differentiated factor prices is not new. For example, Jones
(1971) analyses the income distribution impact of distortion in the labour market
in the form of a wage premium. Among others, studies that explicitly include min-
imum wage policy are Johnson (1969), and Neary (1985). Magee (1973) undertook
a comprehensive review on the relationship between factor ‘market distortions, pro-
duction, and trade. Explicit reference to a dualistic setting can be found in Imam
and Whalley (1985), where they explore the incidence of a sector specific minimum
wage in a dualistic setting of a Harris-Todaro model. More recently, Kar and Marjit
(2001) demonstrate the welfare effects of trade policy reform in a general equilibrium
framework, in the presence of an informal sector.

However, only a few have analysed the impact of environmental policy in a
dualistic economy setting, including Chao et al. (2000), Daitoh (2003), Dean and
Gangopadhyay (1997). Chao et al. (2000) develop a general equilibrium model to
examine the optimal level of enifironmental preservation in terms of its costs and
benefits for a closed and an open economy. In an economy consisting of two main
activities: farming and processing; with three different inputs (labour, land, and raw
material), Chao et al. (2000) attempt to find the optimal environmental preservation
and its irhpact oﬁ sectoral unemployment and trade in resources. An urban wage

set by the government above the market clearing level is assumed in the model.
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In another study, Daitoh (2003) explores sufficient conditions for welfare-improving
environmental policy reform in the Harris-Todaro economy. She investigates how a
stricter environmental protection policy in urban manufacturing may affect manu-
facturing employment and urban unemployment, and explores the sufficient condi-
tions for welfare improvement. She concludes that a rise in the pollution tax rate
in urban manufacturing has spillover effects on the two labour market distortions:
less-than-optimal manufacturing employment and urban unemployment.

Dean and Gangopadhyay (1997) examine the effects of an export ban on in-
termediate goods in a three-sector model in which the production of intermediates
gives rise to environmental damage. They primarily consider how the (second-best)
opfimal production and export taxes should be set in the presence of urban unem-
ployment. They also consider policy reform, making it clear that the export ban
aggravates urban unemployment in the short run, but decreases it in the long run.

Compared with the model used in the foregoing studies, the model to be used
here will focus on the distributional impact of environmental policies represented
here by the factorial or functional distribution of income. The model assumes full
employment of both capital and labour emphasising its long-run nature, and making
it consistent with the simple Heckscher-Ohlin model used as the basic starting point.
The assumption of full-employment or voluntary unemployment is used by most
CGE models that reflect the equilibrium of the economy.

In the context of developing countries, especially in Indonesia where open unem-
ployment is always reported as very low, full employment may reflect the dualistic
nature of the economy. When the formal sector can’t absorb all of the available
labour, the informal sector often becomes the place where the excess labour will be

employed but at lower wages and possibly also at less than full-time hours.

3.2 The Model

As described in Copeland and Taylor (2003), the model is a simple extension of
the Heckscher-Ohlin-Samuelson (HOS) 2-goods, 2-factors model, which is standard
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in international trade literature. Therefore, most of the assumptions embodied in
the HOS model are retained. The economy is assumed to be small, in the sense
that it can not affect internationél prices. Goods are freely mobile across countries,
but factors are not. However, factors of production can move between industries.
The economy is assumed to be always in full employment emphasising the long-run
nature of the model. Throughout the analysis it will be assumed that the economy
is never fully speéialised.

The extension introduced by Copeland and Taylor (2003) to this simple HOS
model is via the introduction of pollution, as a joint product of firms’ activity. The
model is modified slightly to account for a setting where a developing economy faces
a dualistic labour market. Industries may face different wages with minimum wages
exogenously determined by government employment policy.

The discussion of the labor market structure in Indonesia before the economic
crisis was extensively documented by Manning (1998). Manning (1998, pp. 138-
139), for éxample, emphasized that wage differentials between sector was large in
1980s and segmentation remained a feature of the Indonesian labor market in 1990s,

-suggesting the prevalence of labor market distortion. The development of labor
market in 1990s was also characterized by the growth in informal sector employment
(Manning, 1998, p. 148).

In a more recent paper, Manning (2003, p. 9) again suggests that the operation
of labor market in Indonesia can be best understood through a reference to a dualis-
tic economy and employment structure. Among the recent evidence, as he suggests,
is that regular wageworkers who are most directly affected by labor regulation ac-
counted for just under 30% of all employment and half of all urban employment
(Manning, 2003, p. 31).

Another study, by Sumarto and Suryahadi (2002) also stress the dualistic nature
of Indonesian labor market from analyzing Indonesian data. This data highlights
the fact that the Indonesian labor market is characterized by relatively limited em-
ployment opportunities in the formal sector compared with the size of the available

workforce. Consequently, the labor market has become dualistic, with only about
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a third of the workforce employed in the formal sector while the remaindér are em-
ployed in the informal sector where employment conditions - including wage levels
- are on average considerably lower than the formal sector. Alatas and Cameron
(2003, p. 14) also mentioned that in contrast to developed countries, the informal
sector uncovered by minimum wage policy play a large role in Indonesian labor
market.

The informal sector also plays a role in the econorhic crisis as suggested in Fallon
and Lucas (2002, p. 28). As the male wage employment rate fell from 199’7 to 1998
in urban and rural areas, self-employment and unpaid family work which represent
the informal labor market increased from a low base in 1997. Fallon and Lucas
(2002) also stress the considerable variation between male and female, rural and
urban employment during the crisis. The shifts between wage employment and

self-employment, also, were more common among women than men.

3.2.1 Production and Abatement Technology

Suppose the economy consists of two sectors or industries, i.e., formal sector (F)
and informal sector (/). Adapting the technological structure used in Copeland and

Taylor (2003), the production structure of the industries is

zi = (1-6:) g (Li, Ki), (3.1)

zi = ;(05) 9i (L, K3), (3.2)

where z; is the 5mount of commodity produced by industry i, where i = F,I, F
is formal sector, and [ is informal sector, L; and K; is the amount of labour and
capital, respectively, employed by industry ¢, z; is the amount of emission produced
by industry ¢, while 6; and ¢, are parameters. Sector %, jointly produces two outputs,
i.e., commodity z; and emissions z;.! The amount of emissions produced depends on

the level of abatement activity of the firms. The function g; may be interpreted as

!Here, there is no distinction between clean and dirty industry as both the formal and informal
sector s produce pollution. Copeland and Taylor (2003) distinguish a clean and dirty sector in
order to discuss the trade pattern and comparative advantage change after trade reform.
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potential output, i.e., the amount of z; to be produced if no abatement activity takes
place and g;(+) is increasing, concave, and linearly homogeneous, 0 < 8; < 1, ¢(0) =
1,¢(1) =0, and Z—‘gf < 0. Industry 7 endogenously decides how much of every unit
of its potential output will be allocated to the production of z; (or 1 — 6;) and how
much will be diverted to abatement activity (6;). ¢; (6;) captures the transformation
between potential output and emissions taking into account the abatement activity.
For analytical convenience, following Copeland and Taylor (2003), it is assumed that
@, (6;) follows:

@i (6:) = (1= 6", (3.3)

where 0 < <, < 1 represents the parameter of abatement technology. By imposing
this special functional form, in addition to representing emission as an output of the
production process, pollution can also be treated as an input to produce z;, such
that?:

z; = 27 [gs (Li, K] (3.4)

Because equation 3.4 is Cobb-Douglass, -y, represents the cost share of pollution

to produce z;.

3.2.2 Cost Minimization and Endogenous Emission Inten-
sity

The separability of equation 3.4 makes it possible to break the firm’s problem into
two stages. First, the firm minimises the cost of producing potential output g;(-),
and, secondly finds the most efficient way to combine g(-) and pollution (z;) to
produce net output or commodity z;. In the first stage, the firm minimises the cost,
given the technology to produce potential output (g;). The unit labour and capital

demand from this cost minimization can be written as

(li, k,) = arg }:1’1111{’1 {w,-Li + T'Ki . g (Li, Kz) = 1} y (35)

by substituting equation 3.3 into equation 3.2 and 3.1.
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where [; and k; are unit labour and capital demand, w; is the price of labour faced
by firm 4, and r is the rental rate or price of capital®. From this first stage of cost
minimization, firms can now know determine the minimum cost to produce every
unit of potential output denoted by ¢ = w;l; + rk;.

With this knowledge, firms minimise the cost of producing good z; (or net output
in contrast to potential output) in the second stage by choosing the optimal levels
of potential output and emissions. The price of emissions is the emission tax (7;)*

set by the environmental regulator. The unit cost of producing net output is then:

¢f = min {nzi +0g 2)g = 1} . (3.6)

23,94

The First order condition of the optimization problem from equation 3.6 can be
written as ﬁf% = %i— Linear homogeneity of z;(-) also implies p;z; = ¢g; + T:z;.
Combining these two equations can then solve for emission intensity, i.e.,

Zi  Vibi

ei=_=

Z; Ti

<1 | (3.7)

Following Copeland and Taylor (2003), it will be assumed z; < ; to ensure the
optimum emission will be an interior solution. Equation 3.7 has a very straight-
forward intuition. Emission intensity is endogenously determined and depends on
three factors. The first is the abatement technology represented by «y,. For example,
if the firm has low abatement technology, then 7, (the share of emission cost) will
be higher, and so will the emission intensity. Secondly, the higher the commodity
price, the higher the emission intensity. Commodity price, p;, can be interpreted as
the opportunity cost of abatement activity. If the cost is high, the firm will prefer
to produce more net output to be sold in the market despite having to pollute more

and paying tax. Thirdly, the price for emissions that has to be paid to the regulator

3Later in the section on comparative analysis, wr will be assumed a minimum wage that
is higher than would have been in a competitive undistorted labour market set exogenously by
government. Wage in the informal sector, however, is endogenously determined in the labour
market.

4Here, I allow for the possibility of policy variable differentiation by the regulator to each
industry. This will be discussed further in the section on comparative static analysis.
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by the firm (7;).

After the emission intensity is known, the total emissions in each sector can be
calculated as z; = e;x;. It may also be noted that, although the total emission of the
industry depends on z;, which is endogenously determined in the model, emission
intensity depends only on exogenous factors. Once the market price is known, which
will be equal to international commodity price in the absence of distortionary trade
policy, given the firm’s abatement technoldgy and the unit emission tax set by the
regulator, the amount of pollution produced by the firm for every unit of output it
produces can be calculated. Despite its simplicity, this contribution by Copeland
and Taylor (2003), goes beyond many applied general equilibrium analysis where
pollution is only determined by technology disregarding the incentive mechanism
that may drive a firm’s decision on pollution.

If z; = e;x; is substituted into equation 3.4, and combined with equation 3.7, an

expression for #; in terms of output price and environmental policy variable can be

.\ Y/ (1=7s)
9, =1— <ﬂ> : (3.8)

Ti

written as

The share of resources allocated for abatement activity increases as the pollution
tax increases, and falls as the commodity price (the opportunity cost of abatement)

rises.

3.2.3 General Equilibrium Factor Prices and Allocation

The gross revenue the firm earns from selling commodity z; is p;z;, while its total
cost, including factor cost and total payment of emission tax, is w;L; + rK; + T;2;.
Competitive free entry condition implies p;z; = w;L; + rK; + 7;2;. As v, is the
cost share of emission, then 7,2; = 7,p;z; and this can be substituted to have

(1 = v;) piz; = w;L; + rK;. Recalling that z; = (1 — ;) g, the zero profit condition
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for both firms can be written as in the first two of the following equation system,

wplp+rkp = pp(l—7p)(1—0p), (3.9)
wilr+rkr = pr(1—;)(1—65), (3.10)
lrgr+lgr = L, | (3.11)
kFgf +kigr = k, (3.12)

where lp, kp,l;, k; are unit factor demands as defined in equation 3.5%. The first
two equations (equations 3.9 and 3.10) say the unit cost of producing potential
output (¢f) or the total unit factor payment made by the firm has to be equal to the
"effective" price (which will later be denoted by g;) of the potential output received
by the firm®. The effective or producer’s price is less than the commodity price
because a portion of 6; has to be used for abatement activity, and ~; has to be used
to pay the emission tax. The last two equations are the endowment constraint which
say that the total allocation of factors between sectors has to add up to the total
factor endowment in the economy. The first two equations will determine the factor
prices in the economy, and the last two will complete the general equilibrium of the

supply side, i.e., potential output, net output, and emissions, of both industries.

3.3 Comparative Static: Who Pays for the Cleaner
Air?

The setup of the model laid down in the previous section will be used to assess the
factorial distributional impact of a stricter environmental policy. Before the policy
change, it will be assumed a lower degree of environmental regulation has already
been in place, that is at the initial condition there is 7p = 77 = 7 > 0. The new
policy will be in the form of a higher emission tax. For the purpose of comparative

static analysis, I will work on the percentage change form for convenient algebraic

5These factors demand can also be written as a function of factor prices.
6 Alternative expression of the equations will be in term of unit cost of producing net output,

c?

ie,cf =p; (1 —7;),but cf = 75
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Vmanipulation. The example of analysis using the percentage change of this form
can be seen in Jones (1965), or for more a recent study, Kar and Marjit (2001).
The equation system 3.9 to 3.12 can be totally differentiated and presented as

percentage change as follows:

aLpWp + agpf = §dr — (aLFiF + OéKFfCF) , (3.13)

aprr + agr® = §r— (aLIZI + Oémff.r) ) (3.14)
ALrir + Aoy = L— (/\LFlAF + )\LI[I> ) (3.15)
Axrir + Agrgr = K- ()\KFfﬂF + )\KIIACI) ) (3.16)

where a hat over a variable indicates percentage change; ay; = ﬂq’i and ag; = %’“% are
(2 ¢

the labour cost share and capital cost share, respectively, in producing potential out-
put; while Ap; = l"Li and A\g; = k—;fl are the share of factor employed in each industry.
Throughout the analysis, it is assumed the informal sector is labour intensive, or
more specifically, ar; > apr, axr < agr, and Apy > App, Akr < Agr. The effective
price of potential output is ¢; = p; (1 —~;) (1 — 6;). Recalling 0; is as defined in
equation 3.8, the percentage change in ¢; can be written as §; = —11—"'%% = —v;Ti,
because it is assumed p; and -, does not change in the comparative static analysis.
v; can be interpreted as elasticity of producer’s price with respect to the emission
tax. The higher ~; is (indicating lower abatement technology or higher cost share of
pollution in the cost of producing z;), for every percentage increase in the emission
tax rate and given thé price of z;, the higher the fall in the unit revenue the firm
receives for every potential output produced.

As w;li+rk; is the minimum cost of producing one unit of g;,there is no alternative
combination of capital and labour that will yield a lower unit cost. Firms vary [; and
k; to set the derivative of unit costs equal to zero. Alteration in factor proportion
must balance out such that the a-weighted average of the change in unit factor

demand in each industry is zero. Therefore, it can be shown that o, Ff ok pkp =0,

and OLLIZI + OéKIIQ?I =0.".

"See Jones (1965) for detail.
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Therefore, the system of equations can be simplified as

arpWfp + agrf = —VfpfF, (3.17)

apr + agrt = —vrfr, (3.18)
Argr + ALrgr = O (Wp — 7) + 07 (W — 7), (3.19)
AkriF + Mk19r = —wr(Wp —F) —wy (b — 7), (3.20)

where 0p = ALpaxrop,0r = ALrk101,wp = AkFQLFOF,W; = Agropror, and
because it is assumed there is no change in factor endowment, K=L=o.

To analyse the effect of stricter environmental regulation in the form of increase
in an emission tax, the first two equations will determine the change in the factor
prices. The changes in the factor prices could then be substituted into the last two
equations to find out how the factors are reallocated between industries, as well as
the change in output and emission.

In the comparative static analysis, the following four settings or scenarios are
considered. In the first scenario, the higher emission tax is effectively enforced
in both the formal and informal sectors (full compliance case). This is analysed
under the assumption of an undistorted labour market where both sectors face the
same factor prices. The second scenario is the case where full compliaﬁce can’t be
achieved because a higher emission tax can only be effectively enforced in the formal
sector. This is an attempt to mimic the situation in some developing countries where
government resources are too limited to enforce regulations or to assess how much
pollution is being emitted by the informal sector. The third and fourth scenarios
are similar to the first and second, respectively, but under the setting of a dualistic
economy.

Before further analysis, the terms full and partial compliance need to be clarified.
One of the purposes of the analysis is to seé the distributional impact of stricter
environmental regulation where in some cases thié stricter regulation can only be
effectively applied in the formal sector. This scenario is merely an attempt to depict

the plausible representation of a situation in developing countries where the infor-
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mal sector is spatially scattered, small in firm size, and hence difficult to monitor.
Because it is assumed that, initially, a lower (or minimum) level of emission tax has
already been applied in both sectors, a higher emission tax subsequently imposed
only on the formal sector may appear in the end as tax differentiation. It could be
argued that this situation is unrelated to compliance but is simply a differentiated
tax rate. However, it can equally be argued that in this setting, and with certain
assumptions, a different degree of compliance can be represented by a different emis-
sion tax rate, because, essentially, the sector that under-complies effectively pays a

lower emission tax rate®.

3.3.1 Case 1: Full Compliance, Undistorted labour Market

Because the labour market is undistorted; both sectors use the same abatement
technology and are subject to a uniform emission tax, the system of equation deter-

mining factor prices is given as

CYLF’lf)-FOéKF’f = ""’U’?', (321)

o + ot = —uf. (322)

It is easy to see that in this special case, there is no change in relative prices or

relative factor prices. Therefore,

W= f = —vt < 0. (3.23)

Because pollution can be interpreted as an input to the production of z;, together
with labour and capital, bundled in one single factor, i.e., potential output, for every
increase in the price of pollution (emission tax), at any given output (commodities)
to be produced, firms will use less pollution, and more potential output. Because
the marginal productivity of input is declining with the use of that input, marginal
productivity of potential output and its price must fall. The price of capital and

labour would then fall in the same proportion. The homogeneity of the  production

8See appendix of this chapter for detail.

41



CHAPTER 3. A SIMPLE ANALYTICAL FRAMEWORK

function and the separability of this production function with the production func-
tion of potential output make this possible. Labour and the capital owner would
lose, while "the owner of the pollution", represented by the regulator who can ex-
ogenously set the price for clean air to be polluted, would gain. As the demand
side of the pollution is beyond the scope of this chapter, the welfare optimum or
endogenous emission tax is not discussed here.

As @ =7, w/r does not change, there is no change in factor intensity in either
sector. Potential output stays the same and no factor reallocation between industries
takes place. However, as emission intensity across the economy declines as a result
of a higher emission tax, pollution falls together with a reduction in production of

the commodity.

3.3.2 Case 2: Partial Compliance, Undistorted labour Mar-

ket

A higher emission tax that can only be enforced effectively only in the formal sector

can be represented with 7z = 7 > 0 and 7; = 0. The zero profit conditions become:

OZLF’LD + CYKFf = —U’f’, (324)

apiw + agf = 0. (325)

The percentage change in factor prices is:

l—apr
v

W = 7 >0, (3.26)
ary — LR
Po= ——2E <. (3.27)
arr — oL

In the case where the compliance of stricter environmental regulation is only
in the formal sector, the return to labour would rise, while the return to capital
would fall. Because the policy change works through the change in producer price,
i.e., the net revenue per unit of sales of the commodity has been reduced owing

to the higher emission tax, the price of the input used intensively in formal sector
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(capital) would fall, and the price of the input used intensively in the non-complying
informal sector (labour) would rise. This is actually the standard mechanics of the
Stolper-Samuelson effect that works under the Heckscher-Ohlin-Samuelson small
open economy setting.

Given the full-employment assumption, it can be shown that, because both sec-
tors would use more capital for every unit of labour used (labour intensity declines
in both sectors), the formal sector output would contract and informal sector output
would expand. However, the factor-reallocation that takes Aplace does not further
change the factorial distribution of income, because it does not matter in this case
in which industry factors are employed. However, in order to see this precisely,
the factor endowment constraint in equation 3.19 and 3.20 can be used to find the

change in potential output in both sectors, as follows:

Akr—1)A 1—-Ap)A
gp = QermDAFU-Mn)d (3.28)
AKF — ALF
. AxrA; — ALrpA
g = KR T Anpfa g (3.29)
AKF = ALF
where A; = % >0, Ay = —(—% < 0, with the assumption that because

the informal sector is labour intensive, Axr — Arr > 0. Hence, it is confirmed that
activity in the formal sector would contract while activity in the informal sector
would expand. As [p = —agrop (W —7) < 0, then Lp = ZF + gr < 0 and L;>o0.
There would be some labour moving from the formal to to the informal sector. In
this case, as there is no difference in wages between the sectors. This result does
not change the income distributional story as regards labour. However, as the next

section will show, this is not the case when the labour market is distorted.
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3.3.3 Case 3: Full Compliance, Dualistic Economy

The zero profit condition in the case where the stricter regulation can be enforced

effectively in both sectors in a dualistic setting can be written as:

OJKFf - —’U’f', (330)

arr + agf = —vuT. (331)

To recall, it is assumed that wp is exogenous, and now does not change, and wy
is determined to clear the labour market in the formal sector. The change in the

factor prices can then be given as:

oF = 0, (3.32)
1 _
Wy = —EET L o, (3.33)
arr 1—apr
. 1 .
r = —m’l)7<0. (334)

While the price of employed labour in the formal sector does not change owing
to minimum wage policy, the wage in the informal sector and the return to capi»tal
both fall. However, the complete distributional impact for a dualistic setting, has
t;) consider the effect of factor reallocation. As in the formal sector, the wage is
fixed and the rental rate falls, the formal sector becomes more capital intensive. As
wy # *, factor intensity in the informal sector also changes. The percentage change
in the capital labour ratio is given by o; %{%“)U? > 0, where oy is the elasticity
of substitution in the informal sector. Therefore, the informal sector also become
more capital intensive. When both sectors become more capital intensive, but the
informal sector is still more labour intensive, activity in the formal sector would
cdntract and activity in the informal sector expands. More precisely, the change in

the activity in both sectors can be found using the factor endowment constraints as
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follows
Mr—1)B 1—MAp) B
L Y (339
AKF — ALF
AxrB1 — A\LrB )
g o= L HE g (3.36)
AKF — ALF ‘
where By = %euetandp 22— > 0, and By = —&ewetaner vI o (. This re-
aLr aLF (274 QLF

sult suggests that, compared to case 1, although stricter environmental regulation
is efféctively and uniformly enforced in both sectors, there is one industry, i.e., the
informal sector is expanding activity while the formal sector is contracting. Intu-
itively, it reflects the wage rigidity faced by the formal sector. As the price of capital
falls but the wage is fixed, the capital requirement in the formal sector intensifies.
This also happens in the informal sector, but, because the wage is flexible, capital
intensification is not as severe as in the formal sector. The informal sector can ab-
sorb the excess supply of labour, but _the formal sector can’t, so that activity in the
informal sector will expand.

The term ‘activity’ is important here, because it does not necessarily reflect
output in terms of commodity and only reflects potential commodity and emission
t‘o be prodﬁced. Activity may increase in one sector but only to reduce pollution (or
for abatement activity). However, as far as distribution is concerned, there would
be a transfer of inputs from the formal to the informal sector.

From a distributional point of view, there would be new groups of labour initially
in the formal sector that would transfer to the informal sector and be worse-off, as
they would earn lower wages than would have been received previously. Whether
or not the effect of this stricter environmental regulation is progressive (income-
equalising) or regressive, remains to be analyzed further and depends on the initial
distribution of income. This will be discussed in an illustrative numerical example

in section 3.4.
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3.3.4 Case 4: Partial Compliance, Dualistic Economy

When compliance is only partial, i.e., 7r = 7 > 0, 71 = 0, the change in zero profit

conditions in the formal and informal sector, respectively, will be:

agpf = —u7, (3.37)

C‘(LIQDI-FO!K[f' = 0. (338)

The percentage change in factor prices will be

wp = 0, (3.39)

R 1—arr .

Wy = —————uT >0, 3.40
! apr (1 —agr) (3.40)
L 1 .

Fo= -70 aLF’U’T‘ <0. (3.41)

Although there is the same effect as in case 2, where the wage rises and the rental
rate falls, here the sign in the change in factor returns does not necessarily depend
on factor intensity. Therefore, even if the informal sector is not labour intensive,
labour in the informal sector will always be better off, and those who managed to
stay in the formal sector will be protected from income change. Here, even though
the factor market is distorted, the Stolper-Samuelson effect still takes place, where
the owner of a factor that is used intensively in the informal sector will be better
off.

As equation 3.37 shows, the wage rigidity faced by industries in the formal sector,
in the sense that they cannot reduce the wage, forces them to take the only option,
which is to change the rental rate in order to maintain zero profit condition. This
falling rental rate is shared by the informal sector because both sectors face the same
price for capital. However, the producer’s price of commodity produced by informal
sector does not change, in order to maintain zero profit condition, so the wage in
the informal sector has to rise, if the rental rate falls. Workers in the informal sector
are better off.

To find out precisely how the factor will be redistributed following this envi-
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ronmental policy shock, the change in the potential output in both sectors can be

written as:
Axr—1 1-A
QF _ ( KF )Ol+( LF)O2 <O, (3.42)
AKF — ALF
MerCy — M pC
i kG = MrCa (3.43)
AKF — ALF
where O = 4Fade _vf 5 (0 gnd Cp = —UEeLwr YT < (), As both sectors

ar;  l-opp ary l-aLr

become more capital intensive, activity in the formal sector will contract, and ac-
tivity in the informal sector will expand. There would be also labour reallocation
from the formal to the informal sector that may further change the distributional

story.

3.4 Illustrative Numerical Example

The comparative static analysis discussed previously concludes that when stricter
environmental regulation can be enforced uniformly across industries in an undis-
torted labour market, both labour and capital owners will be hurt. Similarly, when
the labour market is dualistic, returns to labour and capital both fall. The remain-
ing labour in the formal sector will be protected but labour unable to stay in the
formal sector will be paid a lower wage in the informal sector. This may have effects
on the overall distribution of income.

When stricter environmental regulation can only be enforced in the capital-
intensive formal sector, disregarding whether the economy is dualistic, the capital
owner will always be worse-off. However, because informal sector activity expands,
the distributional impact may also depend on the factor reallocation from the formal
and the informal sector. Therefore, whether environmental policy is regressive or
progressive depends on the initial income distribution, and also on the change in the
income gap between the capital owner and labour, and between formal and informal
labour. To make the story more intuitive in terms of the impact on income distrib-

ution, the following discussion illustrates a hypothetical developing economy to see
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what may happen after a stricter environmental policy is implemented, especially
regarding income distribution.

First, it is assumed the production function of potential output is Cobb-Douglass,
that is gr = L&K3 %, and gy = LT7*K¢, and a = 0.25 reflecting the informal sector
is far more labour intensive than the formal sector. This may represent a typical
situation in developing economies. The economy is assumed to be relatively labour
abundant such that L = 30 and K = 20. The parameter of abatement technology is
assumed to be the same, i.e., v = 0.01 and the initial emission tax that is applied
in both sectors is 7 = 77 = 0.01. The price of commodities produced by the formal
sector is assumed to be higher than those produced by the informal sector. This
is a plausible assumption for most developing countries. The price of commodities
produced by the formal sector is assumed to be 50% higher. This makes the initial
distribution of income favour capital, as the wage will be roughly half the rental
rate.

For a clearer distributional illustration it is assumed the economy consists of
50 households, each owning either one unit of labour or one unit of capital. This
simplification makes it possible to construct an index of income distribution such as
a Gini Index which will be equal to zero if the share of income earned by a certain
group of households (formal labour, informal labour, or capital owner) is equal to
their share in the population.

The four cases discussed in the previous section are considered to see the effect of
increasing an emission tax by from 0.01 to 0.015 (50%). The result of this simulation

can be seen from Table 3.1.
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As can be seen from Table 3.1, stricter environmental regulation has reduced
pollution at the cost of overall output (GDP) and income in all cases. The reduction
in pollution is greater when the stricter regulation can be enforced in both sectors.
With regard to the distributional cost of this cleaner environment, it can be seen
that in the case where the regulation can be enforced on the whole economy, both
factor rewards fall proportionally at the same rate, and it does not change the
overall distribution of income. The inequality index stays the same. When stricter
regulation can only be enforced in the formal sector, pollution only falls there. As
output of the informal sector expands, pollution from the informal sector continues
to rise, despite falling aggregate pollution. Because, initially, the rental rate is higher
than the wage, and the wage rises while the rental rate falls, the income distribution
improves.

To account for a dualistic labour-market setting, it is supposed that before
stricter environmental regulation take place, the government sets a minimum wage
policy to protect labour in the formal sector to be 50% higher than the otherwise
competitive wage rate. Although not related to environmental policy, it may be
worth discussing the impact of this policy on the initial economy. The minimum
wage policy reduces overall output because of inefficiency in production. As both
sectors no longer face the same marginal rate of substitution, the economy expe-
riences inefficiency in production and this can be represented by an equilibrium
level of production below the production possibility frontier. The capital owner is
worse-off as, at any given output, higher capital requirement must be accompanied
by falling marginal productivity of capital and rental rate. As the capital market
is always in equilibrium and the capital account is closed (capital outflow is not
possible in this model), the minimum wage policy is bad for the capital owner.

However, the wage in the informal sector rises slightly. As the labour economics
literature generally suggests, in the partial equilibrium analysis, a higher minimum
wage in the formal sector would reduce the wage in the labour-intensive informal
sector due to an increasing supply of labour released by the formal sector. However,

in partial equilibrium analysis, the labour demand curve in the informal sector by
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assumption does not shift because capital and output in the industry stays constant.
In the general equilibrium setting, the drop in the rental rate in the informal sector
would increase demand for capital and this will reduce demand for labour and the
marginal productivity of labour and wage would rise. This result is not new and has
been confirmed in the trade literature. For example, Johnson (1969) suggests that
in certain cases, a minimum wage that applies to only part of the productive econ-
omy may benefit workers in all sectors. Jones (1971) also concludes that minimum
wage applied in an industry in which labour receives the smaller distributive share
(capital intensive sector) must raise the wage rate in both industries. Therefore,
this can explain that minimum wage policy will work if it is intended to improve
income distribution. The Gini coefficient is lower compared to a situation without a
minimum wage policy. However, it is worth stressing that this improved distribution
of income is at the cost of a lower level of overall output.

In contrast to the case when the labour market is undistorted, stricter environ-
mental regulation, if it can be enforced in all sectors, changes the income distribution
despite the fall in both the wage and rental rate. The Gini index falls slightly. This
occurs because there is some labour movement from the formal to the informal sector
and that labour receives a lower wage rate than before.

Those who pay the most for the better environmental quality are workers who
are unable to remain employed in the formal sector. However, although activity in
the informal sector expands, the output and pollution still falls. In the case when
stricter regulation can only be_ enforced in the formal sector, the income distribution
improves even more, not only from the fall in return to capital, but also from the

fall in the return to labour forced to move from the formal to the informal sector.

3.5 Concluding Remarks

The comparative static analysis using this simple model illustrates that stricter
environmental regulation, if enforced uniformly across industries in an undistorted

labour market, hurts both labour and capital owners, leaving income distribution
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unchanged. However, when an economy is dualistic, the environmental policy has
a slightly different distributional effect. Although the return to capital and labour
in the informal sector falls, workers who manage to remain in the formal sector
are protec.ted from being worse-off. However, some workers who cannot stay in
the formal sector and must move to the informal sector, earn a lower wage. In this
illustrative simulation, it is confirmed that, contrary to the case where an economy is
not dualistic, across-sectors (or uniform) stricter environmental regulation changes
the distribution of income.

When stricter environmental regulation can only be enforced in the formal sector,
then assuming (plausibly) that the formal sector is capital intensive, whether or
not the economy is dualistic, the capital owner will always be worse-off. However,
since informal sector activity expands, the distributional impact may also depend
on labour reallocation from the formal to the informal sector. This hypothetical
example illustrates that the change in income distribution in this case, which is in
favor of labour, is greater when the economy is dualistic. |

Overall, this simple exercise using a simplified model illustrates some cases where
stricter environmental regulation may not necessarily create an adverse distribu-
tional impact. The model is intended to illustrate some of the anticipated distribu-
tional effects of an emission tax beihg introduced in developing countries. It should
be noted that in the context of developing countries, the resource reallocation taking
place following a policy shock, in this case a pollution tax, involves some adjustment
cost. The immediate distributional effect an environmental tax could be temporary
loss of jobs, earning, and to some extent a decrease of welfare of those who are
vulnerable. It is important in the real policy context, that such adjustment cost is
taken into account and mitigated by compensation policy if pursuing the long-run
target of restructuring is the ultimate agenda. In addition to the adjustment cost,
some other restrictive assumptions used, such as being strictly long—run,qassuming
a closed capital account and disregarding that the informal sector commodity may
not be fully tradable, indicate that the results from this simple model are not meant

to be taken as general predictions.
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3.A Appendix: Compliance and Emission Tax

The term compliance usually refers to a situation where a firm decides not to comply
with regulation, for example by evading the tax (emission tax evasion) or under-
reporting true emissions.

However, it needs to be emphasised that the main and most sensible reason why
stricter environmental regulation can’t be applied in the informal sector is related
to compliance. The question is whether this compliance problem can be represented
with a lower emission tax rate. From the regulator’s perspective, given a certain
emission tax in the informal sector, if the emission reported is less than the actual
emission, the tax revenue received is as if the tax rate for the actual emission was
lower. However, this is not sufficient, as firms also need to see that their ‘effective’
emission tax rate is lower, because the concern is more about the behaviour of firms,
not the regulator. The following argument is an attempt to show that in certain
cases, firms that do not comply fully with the regulation may be seen as those who
perceive an effective tax rate lower than the formal emission tax rate set by the
regulator.

Suppose that in the informal sector, v; is the amount of emission reported (sub-
ject to emission tax rate 7;) which is less than true emission z;. It is possible
however, that the regulator may discover the dishonesty of the firm and a penalty
of ¢ may be imposed. Suppose the penalty is increasing by the amount of uﬁder—
reporting or ¢ (z; — vr), where ¢’ > 0,¢” > 0. The probability of being discovered
under-reporting is B (v;) which is assumed to be a function of reported emission.
The regulatory agent may have some expectation of the true emission given, for
example, the characteristic of the firm, so the greater the amount of emission re-
ported the less the probability of being discovered or 8 < 0. In this uncertainty, the
firm profit will be either 7! = prz; (21, gr) — c¢§gr — T1v1, with probability (1 — §) or

70 = prar (21, 91) — c19r — 7121 — ¢ (21 — vr1), with probability 8. The firm maximizes
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expected profit that will yield the following.ﬁrst order condition

8.’131
e - -4
Bml _ ’
g = Blrit+d), (3.45)
T+ B8 (rr(zr—v)+¢) = B(ri+¢). (3.46)
Combining the last two equations can give
pl—a—aﬂ =1r+8 (' —n%) <71 (3.47)
321

This equation says the marginal value product of emission has to be equal to the
cost or price of the emission. In other words,the "effective" emission tax is less
than the tax rate set by the regulator. Because the marginal product of emission
or %j—; is decreasing with the level of emission, the optimal emission under this
uncertainty case will be higher than under full compliance. The net effect of the tax
rate is similar to the case of a lower tax but with full compliance. Therefore, in the

analysis in this chapter, it may be argued that the partial compliance scenario may

be represented by 7y = 0 and 7 > 0.
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Chapter 4

Constructing The Social
Accounting Matrix

A Social Accounting Matrix (SAM) is a matrix representation of transactions in a
socioeconomic system. It is a comprehensive, flexible, and disaggregated framework,
which elaborates and articulates the generation of income by activities of production
and the distribution and redistribution of income between social and institutional
groups (Round, 2003b). The need for a Social Accounting Matrix for assessing a
more elaborate distributional impact of development, and the inadequacy of the
standard Systefn of National Accounts (SNA) has been long acknowledged (Stone,
1985).1
A Social Accounting Matrix is an essential database for computable general
_equilibrium (CGE) modelling. In a SAM framework every agent’s expenditure has
to be equal to its receipts (in the form of equality between column and row sum),
so that the SAM explicitly represents the initial equilibrium, or market clearing
conditions in the economy. Every good and service produced by an industry is
equal to what is demanded. Each factor of production supplied has to be absorbed
by industry, and household spending has to be equal to income. An exercise using
a CGE model is basically comparing this initial equilibrium condition, with other
equilibria induced by changing exogenous shocks to the model.
This chapter will discuss the construction of an Indonesian Social Accounting
Matrix. Constructing a specifically-designed SAM not only requires large-scale

household survey data, but also involves reconciliation of various different data

1Richard Stone himself was granted nobel prize for the development of the SNA.
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sources. This chapter is organized as follows. Section 4.1 starts with the description
of the SAM structure to be constructed, followed by section 4.2 which describes
the data used to construct the SAM. The discussion then continues with the steps
carried out in the process of construction. Section 4.3 starts with how national
level data are used as a basis for the SAM; section 4.4 discuss the disaggregation
of factor payments; section 4.5 describes the disaggregation of households; and step
4.6 describes the final reconciliation. Finally section 4.7 ends with the discussion on
some limitations of the Indonesian SAM constructed, and the potential for further

improvement.

4.1 SAM structure

The Indonesian statistics office (BPS) publishes a SAM? every five years. However,
this official SAM is limited in terms of its sectoral disaggregation (it only has 23
sectors), and most importantly in terms of household classifications. Since many
policy shocks typically analyzed in a CGE model are at a specific sectoral level, it is
often necessary to have a lot more detailed sectoral disaggregation. Consequently,
building a specifically-designed SAM to cover detailed sectoral disaggregation is
unavoidable for most CGE modelers.

Moreover, the official Indonesian SAM distinguishes only 10 households groups,
which classifies households, mainly according to their occupational status®. This
classification is sufficient as long as the analysis is intended just to compare and
contrast the policy impact among these socioeconomic classes. However, when one
starts to ask more precise questions, such as: how different are the impacts of
policies between the poor and the rich, how much will inequality change, whether
the policies are regressive or progressive; and-how much is poverty incidence changed
by the policies, then this classification has prevented those questions from being

adequately answered.

2or In bahasa Indonesia, "Sistem Neraca Sosial Ekonomi (SNSE)", or System of Social and
Economic Accounts. .

3Qccupational status refers to the type of occupation of the household head, such as whether
professional, farmers, casual workers, and so on.
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The SAM to be constructed is é,imed at detailing 181 sectoral classifications,
16 labour classiﬁéations“, and distinguishing 200 households classified by expendi-
ture per capita size (100 urban, and 100 rural household, grouped by centiles of
expenditure per capita). This will constitute the most detailed and disaggregated

Indonesian SAM at sectoral and household level yet constructed’.

4See Appendix for the list of sector and labour classification.
5The size of the SAM will be of 768x 768 accounts, in contrast to official BPS SAM of 102x102.

o7




CONSTRUCTING THE SOCIAL ACCOUNTING MATRIX

CHAPTER 4.
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CHAPTER 4. CONSTRUCTING THE SOCIAL ACCOUNTING MATRIX

A CGE model uses a Social Accounting Matrix as a representation of an initial
equilibrium. One of the most important features of a SAM, the equality between
row and column totals in the matrix, explicitly portrays some of the most impor-
tant market clearing conditions in the economy. Market clearing in the commodity
market will be reflected in commodity accounts. The value of commodities supplied
by each industry has to be equal to what is demanded by various demanders (in-
termediate demand by industries, various institutions, and various households). At
the same time, the equality of column totals and row totals of factor accounts in
SAM also records market clearing in the markets of various factors of production.
In addition, some theoretical features of a standard CGE model are also explicitly
represented in a SAM. Among others, these are the equality between industry costs
and sales (zero-profit competitive condition), and the conditions that household
budget constraint are satisfied. In short, a SAM is the basic and necessary ingredi-
ents for a CGE model. Technically, before any simulation is conducted, a balanced
and consistent SAM ensures all agents’ income or receipts are spent, which in turn
guarantees equilibrium, database balance, and nominal homogeneity® of the CGE
model.

Table 4.1 is the structure of the Social Accounting Matrix to be constructed. It
has 768 rows and 768 columns in all. It distinguishes industries from commodities
to allow for industries producing multiple commodities, or the same commodity
produced by several industries. In all, 181 sectoral classifications are distinguished,
and 200 households (100 urban and 100 rural classified by centile of expenditure per
capita) are classified by centile of expenditure per capita. This section describes the
* process of constructing the SAM, starting with describing the data used, and other
steps carried out to produce it.

The principle is to extend the 181 sector Input-Output table into a Social Ac-
counting Matrix structure, using the official SAM 2003 as initial information. In

the first step, the goal is to construct 181 sectors SAM with similar structure as the

6Real/quantity variables will not change if all prices increase, a standard and basic theoretical
implication of neo-classical CGE model.
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official SAM 2003 but with only one single household and one single labour. The
labour classification will be extended in step 2, while the household will be disag-
gregated in step 3. This approach follows the practice called Macro to Micro SAM,
and as Round (2003a) suggests, this has been the approach used by most SAMs

compiled under the IFPRI modelling projects.

4.2 Data Sources and Description

The data sources used in this SAM construction are (1) Official BPS SAM 2003
(102x102 accounts); (2) 181 sectors Input-Output table 2003; (3) SUSENAS Core
Module 2003, with 894,427 individual observations; (4) SUSENAS Core Module
2002, with 862,210 individual observations; (5) SUSENAS Consumption Module
2002, with 64,441 household observations; and (6) SUSENAS Income Module 2002,

with 64,441 households observations.

4.2.1 BPS SAM, and Input-Output Table

The BPS SAM is regularly published every 5 years. It has less detailed sectors than
the I-O table and distinguishes only 8 to 10 households. In its recent SAM for the
year 2003, BPS recognises 23 industries and 8 household categories. The household
categories in this SAM are (1) agricultural employee; (2) agricultural employer;
(3) casual employer low-income, clerical, sales, casual employee in transportation
sectors, personal services, office employee; (4) non-labour force and unaccounted
occupation (rural); (5) higﬂ—income casual employer, non agricultural employer,
manager, military, professional, technical, teacher, clerical, and high-income sales;
(6) casual employer low-income, clerical, sales, casual employee in transportation
sectors, personal services, office employee; (7) non-labour force and unaccounted oc-
cupation (urban) and; (8) high-income casual employer, non agricultural employer,
manager, military, professional, technical, teacher, clerical, and high-income sales.
This classification is mainly based on the occupational status of the household

head. In distributional analysis, difficult questions are posed such as: whether
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the cost of certain policies are biased toward the poor or the rich; whether they
are regressive or progressive; and how large their impact is on poverty incidence. In
addition, certain policies directed specifically toward the poor, such as cash transfers,
are also difficult to analyse.

Although the BPS SAM is limited in sectoral and household detail, it is still
very informative, in the sense that it records a lot of information with regard to
transactions among institutions such as government, enterprises, and the rest of the
world.

The Input-Output table records industry’s costs and sales. Industry costs (or
inputs) comprise purchases of raw materials (intermediate inputs), both from domes-
tic, and imported sources, as well as primary factor costs (salary, operating surplus,
and indirect taxes/subsidies). On the other hand, Industry output consists of their
sales to other industries as both intermediate and final demand: The latter consists
of household, investment, government, and export demand. The Input-Output table
serves as a core basis for constructing the Social Accounting Matrix.”

The I-O table is also regularly published every 5 years, the latest of which is
for the year 2000. However, BPS occasionally publishes an interim I-O/SAM . This
‘interim’ SAM/I-O table is an update of the regular & year interval publication
using information of the most recent aggregates, such as value-added or final de-
mand®. Once, this updated I-O is published, the SAM division of the BPS follows
by publishing the updated SAM.

The most recent ‘updated’ I-O table and SAM published by the BPS are for the
year 2003. Usually, the I-O table has up to 175 sectors. Because the research ques-
tions addressed in this thesis requires detailed sectoral disaggregation, especially, on
energy related sectors (eleétricity, and detail of fuels e.g. gasoline, kerosene, etc.),

the 181 sector Input-Output table was obtained from the I-O division of the BPS.

7"SAM and I-O table are closely related, not only because the I-O table is part of the SAM,
but also in constructing the SAM, I-O is usually used as the basis or the anchor. Whenever there
is inconsistency, information from the I-O table dictates the SAM (Source: interview with SAM
divison of the BPS).

8For the I-O table, for example, the Leontief technical coefficient is usually assumed to be
constant, and the transaction using information from more recent aggregates are estimated.
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The 181 sectors Input-Output table, and the 102 accounts BPS SAM will be
used as a starting point to construct the 768 accounts SAM. This will be described

in detail in the Step 1 section.

4.2.2 Household Survey Data

The National Socioeconomic Survey (SUSENAS) is a series of large-scale multi-
purpose socioeconomic surveys initiated in 1963-1964 and fielded every year or two.
Since 1993, SUSENAS surveys cover a nationally representative sample typically
composed of 200,000 households. Each survey contains a core questionnaire which
consists of a household roster listing gender, age, marital status, and educational
attainment of household members, supplemented by modules covering about 60,000
households that are rotated over time to collect additional information such as health
care and nutrition, household income and expenditure, and labour force experience

Household disaggregation of the Social Accounting Matrix requires detailed ex-
penditure, and income sources. This disaggregated information contained in the
SUSENAS Module is not collected annually, but every 3 years. The latest SUSE-
NAS data with an expenditure and income module is for the year 2002. The sample
size of this module is 64,442 households compared to the core SUSENAS with sample
size of about 200,000 households. This smaller sampling frame attempts to repre-

“sent the population of provinces, while the core can be disaggregated to represent
every district.

As will be explained in detail in section 3.3, the information from the expenditure
module of the SUSENAS will be used to disaggregate household consumption expen-
ditures. The expenditure for each commodity in the SAM will be distributed to 200
households aggregated by expenditure per capita centile. The same will be applied
to sources of income such as labour income by skills, as well as non-labour income
and transfers. In constructing the SAM, SUSENAS as well as SAKERNAS (labour
force surveys) play a crucial role. These are used as information to disaggregate
industry use of primary inputs (labour and capital). The industry use of primary

inputs that comes from the I-O table has two limitations. First, it has only two
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factors (labour and capital®). Secondly it does not capture the informality (duality)
in the economy. It dnly records forfnal labour payments (salary and wages) incurred
by industry. The I-O table has -the categories for factor payments: salary/wages
and operating surplus. The problem is there are some significant amounts of unpaid
labour lumped together in the operating surplus category, which is calculated as a

residual after formal wage payments.

4.3 Step 1: Disaggregated Sectors but One labour,
and One Household

The official Indonesian Social Accounting Matrix 2003 has 102 accounts, and con-
sists of 16 labour categories, one non-labour factors, 8 households, 23 industries,
23 commodities (domestic and imported), and other institution accounts (Saving-
Investment, Government, Enterprises, and Rest of the World). On the other hand,
the Indonesian Input-Output table 2003 has 175 sectors, which in this thesis is then
expanded to 181 sectors including energy sectors in detail. The expansion disaggre-
gates the petroleum products sector into 6 components (Gasoline, Automotive Diesel
0il/ADO, Industrial Diesel Oil/IDO, Kerosene, Liquefied Petroleum Gas/LPG, and
other fuels), and separate electricity from the electricity and gas sectors!?.

As illustrated in Table 4.1, information from the Input-Output table was used

to fill the following sub-matrix in the SAM.
1. Domestic intermediate input matrix (181x181).
2. Imported intermediate input matrix (181x181).
3. labour payment by industries (1x181).

4. Gross operating surplus or non-labour payment by industries (1x181).

90r in the I-O table definition capital is referred to gross operating surplus.
10This expansion of the I-O table was conducted by staffs from the BPS Input-Output Table
Division. '
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5. Indirect tax and subsidies, paid or received by industries (2x181). The sum
of tax and subsidy over industries are received by the government, in the

government account.

6. Domestic final demand, i.e. domestic commodity purchased as capital forma-

tion, household consumption, government consumption, and exports (181x4).

7. Imported final demand, i.e., imported commodities purchased as capital for-

mation, household consumption, and government consumption (181x3).
8. Tariff on imported commodities (1x181)

9. Rest of the world receipts from domestic sales of imported commodities. This
is total imported commodities, sum over all demanders (industry as interme-

diate and final demand).

10. The MAKE matrix, a diagonal matrix that show how industries supply com-
modity to the market. Currently it is assumed the MAKE matrix is diagonal
or a single industry producing only a single commodity. Other modifications,
such as single industry producing multiple commodities can be conveniently

setup in sectoral aggregation.

The sum of rows 1 to 5 are total industry cost or input, while 1 to 6, if sum over
column will be total industry sales. The former is equal to the latter.
As also illustrated in Table 4.1, information from the SAM 2003 was used to fill

in the following sub matrix.

1. labour and non-labour payments received by Rest of the World.
2. Non-labour payments (capital) received by Enterprises.
3. The rest of factor payment (salary and non-labour) received by households.

4. Household other expenditures, which consist of savings, transfers to other

households, direct tax, and transfers to the Rest of the World.
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5. Household non-factor income, which consists of, transfers from other house-

holds, from enterprises, from government, and from the rest of the world.
6. Enterprises’ receipts and outlays.

7. Government revenue and expenditures.

The next step is to disaggregate labour into more detail categories.

4.4 Step 2: Disaggregating Factor Payments

SAM 2003 has 16 classifications of labour. It recognises 4 skills types (agricul-
tural, non-agricultural unskilled, clerical and services, and professional workers),
urban-rural distinction, and formal and informal (unpaid) workers. Together, it dis-
tinguishes 16 labor categories. However, the Input-Output table only distinguishes
a single type of labour recorded in the wage bills of industrial costs. Gross operating
surplus is then calculated as residuals. In developing countries, where a significant
portion of industry does not officially record all payments to labour, this practice
may lead to misleading information.

First, the economy will appear to be highly endowed with capital, which is un-
likely to be the case for developing countries like Indonesia. For example, from
the Input-Output table, compensation of employees in Indonesia only accounts for
around 35% of value added, whereas in the European Union, for example, the num-
ber is around 65%!!.

A second implication, is that certain industries which are supposed to be rela-
tively labour intensive (e.g. agriculture compared with manufacturing) will instead
appear to be capital intensive. Factor intensity is a very important driver of behav-
iour in the CGE model. For example, the parameters of most production functions
used in the CGE model are function of factor shares. The reliability of some CGE

models which rely purely on the Input-Output table with the resulting understate-

11Source: GTAP Database.
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12 Understatement of labour compensation is

ment of labour, will be in question
quite common in a developing counfry Input-Output table. Cororaton (2003), for
example shows the case for the Philippines.

In the Social Accounting Matrix, BPS has attempted to correct this issue by
making a distinction between paid and unpaid labour. BPS defines unpaid labour
as workers who run a household business, or are employed by a family member.
These are subtracted from the gross operating surplus recorded in the Input-Output
table. For example, data from the Labour Force Survey (SAKERNAS) records
the number of hours of ‘informal’ labours, but without recording the amount of
the wage payment'3. The number of hours is imputed as labour compensation by
multiplying it with the average wage in the formal sector for a similar type of labour
(distinguished by skill type, and industry of employment). From the same data, BPS
can disaggregate labour by 16 skills-type in the construction of the SAM.

In constructiné the 181 sectors SAM, a similar kind of approach is used. Instead
of SAKERNAS, however, the SUSENAS Core Module 2003 is used. The necessary
information is available in both survey data. However, the SUSENAS sample size
is a lot larger (894,427 compared to 297,642 individuals in SAKERNAS). From
SUSENAS, the employment status for employed workers (shown in table 4.2) can
be obtained. It is clear that in terms of the number of labour employed, the degree
of informality in the Indonesian labour market is very high.

The Rupiah salary earned is only recorded for employees in category 4 of Table
4.2. Wage imputation will be carried out for all other than category 4. This approach
is also used by Ivanic (2004) in the reconciliation of the GTAP database'* with
household survey data.

SUSENAS 2003 distinguishes 341 skills type or job classifications. To match

the SAM, this classification is first aggregated into 4 classifications (agricultural,

production/manual, clerical, and professional). Average'® wages per hour in the

12Gtandard WAYANG model, for example, is based mainly on Indonesian Input-Output table
which records around 34.36% of the aggregate labor share (source: Wayang 2002 database).

13Which in many cases, such as family workers, do not even involve cash (unpaid).

“including Indonesian GTAP database.

15Median is used instead of mean.
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Table 4.2: Employment Status

Un-weighted Weighted /Pop.

Employment Status Freq. % Freq. %.
1. Self Employed: without workers 85,415 22.7 19,635,423 21.67
2. Self Employed: with unpaid workers 76,225 20.26 17,480,674 19.3
3. Self Employed: with paid workers 11,966  3.18 3,037,090 3.35
4. Employee (formal) 103,961 27.63 26,986,276 29.79
5. Agricultural casual workers 14,135 3.76 4,698,661 5.19
6. Non-agricultural casual workers 8,480 2.25 2,524,201 2.79
7. Unpaid workers 76,059 20.22 16,233,250 17.92

Total 376,241 100 90,595,575 100

Source: SUSENAS 2003 (Core Module)

formal sector is then calculated for specific skill-types, urban-rural location, and

sectoral classification®.

Finally, the monthly return to labour (earning) for self-
employed individuals is imputed by multiplying number of hours per month with
the average wage in the formal sector. The result is the distribution of wage earning
over sectors, skills type, urban-rural, and distinguishes return to labour by self-
employed individuals, which is disregarded in Input-Output table. This information
is then used to disaggregate labour payments in the SAM constructed in step 1.

However, sectoral classification in the Input-Output table is not exactly the
same as that used in SUSENAS. The sectors in SUSENAS which has détailed 182
classification, is fairly disaggregated in manufacturing and services, but is very broad
in agriculture. Both the IO and SUSENAS sectors have to be first aggregated
into 88 sectors to have a consistent comparison'’. Therefore, to maintain the 181
sectoral detail, it has to be assumed that some industries within the same broader
categories’® have similar pattern of compensation of ‘employees.

The share or composition of skill-type estimated in SUSENAS is then used to
disaggregate formal compensation of employees in the SAM. The ratio of informal
labour to formal labour from SUSENAS is used to take out some imputéd labour
from gross operating surplus ("residual" non-labour payment). This informal labour
is then disaggregated using inforrhal skill-type composition by industry as estimated

from SUSENAS. The new non-labour payment is what remains.

16 Classification is aggregated into 14 broad sectors.
1"Based on mapping from BPS (ISIC to I-O classification).
1888 sectoral classification.
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4.5 Step 3: Disaggregating Household Expendi-
tures and Incomes

Households accounts in the SAM will distinguish urban and rural households each
of which comprises 100 households grouped by centile of expenditure per capita. As
mentioned in the previous section, ﬁnlike the household classification in the BPS
SAM, which classifies households by occupation of the household head, an income
or expenditure size classification may allow more detail and precise distributional
impact of policy analysis. Poverty incidence and Gini coefficient in urban and rural
areas, as well as nation wide, can also be conveniently assessed. For example,
Warr (2006), using a Social Accounting Matrix of the Lao economy with the same
classification of households as a database in the CGE model, calculates the impact

of large-scale investment on poverty and inequality.

4.5.1 Expenditure

The first task of the disaggregation of household expenditure is to reclaséify commod-
ity classification in SUSENAS into the classification of the I-O table. In SUSENAS,
consumption expenditure is classified into 339 commodities, while the I-O table
only has 181 commodities. They do not coincide. As emphasized by Keuning and
de Ruijter (1988), a household survey classification uses categories corresponding
to household’s wants, while the I-O table (or SAM) classification is more closely
linked to the production system. Fortunately, an official mapping between those
classifications is available from BPS.

However'®, the mapping of this classification is not a simple ‘some to obne20 ’
mapping. There are a few cases, where one commodity type purchased as final goods
by households are considered sales from various industries in the in I-O classification.

The mapping is made slightly more complex. Furniture purchased by households,

for example, may come from sale of the leather industry, the wood product industry,

19 As confirmed during the the author’s visit to BPS in June 2006..
20 A single I-O commodity mapped to some SUSENAS commodities.
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or even the metal industry.
Suppose that z° is the target classification of expenditure which is 181 com-

modities of the I-O table, where j = 1,...,m, m = 181. From SUSENAS, house-

hold expenditure can be defined as =7V, where i = 1,...,n, n = 339, m < n. The
mapping, then can be represented by the following equation, by which for each of
64,442 households®!, the consumption spending classified by I-O classification can

be calculated as

:c§o = Zwij - zdUS, (4.1)

i=1

such that,

Zwij = 1, (42)
j=1

where w;; is the contribution of consumption of good 4 to the consumption of good
j which is the element of a weight matrix W, x,. This matrix is constructed based
on information from the official I-O to the SUSENAS commodity mapping. This
mapping has been used by BPS in the construction of the I-O table and the SAM.

4.5.2 Income

In the SAM, the household’s income sources distinguish labour income (16 clas-
sification, i.e., 4 skill-type, 2 urban-rural, 2 formal-informal), non-labour income,

transfers from other household, and transfers from other institutions®?

. Disaggre-
gated labour income classification allows flexibility in the CGE model structure in
terms of labour market segmentation. For example, urban unskilled labour may
have a different wage with rural unskilled labour, because the wages are cleared in
a different labour market. This structure is not possible when there is only one
aggregated unskilled labour category.

Table 4.3 shows the source of household income, calculated from the SUSENAS

Income Module 2002. Again it shows that, if all net revenue from household business

is considered to be return to capital (or non-labour), it will under-estimate labour

21 Number of observations in SUSENAS 2002 Consumption Module.
22Transfer from other institutions include from government, enterprises, and the Rest of the
World.
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Table 4.3: Household Sources of Income (pct)

Urban Rural Total

Salary /Wages 49.1 312 422
Household Business 32.1 53.0 402

Agriculture 3.7 319 146

Non-agriculture 284 211 25.6
Capital 9.6 7.9 8.9
Transfer 9.2 7.9 8.7
Total 100.0 100.0 100.0

Source: SUSENAS 2002 (Income Module)
endowment in the economy. The task now, is

1. To disaggregate formal salary/wage into return to 8 classifications of labour.
This could be identified, since the data records the occupation or skill-type of

every working family member.?3

2. To separate the return to labour and the return to capital from what:is
recorded as net revenue (production revenue minus cost) of household pro-
duction/business. The approach is similar to step 2 as previously discussed
when splitting the industries payment to labour from operating surplus. Since,
individuals whose status is self-employed also record their working-time, the
imputed salary, is then calculated as their working time multiplied by the
average formal wage for their specific skill type, and their specific sector of
employment. The imputed wage is then subtracted from household business

net-revenue and the residual is defined as part of the return to capital.

3. The imputed labour can also be classified by 8 skill-types.

The result is then estimates of income sources for each household in the survey
data, as detailing 16 classifications of labour, non-labour, and transfers. Table
4.4 shows the sources of income category after the imputation of wage from self-
employment.

The results closely resemble the structure of labour income calculated from the

official BPS SAM. However, it should be noted that the official SAM definition

23K ven to a lot more detailed classification than the broader 4 skills classes.
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Table 4.4: Household Income Source with Imputed Labor

Income Source Urban Rural Total BPS SAM
labour 69.12 59.68 65.44 68.47
Formal 56.43 34.44 47.85 42.19
Agricultural 2.02 9.36 4.88 4.98
Production/Manual =~ 19.48 12.68 16.83 15.48
Clerical/Services 2220 643 16.05 14.47
Professional 12.73 5.97 10.09 7.26
Imputed 12.69 25.24 17.59 26.27
Agricultural 1.31 15.48 6.84 10.29
Production/Manual 3.81 4.35 4.02 5.49
Clerical /Services 7.19 5.28 6.45 9.71
Professional 0.39 0.14 0.29 0.79
Non-labour 21.39 32.22 25.62 19.94
Transfers 9.49 8.11 8.95 11.59
Other Household 5.07 5.39 5.19 5.52
Other transfers 4.42 2.72 3.75 6.07
Total 100.00 100.00 100.00  100.00

Source: Author’s calculation

of informal labour is broader than defined here. This thesis only recognizes self-
employed labour as informal labour, not other unpaid labour. Therefore, the higher

share of imputed labour, and lower share of non-labour in the BPS SAM, is expected.

4.5.3 Aggregation and Reconciliation

The next step is to combine or merge household expenditure data, calculated from
the SUSENAS Consumption Module, which is already classified by the Input-Output
commodity group, with income data, as calculated from the SUSENAS Income
Module. Apart from consumption expenditure, transfers to other households, as
well as other transfers are also recorded. Saving is calculated as a residual. Since
all accounts in the SAM constructed in step 1 are already balanced (receipts and
layouts of every account are equal), it is also important to maintain the balance
(expenditure equal income) of households at the micro or household level data.
Ideally, when total consumption from the household survey is aggregated, taking
into account sampling weight, the aggregate has to be close to the national aggre-
gates. In fact, even in total (not by component of éxpenditure), this is rarely the
case. Aggregate from SUSENAS will fall short of the national account by significant

factors. For example, Akita et al. (1999) mentions a wide discrepancy between total
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household expenditure estimated based on the SUSENAS data and total private
consumption expenditure from the national accounts. This problem is typical. It is
necessary to reconcile both data sources. This is also confirmed by Ravallion (2003),
after comparing datasets for 90 countries.

After aggregating by taking into account household sampling weight, the total
consumption expenditure calculated from SUSENAS falls short of that from the I-O
table by a factor of 2.8. It also shows, that the factor is higher for non-food expen-

diture, especially luxury goods. A few reasons could account for this discrepancy.

1. The SUSENAS and the I-O are recorded for different years, i.e., SUSENAS is
for 2002 and the I-O table is for 2003.

2. Under-reporting, especially for certain expenditure such as non-necessities.

3. Some expenditures in the I-O table are imputed, such that, expenditure items
in the I-O do not exist in SUSENAS. In this case, these are expenditure on

banking, finance, and trade.

4. Sample bias, i.e., the possibility that the sampling does not perfectly represent
the population. The under-representation of high income groups is very likely,
and could be due to the non-response rate or even the sampling frame itself.24
Consequently, the household sampling weight used in the aggregation is not

accurate.

5. Mapping error, namely the inaccuracy in the mapping between the household

survey commodity classification and the I-O commodity classification.

The discrepancy between data calculated from the household survey with its
aggregated counterpart is common and expected in the practice of constructing a
Social Accounting Matrix using data from household surveys (Robilliard and Robin-
son, 2003). The same problem also arises in any studies which require reconciliation

between data from national accounts and household surveys. As Ravallion (2003)

24 A few interviews with BPS staffs suggest that this may be the case.
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suggests, the relationship between these two datasets is becoming of more consider-
able interest in the area of applied work to assess the effecfc of economic growth, or
growth promoting policies on the extent of absolute poverty.

Two different routes are common in the reconciliation process. The first is to
adjust the household survey data to fit the aggregate or macro SAM. The second
is the other way around. In the first method, it is likely the process may change
the pattern of expenditure or income at the household level part. In the second
method, the process may have implication on the structure of the economy. The
decision to follow one, over the other, depends on a judgement as to which data is
more reliable and the implication and complication that may arise in the process.
Considering that fitting an already established and official national account data
to match the household survey will likely change the economic structure such as
standard macroeconomic aggregates like value added (GDP), an approach with the
flavour of the first one will be used. The scale factor is éalculated by comparing
the aggregate expenditure from the Input-Output table, and from the survey data,
for each of the 181 items of consumption.‘25 After that, working again with the
household survey data, consumption spending by item is re-scaled using the scale
factor, but total consumption for every household vis controlled to maintain the
balance of income and spending.

Aggregation is conducted by first dividing the households into urban and rural
categories, and then assigning an expenditure per capita class to each household.
Each household must belong to one of the 100 centiles of expenditure per capita.
The data are then aggregated, or added-up, taking into account each household
sampling weight, producing 100 household groups for each of the urban and rural

areas. The income and expenditure of the resulting 200 households is then fitted

25Before this, three commodities have to be imputed to the household survey data since they are
not recognized in the survey. They are trade, banking, and finance. For trade, it is imputed using
the aggregate share of the I-O table. For Banking and finance it is imputed using the aggregate
share but only applied to households that record having any transaction with financial sectors (i.e.
saving accounts for banking, and buying and selling financial assets for the finance sector). This
will reduce the error of forcing poor households, for example, to have similar patterns of financial
dealing to the rich ones. Working at the level of the household survey data makes this kind of
adjustment possible.
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into the SAM, as explained in the next section (step 4).

4.6 Step 4: Final Reconciliation and Balancing

The final process involves some other reconciliation and final adjustment in response
to minor imbalances in the SAM. The final process of disaggregating the households

account in the SAM is as follows.

1. Total income, which is equal to total expenditure, of the single representative
household in the Macro SAM is distributed to the 200 households using the
share calculated in step 3. This total will be the control in the later step of
splitting this total income/expenditure into its detailed components for each

household group.

2. The total income/ expénditure of each household group is split into its detailed
component using the pattern (share) calculated in step 3. The components of
expenditure include consumption expenditure on 181 commodities, transfers,
and saving, whereas the components of income include labour income (16

classifications), non-labour income, and transfers.

3. Total aggregate consumption expenditure (sum over commodities) in the Macro
SAM is used as a control to maintain the value of aggregate consumption ex-
penditure in the component of GDP by expenditure. To do this, every house-
hold’s components of consumption spending is re-scaled by a single aggregate

scaling factor.

4. Each of the 181 items of consumption spending for every household is split into

domestic and imported components using the share from the Macro SAM?.

5. Household saving is re-calculated as residuals by subtracting from total expen-

diture (as a control), consumption expenditure and other non-consumption

26Here, it is assumed spending on every commodity carries the same import content disregarding
who consumes it.
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spending (non-household transfer, transfer to ROW and direct tax is calcu-
lated using the share from the Macro SAM taking into account tax-spending

calculated in step 3).

6. Components of household income are calculated using the pattern (share)
calculated in step 3. Non-household transfers (transfer from government, en-

terprises, and ROW are calculated using the shéres’ from the Macro SAM.

The method of disaggregating households in step 1 to 6, ensures household ac-
counts for each of the 200 households are balanced, that is total income is always
equal to total spending. However, since other accounts, such as commodity ac-
count (which shows the amount of each commodity demanded and supplied) and
factor account (which shows how much of each factor of production is supplied and
used by industries) may not be balanced as a consequences of controlling household
accounts.

The imbalance in the commodity account, however, is not significant, after the
reconciliation in step 3 at the micro level. The standard deviation of the scale factor
(ratio of spending in Macro SAM to spending calculated from household survey data)
has been reduced by the reconciliation in step 3 from 12.04 (with the mean of 3.81)
to 0.32 (with the mean of 1.04). These minor irﬁbalances will be taken care later at
the final stage using balanciﬁg program explained subsequently in the appendix of
this chapter.

Final reconciliation is carried out for factor accounts. The following pattern
is found. Labour, especially imputed labour, has supply exceeding demand, while
non-labour has demand exceeding supply. It is assumed that for imputed (informal)
labour, the imbalance is due to under-recording of informal labour (and equivalently
over-recording of non-labour/capital, since operating surplus is the residuals) by
industries. Therefore the compensation of informal labour costs is scaled-up (with
different scale for every skill-type) to match the supply. This takes some value
out from operating surplus or non-labour input, hence non-labour compensation

(operating surplus) is equivalently reduced.
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In contrast, for formal labour-compensation, the adjustment is made in the
household accounts. Since (formal) salary and wages are original data from the
I-O table, and its record of salary/wage is usually considered more reliable, it is
kept intact. It is assumed that households underestimate non-labour income, and
the adjustment at the household account is the switch between (formal) labour and
non-labour income. At the same time, the imbalance in formal labour and non-
labour account is reduced.

To produce the exactly balanced SAM, the SAM is balanced using a mathematical-
programming method commonly used to estimate or balance the Input-Output ta-
ble or Social Accounting Matrix. In this case, a GEMPACK program, developed by

Horridge (2003), is used in this final refinement.

4.7 Concluding Remarks

This chapter describes the construction of an Indonesian Social Accounting Matrix,
with emphasis on the distribution across households. It extends the official BPS
SAM by having 181 detailed sectoral classifications, 16 labour classifications, and
distinguishing 200 households classified by centile of expenditure per capita. This
SAM constitutes the biggest and most disaggregated Indonesian SAM at the sec-
toral and household level yet constructed, hence contributing to the literature on
SAM construction especially in developing countries. A SAM is also a basic and
necessary element in CGE modelling, and its construction has provided a pathway
for later studies to analyze relevant policy issues. In addition, since SAM construc-
tion is rarely well-documented, the transparency in the description of this SAM
construction, hopefully provides replicability for SAM construction in the future?”,
as well as for other researchers.

Shortcomings in this SAM construction could include possible weé,k assumptions
and/or lack of availability and quality of the data used. The variety of different data

sources, although collected by the same agency, may have been produced for differ-

2TFor example, when data source is updated to more recent years.
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ent purposes and with different methods. Inconsistency among those data sources
are unavoidable. In these situations, definitions, with the assumptions contained, as
well as judgments are an inevitable but common practice in the SAM construction.
In many parts of the process, art is more dominant than science. This concern is ac-
tually one of the motivations for this thesis, with the expectation that improvement

will be made in the future.
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4.A Appendix

4.A.1 List of Industries/Commodities

Table 4.5: List of 181 Industries/Commodities

Paddy

Maize

Cassava

Sweet potatoes

Other root crops

Groundnut

Soybean

Other beans

Vegetables

10 Fruits

11 Cereals and other food crops

12 Rubber

13 Sugarcane

14 Coconut

15 Oil palm

16 Fibre crops

17 Tobacco

18 Coffee

19 Tea

20 Clove

21 Cacao

22 Cashew fruit

23 Other estate crops

24 Other agriculture

25 Livestock and product

26 Fresh milk

27 Poultr){ and its product

28 Other livestock raising

29 Wood

30 Other forest product

31 Sea fish and product

32 Inland water fish and product

33 Shrimp

34 Agriculture services

35 Coal

36 Crude oil

37 Natural gas and geothermal

38 Tin, ore

39 Nickel ore

40 Bauxite ore

41 Copper ore

42 Gold ore

43 Silver ore

44 Ore and sand iron

45 Other mining

46 Non-metal mining

3% Crude salt 1 Kind
uarrying all kinds

49 ﬁ[eats

50 Processed meat

51 Dairy products

52 Canned fruits and vegetables

53 Salty fish and dry fish

54 Processed and preserve fish

55 Copra

56 Animal and vegetable oil

57 Rice

58 Wheat flour

59 Other flour

60 Bakery products and the like

61 Noodle, macaroni, etc.

OO UUR LN -

Sugar

Peeled grain

Chocolate

Milled and peeled coffee
Processed tea

So%a bean products

Other foods

Animal feed

Alcoholic beverages

Non alcoholic beverage
Tobacco products
Cigarettes

Cleaning kapok

Yarn

Textile

Textile products

Knitting mills

Carpet, rope and textile
Wearing apparel

Leather

Leather products

Footwear

Sawmill and preserved wood
Plywood and the like
Wooden building component
Wooden furniture

Other wood products
Non-plastic plait

90 Pulp

Paper and cardboard
Paper and cardboard product
Printing and publishing

4 Basic chemical

Fertilizer

Pesticides

Synthetics resin, plastic etc.
Paints, vernishes etc.

Drug and medicine

100 Native medicine

101 Soap and cleaning product
102 Cosmetics

103 Other chemicals product
104 Gasoline

105 Automotive Diesel Oil

106 IDO :

107 Kerosene

108 LPG

109 Other fuels

110 Liquefied of natural gas

111 Smoked and crumb rubber
112 Tire

113 Other rubber products

114 Plastics product

115 Ceramic and earthenware
116 Glass product

117 Clayand ceramic products
118 Cement

119 Other non-ferrous
120 Basic iron and stee
121 Basic iron and steel products
122 Non-ferrous basic metal

roducts

123 Non-iron metal products
124 Kitchen wares, and tools
125 Metal furniture

126 Structural metal product
127 Other metal products

128 Prime movers engine

129 Machinery and apparatus
130 Electrical generator, motor
131 Electrical machinery etc.
132 Communication apparatus
133 Household appliances

134 Other electrical appliances
135 Battery

136 Ship and its repair

137 Train and its repair

138 Motor vehicles Fcars)

139 Motor cycle

140 Other transport equipment
141 Aircraft and its repair

142 Photographic and optical eq.
143 Jewelry

144 Musical instruments

145 Sporting and athletics goods
146 Other manufacturing

147 Electricity

148 Gas

149 Water supply

150 Residential building

151 Construction on agriculture
152 Public work

153 Utility construction

154 Other construction

155 Trade

156 Vehicle repairs

157 Restaurant

158 Hotel

159 Railway transport

160 Road transport

161 Sea transport

162 River and lake transport
163 Air transport

164 Services allied to transport
165 Communication services
166 Bankin

167 Other financial intermediaries
168 Insurance and (fension funds
169 Real estate and dormitory
170 Business services

171 General government

172 Government education

173 Government health services
174 Other government services
175 Private education services
176 Private health services

177 Other private services

178 Private motion picture

179 Recreations

180 Personal and household ser.
181 Other goods and services
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4.A.2 List of labour Classification

Table 4.6: List of 181 Industries/Commodities

Urban/ Formal/ Skill type
Rural Imputed

Urban Formal Agricultural Workers

Rural Formal Agricultural Workers

. Urban Imputed Agricultural Workers

Rural Imputed Agricultural Workers

Urban Formal Production, Transport Operator, Manual, and Unskilled Workers
Rural Formal Production, Transport Operator, Manual, and Unskilled Workers
Urban Imputed Production, Transport Operator, Manual, and Unskilled Workers
. Rural Imputed Production, Transport Operator, Manual, and Unskilled Workers
. Urban Formal Clerical, Services workers

. Rural Formal Clerical, Services workers

. Urban Imputed Clerical, Services workers

. Rural Imputed Clerical, Services workers

. Urban Formal Administrative, Managerial, Professional, and Technician Workers
. Rural Formal Administrative, Managerial, Professional, and Technician Workers
. Urban Imputed Administrative, Managerial, Professional, and Technician Workers
. Rural Imputed Administrative, Managerial, Professional, and Technician Workers

© 0N Do WD

= e e e
OO W N O

4.A.3 SAM Balancing Program

As described in more detail in Horridge (2003), in the final stage of constructing a

SAM, the balance in a SAM A, is often not satisfied, i.e.,

v ZAiq 7é Z qu (Al)

or column total ¢ is not equal to row total g. Therefore, the problem is to seek to

construct a revised SAM B;;, which is close to A;;, and is balanced,

> Biy=)_ By (A2)

However, before doing any balancing using this method, a significant imbalance due

to a more structural problem has to be resolved first.
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The solution to the above problem is to find a scale vector K such that

.Ki

Bi; = Airk—j

(A3)
where K satisfies equation A2 above. This is what is implemented by the SAMBAL
GEMPACK program, where K can be discovered by direct or iterative methods.
This program uses the same principle as in the RAS or Entropy method, and as
McDougall (1999) suggests, many of those matrix balancing methods are in fact
producing more or less the same results. The reason to choose one program is
simply the familiarity of the software used. In this case, this program is chosen
because of the convenience of having the program in the GEMPACK environment.

This program also allows flexibility in fixing certain cells in the SAM in the
balancing process. This will be useful when it is certain that some cells are produced
by reliable information so that there is no need to change them. In the case of this
SAM construction, these are (1) value added or primary factors for every industry,
since this will guarantee that GDP will not change at all, (2) cells that involve trade
data (export and import by commodity), and finally (3) indirect taxes, subsidies,

and tariffs.
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Chapter 5

A Computable General
Equilibrium Model

General equilibrium theory is a formalisation of the observation that real-world
markets are interdependent. ‘The changes in supply or demand conditions usually
have repercussions on the equilibrium prices on several other markets. Computable
general equilibrium (CGE) modeling is an attempt to use general equilibrium theory
as an operational tool for empirically oriented analyses of resource allocation issues
in market economies (Bergman, 2005).

The CGE model has been used as a tool for many aspects of economic policies
and is popular among policy-oriented economists to analyse the impact of economic
policy that may have large inter-sectoral effects. For example, Arrow (2005, p.
13) mentions that “in all cases where the repercussions of proposed policies are
widespread, there is no real alternative to CGE”.

The CGE model to be used for the case study on carbon tax and energy pricing
reform! is built based on the ORANI-G model, an applied general equilibrium model
of the Australian economy. Its theoretical structure is a typical static general equi-
librium model which consists of equations describing: (1) the demands for produced
inputs and primary factors by the industries; (2) the supplies of commodities; (3)
the demands for inputs for capital formation; (4) the household demand system; (5)
the demand for export; (6) the government demands; (7) the relationship of basic
values to production costs and to purchaser prices; (8) market-clearing conditions

for commodities and primary factors; and (9) numerous macroeconomic variables

1 As discussed in Chapters 6 and 7.
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and price indices (Horridge, 2000).

The demand and supply equations for private-sector agents are derived from the
solutions to the optimisation pfoblems (cost minimisation and utility maximisation)
and are assumed to underlie the behaviour of the agents in conventional neoclas-
sical microeconomics. The agents are assumed to be price-takers, with producers

‘operating in competitive markets with zero profit conditions.
As an overview, the following modifications to the standard ORANI-G model

structure? are implemented.

1. The standard ORANI-G model treats energy commodities as intermediate in-
puts under the Leontief production function. Therefore, it does not allow
price-induced energy substitution. The first modification is to allow substitu-
tion among energy commodities, and also between primary factors (capital,

labour, and land) and energy®.

2. The model incorparates carbon (CO3) emission accounting, and carbon taxa-

tion mechanism.*

3. The standard ORANI-G has only one single household. Adding a multi-
households feature is thus another important modification to the model. The
multi-household feature is not only added to the expenditure or demand side

of the model®, but also to the income side’.

4. The standard ORANI-G model is almost purely based on an Input-Output
table, whereas this research needs many types of information which is only
available from a Social Accounting Matrix. For example, in the Indonesian

Social Accounting Matrix (SAM), the corporate or enterprise sector owns a

2To be distinguished from modification to the model’s database.

3This modification is more or less similar to the modification in the INDOCEEM (Indonesian
Comprehensive Economy and Energy Model) model, another ORANI-G based model built by
Monash University and Indonesian Ministry of Energy.

4This modification, follow closely the treatment in MMRF-Green model, a dynamic, multi-
sectoral, multi-regional CGE model of Australian Economy, as described in Adams et al. (2000).

5Such as done for some of other ORANI-G version.

~ 6More or less similar modification to ORANI-G model has been made to the very popular

WAYANG model, an ORANI-G based Indonesian CGE model.
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great deal of undistributed earning, and the value of transfers among institu-
tions such as from government to households, are recorded. These important
features cannot be captured from an I-O based model alone. The model is then
modified to incorporate inter-institution transfers, most importantly from the

government to households.

This chapter is divided into five sections. The first section describes the model
structure which is again sub-divided into the description of the production structure;
the structure of household demand; the treatment of carbon emission and tax; the
market clearing conditions and other equationé. The second section describes the
- database and parameters of the model. The third section discusses the approach
for analysing distributional effects. The choice of closures is discussed in the fourth

section, and the final section discusses the approach for sensitivity analysis.

5.1 Model structure

The CGE model contains numerous sets of equations. Due to limited space, only
the important sets of equation will be described here.

In the description of the model structure, some definitions and conventions need
to be clarified. Firstly, a level variable is represented by an upper-case letter, while
a percentage change variable is represented by a lower-case letter. For example, the

number of persons employed in sector ¢ can be represented by L;, while [; represents

AL;
L; °

the percentage change of L;, or [; = 100

Secondly, unless otherwise stated, the definition of the sets as represented by
a subscript in a variable is listed in Table 5.1. For a more detailed list of the set
definitions, see Table 5.2 which shows the list of commodities, industries, labour
classes, and households. As shown in Table 5.2, the model distinguishes 38 indus-
tries and 43 commodities. Among the 43 commodities, there is a subset of 6 fuel
commodities. These are coals, natural gas, gasoline, diesel for automotive, diesel for

industry, kerosene, LPG, and other fuels. The model also distinguishes 16 labour

classifications and 200 household classes. The households are grouped into urban
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Table 5.1: Subscript, superscripts and set definition

Set Definition

1 € IND Set of 38 industries

c € COM Set of 43 commodities

f € FUEL € COM  Set of 8 fuel/energy commodities, a subset of COM

s € SRC Set of 2 sources, i.e., domestic and import

h € HH Set of 200 households, 100 urban, 100 rural households
o€ 0OCC : Set of 16 labour classes

Supersripts Indicates users of the commodities or factors

0, example p° Basic values, e.g., basic prices.

Industries, e.g., demand for intermediate inputs
Investors, e.g., demand for investment goods
Households, e.g., as demand for commodities

Exports, e.g., demand for exports

Governments, e.g., demand for commo. by government
Stocks, e.g., demand for commodities as inventories

1, example z
2, example x
3, example z
4, example z
5, example x

1
2
3
4
5
6, example x°

and rural households. In urban and rural households, there are 100 households

classified according to the level of real expenditure per capita, which is ranked into

centiles, where the first centile is the poorest and the 100™ centile is the richest.
Thirdly, the naming of the variables in this chapter follows closely the ORANI-G

model. These are among others:

1. Real percentage change variables are usually represented by a variable starting

with a letter = or gq.

2. Percentage change of prices of commodities and factors are usually represented

by a variable starting with a letter p.

3. Percentage change of nominal variables are usually represented by a variable

starting with a letter w.

4. Initial nominal value of transactions are usually represented by a coeflicient

starting with a letter V.

5. In many of the variables there are usually superscripts of numbers that are

either 0,1,2, 3,4, 5, or 6. Table 5.1 explain the use of these supersripts.
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Table 5.2: Detailed list of sets

Industries (IND)

Commodities (COM)

Labour (OCC)

00 3 O Ot ix W b -

o b e s e e
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18
19
20
21

22
23
24
25
26
27
28
29
30

31
32
33

34
35
36
37
38

Paddy

Other food crops
Estate crops
Livestock

Wood and forests
Fish

Coal

Crude oil

Natural gas
Other mining
Rice

Other food (manuf.)
Clothing

Wood products
Pulp and paper
Chemical product

{Petroleum refinery

LNG

Rubber and products
Plastic and products
Nonferrous metal

Other metal
Machineries
Automotive industries
Other manufacturing
Electricity

Water and gas
Construction

Trade

Hotel and restaurants

Road transportation
Other transportation
Banking and finance

General government
Education

Health
Entertainment
Other services

00 3 O O WD

-
- O ©

12
13
14
15
16
17

18

19
20
21

22
23
24
25
26

27
28
29
30
31
32
33
34
35

36
37
38

39
40
41
42
43

Paddy

Other food crops
Estate crops
Livestock

Wood and forests
Fish

Coal

Crude oil

Natural gas
Other mining
Rice

Other food (manuf.)
Clothing

Wood products
Pulp and paper
Chemical product
Gasoline

Diesel (automotive)

Diesel (industrial)
Kerosene
LPG

Others

LNG

Rubber and products
Plastic and products
Nonferrous metal

Other metal
Machineries
Automotive industries
Other manufacturing
Electricity

Water and gas
Construction

Trade

Hotel and restaurants

Road transportation
Other transportation
Banking and finance

General government
Education

Health
Entertainment
Other services

00 3 O U W

Urban, formal, agriculture
Rural, formal, agriculture
Urban, informal, agriculture
Rural, informal, agriculture
Urban, formal, production
Rural, formal, production
Urban, informal, production
Rural, informal, production
Urban, formal, clerical
Rural, formal, clerical
Urban, informal, clerical
Rural, informal, clerical
Urban, formal, professional
Rural, formal, professional
Urban, informal, professional
Rural, informal, professional

Household (HH)

97
98
99
100

101

102
103

197
198
199
200

Urban, centile 1
Urban, centile 2
Urban, centile 3

Urban, centile 97
Urban, centile 98
Urban, centile 99
Urban, centile 100

Rural, centile 1
Rural, centile 2
Rural, centile 3

Rural, centile 97
Rural, centile 98
Rural, centile 99
Rural, centile 100
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5.1.1 Production

The activity of the production sectors can be represented by a production func-
tion. A production function transforms various inputs into output. The production
function is assumed to be separable, that is it can be written as a function of a
composite of some subsets of ihputs. For example, the output Y is a function of
capital K, labour L, and energy E. The separability means Y can also be written
as a function of a primary factor composite V (a function of K and L), and E, or
Y = f(K,L,E) = f(V(K,L),E). This is called a nested production function.
The structure of the nested production function for each industry is illustrated in
Figure 5.1. Firms carry out an optimisation problem at each stage (or nest).. They
minimise the total cost of pui‘chasing the inputs at that stage. The optimisation at

each stage gives a solution in the form of the demand for inputs.”

Demands for primary factors

For a given labour composite, each firm minimises the total cost of hiring various
or skills or occupation types of labour. Labour composite is a Constant Elasticity
of Substitution aggregation of various labour types. The solution determines the
optimum composition of various types of labour and produces the demand for labour
by each industry (i) and each skill group or occupation (o), and the price of labour
composite for each industry. The demand for labour by industry (¢) and skill group

(o) (in percentage change) is given by:

llab __ ,llab_o 1lab [, 1lab llab_ o
Tio = Zy —0; (pio —p; , (5.1)

llab_o
i

llab
i0

is the demand for labour of skill o by industry ¢, z is the labour

where z

composite, o}2° is the elasticity of substitution among skills, pi** is the price of

labour of skill o, by industry i, and p;*"-° is the effective price of labour composite

for each industry, which is defined as:

"The derivation of these optimisation problems and their solution in terms of the demand for
inputs are not discussed here in detail. Derivation for these equations are discussed, for example,
in Horridge (2000), Dixon et al. (1992), and Dixon et al. (1997).
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Local Export Local Export Local Export
Market Market Market Market Market Market
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Figure 5.1: Structure of production
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‘/illab_o .pglab_o — Z V;.})labp%;ab’ (52)

0€0CC

where V;1#P is the total labour payment by industry ¢ for each labour class o, and
V*-° = Y yllab  Equation 5.2 simply says that the effective price of labour is
the weighted average of the price of labour for various skills. Equation 5.1 states
that the demand for labour with certain specific skill is directly proportional to the
labour composite, and will fall if its relative wage rises due to the substitution effect.
The magnitude of the substitution effect depends on the elasticity of labour among
different skills.

In the next stage of the optimisation, each firm minimises the total cost of
primary factor given the primary factor composite. The primary factors include
effective labour or labour composite (z; "~°), capital (z.°*?), and land (z}'*¢). The

solution to the optimisation problem yields the demand for each primary factor.

The industry demand for effective labour is given by:

llab_o __ _1lprim lprim llab_o lprim
Z; =; -0 D; - D; ) (5.3)

1prim
i

where ;™™ is demand for the primary factor composite, o is the elasticity of
substitution between primary factors, and p%prim is the effective price of primary
factors.

The industry demand for capital is given as:

1 7 7

x}cap — x}prim _ O_}prim (p?cap _ pz}prim) ] (54)
The Industry demand for land is given as:

llnd _ ,.lprim lprim 1lnd 1prim
T, = —0; b —p; . (5.5)

9 7
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The effective price of primary factors is given by:

V;:lprim . p11:prim — ‘/illab_op;lab_o + ‘/’ilcapp‘}cap + ‘/illndpz}lnd’
where V;"*"-° is the (initial) value of labour cost, V; °*® is the value of capital cost,
Vnd ig the value of land cost, and V;'P"™ js the sum of all primary factor costs.

The following equation defines the change in the total cost of primary factors.

100 - Avilprim — Vilcap (pz}cap + x;cap) + V;llnd (pnnd +:L,Z}nd) (5.6)

7
§ : llab [, 1llab llab

+ ‘/z (pio +xio )
0€0CC

Sourcing of intermediate inputs

As also illustrated in Figure 5.1, firms use both domestic and imported commodity
to be used as intermediate inputs. For each commodity, firms optimise the com-
position between the domestic and imported commodity by minimising the total
cost of obtaining the commodity from both sources for any given amount compos-
ite commodity. The solution to the optimisation problem produces source specific

commodity demands:®

1 1
m}:si = xci»s —0Oc (pisi - pci_s) ) (57)

1

where z,;

is the demand for commodity ¢ from source s (either domestic or im-
ported) by industry ¢, xii—s is the domestic-import composite of commodity ¢, pl;
is the price of commodity ¢ from source s faced by industry i, pzi—s is the effective
price of domestic-imported composite, and o, is the Armington elasticity between

domestic and imported commodity. The effective price of commodity composite is

defined as:
Pt =Y ShiPhs (5.8)

s€SRC

8Derivation for these equations are discussed, for example, in Horridge (2000), Dixon et al.
(1992), and Dixon et al. (1997).

89



CHAPTER 5. A COMPUTABLE GENERAL EQUILIBRIUM MODEL

where S}

i is the share of industry 4’s purchase on domestic or imported commodity

C.

Substitution among energy commodities

The model allows for price-induced substitution among energy commodities. Firms
determine the optimum composition of energy inputs by minimising the total cost
of purchasing various energy commbdities, for a given amount of energy composite.
The optimisation produces the demand for energy or fuel types, or for f € FUEL C
COM:

m}z_s — x}ener _ lener <p r pgener) , (59)

where x}.—s is the demand for energy or fuel type f by industry i, z}°** is the energy
composite, pf;s is the price of energy f faced by industry i, p;*™ is the effective
or average price of energy, and o™ is the elasticity of substitution among energy

commodities. The average or effective price of energy to each industry is given as:

‘/ilener iener — Z leur 8 }187 . (510)
FEFUEL
where Vlz.p“r-S is the value of industry i’s purchase of energy f, and Vjlerer =

>y V;P¥"=* is the total purchase of energy inputs.

Substitution between energy and primary factors

In the model, firms can also substitute between energy composite and primary factor
composite. The demand for energy composite is a function of relative price between

energy and primary factor composite, and is given as:

lener __ ,.leprim __ o_leprlm ( lener lepnm) (511)

Z; =Z; p; —D;

leprim .

where z}°" is the demand for energy composite, z; is the primary factor and

energy bundle (composite), piepr’m is the effective price of primary factor and energy

composite, and o;”"™ is the elasticity of substitution between energy composite and
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primary factor composite. The demand for primary factor composite (z;”™) is
given as:

lprim __ _ leprim leprim lprim - leprim
Z; =T —0; b; —D; ) (5.12)

lprim

where p;

i is the effective price of primary factor composite. The average or

effective price of primary factors-energy composite is given as:
(‘/ilener + ‘/ilprim> . p%eprim — ‘/ilenerp%ener + ‘/ilprimp%prim’ (513)

where V1" is the total purchase of energy commodities, and VP s the value of

total primary factor costs.

Top production nest

At the top stage (see Figure 5.1), firms determine the demand for various (non-
energy) intermediate inputs, and value added-energy composite by minimising the
total cost subject to a Leontief production function. The optimisation determines

the demand for non-energy commodity:
T = gt (5.14)

where xii—s is the demand for intermediate input of commodity ¢ by industry ¢, and
z1°t is the total output produced by industry 7. Equation 5.14 is the implication
of a Leontief production function where the demand for intermediate input is di-
rectly proportional to the total output without any substitution effect among the
intermediate inputs.

The demand for value-added-energy composite is given as:

Lepri
; eprim

= g0t (5.15)

The cost of primary factors and cost of purchasing intermediate inputs add up
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to the total cost of production as follows:

AV = AV ST VI (Pl tal),  (516)
c€COM s€SRC

where AVt is the change in the total cost of production, AV;*P™™ is the change in
the total cost of primary factors as defined in equation 5.6, and V™" is the value
of industry #’s purchase of commodity ¢, from both imported and domestic sources.
The model allows for a single producer (or industry) to produce more than one
commodity. In this case, the producer maximises the revenue from selling various
commodities given a constant elasticity of transformation ‘(CET) function. The

supply of commodity ¢ by industry i (¢);) is given as:

qii = x}tot 4+ o.z}out ( Ocom __ p}tot) ’ (517)

c

where o}°% is the elasticity of transformation, and p;** is the average price received

by industry given as follows:

1tot Vopeke 1
b; * = Z make_cpg’i ) (518)
ceCOM V;

where V2% i5 a matrix that records the value of commodity c produced by industry

i, and V;"*°-° = ¥°_Vmake 8l i the price received by industry i for commodity ¢

c ' Ct

it produces. Each industry gets the same price for a given commodity, that is:
pll = pleom (5.19)
The zero pure profit condition is written as:

‘/iltOt (pl.ltot + x%tot) — 100A‘/’L‘1tot. (520)

(2

Equation 5.20 equalises the industry revenue from selling commodities with the total

cost of production eliminating excess profit.
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The total output of commodity ¢ produced by various industries (z2°°®) is a

simple summation over industries, or:

xOcom _ V;:?ake 1 ( 5 21)
c - Vmake_iqc'i’ .
i€IND "¢ '

ke_i
where V""" = Y= Vmeke,

Industry supply commodities to either the local or export market. The supply

to the export market (z?) is given as:

T (deom _ :L‘i) — pgdom _ pi (522)

Odom Odom

where x and p, is the output and price of commodities for local market,
respectively; p¢ is the price of export of commodity ¢, and 7. is the inverse of the
elasticity of transformation between exportable and locally used commodities. Thé
supply of commodities to domestic market (%) is given as:

0com (1 _ Scexp) .’ﬂ(c)dom + SﬁXng, (523)

[

where S¢P is the share of the sales of commodity c sold to the export market. The

transformation maintains the zero pure profit condition, that is:

p0com — (1 _ S;%XP) pOdorn + ScexPpZ. (524)

c

5.1.2 Households
Household demand

The household demand system follows a linear expenditure system (LES). How-
ever, the LES demand system only applies for composite (bundle of imported and
domestic) commodities. Therefore, the combination of imported and domestic com-
modity to form a composite is modeled using Armington aggregation as also used in

forming the commodity composite for intermediate inputs. To account for this, the
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UTILITY

o

Commodity 2

CES
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Figure 5.2: Structure of household demand

structure of demand is modelled as a nested demand function. Figure 5.2 illustrates
the nested structure of household demand. At the first stage, for each commodity
¢, each household determines the optimum combination of imported and domestic
commodity to be consumed by minimising the total cost of purchase of a given level
of composite commodity. The optimisation produces the Import-domestic compo-

sition of household demand, as follows:

3 3
xish = xc}TS —0Oc (pish - chS> ) (525)

3

8, and p3, are the demand and price, respectively, for commodity ¢ from

where z
source s (imported or domestic) by household h, xi,;s is the import-domestic com-
posite commodity, o, is the Armington elasticity, and pi,;s is the effective price of

commodity composite, given as:

P =Y Seupin (5.26)
s€SRC

where S8, is the share of household h’s expenditure on commodity ¢ from source s.
At the final stage, each household maximises the Klein-Rubin utility function,
by choosing the optimum quantity of composite commodity c, satisfying the budget

constraint. More specifically, the optimisation problem for household h is:
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SLUX

max U = H( x3-5 —XBSUB)S s.t. ZX3 Sp3-S = yB-ToT, (5.27)

X_

ch

3SUB
Xch

where th_s is the quantity of (composite) commodity c; is the subsistence

quantity of the commodity (a parameter); S3-UX is the marginal budget share of

TOT

commodity c¢; and V,f’— is the household total disposable income. The solution

to the optimisation problem will produce the Linear Expenditure System (LES) as

follows:

Pir*Xar® = Par XE° + S5 (V;? R PEEUBX,‘;"EUB> . (52
k

The total quantity of composite commodity (X 3—8) consist of its subsistence
~ component and its luxury component, or X°r° = X3UB | X3LUX  The Luxury

demand for composite commodities is the second part of equation 5.28, that is:

Pc3h S X3LUX — S3LUX <V3 TOT Z P3SUB XBSUB> (5.29)

3LUX1/3LUX
Sep VR,

3_TOT .
where VLUX = V°-"7" — 5~ P3SUBX3SUB . Therefore, in percentage change, the

demand for luxury commodity can be written as:
e+ plt = wi™, (5.30)

where w}™* is the percentage change of V;3'UX. The total household demand for

~ composite commodities can be written as:
B3lux 3lux (1 B31ux) SSub, (531)

where B3™* is the ratio of supernumerary (or luxury) expenditure to total expendi-

ture.
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The total real consumption of household A (z3*) can be defined as:
V3tot 3tot Z Z ;;lur xish (5.32)
¢ceCOM seSRC

3toth

The household specific consumer price index (pp°*") is given as:

V3tot 3tot Z Z I});,urpgsh, ( 5. 33)

c€COM seSRC

The household budget constraint (determine w3™) is written as:
witot — pZ}iLtot + .’IIitOt. (534)

Household income

Households receive income from various sources. The source of income is labour
income (with various skill types), income from land ownership, from capital owner-
ship, transfers from the government, enterprises, and the rest of the world (foreign

transfers). The following equation determines the total household income:

§ : lab llab 11abh E : lnd llnd llndh
Yh'yh = Yho i -+ Zop + Zip ) (5.35)
0e0CC i€IND
Z ! 1 lcaph trg,  trg trh; t
+ Y}fiap ( cap + SL‘ cap > + thgwhrg + th yw;:hy + thwyw};rwy
1€IND
Ytrhe trhe Ytrhx trhx Yhtrwxw;:wx _ Y’:axw;Lax

where yj, is the percentage change of household nominal income, Y}, is the (initial)

value of total household nominal income, Y2 is the value of labour income for skill

0; pe®=" is the price of labour of skill o, z1i2*" is the quantity of labour of skill o

supplied by household h; Y;¢ is the value of income from land of industry 4, p}™® is

the returns to land, z}}*4* is the household supply of land; Y},;” is the value of income

lcap : lcaph .

from capital, p;**” is the returns to capital, z;, = is the quantity of capital supplied

by household h, Y,"® and w;® are the value and percentage change, respectively,

trhy

of transfers from government, Y“hy and w, "~ are the value and percentage change,
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respectively, of transfers from other households, Y;™*¢ and w{™¢ are the value and

percentage change, respectively, of transfers from the enterprise or corporate sectors,
Y,fr“'y and wffwy are the value and percentage change, respectively, of transfers from
abroad (rest of the world), Y;™* and w{™* are the value and percentage change,
réspectively, of transfers to other households, Y;'"* and wj™* are the value and
percentage change, respectively, of transfers to the rest of the world; and Y and
wi* are the value and percentage change, respectively of household income tax.

The household disposable income is determined by the following consumption

function.

wi = i+ g, (5.36)

where f3** is the shifter of the average propensity to consume.

'5.1.3 Market clearing and other equations

Market clearing equations ensure that the supply of a commodity is equal to what is
demanded. The domestic and imported commodities are demanded by various users,
that is producers or industry users of intermediate inputs, households, government,
and investors. The market clearing equation for each commodity c simply adds up its
demand by various users to be equal to what is supplied. Market clearing equations
ensure the market is in equilibrium and will determine the prices for commodities.

There are also market clearing equations for primary factors of production that
will determine the price or returns to these factors. For example, for each type of
labour class, there is one market clearing condition that equalises its demand by
industries with the total available labour supplied by households.

In addition to market clearing equations, there are numerous other equations

that determine macro or aggregate variables, as well as some definition or identities.
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5.1.4 Accounting for carbon emissions

The model incorporates carbon (COz) emission accounting, and a carbon taxation
mechanism.’ In this study, only CO; emissions from fossil-fuel burning is included,
meaning that it excludes other source of CO, emission such as from land-use change
or deforestation. Data on detailed emissions by sector and by type of fuel for In-
donesia are not available. However, Statistics of Indonesian Energy Balance, reports
the detailed consumption of fossil-fuel by fype of energy (natural gas, coal, gasoline,
diesel, kerosene, LPG, others) in energy unit!’. From the data on energy consump-
tion measured in unit of energy, the amount of CO, emissions can be calculated.

11 using the Social

Later on, by assuming that all users of energy face the same prices
Accounting Matrix data with detailed consumption of energy by various industries
and households and by type of energy, a matrix of CO, emissions by fuel type, and
by users (industry and households) or Ey, can be calculated. More specifically, the

Iﬂatrix can be calculated as:
Efu=6 -w; CCs-¢-QF,, (5.37)

where Ef, is the CO, emission by energy type f, consumed by user u, in tons,
qu is the quantity of energy consumption by energy type f, consumed by user
u, in energy unit (Barrel of Oil Equivalent/BOE), ¢ is a factor to convert BOE to
Giga-Joules, CCf is the carbon content of energy type f in ton of carbon per Giga-
Joules (tC/GJ), w;y is the oxidation factor by energy type, i.e., fraction of carbon
oxidised, and ¢ is a constant (44/12) that transform carbon (C) into CO, emissions.
Data on the quantity of energy consumption by energy type (qu) is obtained from

Statistics of Indonesian energy balance 2003, whereas wy, CCY, ¢ are obtained from

9This modification, follow closely the treatment in MMRF-Green model, as described in Adams
et al. (2000).

101 this case, Barrel of Oil Equivalent (BOE).

11 One of the causes of the variation of the prices is regional variation. However, most of the price
of energy products are adminstered, and the regional variation is due to transportation margin.
Because the transaction in the SAM used in disaggregating the quantity of energy use is in basic
prices (or producer prices), the common prices assumption could be plausible. Another adjustment
is also made for taking into account different prices paid by households and industries due to fuel
subsidy. -
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the database of International Panel on Climate Change (IPCC).
Following Adams et al. (2000), the government revenue from CO, tax (R) can

be calculated as:
R=1-Y Y Ef, (5.38)
f u

where 7 is a specific tax on CO; (in rupiah per ton of CO,), and Ey,, is the quantity
(tones) of emission of CO, by energy type f and by user u. Because the emission

tax will be imposed as ad-valorem energy/fuel tax, R will be equivalent to:

R= Zf: ) %’gpfcg,«,u, ' (5.39)

where t; is an ad valorem tax rate, Py is the (basic) price of fuel f, and Qy,, is the
quantity of energy consumed by user u. For every energy type f and user u, the

specific CO, tax can be translated into an ad-valorem fuel/energy tax as follow:

100 - Ej,,

tru =T .
& Pi - Qfu

(5.40)

Part of the equation 5.40 can also be defined as emission intensity per Rupiah use

of energy (Elys,), that is:

Bt
Bl = =1 .
"= o (5.41)

For any specific price of carbon (or carbon tax) the impact of a specific carbon

tax on the ad valorem tax rate for each energy type depends not only on technical
or chemical matter such as its carbon content, but also on economic variables or
market conditions such as prices.

Given the above definitions, the following equations are added to the structure
of the model. The first is an equation that determines the quantity of CO, emission

from various sources, that is:

T = ey (5.42)
co2

T = Tig (5.43)
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where f is an element of the set of fuel commodities (FUEL). Equation 5.42 suggests
the quantity of CO4 emission from industry ¢ produced from the consumption of fuel
f is directly proportional to the quantity of fuel fhe industry consumes. Equation
5.43 suggests the same thing for the case of households. The total CO, emission

(x°°2%) is then calculated as:

xco2tot , p.co2tot Z Z Z Xczi m(}?i , (544)

u€ USER s€SRC fe FUEL

where USER is a set of industry (IND) and household (HH) combined, X$°? is the
initial quantity of emission, and X¢2%* =37 37 37, X2 is the sum of initial CO,
emissions from various sources and various fuel types.

Following Adams et al. (2000), a specific (rupiah/ton) carbon tax (At?) can
be expressed as an ad valorem fuel/energy tax. The expression is more or less'? the

percentage change form of equation 5.40.

At}f;;:el’ _ EIfsz' (T002 . ( co2 fc021 _ xfsz pfs> + 100At002) (545)

At;il;fl — EIfsh (Tco2 . ( co2 fco?l _ "Efsh pfs) + ]-OOAtCOQ) (546)

where At} is the change in the ad valorem tax rates faced by industry due to
the change in the specific carbon tax; Ely, is the initial emission intensity per
rupiah worth of energy used (as also defined in equation 5.41); 7°°? is the initial
rate of carbon tax; x}‘ﬁ is the percentage change of CO; emission by industry i;
fe°? is a price index to preserve nominal homogeneity; :c}si is the quantity of fuels
consumed as intermediate inputs; p, is the basic price of fuel; At34e! is the change
in ad valorem tax rate faced by households due to the change in the specific carbon
tax; xﬁ% is the percentage change of CO, emission by household h; and x?csh is the
quantity of fuel consumed by household h.

The change in ad valorem fuel tax rate is specified in equations 5.45 and 5.46

translated into the general ad valorem commodity taxes. For fuel commodities f €

12Except in this case, a subscript s which distinguishes domestic and imported sources is added.
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FUEL c COM:
At = At + At + Arl + Al (5.47)
A, = A, + A+ Art + AL, (5.48)

where At} and At3,, are the changes in ad valorem commodity tax rates for
industry and household, respectively. At},;, At3,, At(}”s,)Atan are exogenous shifter
variables. The change in the ad valorem taxes which are a function of the fuel taxes,
are then translated into the purchaser prices of commodities. For industries which
purchase commodities for intermediate inputs, the purchaser price equation is the
following:

leurpi — (Vll?as + Vlt:.ax) p(c)5 + VlbasAtl

cst csit cst cst csi)

(5.49)

1bas

where p?, is the basic price of commodity ¢ from source s; V2* is the basic value of

industry purchase of commodities, and V1%* is the tax revenue collected from the

. 1 . . . .
basic purchase; and V,E* = Ve 4 V1% jg the industry consumption of interme-

diate goods valued at purchaser price. The industries which purchase investment
goods face the following price equation:

Vg2 = (V2 4 V2 pl, + VRS AL (5.50)

c cst cst)

where V2% is the basic value of industry purchase of investment goods, and V2% is

csi cst

the tax revenue collected from the purchase; and V22" = V/2bas /2tx ig the industry

csi cst csi

consumption of investment goods valued at the purchaser price. The purchaser price

for households is defined as:

3 X
Vi "Wlan = (V'™ + Var™) vl + Vear Ategn, (5.51)
where V3 is the basic value of the household purchases of commodities, and V35
is the tax revenue collected from the basic purchase; and V2™ = V/3bas 4 y3tax jg the

household consumption of commodities valued at the purchaser price. For exported
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commodities, the purchaser price equation is'®:

‘/c4pufp«i _ (Vc4bas + Vc4tax) P + Vibs AL (5.52)

where V4% is the basic value of the exported commodities, and V** is the tax
revenue collected from the (basic) purchase; and V2 Pw = Vfbas 4 Y 4ax g the ex-
port of commodities valued at purchaser price. For commodities purchased by the

government, the purchaser price equation is given as'*:

Varply = (Va™ + VE™) b + V™A, (5.53)

where V2% is the basic value of the government purchase of commodities, and V,3%*
is the tax revenue collected from the (basic) purchase; and V,3Pur = V/3bas 4 J/5tax jg

the government consumption of commodities valued at purchaser prices.

5.2 Database and Parameters

The database for the model is based on the Social Accounting Matrix 2003 specif-
ically constructed for this research as described in detail in Chapter 4. For the
purpose of the case studies, the 181 industries in the SAM are aggregated into 38
industries and the 181 commodities are aggregated into 43 commodities.

There are some sets of parameters the values of which have to be estimated or
borrowed from the literature or other models. These sets of parameters are: (1)

Armington elasticities between domestic and imported commodities, o., (2) export

llab
2 )

elasticities, ., (3) elasticities of substitution among labour types (or skills), o

(4) elasticities of substitution among primary factors, o;>"™ (5) CET transformation

i
elasticities for industries with multiple commodities, Q; (6) elasticities of substitu-

ener
7

tion among energy types, o™, (7) elasticities of substitution between energy com-

posite and primary factor, oS"P™™ (8) expenditure elasticities for LES household

)

demand system, 7;,, and, (8) the Frisch parameter or elasticity of marginal utility

13Which is also a zero pure profits condition in exporting.
14Which is also a zero pure profits condition in distribution to government.
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of income for each household, ¢,,.

Parameters 1 to 5, i.e., 0., €, ol#? gP"™ Q. are borrowed from the GTAP
) ) ? b 1 ? 13 b )

enerprim
1

database. Parameters 6 and 7, i.e., 05" and o

, respectively, are borrowed
from thr INDOCEEM model. Parameters 7, are estimated econometrically, and
the Frisch pararrieter ¢y, is calculated based on the study by Lluch et al. (1977).

It can bé shown that all parameters of the LES household demand can be written
as a function of only expenditure elasticity and the Frisch parameter (the elasticity
of marginal utility of income). Therefore, the parameters of the demand system that
~ are supplied to the model are these two sets of parameters only, expenditure elastic-
ities for specific commodities and specific household, €;,, and the Frisch parameter
for each household, ¢,,.

The best approach to estimate the parameters of the LES is using a demand
system estimation model. However, the household survey (SUSENAS) does not
have price data and obtaining the unit value or prices from the value and volume
of consumption data is not possible. The alternative is to estimate the expenditure
elasticities by the regression of the Engel curves. Following Deaton and Case (1988),

in the estimation, the Engel curve is specified for 44 broad commodity classification

i for urban and rural sample, specified as:

w; = a; + B;In(y) +v;In(s) + Z b:;R; + ei, (5.54)
J

where w; is the expenditure share of commodity ¢, y is total expenditure, s is
household size, R; is regional (in this case, provincial) dummy variables, and e;
is the error term. The engel curves are estimated usihg the OLS method with
robust (Huber-White) standard error. the expenditure elasticities for commodity ¢,

€4, is calculated as:

(5.55)

Table 5.3 shows the regression result and the calculated expenditure elasticities
using the mean of expenditure share over the samples.

The Frisch parameter is calculated based on the widely-known study by Lluch
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et al. (1977) who estimated the relationship between the Frisch parameter and in-
come per capita. The conjecture from the study is used to calculate the Frisch

parameter for each household, that is:
¢, = —36- Y, 056, (5.56)

where Y}, is income per capita in 1970 US Dollar.
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Table 5.3: Estimation Result of the Engel Curve and Expenditure Elasticity

Urban Rural

Commodity B, se € Bi s.e. €

Automotive diesel oil 0.00061 0.00007 ** 3.397 0.00074 0.00029 * 5.604
Food (agriculture) -0.00794 0.00021 ** 0.614 -0.01880 0.00060 ** 0.551
Appliances 0.00234 0.00013 ** 1.561 0.00540 0.00020 ** 2.082
Beverages 0.00512 0.00020 ** 1.559 0.00466 0.00024 ** 1.776
Chemical products -0.00849 0.00022 ** 0.799 -0.00517 0.00026 ** 0.874
Clothes 0.00118 0.00010 ** 1.123 0.00282 0.00013 ** 1.291
Coffee and tea -0.00460 0.00008 ** 0.497 -0.00469 0.00013 ** 0.647

Communication equipment 0.00424 0.00026 ** 1.989 0.00725 0.00040 ** 3.426
Communication services 0.02341 0.00037 ** 2.866 0.00330 0.00019 ** 4.771

Dairy products 0.00875 0.00035 ** 1.565 0.00933 0.00029 ** 2.427
Drugs/medicines 0.00002 0.00012 1.004 -0.00015 0.00014 0.964
Edible oil -0.00930 0.00012 ** 0.475 -0.01108 0.00017 ** 0.556
Education 0.01258 0.00055 ** 1.575 0.00346 0.00031 ** 1.453
Electricity 0.00083 0.00021 ** 1.033 0.00126 0.00020 ** 1.079
Fish -0.01234 0.00038 ** 0.754 -0.00277 0.00058 ** 0.958
Flours/bread 0.00235 0.00015 ** 1.242 0.00155 0.00022 ** 1.166
Fruits 0.00612 0.00029 ** 1.220 0.01019 0.00039 ** 1.374
Furniture 0.00186 0.00011 ** 1.810 0.00414 0.00019 ** 2.787
Gasoline 0.01456 0.00031 ** 2270 0.01130 0.00028 ** 3.063
Water and gas 0.00166 0.00012 ** 1.275 0.00063 0.00006 ** 1.674
Health 0.00731 0.00074 ** 1.488 0.00985 0.00077 ** 1.758
Hotel and restaurant 0.00753 0.00054 ** 1.188 0.01268 0.00065 ** 1.607
Jewelry 0.00218 0.00016 ** 1.767 0.00563 0.00029 ** 2.953
Kerosene -0.01530 0.00020 ** 0.228 -0.00302 0.00021 ** 0.840
Livestock -0.00331 0.00023 ** 0.888 0.01122 0.00037 ** 1.418
LPG 0.00424 0.00009 ** 2.166 0.00182 0.00008 ** 3.432
Meat 0.00894 0.00028 ** 1.475 0.01483 0.00035 ** 2.228
Noodles -0.00112 0.00014 ** 0.890 0.00329 0.00017 ** 1.382
Other durable -0.00397 0.00029 ** 0.607 -0.01973 0.00052 ** 0.358
Other fuels 0.00348 0.00009 ** 2.177 0.00424 0.00020 ** 3.175
Other transportation 0.00488 0.00058 ** 1.238 0.00893 0.00075 ** 2.072
Food (manufacturing) -0.01072 0.00062 ** 0.890 0.00368 0.00066 ** 1.050
Other services 0.04807 0.00153 ** 1.352 0.00459 0.00086 ** 1.061
Paper/print products 0.00541 0.00017 ** 1.623 0.00281 0.00024 ** 1.500
Plastic, ceramics, etc 0.00092 0.00008 ** 1.311 0.00232 0.00012 ** 1.645
Recreation 0.00107 0.00008 ** 2.162 0.00094 0.00007 ** 2.643
Rice -0.08405 0.00074 ** 0.191 -0.12345 0.00101 ** 0.358
Road transportation 0.00116  0.00016 ** 1.134 - 0.00269 0.00014 ** 1.774
Sugar -0.00913 0.00012 ** 0.423 -0.01000 0.00020 ** 0.611
Textiles -0.00001 0.00024 1.000 0.00450 0.00032 ** 1.137
Tobacco products -0.00813 0.00068 ** 0.867 0.02490 0.00101 ** 1.315
Vegetables -0.02382 0.00029 ** 0.498 -0.02076 0.00040 ** 0.678
Vehicles 0.02141 0.00103 ** 3.576 0.03471 0.00158 ** 6.171

Note: **) significant at 1%, *) significant at 5%. Source: SUSENAS 2002 Consumption Module
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5.3 Distributional Analysis

In a general equilibrium framework, the distributional impact of any exogenous
shocks to the model (for example policy or external shocks) works through the mar-
ket mechanism. In response to the shocks, optimising firms will éhange their demand
for factor inputs, intermediate inputs, and supply of commodities. The change in
a firm’s demand for factors of production will affect factor prices or employment
and at the end affects household incomes and its distribution across households.
The change in the income of each household depends on the composition of factor
ownership (e.g., unskilled labour, skilled labour, capital, and land) of the household.

The change in household incomes together with the changes in all commodity
prices, will simultaneously change the household expenditures on various commodi-
ties. This will affect the distribution of income and expenditure. In a general equi-
librium framework, this series of mechanisms works simultaneously in inter-related
markets. Therefore, any attempt to assess the distributional impact of policies by
identifying either their impact on either household expenditure or household income
will be considered incomplete because it is a one-sided story. Both sides are endoge-
nous, and a CGE model elegantly takes these two different forces into account.

Figure 5.3 illustrates how a subsidy cut on fuels affects income distribution across:
households. The government may affect fuel prices by changing indirect taxes or
subsidies. A subsidy cut on fuels will increase the price of fuels sold in the com-
modity markets. Household demand for fuels will fall. Household demand for other
commodities may change as well because in a demand system commodities are inter-
related. The household total expenditure will change and fhis will affect household
welfare. How much each household expenditure change depends on their consump-
tion pattern which varies across households. However, this is not the end of the
story.

Because fuels are also used by industries as intermediate inputs, the rise in their
prices wiil affect the industry optimal decision in the production process. Trans-

portation sectors, for example, will be heavily affected, and most probably will
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contract, as well as some other iﬁdustries. The industry decision on the level of
production will affect the demand for various factors of production such as skilled
labour, unskilled labour, and capital. This will in turn change their prices such as
wages. When wages fall, because factors of production are supplied by households,
their factor income will decline.

How much each of the households experience income falls/rises depends on their
composition of factor ownership and thus on how much their income will fall/rise
from the change in employment or wages. When household income falls, this will
again affect household demand for commodities and expenditures. When the new
equilibrium is reached, there will be a new distribution of household welfare which

could be measured by the new distribution of their (real) expenditure.
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In the literature, there are various approaches for dealing with the income distri-
bution analysis in a CGE model. The traditional one is the representative household
method where it is assumed that the distribution of income or expenditure follows
a certain functional form?!S. The distribution is assumed to remain constant before
and after the shock. One of the weaknesses is that the behaviour of a group of
households is usually dominated by the richest. There has been growing evidences
to suggest that the variation within one single household-category is important and
can significantly affect the results of the analysis (Decaluwé et al., 1999). Household-
specific shocks, such as transfers to targeted household groups, are also impossible
to carry out using this approach. Studies for Indonesia by Sugema et al. (2005) and
Oktaviani et al. (2005), among others, belong to this type of approach.

The most common studies for Indonesia are CGE studies that use the official
household classification of the SAM, i.e., 10 socioeconomic classes. The distribu-
tional impact is only analysed by comparing the impact of policies among these
socioeconomic classes. Studies by Clements et al. (2003) Resosudarmo (2003), Azis
(2000), and Azis (2006), among others, follow this approach.

Another approach is a top-down method where price changes produced by the
CGE model are transferred to a separate micro-simulation model such as a de-
mand system and income-generation model. Price changes are exogenous in this
micro-model, hence the endogeneity of prices is ignored. Studies for Indonesia by
Bourguignon et al. (2003) and Ikhsan et al. (2005) are in the class of this type
of approach. Some attempts has been made to improve this approach by provid-
ing a feedback from the micro-model to the CGE model. Belonging to this category
among others are studies by Filho and Horridge (2004) for Brazil, and Savard (2003)
for the Philippines.

The most recent approach is multiplying fhe number of households into as many
as households avéilable in the household level data. Increasing computation capacity
allows a large number of households to be included in the model. It allows the

model to take into account the information from the household data in greater detail

15For example, log-normal distribution.
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Figure 5.4: The accuracy of distributional analysis using 100 centiles

avoiding pre-judgment about aggregating households into categories. All prices are
endogenously determined by the model and no prior assumption of any distribution
parameter is necessary. Drawbacks of this approach are the difficulties of data
reconciliation and the fact that the size of the model can become a computational
constraint. This integrated-microsimulation-CGE model has been used in various
studies including Annabi et al. (2005) for Senegal, Plumb (2001) for U.K., Cororaton
and Cockburn (2005) and, Cororaton and Cockburn (2006) for the Philippines.

The last approach, to be used in this paper, is disaggregating or increasing the
number of household categories by the size of expenditure or income per capita. If
the categories is detailed enough, such as 100 centiles, the distributional indicators
such as poverty incidences or standard inequality indicators can be estimated more
precisely. For example, Warr (2006) used this approach for Laos in assessing the
poverty impact of a large scale irrigation investment.

The ideal approach in a distributional analysis where disaggregated households .
are integrated in the CGE model is when all observations in the household survey
are integrated in the model like in the Micro—simulétion CGE models. If only 100

representative households are used classified by centile of expenditure per capita,
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Figure 5.5: Calculating Poverty Incidence

how accurate is the distributional story? As Figure 5.4 illustrates, poverty incidence
and inequality calculation could be fairly accurate. The solid line represents the con-
tinuous data point of urban households of 29,278 observations using SUSENAS 2003
consumption module. This line can be used to calculate poverty incidence using the
relevant poverty line. The gray circle points represent the data points where obser-
vations are collapsed or aggregated into 100 households by centiles of expenditure
per capita. Calculating poverty incidences using only-these 100 data points seems to
be fairly accurate. Moreover, the calculation of the Gini coefficient using all 29,278
observations and using only 100 observations produce almost identical results.

The poverty incidence is simply calculated by finding a point in the vertical axis
in Figure 5.‘4 where the cumulative distribution function of expenditure per capita
crosses the vertical line representing the poverty line. Because it only represents
100 centiles or 100 data points, only the discrete number of poverty incidence can
be found. The exact poverty incidence is then linearly approximated to find the
residual decimal point.

Let c=1,...,n be the centile of expenditure per capita where n = 100, and y.

be the real expenditure per capita of the household belonging to the c-th centile.
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Poverty incidence is then calculated using:

yp — max {yc|y. < yp} (5.57)
min {y.|y. > yp} — max {yc|y. < yp}

P ({yc},yp) = max{cly. <yp} +

where {y.} is a set containing all y., and yp is the poverty line. The first term is
simply the centile of which expenditure per capita is the closest from the origin (the
left) to the poverty line. The second term is the linear approximation at the decimal
point of the poverty incidence. This formula is illustrated in Figure 5.5.

The change in the poverty incidence after a policy shock (simulation) is calcu-

lated as:
AP =P ({yc},yp) = P ({yc} yp) (5.58)
where
Y, = (1 + 1%()) Yo (5.59)

where §. is the percentage change in real per capita expenditure of the centile ¢
produced from the simulation of the CGE model.

The Gini coefficient is calculated as:

G (ye) = % (n 1 gk (Zn":lyﬁ ) y“) (560

5.4 Closures

There are at least three considerations in specifying the closures for the simulations.
First, the closures have to be able to accommodate the research questions specified.
For example, when the research objective is to find out the aggregate welfare impacts
of particular shocks, then aggregate real consumption, as indicator of welfare, has
to be one of the endogenous variables. For example, as Horridge (2000) stated, the
choice of closure is affected by the needs of a particular simulation. Second, the
closure should also be able to minimise the weakness due to the feature of the real
world that cannot be explained by the model. For example, because the model is

static, to avoid the inter-temporal allocation of welfare impact, at the expenditure
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side, the real investment and the trade balance should be treated as exogenous
(Warr, 2001). Finally, the closure is associated with the idea of the simulation
timescale, meaning the period of time which Would be needed to adjust fo a new
equilibrium (Horridge, 2000). The objective is to specify the closure as realistic
as possible, representing the particular economy, and accommodating the research
questions to be investigated.

In specifying a macroeconomic closure, on the aggregate demand side, aggregate
real investment, aggregate real government consumption, and trade balance (in real
terms) are treated as exogenous, whereas the aggregate real consumption is endoge-
nous hence can be interpreted as the aggregate index of welfare. This prevents, for
example, inter-temporal allocation of welfare impact, due to capital accumulation
that may increase welfare in the future (Warr, 2001).

For the case study on carbon tax, at the fiscal side, for some scenarios of ‘revenue-
neutral’ carbon tax, the government budget surplus/deficit is exogenised. The vari-
able that is used to balance the government budget is general sales tax rate, or the
amount of cash compensation to households, depending oﬁ the simulation objectives.
This will be discussed in detail in Chapter 6.

For the case study on energy pricing reform, at the fiscal side, the government
budget surplus/deficit is endogenous, while aggregate real government consumption
is fixed. Any excess revenué from subsidy redugtion left over after compensation may
lead to the government running a budget surplus. Related to the fuel price increase
in October 2005, Manning and Roesad (2006), for example, suggest that delays
in spending early in the fiscal year 2006, both at the centre and in the regions,
have meant that the fuel price increases have had an unnecessary and avoidable
contractionary impact on aggregate demand.

The reason for this closure specification is to isolate the impact of policy scenarios
to be investigated. The simulations try to mimic the policy scenarios as implemented
in October 2005 and try to examine their income distributional impact. Exogenising
the budget surplus requires fiscal adjustment that will have other distributional

implications. In both carbon tax and energy price reform case studies, nominal
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exchange rate is the numeraire.
Another important closure is the factor market closures. In an ORANI type of
model, there are at least three factor market closures, each representing the timescale

of the simulation (Horridge, 2000).

1. A standard short-run closure where capital is specific and cannot move across
sectors, the industry-specific price of capital is the equilibrating variable. In
this standard short-run closure, labour is mobile across industries but real
the wage is exogenous, that is all wages are indexed to the CPI, and labour
is demand-determined. -Employment is allowed to change, therefore it also
allows for unemployment where the neoclassical full employment assumption is
relaxed. Many other CGE models share similar closure specifications. Another
assumption underlying this specification is that labour may be in surplus.and

thus hired at exogenous real wages (de Janvry and Sadoulet, 2002).

2. A variant of the standard short-run closure is exogenising the nominal wage,

a more Keynesian flavour.

3. The other type of closure is a long-run closure where aggregate employment
is exogenous which is a typical neoclassical closure with full employment. On

the capital side, industries capital is endogenous.

For the carbon tax case study, the analysis will use a closure with the neoclassical
full-employment assumption in the labour market. The real wages are endogenous
serving as the equilibrating variable to satisfy the full employment conditions. The
limitation of this closure is that the carbon tax will have a low impact on GDP
because factors of productions are constrained from the supply side. Impact on
GDP from a carbon tax is usually channeled through its impact on employment or
capital stocks. However, because the focus of the case study is on its distributional
implication channeled through the changing factor prices from resource reallocation,
fixity of factors on the aggregate level is less of a concern.

In the analysis the case study on energy pricing reform, a short-run analysis is

the focus. The ORANI short-run factor market closure is chosen with some slight
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modification to suit the condition in Indonesian economy. Because the objective of
the exercise is to compare and contrast various scenarios of energy pricing reform
with different type of compensation scheme, the amount of shock in the price of fuels
and the amount of transfers to households should mimic what was implemented by
the Indonesian government. Because the idea of compensation is to mitigate the
distributional and poverty impact following the increase in fuel prices, short-run
time scale will be more realistic. Compensation is essentially not a long-run story.

Moreover, in the long-run closure, GDP on the supply side is constrained by
the exogeneity of aggregate factor supply and full employment assumption (long-
run closure). Because real aggregate investment, real government consumption and
trade balance are exogenous, the real consumption expenditure will follow exactly
the change in the real GDP. The impact on welfare, then, will be so small that
compensation (with the size implemented in October 2005) would not have been
necessary.

In addition, by fixing the real wages and allowing for employment to change, it

is possible to see the impact of such reform on employment!®

. Wage rigidities are
also considered the main factors that cause unemployment in Indonesia (Basri and
Patunru, 2006). To accommodate the characteristics of Indonesian labour market, in
the labour market closure, only real wage for the formal labour is set to be exogenous.
It means the nominal wage follows the movement of consumer price index. However,
for the informal labour market, it is assumed that the labour market is not as rigid
as in the formal labour market. Here, the adjustment in nominal wage is assumed

to be slower!?.

16 A5 suggested by Manning and Roesad (2006), for example, many anecdotal evidence suggests
that the price rises also affected employment adversely.

17Half of the change in the consumer’s price index. This follows a closure of INDOCEEM model
in some studies analysing fuel subsidy cut in Indonesia as done for example by Ikhsan et al. (2005).
See Appendix 7.A in Chapter 7, for the sensitivity analysis to this parameter.
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5.5 Sensitivity Analysis

In a CGE exercise, because some of the parameters are taken from other sources such
as others studies, models, or the literature, it is necessary to examine the reliability
of the results with respect to uncertainty in the parameters. In a standard or ’ad-hoc’
sensitivity analysis, the model is solved for one or two different sets of parameters,
and then the sensitivity of the change in the endogenous variables are examined.
However, because there are many parameters which are imputed into the model, this
approach is difficult or less practical to implement in examining the sensitivity of
the results on the independent uncertainty about the values of several parameters.
In this model, for example, for Armington elasticity alone, because the model has
38 different commodities, the sensitivity analysis to each of the parameters would
be computationally burdensome.

Recent advances in the literature on sensitivity analysis offer a rather convenient

8, The question to be

approach which is called a systematic sensitivity analysis!
asked in this sensitivity analysis is how reliable the results is if we vary ’all’ the
parameters in the model, for example, by 50%. Therefore, if for example, the
Armington elasticity of commodity A is 5, then it is allowed to vary between 2.5
and 7.5. This will be done for all the parameters. The popular approach is a
typical Monte Carlo simulation, where independently enough number from each of
the range value of the parameters is drawn in a sufficiently large draw such that
the result is statistically accurate. However, with this kind of approach, a time and
computational constraint will prevent the accuracy of the estimates.

The new approach is the so-called Systematic Sensitivity Analysis (SSA) via
Gaussian Quadrature. This is a type of programming or optimisation method. Given
the distribution of M parameters, what is the best possible choice of parameters in
N simulations to find the estimate of the means and standard deviations for all
endogenous variables? A procedure for choosing the N parameters made in this way

is often referred to a Gaussian quadrature. However, this assumes (1) the simulation

18Gee Arndt (1996), Pearson and Arndt (2000), and its implementation among others in Hertel
et al. (2003), and Plumb (2001).
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results are well approximated by a third-order polynomial in the varying parameters;
(2) that all the parameters which vary have a symmetric distribution'?; (3) the
parameters vary quite independently (zero correlation). For example, Arndt (1996)
demonstrates that the results are often surprisingly accurate, given the relatively
modest number of times the model is solved.

The confidence interval for each endogenous variables is calculated by employing
‘Chebyshev’s inequality. Suppose that an endogenous variable y has a mean p and
standard deviation o. Chebyshev’s inequality says that, whatever the distribution
of the variable in question, for each positive real number k, the probability that the
value of y does not lie within k standard deviations of the mean y is no more than Elg
The confidence interval is calculated as p+ k- o, where k = 3.16 for 90% confidence
interval, and k = 4.47 for the 95%. In this SSA, all parameters are assumed to vary
by 50%, and the SSA is implemented in Gempack (Pearson and Arndt, 2000).

19The SSA carried out in this paper, the parameters are assumed to have triangular distribution.
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Chapter 6
Case Study I: A Carbon Tax

6.1 Background

The problem of global warming has increasingly become more alarming, and sci-
entific studies are now more conclusive that humans are responsible!. In a famous
report, Stern (2006) suggests scientists are now able to attach probabilities to tem-
perature outcomes and impacts on the natural environment associated with different
levels of greenhouse gas stabilisation. For example, his report suggests that without
appropriate action, there is at least a 50% chance of exceeding a 5°C globél average
temperature change during the following decades. Such a change would transform

the physical geography of the world. His report concludes:

"Our actions over the coming few decades could create risks of major
disruption to economic and social activity, later in this century and in
the next, on a scale similar to those associated with the great wars and
the economic depression of the first half of the 20** century. And it will

be difficult or impossible to reverse these changes (Stern, 2006, p. ii)."

Despite these concerns, multilateral action for greenhouse gas stabilisation, such
as proposed under the Kyoto Protocol, have been less than promising. One of the
main reasons for this is the associated high cost of such action in terms of economic

growth. This argument has been used by both the U.S. and Australian governments

! As reported by the recent fourth assessment report of the Intergovernmental Panel on Climate
Change (IPCC), published in February, 2007 (source: The Economist, February 8" 2007, ’Climate
change: Heating Up’.)
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against ratifying the Kyoto Protocol and is a clear example of the perception or belief
that economic and environmental objectives cannot go hand in hand.

The linkage between the economic, environmental and social dimensions of sus-
tainable development was first introduced in the 1987 Bruntland report. It was again
emphasised in the 2002 Johannesburg World Summit as being the three pillars of
sustainable development and by this time the environmental link included climate
change. With the issue of climate change, the inter-related elements of sustainable
development could be in conflict.

Equity is an integrated part of global climate change policy. This includes how
the responsibility of actions should be distributed ‘fairly’ across nations. This was
the reason why the 1992 United Nations Framework Convention on Climate Change
(UNFCC) declared that the responsibility of actions across nations should follow the
principle of ‘common but differentiated responsibilities’. Sharing the burden equally
is regarded as unfair owing to developing countries’ historically low greenhouse gas
emissions. However, the lack of a formal commitment for developing countries under
the Kyoto Protocol has been used as by the U.S. as an argument against ratification.

Participation by developing countries in stabilising global greenhouse gas emis-
sions is crucial and would be the important driver needed to resume the halting
progress of multilateral efforts. Per capita carbon emissions in developing coun-
tries are still much lower than that of developed countries. Nevertheless, developing
countries are increasingly contributing to the accumulation of greenhouse gases.
Developing countries already account for half of annual global greenhouse gas emis-
sions, and future emission growth will mainly come from developing countries (Jotzo,
2004).

For the developing countries themselves, there are many reasons to justify more
active participation in global carbon stabilisation. The impact of climate change
tends to hurt the poorest countries most, and this includes Indonesia. Develop-
ing regions are already warmer, suffer from high rainfall variability, are heavily
dependent on agriculture, and suffer from a lack of adequate health provision and

low-quality public services. Being low income countries with low budget constraint,
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adaptation to harmful effects of climate change will be more difficult (Stern, 2006).

As the fourth largest country in terms of population, Indonesia is important in
global climate change policy. Even though it ranks 7% in total CO; emission from
fossil fuels among developing countries, Indonesia ranked 2™, after China in 2000 if
CO, emissions from land use change (mainly deforestation) are included?®. In fact,
even including indusfrialised countries, Indonesia is one of the 20 biggest carbon
emitting nations overall in 2002, with emissions continues to grow rapidly at around
6.6% annually.

The changing composition of Indonesia’s energy mix has also caused some con-
cern about the Indonesian contribution to the global climate problem. Although
emissions from consumption of liquid petroleum products is still dominant (amount-
ing to 49% of Indonesia’s 2002 fossil-fuel CO, emissions), emissions from natural gas
consumption and coal usage, although quite variable, have risen steadily since the
early 1970s and accounted for 15% and 24% of Indonesia’s total 2002 emissions.
As Indonesia is running out of oil, the future priority of coal as an alternative fuel
for electric power generation has become an important item on Indonesia’s future
agenda. Indonesia recently became a net oil importer, and its coal reserves with
current production capacity will last for the next 50 years (Tanujaya, 2005); In
addition, with a population exceeding 210 million people, although Indonesia’s per
capita emission rate of 0.39 metric tons of carbon in 2002 is well below the global
average, it has grown ten-fold since the early 1950s (Marland et al., 2005).2

Although discussion on the formal commitment of carbon emission stabilisation
in developing countries, as well as in Indonesia, is perhaps still in its infancy, it has
recently gained a lot more attention, even in Indonesia itself. Indonesia recently
ratified the Kyoto Protocol. One of the obligations as a party to the convention
is to communicate actions taken to mitigate climate change and also to establish
a National Committee on Climate Change. By ratifying the protocol, the issue of

reducing greenhouse gas emissions will have more prominence in public discourse.

2Source: World Resource Institute Online Database.
3See figure 6.1.
4In July 2004 (Jotzo, 2004).
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Carbon abatement policy, like many other environmentally-motivated policies,
carries a distributional effect within a country that implements it. A complete
picture of this distributional impact has to consider two distinct but inseparable
issues (OECD, 1994). The first is the concerns related to the distribution of the
environmental benefit of the policy, who gains more and who gains less. The second
concern is associated with distribution of the financial effects of the policies, who
pays more and who pays less.

In relation to potential distributional benefits from a global reduction in green-
house gas emissions, in the case of Indonesia, the questions to be asked are; among
others, which parts and/or sectors of the country and its population are likely to
be affected. On the other hand, the distribution of financial effects relates more to
how the costs bf compliance or implementation of policy will be distributed across
different groups. The implementation costs of environmental policies can be socially
regressive. Lower-income groups may be subject to a disproportionately higher share
of environmental compliance costs. The case study in this chapter is intended to
address this part of the distributional story.

The conflict between environment and equity objectives in the case of carbon
abatement policies has been prevalent, as the literature from developed countries
has suggested. As discussed previously in Chapter 2, a carbon tax has been mostly
found to be regressive, that is, lower income households pay disproportionately more
than higher income households.

As discussed previously, the increasing relevance of developing countries’ role in

global climate change policy is one of the motivations for this case study. However,

this chapter is also motivated by the empirical regularities from developed country‘

studies that carbon abatement policies are regressive. In short, this research is
mainly motivated by the lack of emphasis in the literature on the distributional
aspect of carbon abatement policy in developing countries.

As argued in the previous chapters, there are many possible developing-countries’
characteristics that may point to a conclusion that environmental policies such as a

carbon abatement policy may not necessarily be regressive in developing countries.
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Figure 6.1: Trend of Indonesian CO; emission by sources 1960 — 2003 (thousand
tonnes)

In Indonesia, as in some other developing countries, although the manufacturing
sectors, is relatively more energy-intensive, its share has increasingly been more
dominant in the economy’s output, yet the largest share of the labour forces is still
employed in the agricultural sector and to some extent the serviceé sector. A carbon
abatement policy will most likely hit energy-intensive sectors which are typiéally
also capital intensive. The returns to factors that are more intensively employed
in these sectors, such as capital, skilled-labour, and formal urban workers, will be
under more pressure than factors more intensively employed in less energy intensive
sectors,such as agriculture and some of the services sector. These are, among others,
land, informal urban, and rural agricultural workers. As the owners of factors in the
less energy intensive sectors are most likely to be lower income households, this may
drive the distributionél impact of a carbon abatement policy to be more progressive
than regfessive.

Mofeover, in contrast to developed countries, the expenditure pattern of lower
income households in developing countries is likely to be less energy-intensive. For

example, in countries like Indonesia, domestic heating is not part of everyday con-
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sumption, vehicle ownership is still a luxury for the majority of the population, and
electricity consumption, including its use for energy-intensive household appliances,
is still not regarded as a necessity, especially in rural areas, where most Indonesians
live.

Encouraging developing countries to participate more actively in the global mul-
tilateral effort for greenhouse gas stabilisation has increasingly become necessary. If
these typical characteristics of developing countries do drive the distributive effect
of a carbon abatement policy to be more progressive, it may have important pol-
icy implications at both the local and global level. At the local level, if its known
to be non-regressive, the effort to curb greenhouse gas emission will generate less
political and social resistance. At the global level, understanding that carbon abate-
ment policies may not necessarily carry adverse distributional effects in developing
countries, may add more social benefit, in terms of distributional implication, when
the location of carbon abatement is partially shifted from developed to developing

countries.

6.2 Scenarios and simulation strategy

In contrast to developed countries who have a legal commitment under the Kyoto
Protocol to cut CO, emissions, Indonesia does not yet have to follow a certain
scenario of emission reduction. In this case study, a carbon tax of Rp. 280,000

5'is introduced with three different scenarios of revenue-

per ton of CO, emission
recycling®.

In the first scenario (SIM 1), a carbon tax will be implemented without revenue
recycling. That is, the revenue from the carbon tax is assumed to be used for fiscal

adjustment, allowing the government to run a budget surplus. This is intended to

see the direction of the distributional cost, if the tax revenue is not returned to the

5 Around US$ 32.6.

6A carbon tax of this amount is chosen to reduce emissions by 6.6%, i.e., the Indonesian
historical growth rate of emission. So, essentially, this is a scenario of emission stabilisation. An
arbitrary carbon tax can always be set, such as being equal to the social cost of carbon from the
literature, or any level, but the direction of the distributional result, which is the focus of this
chapter, will not significantly change.
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economy or used for compensation.

Two options will be considered for revenue-recycling in order for the carbon tax
policy to be ‘revenue-neutral’. In the second scenario (SIM 2), implementation of a
carbon tax will be accompanied by a reduction in the uniform general ad valorem
sales tax rate for all commodities, such that government revenue is in balance. To
do this, a uniform sales tax shifter would be endogenised while government saving
is exogenised. The other relevant scenario for the revenue-recycling mechanism is to
give a uniform lump-sum transfer to all households. This will be the third scenario
(SIM 3).

Another option is a reduction in the income tax rate, as widely discussed in the
‘double-dividend-hypothesis’ literature. This alternative is not implemented in this
exercise for at least two reasons. First, for the double dividend hypothesis to work,
it is necessary to have an endogenous labour supply, which is not specified in the
CGE model. Second, income (especially labour income) tax collection in Indonesia
is low in terms of population coverage, making the likelihood of reducing the income

tax rate less feasible.

6.3 Results and discussion

6.3.1 Macroeconomic and industry results

The summary of the macroeconomic, emission, and factor market result is shown in
Table 6.1, whereas Table 6.2 shows the results on industry output and the prices of
several relevant commodities.

GDP, as well as consumption expenditure (which can be treated as an indicator
of aggregate welfare) fall slightly in all three scenarios. However, the simulation sug-
gests that SIM 2, where révenue from the carbon tax is returned to the economy as
the uniform reduction in commodity tax rate, produces the lowest decline in welfare
effect, where real aggregate consumption falls by only 0.03 percent. A reduction in
the commodity tax rate, following the carbon tax implementation, minimises the

impact on commodities prices, as can be seen in Table 6.2, from the lowest CPI
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percentage increase of 0.58%. This creates an expansionary effect on the economy
because of the increase in the demand for commodities and the resulting output
expansion. The uniform cash transfers (SIM 3) to all households do not gener-
ate as much expansionary pressure on the domestic economy as the reduction in
commodity tax, although it may have a better distributional outcome.

The immediate effect of introducing carbon tax is an increase in the price of
energy products because the carbon tax is implementgd through an increase in
the ad valorem tax rate on energy commodities, the magnitude of which depends
mainly on their carbon content. The price of coal rises most (by more than 100%),
followed by other energy and closely-associated products such as electricity and
transportation. |

Energy related sectors are hurt the most. For example, in SIM 1, output of
petroleum refinery and coal mining fall by 3.9% and 2.9%, respectively. Other
related sectors to experience significant contraction are natural gas, LNG, electricity,
water and gas, road, and other transportation sectors.

In terms of factor reallocation, the simulations suggests that, in general, following
implementation of the carbon tax, the energy and capital intensive manufacturing
sectors tend to contract while agriculture and service sectors tend to experience
a slight expansion. Resources have been reallocated from the energy sectors, most
non-food manufacturing industries and utility sectors, to agriculturally-based sectors
(such as paddy, other crops, and wood sectors), and to some food-manufacturing
sectors and services sectors (such as hotel and restaurants).

As indicated in Table 6.3, industries which experience a significant decline in
output are relatively energy intensive. Other than energy sectors (petroleum re-
finery, coals, crude oil, and natural gas), these industries are, among others, LNG,
chemical products, pulp and paper, nonferrous metal, electricity, water and gas,
construction, and transportation. As Table 6.3 also reveals, most of these indus-
tries are also capital intensive. This structural change would affect the functional
distributional of income, by the tendency to reduce the return to capital more than

to other factors. In turn, this would tend to hurt households proportionately more
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Table 6.1: Simulated Macroeconomic, Emission, and Factor Market Effects of a
Carbon Tax )

SIM 1 SIM 2 SIM 3
No-revenue Uniform cut on Uniform
recycling com. tax rate transfers
Macroeconomics
GDP -0.04 -0.02 -0.03
Consumption expenditure -0.06 -0.03 -0.04
CPI 1.32 0.58 1.75
Export -0.11 0.67 -0.12
Import -0.16 0.93 -0.16
COy emission -6.55 -6.39 -6.52
Real wage
Agriculture, rural, formal -0.58 1.62 1.28
Agriculture, urban, formal -0.54 1.78 1.48
Agriculture, rural, informal -0.48 1.63 1.61
Agriculture, urban, informal -0.49 1.70 1.63
Production, rural, formal -2.68 2.03 -2.73
Production, urban, formal -4.65 0.56 -5.21
Production, rural, informal -2.23 2.25 -2.55
Production, urban, informal -2.24 2.22 -2.98
Clerical, rural, formal -2.17 1.49 -2.92
Clerical, urban, formal -3.12 0.66 -4.10
Clerical, rural, informal -1.76 2.11 -1.64
Clerical, urban, informal -1.78 2.05 -1.93
Professional, rural, formal -3.19 0.50 -4.32
Professional, urban, formal -3.55 0.54 -4.63
Professional, rural, informal -2.19 1.49 -2.72
Professional, urban, informal -2.06 2.46 -3.45
Average return to capital -5.77 -1.86 -6.23
Average return to land -0.41 1.81 1.78
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Table 6.2: Simulated Industry and Prices Impacts of Carbon Tax

SIM 1 SIM 2 SIM 3
No-revenue  Uniform cut on ~ Uniform
recycling com. tax rate transfers
Output of industries
Paddy 0.09 0.09 0.29
Other food crops 0.05 -0.09 0.09
Estate crops -0.13 -0.08 -0.38
Livestock 0.13 0.14 0.35
Wood and forests 0.09 0.15 0.05
Fish -0.08 -0.03 -0.02
Coal -2.94 -2.88 -2.95
Crude oil -0.29 -0.30 -0.28
Natural gas -0.69 -0.69 -0.69
Other mining -0.10 -0.23 -0.08
Rice 0.10 0.10 0.31
Other food (manufactured) 0.15 0.18 0.58
Clothing 0.41 0.96 0.64
Wood products 0.23 © 033 0.04
Pulp and paper -0.07 0.17 -0.14
Chemical product -0.66 -0.27 -0.41
Petroleum refinery -3.87 -4.01 -3.83
LNG -2.89 -2.83 -2.89
Rubber and products -0.20 0.54 -0.51
Plastic and products -0.05 0.46 0.07
Nonferrous metal -1.61 -1.93 -1.49
Other metal -0.37 -0.12 -0.28
Machineries -0.50 2.45 -0.22
Automotive industries 0.35 -0.08 -0.47
Other manufacturing 0.20 0.38 0.76
Electricity -1.44 -1.32 -1.29 ,
Water and gas -2.24 -2.13 -2.68 g
Construction -0.01 -0.01 -0.02 ¢
Trade 0.05 0.09 0.29
Hotel and restaurants 0.30 0.10 0.24 :
Road transportation -0.66 -0.67 -0.58 ]
Other transportation -1.44 -1.29 -1.43
Banking and finance 0.23 0.02 0.10
General government 0.00 0.00 0.00
Education 0.11 0.06 0.04
Health 0.31 0.17 0.49
Entertainment 0.60 0.49 0.23
Other services 0.29 0.04 -0.25
Prices of commodities
Coal : 131.80 131.95 132.47
Natural gas 26.35 27.27 26.50
Gasoline 24.61 24.72 24.59
Diesel (Automotive) 45.31 45.56 45.44
Diesel (Industries) 43.48 43.83 43.67
Kerosene ’ 29.30 29.54 29.93
LPG 25.62 26.28 24.71
Other fuels 21.37 21.90 21.46
Electricity 16.93 . 16.97 17.38
Water and gas 12.38 12.13 12.16
Road transportation 1.77 1.30 1.58
Other transportation 2.36 1.00 2.31
CPI 1.32 0.58 1.75
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Table 6.3: Cost Share of Industries and Changes in Qutput

Share of total input Change in
labour Capital Land Energy Oth. Int  Output

Paddy 51.40 16.56  14.50 0.00 17.54 0.09
Other food crops 57.36 1735 15.20 0.01 . 10.09 0.05
Estate crops 52.73 11.21  8.88 0.29 . 26.89 -0.13
Livestock 42.39 8.08 341 0.03 46.08 0.13
Wood and forests 36.37 21.78 21.34 0.42 20.09 0.09
Fish 38.96 8.77 27.19 1.98 23.09 -0.08
Coal 8.09 72.01 13.17 6.73 -2.94
Crude oil 5.80 80.74 6.41 7.06 -0.29
Natural gas 5.81 80.97 6.44 6.77 -0.69
Other mining 26.38 47.48 2.16 23.98 -0.10
Rice 6.17 8.32 0.02 85.49 0.10
Other food (manufactured)  15.23 18.59 0.84 65.34 0.15
Clothing 14.58 19.10 0.83 65.48 041
Wood products 18.24 25.36 1.05 55.35 0.23
Pulp and paper 13.92 22.79 1.51 61.79 -0.07
Chemical product 11.88 14.70 3.56 69.86 -0.66
Petroleum refinery 7.54 57.83 8.04 26.60 -3.87
LNG 1.66 51.77 40.05 6.51 -2.89
Rubber and products 15.80 14.82 1.82 67.56 . -0.20
Plastic and products 7.81 20.26 0.82 71.11 -0.05
Non-ferous metal 20.40 34.71 6.82 38.07 -1.61
Other metal 9.90 14.06 1.79 74.26 -0.37
Machineries . 9.35 13.31 0.63 76.71 -0.50
Automotive industries 15.67 29.73 0.80 53.80 0.35
Other manufacturing 14.06 26.56 1.40 57.98 0.20
Electricity 5.92 50.14 19.33 24.62 -1.44
Water and gas 17.27 26.37 13.42 42.93 -2.24
Construction 23.09 9.55 4.76 62.60 -0.01
Trade 35.27 26.83 - 1.48 36.42 0.05
Hotel and restaurants 36.93 10.99 . 0.04 52.04 0.30
Road transportation 21.40 22.11 8.31 48.17 -0.66
Other transportation 12.48 18.17 10.33 59.01 -1.44
Banking and finance 18.90 53.47 0.25 27.38 0.23
General government 53.98 5.62 2.14 38.26 0.00
Education 43.72 8.54 1.10 46.65 0.11
Health 54.50 9.02 0.19 36.29 0.31
Entertainment 17.24 18.11 0.10 64.55 0.60
Other services 25.06 34.83 0.31 39.79 0.29

endowed with capital.

The changes in the return to factors as shown in Table 6.1, clarify these points.
The adjustment in the production sectors affects the prices of factors. In general,
the capital owner is hurt more compared with other factors. The return to capital
declines the most, followed by real wages, and return to land. In all scenarios, the
return to capital falls. In the labour market, for SIM 1, real average return to capital
falls most by -5.77%, while the return to land falls by only 0.41%, and the fall in
real wages varies depending on skills, but it is always much less than the fall in the
return to capital. Real wages fall more for urban and formal skilled labour, reflecting

the contraction in the industries employing this labour more intensively. The real
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wage of urban formal production workers (mostly employed in the manufacturing
sectors), urban formal clerical workers, and urban formal professional workers falls
the most, by 4.6%, 3.1%, and 3.5%, respectively. On the other hand, agricultural
labour only experiences a slight fall in real wages. This adjustment in the factor
market will have an important impact because it can drive the distributional effect
of a carbon tax to be more progressive from the income side.

As far as the macroeconomic impact or aggregate welfare is concerned, the rev-
enue recycling mechanism in the form of lump-sum transfers is inferior to a com-
modity tax cut, given the same neutrality of the government budget. One possible
explanation for this is that even though a lump-sum transfer for a rural household
is a windfall, the economy is driven more by the spending of richer households.
Therefore, a uniform tax rate cut for all commodities is more expansionary through

the resulting increase in the demand for commodities.

6.3.2 Distributional results

Table 6.4 shows the summary of the distributional effect of a carbon tax for all
three scenarios. In the table, both the poverty effect, indicated by the change in the
head count poverty incidence, and inequality effect, indicated by the change in the
Gini coefficients, are shown for urban, rural, and urban + rural households. Figure
6.2 illustrates in greater detail how each simulation affects household incomes, the
household specific CPI, and household real expenditures across urban, rural, and
expenditure classes.

In general, the simulations suggest that the introduction of a carbon tax in
Indonesia would hurt urban households more than rural households. Its impact in
rural areas would be progressive, suggesting the poor would gain relatively more
than the rich, whereas in urban areas its distributional direction depends on how
the revenue from a carbon tax is recycled. It is relatively neutral for the case of no-
recycling and tax rate reduction, but progressive for the case of uniform lump-sum
transfers. The overall net-impact nationwide is progressive for all scenarios, as can

be seen from the reduction in the Gini coefficient.
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SIM 1: Carbon Tax SIM 2: Carbon Tax SIM 3: Carbon Tax
No-Revenue Recycling + Cut on Commodity Tax Rate ~ + Uniform Transfers
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Figure 6.2: Simulated impact on households’ real expenditure, income, and house-
holds’ specific CPI
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Table 6.4: Simulated Distributional Effect of a Carbon Tax

SIM 1 SIM 2 SIM 3
No-revenue Uniform cut on Uniform
recycling com. tax rate transfers

Urban
Ex-ante Poverty Incidence 13.600 13.600 13.600
Ex-post Poverty Incidence 13.768 13.613 12.915
Change in Poverty Incidence 0.168 0.013 -0.685
Rural :
Ex-ante Poverty Incidence 20.200 20.200 20.200
Ex-post Poverty Incidence 19.430 19.743 16.198
Change in Poverty Incidence -0.770 -0.457 -4.002
Urban + Rural
Ex-ante Poverty Incidence 17.194 17.194 17.194
Ex-post Poverty Incidence 16.852 16.951 14.703
Change in Poverty Incidence -0.343 -0.243 -2.492
Urban
Ex-ante Gini Coefficient 0.347 0.347 0.347
Ex-post Gini Coefficient 0.347 0.347 0.337
Change in Gini Coefficient 0.000 0.000 -0.010
Rural
Ex-ante Gini Coefficient 0.277 0.277 0.277
Ex-post Gini Coefficient 0.274 0.275 0.260
Change in Gini Coefficient -0.003 -0.002 -0.017
Urban + Rural
Ex-ante Gini Coefficient 0.350 0.350 0.350
Ex-post Gini Coefficient 0.347 0.348 0.333
Change in Gini Coefficient -0.003 -0.002 -0.017

General results from the simulations suggest that almost all rural households
experience a welfare gain as their real expenditure per capita rises. As can be seen
from figure 6.2, these gains are distributed progressively, as the percentage changes
in the welfare of poorer households are higher than for richer households. However,
in simulations 1 and 2, almost all urban households are worse-off, and the effect is
more or less neutrally distributed, while in simulation 3, the lowest 20% are better-
off, and the distributive effect is progressive.

The driving forces behind these results are closely related to the impact of a
carbon tax on both commodity prices and factor prices, combined with a distinct
pattern of consumption and factor endowments for each household. From the simu-
lations, it may be suggested that within the same expenditure class, households in
rural areas tend to gain more (or to lose less) than households in urban areas. Both
in urban and rural areas, poor households tend to gain more (or to lose less) than

rich households, and the rural poor tend to gain greater benefit (or a smaller loss)
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Figure 6.3: Simulated Poverty Impact of a Carbon Tax (SIM 3)

than the urban poor.

One of the contributing features of the CGE model with full-integration of dis-
aggregated households is that it can reveal what causes the distributive effect from
both the expenditure and the income pattern. Unlike a partial equilibrium analysis,
which only looks at the demand side and is associated only with the expenditure
pattern of the households, or even a CGE model with a separate top-down micro-
simulation model, the CGE model used in this study is able to offer deeper analysis
on its distributive effect from the income side. From the story of the industry re-
sults, the factor reallocation in the economy tends to be biased against capital and
skilled labour, and in favor of the agriculture and the services sectors, and hence
agricultural, unskilled, and informal workers. This may explain why its distributive
effect is progressive from the income side of households. As can be seen from Figure
6.2, in all scenarios, the percentage change in household incomes is clearly declin-
ing (suggesting progressivity) as expenditure centiles rise, both in rural and urban
areas. Meanwhile, rural households’ incomes, in general, increases more than urban
household incomes.

This result is more or less explained by the typical characteristic of a develop-
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ing country economy, where abundant unskilled and prevalently rural labour are
employed in less energy-intensive and less capital-intensive sectors. In general equi-
librium ‘mechanics’, there would be factor reallocation from energy-intensive sec-
tors (which are mostly also capital intensive) into less energy-intensive (and less
capital-intensive) sectors such as agriculture. Expansion in these sectors would have
favourable distributional consequences in a developing country like Indonesia. For
example, as shown before, the return to land, and the return to informal, unskilled,
rural, agricultural workers rise relative to the return to capital or to formal skilled
workers. This would drive the favourable distributional impact from the income
side, as also illustrated by the declining percentage change in (nominal) income over
expenditure centile both in urban and rural areas.

It may be expected that the characteristics of the economy are different in more
developed countries, where most of the sectors are energy-intensive, capital-intensive
and less agricultural. This may explain why the distributive effect of a carbon tax
in developed countries has been reported in various studies as generally regressive.
This study shows that the distributive effect of a carbon tax in developing countries
may not neéessarily be the same. This is still the case even if only looking at the
income side pattern of households, which is related to typical factor market features
in developing countries.

Moreoyer, the other side of the story is that the consumption basket of poorer
households in Indonesia tends té be less energy intensive. For example, electricity
usage, not to mention vehicle ownership, is not as common as in richer countries. So,
there is an expectation that progressivity may also originated from the expenditure
side.

As illustrated in the bottom panel of Figure 6.2, progressivity from the expen-
diture side could be determined if household specific CPI is iﬁcreasing over the
centiles, suggesting that the price paid for the total consumption bundle increases
more for richer households than it does for poorer households. As shown in those
figures, in rural areas this may be true from the poorest to around the 80%" centile,

as from the 80™ centile, its pattern is declining. Hence, from the expenditure side,
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it is progressive for the lower and middle income classes.

The story is rather different in urban areas. Poorer urban households are under
pressure from the expenditure side. The household specific CPI is declining over
the expenditure centile in urban areas, suggesting that the price paid by poorer
households for their consumption basket increases more than that paid by richer
households. This means urban household consumption is more sensitive to the price
of energy-related produéts than rural households’ consumption. Among others,
these products are fuels, electricity, and transportation. What drives the regressiv-
ity from the expenditure side in urban areas is actually the lower-income households
dependence on domestic fuel, especially kerosene. The dependence on kerosene is
explained, among others, by the high kerosene subsidy, making its price much lower
than the competitive market price. In turn, the regressivity from the expenditure
side, and the progressivity from the income side, drive the neutrality of the dis-
tributive effect of a carbon tax in urban areas. However, overall the nationwide
distributional impact is still progressive, despite the regressivity from the expendi-
ture side in urban areas.

With regard to the impact on poverty, because rural households (especially lower
income ones) experience an increase in real-expenditure, poverty in rural areas falls
in all scenarios. As expected, rural poverty falls most (by 4%) when the revenue
from a carbon tax is returned in the form of uniform lump-sum transfers (see Figure
6.3). Because the rural population is a lot larger than the urban population, the
declining poverty incidence in rural areas helps nation-wide poverty incidence fall in
all simulations, despite increasing poverty incidence in urban areas (for SIM 1 and
SIM 2).

Comparing alternative revenue-recycling schemes suggests a uniform reduction
in the general commodity tax rate has a favourable aggregate welfare impact (in
terms of aggregate real consumption and GDP). GDP falls the least in SIM 2, with
a magnitude of half of SIM 1. However, the uniform lump-sum transfer has more
favourable distributional impact and inequality falls the most nation-wide. The Gini

coefficient falls significantly by 0.017 compared with only 0.002 with a uniform sales
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tax cut. The poverty impact of uniform lump-sum transfer is also most favourable.
Poverty falls nationwide by 2.5%, which is due to the fall in rural poverty incidence
of 4%, as shown in Figure 6.3.

However, a uniform reduction in the rate of commodity tax has a more favorable
macroeconomic impact because of its potential for boosting consumption spending,
as shown in the discussion of fhe macroeconomic impact in the earlier section.
Moreover, a uniform cash transfer is not a common instrument of redistribution,
and may be difficult to implement both administratively and politically.

It should also be noted that introducing a uniform reduction in commodity tax,
may affect the direction of the initial distributive effect of a carbon tax when the
carbon tax revenue is not recycled. First, the reduction in inequality (in terms
of the reduction in Gini coefficient) is lower in SIM 2 (with tax-cut) compared to
SIM 1 (no-recycling). Because the pattern of the change in the household specific
CPI over the centiles from both simulations seems similar (except in its overall
magnitude), it is less likely that commodity price rises contribute to the different
result. This is understandable because the reduction in commodity taxes is uniform
across commodities, hence will have a more or less similar impact on commodity
prices. However, the pattern of the change in household income is relatively different
between the two simulations. Comparing the change in income of urban and rural
households, the figures show the gap between the change in income of urban and
rural households is narrower in SIM 2 (tax-cut) compared to SIM 1 (no-recycling).
This result may therefore suggest that what is happening in the factor market has
driven the different distributional result between the two simulations.

Table 6.1 may help explain this result. The outputs of industries tend to fall
with less magnitude in SIM 2, simply because of the increasing demand due to
reduced prices brought about by a uniform sales tax-cut. The increase in demand
for commodities offsets the decline in demand for labour by industries that would
have happened without the tax-cut. Real wages of all types of labour rise instead
of fall, and the return to capital falls much less in SIM 2 than in SIM 1. Some

industries (such as pulp and paper, rubber, plastics, and machineries) manage to
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avoid contraction and some others contract a lot less. Most of these industries are
capital intensive, and employ more intensively urban-formal production workers and
so may contribute in minimising the urban bias of the distributive effect of a carbon
tax. Howevér, despite these factors, a carbon tax with revenue recycled through a
uniform reduction in the general sales tax is still progressive, inequality-reducing,

adding to its preferability because of its more favourable macroeconomic effects.

6.4 Systematic sensitivity analysis

Table 6.5 shows the result of systematic sensitivity analysis for a carbon tax simula-
tion (SIM 1, no-recycled revenue), assuming a triangular distribution in the parame-
ters, with 50% variation from the meaﬁ, and applied using the Gaussian Quadrature
approach. In general, the result suggests the result is robust to variation in the ex-
traneous parameters, as shown by the low standard deviation of most endogenous
variables.

However, some macroeconomic variables tend to be more sensitive to parameters.
For example, statistically speaking, because the upper confidence interval of GDP
or aggregate consumptidn is non-negative, it cannot be concluded that the GDP or
aggregate consumption will fall following a carbon tax implementation with 90%
confidence level. The CPI is relatively insensitive and COg emission seems to have
a very wide confidence interval.

For factor price variables, the real wages of some types of labour, such as agri-
cultural labour, are relatively more sensitive, but the real wages of other types of
labour are relatively less sensitive to variation in parameters. However, the qualita-
tive direction is robust with even a 95% confidence level. Moreover, the pattern on
the change in relative real wage for various type of labour’, which has an implication
in the distributional story, is robust to sensitivity analysis.

Looking at the confidence interval in real household expenditure by centile sug-

gests the distributional impact of a carbon tax is less likely to be sensitive to pa-

"For example, the percentage change on the real wage of formal urban production workers,
compared to the real wage of informal, rural, agricultural workers.
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Table 6.5: SSA of SIM 1: Carbon Tax (50 percent Variation in All Parameters)

Con. Interval (90%) Con Interval (95%)

mean s.d. lower upper lower upper
Macroeconomics
GDP -0.040 0.013 -0.081 0.001 -0.098 0.018
Aggregate consumption -0.061  0.020 -0.122 0.001 -0.148 0.027
CPI 1.324 0.033 1.218 1.430 1.174 1.473
CO2 emission -6.535 0.656 -8.609 -4.461 -9.468 -3.602
Real wage .
Agriculture, rural, formal -0.587 0.127 -0.988 -0.187 -1.154 -0.021
Agriculture, urban, formal -0.548 0.118 -0.922 -0.175 -1.077 -0.020
Agriculture, rural, informal . -0.478 0.120 -0.858 -0.099 -1.015 0.059
Agriculture, urban, informal -0.497 0.111 -0.849 -0.144 -0.995 0.002
Production, rural, formal -2.691 0.178 -3.254 -2.128 -3.487 -1.894
Production, urban, formal -4.647  0.190 -5.248 -4.047 -5.497 -3.798
Production, rural, informal -2.236  0.195 -2.851 -1.620 -3.106 -1.365
Production, urban, informal -2.245 0.202 -2.883 -1.606 -3.148 -1.342
Clerical, rural, formal -2.178 0.069 -2.397 -1.959 -2.487 -1.869
Clerical, urban, formal -3.126  0.111 -3.479 -2.774 -3.625 -2.628
Clerical, rural, informal -1.763 0.114 -2.124 -1.402 -2.274 -1.253
Clerical, urban, informal -1.786 0.112 -2.139 -1.433 -2.285 -1.287
Professional, rural, formal -3.183 0.134 -3.606 -2.761 -3.781 -2.586
Professional, urban, formal -3.561  0.115 -3.915 -3.188 -4.065 -3.037
Professional, rural, informal -2.198 0.184 -2.780 -1.616 -3.021 -1.375
Professional, urban, informal -2.070 .0.114 -2.431 -1,708 -2.581 -1.558
Average price of capital -4.447 0.082 -4.705 -4.189 -4.813 -4.082
,gvemge price of land 0.919 0.116 0.553 1.284 0.401 1.436
utput
Coal -2.933 0.454 -4.370 -1.496 -4.965 -0.901
Natural gas -0.687 0.139 -1.128 -0.247 -1.310 -0.064
Refinery -3.837  0.447 -5.252 -2.423 -5.838 -1.837
Electricity -1.436  0.090 -1.722 -1.151 -1.841 -1.032
Water and gas -2.238 0.066 -2.448 -2.028 -2.535 -1.941
Road transportation -0.663 0.077 -0.906 -0.419 -1.007 -0.318
POther transportation -1.430 0.172 -1.974 -0.885 -2.200 -0.659
rices
Coal 131.877 1.574 126.901 136.853 124.840 138.914
Natural gas 26.561 1.542 21.684 31.439 19.663 33.459
Gasoline 24.626 0.294 23.696 25.555 23.311 25.940
Diesel (Automotive) 45.251  0.828 42.634 47.868 41.550 48.952
Diesel (Industries) 43.442 0.786 40.957 45.927 39.928 46.956
Kerosene 29.305 0.534 27.615 30.995 26.915 31.695
LPG 25.714  1.293 21.626 29.802 19.932 31.495
Other fuels 21.389 0.696 19.187 23.591 18.275 24.503
Electricity 16.953 0.852 14.260 19.646 13.144 20.761
Water and gas 12.379  0.295 11.445 13.312 11.058 13.699
Road transportation 1.763 0.060 1.572 1.953 1.493 2.032
Other transportation 2.349 0.072 2.121 2.578 2.027 2.672
Real consumption
Urban
Centile 1 0.135 0.031 0.036 0.234 -0.005 0.275
Centile 2 0.083 0.031 -0.014 0.180 -0.054 0.220
Centile 3 0.060 0.030 -0.034 0.154 -0.072 0.193
Centile 4 -0.306 0.031 -0.403 -0.209 -0.443 -0.168
Centile 5 -0.514 0.039 -0.636 -0.393 -0.687 -0.342
Centile 13 -0.296 0.029 -0.386 -0.205 -0.423 -0.168
Centile 95 -0.247 0.028 -0.335 -0.159 -0.372 -0.123
Centile 96 -0.407 0.024 -0.482 -0.333 -0.513 -0.302
Centile 97 -0.223 0.026 -0.305 -0.141 -0.339 -0.107
Centile 98 -0.569 0.022 -0.640 -0.499 -0.669 -0.470
Centile 99 -0.509  0.020 -0.571 -0.447 -0.597 -0.421
Centile 100 -0.343 0.026 -0.424 -0.262 -0.458 -0.229
Rural
Centile 1 1.657 0.070 1.434 1.880 1.342 1.972
Centile 2 1.546  0.068 1.331 1.760 1.242 1.849
Centile 3 1.625 0.077 1.381 1.869 1.280 1.970
Centile 4 1.711  0.063 1.511 1.911 1.428 1.994
Centile 5 1.453 0.063 1.254 1.652 1.171 " 1.735
Centile 20 1.157 0.058 0.974 1.339 0.899 1.415
Centile 95 0.002 - 0.040 -0.124 0.127 -0.176 0.179
Centile 96 -0.228 0.038 -0.347 -0.108 -0.396 -0.059
Centile 97 -0.251 0.035 -0.362 -0.139 -0.408 -0.093
Centile 98 -0.123  0.040 -0.250 0.004 -0.302 0.056
Centile 99 -0.049 0.049 -0.203 0.105 -0.267 0.169
Centile 100 -0.224 0.050 -0.383 -0.066 -0.448 0.000
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rameter variation. For example, it can be concluded with 95% confidence that the
real expenditure of the poorest 1% household in rural areas would rise at least by
1.342%, and that of the richest 1% of households will not be better-off (0% rise in
expenditure per capita). Therefore, a carbon tax tends to reduce inequality in rurai
areas.

The direction of the impact on poverty can also be looked at from the point of
view of what happens to the percentage change in real expenditure for households
closest to the poverty line. Because a 95% confidence interval for the real expenditure
of the 13th centile household is between -0.386% to -0.205%, it can be concluded
that poverty would fall in urban areas following introduction of a carbon tax with

95% confidence.

6.5 Concluding Remarks

The simulations suggest that in contrast to most studies for developed countries,
implementation of a carbon abatement policy via the introduction of a carbon tax
in Indonesia would not necessarily be regressive. Instead, it would be strongly pro-
gressive and robust to various alternative recycling-schemes in rural areas. It would
be either neutral or slightly progressive in urban areas. Its overall distributive effect
nation-wide would be progressive, as shown by the decline in inequality indicators.

A closer look at what may contribute to the favourable distributive effect of
a carbon tax reveals the progressivity is driven from both household income and
expenditure pattern. The resource reallocation in the economy following the intro-
duction of a carbon tax would be in favour of factors endowed more proportionally
by rural, and lower income households, as shown, for example, by contraction of
the energy intensive manufacturing sectors and expansion of the agriculture and
service sectors. The typical expenditure pattern in developing countries, which is
less-energy-sensitive, also helps drive progressivity of the result especially in rural
areas.

The results may have important global policy implications. Encouraging de-
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| veloping countries to reduce carbon emissions not only increases the efficiency of
carbon abatement globally, but may also have a favorable distributional implication
for the developing countries themselves, in contrast to a less preferable distributional
impact in developed countries. Whereas a global ‘efficiency gain’ from shifting the
location of carbon abatement from industrialised to developing countries has been
widely acknowledged, this study introduces the addition notion of a ‘global equity

gain’.
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Chapter 7

Case Study II: Energy Pricing
Reform |

7.1 Background

In NEF (2004), it was suggested that the global fuel subsidy could amount to be-
tween 250 and 300 billion dollars a year, which could comfortably pay off sub-
Saharan Africa’s entire debt burden and still leaves billions of dollars to spare. The
fuel subsidy creates a distortion by disregarding the economic value of fuel, cre-
ating excess consumption and discouraging energy substitution. The fuel subsidy
has been a constraint on the agenda to switch the future direction of the country’s
energy mix following Indonesia being a net oil importer since 2004.

The fossil fuel subsidy is also regarded as a major cause of environmental prob-
lems, not only from the pollution created by excessive fossil fuel combustion by
industry and vehicles, but also due to excessive traffic and the inconvenience it
causes. The fuel subsidy also discourages the development of a more traffic-free
public transport infrastructure. In most big Indonesia cities, this is already a major
public concern.

In addition to the above efficiency-related problem, the fuel subsidy is often
regarded as inequitable. Vehicle owners benefit greatly from the subsidy, and fuel
price reform has been widely advocated as a means of promoting efficiency as well
as equity.

However, in the Indonesian context, the biggest concern is the fiscal burden
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Table 7.1: Fuel Subsidy, Government Budget, and Oil Price, 1999 - 2006

1999 2000 2001 2002 2003 2004 2005 2006

Fuel Subsidy (Rp Trillion) 409 53.8 684 312 300 59.2 892 627
Government Spending (Rp Trillion) 201.9 188.4 260.5 322.2 376.5 430.0 411.6 470.2
Percent 20.26 28.56 26.25 9.68 7.97 13.77 21.67 13.34

World crude oil price (§/barrel) 1712 2707 22.72 23.47 271 34.62 49.86 60.32

Source: Ministry of Finance, and U.S. IEA

Qf the subsidy. For example, in the year 2000 the fuel subsidy amounted to 53.8
trillion rupiah, or almost a third of total central government spending (see Table
7.1). Since the government always has a political constraint with regard to reducing
this subsidy, spending has been heavily constrained by the fluctuation in the world
oil price.

When the world oil price started to rise rapidly from 2004 onward, the gov-
ernment saw no option but to reform its fuel pricing policy radically. In October
- 2005, the government made a big adjustment in fuel prices following a rapid rise
in the world crude oil price. So, in the end, it was international market and not
the efficiency argument campaigns from energy-pricing reformists that urged the
government to implement the reform.

Over the fast few years, reduction of the fuel subsidy has been one of the In-
donesian government’s main agendas. It has made a gradual reform in fuel pricing
policy through adjustments in fuel prices since the year 1999 (see Box 1 and Figure
7.1). |

However, strong opposition from the people and parliament has slowed the re-
form. Most arguments against the reform were based on the concern that an increase
in fuel prices would translate into an increase in other prices, and that would reduce
purchasing power, and exacerbate poverty. The fear was that the rise in fuel prices
would create a chain reaction, affecting other costs like transportation and other

important commodities, thereby hurting the economy, and the most vulnerable.
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s

Box 1. Timeline of Indonesian Fuel Pricing Policy

1 January 1999

Before 1999, all fuel prices were heavily subsidised. Since January 1999, the government of In-
donesia (GOI) has allowed the aviation fuel price to follow the market mechanism. At that time
the price of Avtur was Rp. 1,700 and the price of Avgas was Rp. 1,080.

1 April 2001 . .

Fuel prices were set according to three categories: (a) fuels consumed by the general public were
subsidised; (b) fuels for industry were sét at 50% of the market price (mean of Platts Singapore of
the previous month plus 5 percent), and would be increased gradually; (3) fuels for international
business activities were 100% of the market price.

16 June 2001
Another adjustment with a statement that fuel prices for industry could be increased or decreased
depending on international prices.

6 January 2002

The gasoline price was adjusted to accord fully (100%) with the international price; the kerosene
price for the general public was increased to Rp. 600. Other fuel (for industry) prices were set at
75% of the market price. the GOI also sets a price ceiling system (maximum and minimum retail
price) depending on international crude oil prices

1 March 2002

The GOI delegated monthly retail prices to PERTAMINA (state-owned oil company). At PER-
TAMINA'’s discretion, fuel prices may fluctuate according to average market prices. Fuel prices
(except kerosene) started to fluctuate relatively more often during 2002 (see figure 7.1). Adjust-
ment to fuel prices was made in April, May, June, July, August, September, October, November,
ahd December 2002. -

1 January 2003

The price of kerosene was increased from Rp. 600 to Rp. 700. The usual adjustment in other fuel
prices was made. Adjustment in the price of fuels (except kerosene) was made almost every month
after that. The GOI increased the diesel price by 21.9% but then reduced it again by 6.5% due to
public protest. Figure 7.1 shows a rare case where the diesel price fell in February 2003.

1 October 2005

The GOI released Presidential Decree (Perpres) no. 55/2005 declaring a massive increase in the
price of gasoline from Rp. 2400 to 4500 (87.5%), in diesel from Rp. 2100 to Rp. 4300 (104.7%)
and in kerosene from Rp. 700 to Rp 2000 (185.7%).

The reform package was announced on 1 October, 2005, increasing retail fuel
prices for gasoline, kerosene, and diesel. The price of gasoline was increased by
87.5%, diesel by 104.7% and surprisingly kerosene by 185.7%. The huge increase in
the kerosene price stirred doubt among many economists - who initially regarded
subsidy reduction was equitable - over the distributional direction of this reform!

because kerosene is the primary energy source for urban poor.

7.2 Previous Studies

The World Bank (2006) is the only available study that assesses the distributional

impact of the October 2005 Package. Other studies do exist that analyse the impact

! Among others are Azis (2006), Oktaviani et al. (2005), and many other commentators in the
media.
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October 2005
Package
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Figure 7.1: Price of gasoline, diesel, and kerosene, 1999 - 2006

of fuel subsidy reduction or fuel price rise for Indonesia although they do not ex-
plicitly analyse the October 2005 reform. These are Clements et al. (2003), Sugema
et al. (2005), and Ikhsan et al. (2005) published before the October 2005 package
was implemented.

The method used by the World Bank (2006) is a simulation using SUSENAS
2004 hoﬁsehold survey data. It looks at the impact of the increase in various fuel
brices on household expenditure, assuming no mitigating substitution effects. The
total impact is disaggregated into the impact of the fuel price increase on the price
of public transport (assuming 25 percent pass-through of the diesel price); and the
general impact of residual inflation on the rest of the consumption bundle. The
overall incremental inflation (due to the fuel price increase)h assumption is based on
a time-series analysis of the overall elasticity of inflation to the fuel price increase
(0.06 percent for 10 percent increase in fuel prices). The residual (non-fuel and
non-transport) incremental inflation rate is computed at about 1.9 percent for the
October fuel price increases.

The result suggests that, in the absence of any compensatory measures, the

October 2005 package would have led to a 5.6 percentage point increase in poverty
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incidence. Compensation in the form of an unconditional cash transfer to poor and
near-poor households would, on average, more than offset the negative impact of
the fuel price increase. Hence, the impact of the combined effects of the fuél price
increase and the compensation point to an overall net positive income gain for the
poorest 20 percent of the population. With even greater mistargeting of this random
cash benefit to the bottom 60%, the World Bank (2006) concludes that the reform
still leads to a positive net impact on the bottom 40%.

However, it is not clear from this study, how household behaviour ? is modelled.
Although the transmission mechanism from the increase in fuel prices on inflation
seems to be based on historical data, other price transmissions, such as the increase
in transport price from the increase in the diesel price seems to be ad-hoc. The
simulation does not take into account fhe economy-wide effect of the fuel price rises
on the supply side, and its likely impact on households’ factor income. It seems that
household income is assumed to be fixed, only changed by cash compensation.

Another study by Ikhsan et al. (2005) analyses the distributional impact of the
March 2005 fuel price adjustment that increased the price of kerosene to industry by
22.22%; gasoline by 32.60%; diesel for transportation by 27.27%; diesel for industry
by 33.33; and diesel oil and fuel oil by 39.39%. Because the price of kerosene
for domestic household use was not increased, the urban poor’s consumption of
kerosene was not directly affected by this reform. Tﬁerefore, the impact on poverty
or inequality would be minimal.

The method used by Ikhsan et al. (2005) is a combination of a Computable Gen-
eral Equilibrium (CGE) model (INDOCEEM?) and a simulation using household
survey data making it more or less similar to the method used by the World Bank
(2006). However, the price changes are taken from the CGE model simulation. In
the literature, this approach is in a class of top-down micro-simulation approach.
In this class of approach, a CGE model and a micro-simulation model are not inte-

grated. The CGE model is first solved, and its price results are transferred to the

2The description of the methodology is not explained in detail but only briefly in the footnote.
3The INDOCEEM model is an Indonesian CGE model based on ORANI-G developed initially
by Monash University and the Indonesian Ministry of Energy.
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" micro-simulation model. The household survey data used was the SUSENAS 2002
consumption module.

The policy examined by Ikhsan et al. (2005) is the March 2005 fuel price ad-
justment with various compensation schemes in the form of subsidies to rice and
education spending by the poor with various assumptions about effectiveness. The
fuel price increase was simulated in the INDOCEEM model, and that produced in-
creases in the price of all other commodities. For example, the simulation suggests
an increase in the Consumer Price Index (CPI) of 0.97%. The price increases were
'then transferred to the SUSENAS micro-simulation model. The result suggests and
by 0.24% without compensation, whereas poverty falls by 2.6% with compensation
that is 100% effective, and by 1.89% with compensation thaf is 75% effective (Ikhsan
et al., 2005, table9). The policies simulated reduce inequality slightly.

The advantage of the method used by Ikhsan et al. (2005) is the use of a CGE
model where different various fuel commodities are distinguished allowing for dif-
ferent shocks to different type of fuels®. However, the methodological caveat of this
approach is that there is only one single representative household in the CGE model.
Therefore, in order to see the distributional impact, it has to rely on other methods.

When the price changes are transferred from the macro (CGE) model to the
SUSENAS-based micro-simulation model, they become exogenous. In reality,“ the
structure of demand of various households determines new equilibrium prices. Con-
versely, using a top-down approach, the price changes used in the micro-simulation
are only determined in a single household CGE model. In addition, there is no
connection with the factor market in the micro-simulation, hence households factor
income will not affected by the policy shock because there is no direct link between
the supply side and household income.

In another study, Clements et al. (2003) use a CGE model based on data from

a Social Accounting Matrix with multi households, hence household heterogeneity

4Not many CGE models can do this because even with 175 sectors I-O table, the petroleum
product sector is not disaggregated. INDOCEEM used a specially designed I-O table built with
the help of the Indonesian Statistics office (BPS).
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is integrated® directly into the CGE model. Clements et al. (2003) examine the
scenario of increasing the price of petroleum products by 25%. However, the model
has only one type of aggregated fuel commodity. This limits the distributional
analysis because to be relevant, at least kerosene (an important fuel for poor house-
holds) should be distinguished. Another disadvantage of the model is it only has 10
categories of household grouped by socioeconomic classes and not by income size.
Therefore, direct progressivity or regressivity as well as poverty incidence cannot be
assessed easily.

The Clements et al. (2003) study suggests aggregate real household consumption
falls from 2.1% fo 2.7% following a 25% increase in the price of petroleum products.
Urban and high income households suffer the most, indicating the progressivity of
the reform. However, it should be noted the high income category indicated in the
SAM is not necessarily the highest income size, but is based on the socioeconomic
characteristics of mainly household type of occupation. Clements et al. (2003) ar-
gue that high income household groups suffer more because they are endowed with
relatively more capital and the sectors where production declines most are capital
intensive. Higher-income groups also consume more petroleum products and utili-
ties. The study also reports an increase in poverty incidence. However, the poverty
incidence is calculated by assuming a certain value of elasticity‘of poverty to mean
consumption.

Another study is conducted by Sugema et al. (2005) which analyse the impact of
the March 2005 fuel prices rise. In this study, the poverty impact analysis is carried
out using a SUSENAS-based micro-simulation, and the macro-impact is analysed
using an ORANI-based CGE model. The analyses are conducted separately, and
neither are integrated nor top-down.

The CGE model used in Sugema et al. (2005) has 10 household groups, as
classified in the Indonesian Social Accounting Matrix (SAM). The model is used
to simulate a 29% average increase in the petroleum price. Because there is only

one aggregated petroleum product in this model, the price increase does not re-

5 As opposed to a top-down approach as in Ikhsan et al. (2005)
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ally represent the March 2005 price adjustment as kerosene price did not rise in
this package, so that the impact on households will be over-estimated. The result
suggests household petroleum product consumption falls from 17.51% to 22.86%.
Aggregate household real consumption falls by 0.99% (without compensation), and
by 0.91% (with compensation). |

The more detailed distributional story in Sugema et al. (2005) is analysed using
SUSENAS 2004 data. The increase in the fuel prices in March 2005 is assumed
to lead to inflation of 12.5%. Various assumptions on the effectiveness of compen-
sation are based on the examination of similar compensation schemes conducted
previously. The result suggests poverty would rise by 1.95%. This poverty impact
seems relatively high considering the petroleum price only rises by 29%. The reason
could be due to the assumed high elasticity of inflation with respect to the fuel
price rise, which is 0.43, as well as high elasticity of the poverty line with respect to
inflation (of 1.3). By comparison, the World Bank (2006) only assumes 0.06 percent

inflation for every 10 percent increase in fuel prices based on historical data.

7.3 Scenario and simulation strategy

In this case study, the CGE model described in Chapter 5, will be used to simu-
late the economy-wide and distributional impact of the October 2005 package. It
attempts to answer in greater detail whether the reform is progressive or regressive,
as well as its likely impact on poverty incidence. It also evaluates various scenar-
ios of reform each with a different types of compensation schemes with the aim of
providing better alternative scenarios for further future reform. This is relevant
because, even after the last ‘shocking’ fuel price increase in October 2005, the price
of gasoline and kerosene were still only 70% and 31% respectively of the market
price. The government plans to remove this subsidy totally in the next one to two
years. Therefore, this is still an important policy that will remain in the near future,
especially because kerosene is consumed proportionally more by the urban poor.

Table 7.2 summarises the scenarios to be simulated. All of these scenarios are
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Table 7.2: Simulation Scenarios: Energy Price Reform

Scenario Note

SIM 1. NO-KER October 2005 Package without increasing kerosene price
(Gasoline 87.5%, Diesel 104.7%)

SIM 2. ALL FUELS October 2005 Package
(Gasoline 87.5%, Diesel 104.7%, Kerosene 185.7%)

SIM 3. 100% UT October 2005 Package with unconditional cash transfers
to targeted household of Rp. 1.2 million
with 100% effectiveness.

SIM 4. 75% UT October 2005 Package with unconditional cash transfers
to targeted household of Rp. 1.2 million
with 75% effectiveness.

SIM 5. 100% UTUR October 2005 Package with unconditional cash transfers
to targeted household with higher amount to urban
household and lower amount to rural household
(100% effectiveness)

SIM 6. SUB ONLY  Transfers as subsidy on education and health

SIM 7. SUB October 2005 Package with subsidy
on education and health

related to the October 2005 package of fuel pricing reform, i.e., increasing the price
of gasoline by 87.5%, diesel by 104.7%, and kerosene by 185.7%. The initial database
is modified to mimic the fuel price system of the year 2005 before implementation
of the reform, in the sense that the rate of fuel subsidy represents the situation in
2005 where the market (or international) price of fuel products was relatively high
due to the rapid increase in the crude oil price.

There are two ways to conduct the simulations. The first is by reducing the
rate of subsidy on fuels and let their price be determined endogenously by the
model. However, this would not exactly mimic implementation of the reform in
reality because fuel prices are administered or determined in Indonesia. Once new
fuel prices are announced they stay the same until another adjustment and can be
regarded as exogenous in this sense. In addition, it is difficult to determine how
much the subsidy rate should be reduced to mimic the October 2005 package. The
second approach is then used, in which the price of fuels is set exogenously and the
subsidy rate is set to be determined endogenously in the model. In this way, the
simulation can exactly represent the rate of the price increase as announced by the

government on the 1% of October 2005.
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The objective of Simulation 1 (SIM 1 NO-KEROSENE) is to see the economy
wide impact of the October 2005 package and more importantly, its distributional
direction had the kerosene price increase not been part of the reform. Many In-
donesian economists believe a fuel price subsidy benefits the rich more, hence its
removal or reduction will hurt them more than the poor, and would therefore be
considered progressive. This expectation is usually based on anecdotal evidence of
vehicle ownership where vehicle fuels are an important part of the expenditure of
the rich. However, because kerosene is an important part of the consumption of the
poor in urban areas, it may be incorrect too generalise that a subsidy on all types of
fuels is regressive. In this scenario, the price of gasoline and diesel will be increased,
but kerosene will be excluded. Compensation is also excluded to examine the initial
distributional direction of the impact of the subsidy reduction policy:.

In Simulation 2 (SIM 2 ALL FUELS), the October 2005 reform package, i.e.,
increasing the price of gasoline, diesel, and kerosene, is implemented without com-
pensation to see the likely distributional impact if a major reform were to be imple-
menfed without compensation.

Simulation 3 (SIM 3 100% UT) is exactly what was implemented by the gov-
ernment. It is an increase in the price of gasoline, diesel, and kerosene, plus un-
conditional cash transfers to targeted households. Being unconditional means the
transfers are lump-sum and recipient households have discretion over its use.

In all the simulations, initial or ex-ante poverty incidence is based on the official
SUSENAS-based poverty incidence in 2005°. However, it transpired that the target
of the compensation was not only those below the official poverty line, but also
those known as near poor. The number of targeted households was greater than the
number of the ‘officially’ poor.

Initially, the program targeted 15.5 million poor and near-poor households (around

28 percent of the national population and in excess of the poverty rate of 16 per-

SPoverty line is calculated based on this official poverty incidence. This poverty line then will be
used to calculate ex-post poverty incidence from ex-post distribution of real expenditure per capita.
The calculation of poverty incidence is all in real term based on the change in real expenditure per
capita. Real poverty line, then is a constant.
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cent) (ESMAP, 2006). However, the recipients list was later inflated to 19.2 million
households (BPS, 2006) and far outnumber the poor as defined by the SUSENAS
poverty line. The calculation suggests the I;umber of recipient households is almost
twice the poverty incidence in urban and rural areas. Based on this calculation,
cash transfers in the simulation will be given to the lowest 24% of the population
in urban areas, and the lowest 42% in rural areas (twice the percentage of the poor
in the respected population). With this assumption, the total amount transferred
is Rp. 18.3 trillion rupiah’. The World Bank (2006) considered this scheme to be
the world’s largest ever cash transfer program. Rp 300,000 per household and was
disbursed every three months, totalling Rp 1.2 million in one year.

In Simulation 3, it is assumed that the compensation scheme is 100% éffective,
although this is clearly too idealistic. There are many possible sources for the in-
effectiveness of the compensation. The ex-ante targeting may be imperfect, in the
sense that some entitled households were not included while some households not
entitled were targeted. This source of ineffectiveness was mainly due to statistical
recording errors. Another source of ineffectiveness is the possibility that compen-
sation did not fully reach the targeted households (although the cash has already
been disbursed). This may happen due to ineffective administration or bureaucracy
in the disbursement process, as well as to corruption.

However, there is not yet any consensus on the degree of effectiveness of the
compensation scheme. An estimate of the degree of effectiveness of the scheme
- may be indicated by a study conducted by SMERU (2006). The study compares
4the number of recipient households with the number of poor households across
regions and examines their correlation. This was possible because the study uses
a type of poverty mapping that enables observation in geographical detail. The
exercise suggests a coefficient of correlation of 0.65 to 0.72. Based on this, another
simulation, Simulation 4 (SIM 4. 75% UT), is conducted, assuming the effectiveness

of compensation is 75 percent. In this simulation, the amount of cash given to every

" At the 2003 price level, since the model database is using SAM 2003. For comparison with the
actual amount of transfers, it is calculated that with 19.2 million households as beneficiaries, the
actual amount at the 2005 price level will be around Rp 23 trillion rupiah,
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(

centile group of targeted households is reduced by 25%8.

Another issue that seems to be missing in the public discussion with regard to
the effectiveness of the compensation scheme is the rather simplistic approach of
giving the same amount of money to all households across Indonesia. Indonesia is
a large country, and its geographic nature comprising an archipelago of thousands
of islands is one of the reasons why price level, for example, vary greatly across
regions. Even though setting and planning different amounts of transfers to different
regions may seems to not be a simple task, some distinction between urban and
rural households could have made more sense. Simply by using information from
the most recent household survey, it is easy to see that urban households will be
hurt more than rural households by any jump in the kerosene price simply because
poor rural households consume much less kerosene. Therefore, giving more money
to urban poor and less to rural poor be regarded as a sensible option. Simulation 5
(SIM 5 100% UTUR) attempts to simulate a slight modification in the scheme by
giving different amounts of transfers to urban and rural households recognising the
possibility that urban households would be affected more by the reform.

In this simulation (SIM 5), the same amounts of total budget is allocated but
urban households receive a higher amounts of transfer than rural households. The
amount of money transferred to urban households is increased by 70 percent and the
transfers to rural households are reduced by 30 percent. This figure is ad-hoc, with
the constraint that the total aggregate amount of the compensation is the same, and
the results would not increase poverty in rural areas. As this simulation assumes
100 percent effectiveness, it is comparable to SIM 3.

The compensation scheme being an unconditional lump-sum cash transfer invites
much criticism. Giving a cash lump-sum to poor households with total discretion as
to its spending left up to them can be seen to be a less wise way of helping the poor
compared to giving them education, for example. However, critics may be missing

the point that this transfer is by nature a compensation. The idea is to mitigate

8This can be interpreted as mistargeting households within each centile group or it may also be
interpreted as the amount of cash being received by the targeted households diminishes by 25%.
In practice, both cases could happen.
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the adverse distributional effect of fiscal and efficiency-motivated reform.

SIM 6 (SUB ONLY) and SIM 7 (SUB) are implemented to account for the
idea of subsidising human capital investment as a compensation for fuel pricing
reform. Had the compensation scheme built in this kind of subsidy, what would its
distributional impact have been? To explore this issue, Simulation 6 (SIM 6 SUB
ONLY) first introduces a subsidy to targeted households for spending on health
and education unrelated to fuel pricing reform. The purpose is to discover the
distributional direction of this sort of compensation scheme. In Simulation 7 (SIM
7 SUB), the subsidy is éombined and built into the fuel pricing reform of the October
2005 package. For comparison purposes, the subsidy rate for targeted households is
increased (in similar proportions between education and health) so that the budget

allocated is equivalent to the unconditional cash transfers.

7.4 Results and discussion

7.4.1 Macroeconomic and industry results

Table 7.3 shows the impact of various different scenarios on selected macroeconomic
variables and industry output. The increase in the price of gasoline by 87.5%,
diesel by 104.7%, and kerosene by 185.7% reduces real GDP by around 2.7% for
Simulations 2, 3, 4, and 5°. Employment falls by around 5.5 percent and aggregate
real household consumption, which can be interpreted as an index of aggregate
welfare, falls by around 4 percent under the same scenarios. The decline in real
GDP and aggregate consumption for Simulation 1 is much smaller because it does
not include an increase in the price of kerosene. In Simulation 7, the smallér decline
in real GDP and aggregate consumption can be explained by the increasing demand
for factors employed in the health and education sectors due to the subsidisation of
these sectors.

In all simulations, except for Simulation 6, industry output falls as a result of

the increase in the price of petroleum products. The increase in fuel prices lowers

9Compared to base line, without the reform.
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fuel demand resulting in an immediate reduction in the output of the refinery indus-
try. The final (new equilibrium) reduction in the output of petroleum refineries is
around 8 percent in Simulations 2,3,4, and 5. Other industries which experience big
contractions are those closely related to the petroleum refinery sector. For exam-
‘ple, in Simulation 2, these are road transportation (—4.87%), other transportation
(—6.62%), utility sectors (electricity by —3%, and water and gas by —4.15%), and
some manufacturing industry (automotive by —4.4% and rubber and products by
—4.91%). After simulating an increase in the price of petroleum products, Clements
et al. (2003) report that industries which experience a large contractions are similar -

type of industries to those just mentioned.

7.4.2 Distributional results

One of the advantages of the CGE model with households disaggregated by centile
of expenditure per capita, is direct calculation of the inequality indicator such as
(but not limited to) the Gini coefficient!?. Therefore, an objective answer to the
question of whether a policy shock is progressive or regressive is readily available.
When the policy simulation increases the Gini coefficient, the policy can be judged
regressive. If it reduces the Gini coefficient, it can be regarded as progressive. In
addition, as shown in Chapter 5, the model also allows direct calculation of poverty
incidence, in urban areas, rural areas, and all of Indonesia.

The following discussion focuses on the distributional results, i.e., with concen-
tration on inequality and poverty incidence, for all the simulated scenarios. Table
7.4 summarises the distributional results of the simulations.

Figures 7.2 to 7.8 illustrate the impact of each scenario on household real expen-
diture, income, and household specific consumer price index (CPI) for urban and
rural households as well as across centiles. In the same figures, Gini coefficients in-
cluding the Lorenz curve for urban, rural, and nation-wide are reported. How each
scenario affects real expenditure of each household group can be indicated from these

figures. The percentage change in real expenditure is used to calculate inequality

10Gee detailed discussion in Chapter 5.
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Table 7.3: Simulated Macroeconomic and Industry Results: Energy Price Reform

Scenario
1 2 3 4 5 6 7
Macroeconomic :
Gross Domestic Product (real) -1.72 -2.67 -2.68 -2.68 -2.67 0.24 -2.42
Household expenditure -2.61 -4.03 -4.03 -4.03 -4.02 036 -3.65
Export -1.72 -240 -246 -2.44 -245 037 -2.07
Import -2.38 -3.32 -340 -3.38 -3.39 051 -2.86
Employment - -3.32 -552 -553 -5.583 -5.52 1.57 -4.19
Industry output
Paddy -0.57 -1.22 -0.88 -0.96 -0.97 024 -097
Other food crops -1.04 -2.06 -1.81 -1.87 -1.85 022 -1.81
Estate crops -1.57 -2.81 -2.71 -2.74 -2.72 043 -2.39
Livestock -1.67 -3.13 -291 -297 -294 030 -2.81
Wood and forests -096 -1.71 -169 -169 -1.70 031 -1.40
Fish ' -1.08 -191 -1.76 -1.80 -1.80 0.11 -1.76
Coal -0.06 -0.12 -0.12 -0.12 -0.12 0.02 -0.10
Crude oil -0.14 -0.16 -0.17° -0.16 -0.17 0.01 -0.15
Natural gas -0.19 -0.21 -0.21 -0.21 -0.21 0.01 -0.19
Other mining -0.52 -0.75 -0.76 -0.76 -0.76 0.11 -0.64
Rice -052 -1.14 -0.79 -0.87 -0.89 0.23 -0.91
Other food (manufactured) -191 -3.37 -3.13 -3.19 -3.16 027 -3.07
Clothing -2.14 -3.71 -3.67 -3.68 -3.68 0.51 -3.23
Wood products -1.10 -1.98 -2.10 -2.07 -2.11 0.23 -1.74
Pulp and paper -2.32 -3.57 -3.63 -3.61 -3.59 187 -2.02
Chemical product -2.79 -4.08 -4.02 -4.04 -4.03 061 -3.53
Petroleum refinery -4.57 -793 -7.95 -7.94 -795 0.10 -7.85
LNG -083 -0.79 -0.79 -0.79 -0.79 0.02 -0.77
Rubber and products -3.34 -491 -509 -505 -5.08 0.63 -4.35
Plastic and products -1.97 -3.16 -3.18 -3.18 -3.21 0.38 -2.80
Nonferrous metal -1.09 -163 -1.61 -1.61 -1.62 0.33 -1.34
Other metal -1.53 -219 -2.22 -221 -223 0.39 -1.85
Machineries -3.16 -4.79 -4.95 -491 -4.97 0.60 -4.27
Automotive industries -3.10 -442 -5.02 -487 -5.01 044 -4.03
Other manufacturing -2.36 -387 -3.70 -3.74 -3.73 0.64 -3.28
Electricity -1.98 -299 -291 -293 -2.86 041 -2.60
Water and gas -298 -4.15 -449 -440 -435 039 -3.78
Construction -0.15 -0.22 -0.22 -0.22 -0.22 026 -0.01
Trade -1.95 -3.29 -3.17 -320 -3.14 052 -2.81
Hotel and restaurants -213 -3.78 -3.81 -380 -3.73° 0.50 -3.30
Road transportation -3.53 -4.87 -491 -490 -486 0.62 -4.32
Other transportation -56.18 -6.62 -6.70 -6.68 -6.66 0.74 -597
Banking and finance -1.63 -2.72 -2.90 -2.8 -2.85 0.37. -2.38
General government ~-0.08 -0.12 -0.13 -0.13 -0.13 0.01 -0.11
Education -1.58 -2.52 -2.52 -2.52 -240 1231 7.29
Health -1.50 -2.56 -2.51 -2.52 -2.52 13.63 8.69
Entertainment -2.26 -3.86 -4.22 -4.13 -4.19 0.64 -3.29
Other services -2.36 -3.65 -4.05 -3.95 -4.00 0.29 -3.36

154



CHAPTER 7. CASE STUDY II: ENERGY PRICING REFORM

and poverty incidence after each shock (ex-post). In addition, the household income
and household specific CPI changes indicate how the 'expenditure and factor income
patterns of each household contribute to the distributional results.

In an economy-wide framework, both expenditure and income patterns con-
tribute to the distributional story. They are integrated and taken into account
simultaneously in the model. Household specific CPI is a consumption-weighted
average of the price increase of every commodity consumed by the respective house-
hold. It reflects the contribution of its household expenditure pattern and behaviour.
On the other hand, the change in household income reflects the changes in all sources
of household income, comprising income from labour by skill types, capital, land,

and transfers (such as from compensation).
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Figure 7.9: Simulated Poverty Impact of Energy Price Reform (SIM 2)

SIM 1: Increasing the price of fuels (except kerosene) without compen-

sation

Before the implementation of the fuel price reform in October 2005, the fuel subsidy
was regarded as both inefficient and inequitable. Because the rich are regarded
as the biggest consumers of fuel, especially vehicle fuels, it has been a long-held
view that reducing the fuel subsidy would hurt them more, and would therefore
be progressive. To some extent Simulation 1 (SIM 1 NO-KEROSENE) supports
this view. The fuel subsidy on gasoline and diesel has been inequitable, so that
cutting the subsidy on these vehicle fuels would be a progressive reform. In this
simulation, the October 2005 package without compensation is simulated but only
for non-kerosene commodities.

Looking at the result from SIM 1, where the increase in the fuel prices excludes
kerosene, as suggested from Figure 7.2, the declining pattern of the fall in real ex-
penditure over centiles suggests the progressivity of the scenario. This happens in

both urban and rural areas. As a result, inequality drops in both areas, as well as
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Figure 7.10: Simulated Poverty Impact of Energy Price Reform (SIM 3)
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Figure 7.11: Simulated Poverty Impact of Energy Price Reform (SIM 4)
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Figure 7.12: Simulated Poverty Impact of Energy Price Reform (SIM 5)

nation-wide, as indicated by the falling Gini coefficients. This progressivity is driven
~ both by household consumption (by the pattern of the change in household CPI) and
income pattern (by the pattern of the bchange in household income). Richer house-
holdé tend to experience a greater increase in consumer price, reflecting their higher
dependence on non-kerosene vehicle fuel consumption. The fall in their income is
also higher compared to poorer households, reflecting the adjustment in the factor
market which does not favour the factor endowment of high income households.
However, the urban poor is the bigger consumer of kerosene and the actual reform
package implemented in October 2005 increased its price much more than other
fuels. The kerosene administered price was drastically increased (185.7 percent),
much more than the increase in other fuel prices (87.5 percent for gasoline, and
104.7 percent for diesel). Simulation 2 attempts to examine whether the reform

being implemented this way can still be regarded as progressive.
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SIM 2: Increasing the price of all fuels (without compensation)

To find out the distributional impact of this package, the increase in the administered
price of fuels without compensation is simulated in SIM 2 (ALL FUELS). The
simulation produces a markedly different distributional story. In urban areas, feal
expenditure of the 20 percent poorest households declines within the magnitude of
about 5 to 7 percent, whereas the richest 20 percent households experience a decline
of only about 2 to 4 percent. The pattern of the fall in the real expenditure of urban
households clearly increases over centiles. As a result, inequality increases in urban
areas, as the Gini coefficient increases from 0.347 to 0.352 (see Figure 7.3).

In contrast, the distributional impact is slightly progressive in rural areas. Real
expenditure of the poorest 20% falls by around 3%, while the richest 20% falls by
around 4%. Overall, the impact reduces inequality. Nationwide (urban and rural
areas combined) the October 2005 package without compensation is neutral with a
negligible impact on the Gini coefficient. As Figure 7.3 suggests, the main driver
of the regressive result in urban areas is the dependence of urban lower income
households on kerosene consumption, as well as on other commodities related to
fuels such as spending on transportation. This is reflected by the increase in their
household specific CPI which is far higher than that of higher income households.

Figure 7.3, which illustrates the result of SIM 2, also shows the impact of the
fuel price increases through factor income. It suggests urban households, in general,
experience a lower fall in income compared to rural households. In addition, in both
urban and rural areas, richer households experience more adverse income shocks.
This clearly shows the‘ impact of fuel price rises through industry employment of
capital and labour are biased against urban and richer households. In rural areas,
this helps in shaping the progressivity of the reform. However, in urban areas,
because the impact through the consumption pattern is far more severe, the reform
cannot avoid being regressive.

The October 2005 package without compensation may have a significant impact
on poverty as well. As shown in Figure 7.9, poverty incidence increases by 2.63% in

urban areas and by 1.83 percent in rural areas. In all, poverty incidence, nation-wide,
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rises by 2.19 percent. Using the population data for 2005, Simulation 2 suggests that
without compensation the reform package could have driven around 5 million people
into poverty.

The analysis of the ‘what-if’ scenarios exercised in SIM 2 suggests that while
the reduction in fuel subsidy as part of the energy pricing reform has a strong basis
in term of economic efficiency, how it is implemented is important in relation to
the concern about distributional effects. Reducing the fuel subsidy per se, without
careful prior examination as to how the reform will affect the poor, may generate
an adverse distributional impact. This should be avoided because the reform should
be carried out with the least cost and that includes the distributional cost in terms

of its inequality and poverty implications.

SIM 3 and 4: Increasing the price of fuels with compensation

It could be that the distributional concern was the main reason why the actual
fuel pricing reform in the October 2005 package was combined with a compensation
scheme. The scheme chosen by the Indonesian government was a lump-sum cash
transfer to targeted households (households considered poor and near poor). Tar-
geted households were given an annual cash transfer of 1.2 million rupiah in four
installments. The government claimed the amount of the transfer was more than
adequate to compensate for the potential fall in welfare of the poor. Some studies,
such as Ikhsan et al. (2005) and the World Bank (2006) backed this claim. Sim-
ulation 3 (100% UT) is carried out to see the distributional impact of this reform
package. The simulation assumes 100 percent effectiveness of the cash transfers in
reaching the targeted households.

As shown in Figure 7.4, the claim that the cash transfer more than compensated
for the adverse welfare impact on the poor is only true in the case of the rural poor.
Although some of the poorest centiles of the urban poor gain positive (nominal)
income because of the transfer, when it is deflated with the increase in their specific
CPI, the net real expenditure effect is still negative. In urban areas, none of the tar-

geted households experience a positive welfare gain. The scheme over-compensates
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the rural poor and under-compensates the urban poor. However, the October 2005
package reduces inequality, especially in rural areas, by 0.019 point, and reduces the
overall Gini coefficient from 0.35 to 0.339. This decline in inequality is driven mainly
by the significant increase in the real expenditure of the rural poor; the less severe
fall in the real expenditure of the urban poor (due to the compensation) than the
urban non-poor, and the sharp decline in the real expenditure of the non-targeted
(non-poor or richer) households.

Figure 7.10 illustrates the poverty impact of Simulation 3 (100% UT). Due
mainly to under-compensation of the urban poor, the October 2005 package (with
compensation) still can not prevent urban poverty incidence from rising by 1.11
percentage points, despite the fall in the rural poverty incidence by almost 2.1 per-
centage points. However, the overall net nationwide impact is a slight decline of
0.65 percent. As the population is higher in rural areas, the decline in rural poverty
iﬁcidence helps prevent an overall increase in the nation-wide poverty incidence.

The poverty impact is even higher when the compensation scheme is 75% ef-
fective. Urban poverty incidence increases by 1.41% instead of 1.11% (with 100%
effectiveness) and the fall in rural poverty incidence is only 1.61% instead of 2.01%.
The fall in inequality is also lower compared to the case of 100% effectiveness (See

Table 7.4).

SIM 5: Increasing the price of fuels and giving more transfers to the

urban poor

Given the tendency for uniform cash transfers to over-compensate rural and under-
compensate urban households, the scheme is slightly modified in Simulation 5 (100%
UTUR) by giving more cash to urban and less to rural targeted households. The
result suggests this modification may prevent quite a significant number of urban
households from falling into poverty, by still leaving the poverty incidence in rural
- areas intact. In this simulation, the poverty incidence in urban area increases by
a negligible amount, in contrast to 1.11 percent if the amount of money is uniform

across urban and rural households. In rural areas, poverty incidence still falls by
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0.35 percent. The number of people in urban areas falling into poverty due to the
reform might have been reduced significantly had the compensation been modified in
this way. Uniform cash transfers could produce a much larger number of additional
poor, compared to this slightly modified compensation.

The purpose of the‘compensation scheme is to mitigate the poverty or distri-
butional impact of a reform. Naturally, it is not a structural poverty eradication
program. The objective of the scheme is ‘to compensate’ households for any adverse
impact from the reform. Therefore, even if the uniform compensation scheme could
potentially reduce poverty nation-wide due to the over-compensation in rural areas,
if this was at the cost of a huge increase in poverty in urban area, a slightly modi-
fied compensation scheme may still be preferable. In terms of policy effectiveness,
it might even have another advantage by minimising resistance to the reform due to

the fact that the urban poor are generally stronger politically than the rural poor.

SIM 6 and 7: Increasing the price of fuels and subsidising education and

health expenditure as compensation

Simulation 6 tries to reveal the likely distributional impact of a price subsidy given
to targeted households in the form of an education and health subsidy (more or
less using the same budget as the cash transfers). Simulation 6 is not related to
energy pricing reform or the increase in fuel prices, but only seeks the economy
wide impact of the price subsidy, including distributional consequences, with other
policies remaining unchanged. On the other hand, Simulation 7 combines SIM 6
with the increase in the price of fuels as implemented in October 2005. The result of
SIM 6 suggests a price subsidy for the spending of the poor on education and health
increases the output of education sectors by 12.31%, and the health sector by 13.63%
(see Table 7.3). Because the subsidy is given only to the lower income classes, the
simulation tends to be progressive, reducing the Gini coefficient in urban and rural
areas, as well as nationwide. However, from the point of view of the factor m‘arket,
the subsidy expands the output of certain sectors that favour the higher income

class. This happens because the education and health sectors employ factors such as
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skilled-labour which are owned by higher income households more intensively. The
percentage change in household income is greater for higher income groups both in
urban and rural areas. However, because the subsidy is given to the poorer part of
the population, the decline in their household specific CPI drives the distributional
impact to be more progressive.

When conditional transfers like these are used as a compensation scheme to-
gether with the October 2005 package, the story turns out to be rather different.
The results from Simulation 7 (SUB) suggest the inequality impact is neutral in
urban areas, progressive in rural areas and slightly progressive nationwide. Because
the expansion in the education and health sectors increases demand for more skilled-
labour and capital, for which higher income households have proportionally greater
endowments, it drives the regressive results through the income pattern. The pat-
tern on the fall in household income shows increasing trends toward higher income
groups (see Figure 7.8). In urban areas, the progressivity is weakened by the high
dependence of the urban poor on kerosene and other fuel-related consumption, such
as transportation.

More importantly, the fall in household purchasing power (as indicated by the
increase in household specific CPI) does not help compensate the poor. Both in
urban and rural areas, almost all households (including the poor) experience a fall
in real expenditure. As a result, poverty rises in urban areas by 0.9%. In contrast
to the cash transfers, a subsidy on education and health as compensation increases
poverty in rural areas by 0.35% and because most of the poor population is rural,
poverty incidence rises nationwide by 0.62%. A subsidy on health and education
may be good as an incentive for human capital investment, but may not necessarily
be effective as a means of short-run compensation to mitigate the adverse poverty
impact of a fuel pricing reform. It may be better suited for longer-term objectives,
especially if combined with policies to promote education spending by modifying
the expenditure pattern or demand behaviour toward education, especially for rural
households. However, this is a longer-term approach of a structural poverty allevia-

tion program, not an ad-hoc occasional compensation scheme to minimise the short
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term distributional cost of a particular reforms such as energy pricing.

7.5 Systematic Sensitivity Analysis

The systematic sensitivity analysis (SSA) is carried out for a representative simu-
lation, in this case SIM 3 (October 2005 package + uniform cash transfers). The
result is shown in Table 7.5, where the means, standard deviation, and confidence
interval for selected variables are reported.

Looking at the standard deviation and the confidence interval, the result of the
systematic sensitivity analysis reveals the percentage change in endogenous vari-
ables is fairly robust or insensitive to variations in the extraneous parameters. For
example, the confidence interval reveals the shock will reduce GDP by —3.15% to
—2.08% with a 95% confidence level, or there is at least a 95% probability that the
shock will reduce aggregate real consumption between —4.75% to —3.14%. In ad-
dition, the sensitivity analysis suggests employment is more sensitive to variations
in parameters compared to GDP. The range of the change in em.ployment is almost
twice the range in the change in GDP. |

The distributional results also seem robust to the sensitivity analysis. Looking
at the sensitivity analysis for the change in real expenditure per capita of households
below the poverty line, it suggests at least 95% chance that Simulation 3 (October
2005 package + uniform compensation) will increase poverty in urban areas and will

reduce poverty in rural areas.

7.6 Concluding Remarks

The Indonesian government implemented a massive fuel price increase in 2005.
While the benefit of the reform on efficiency grounds has been widely acknowledged,
whether the reform was equitable is still debated.

This question is answered in this case study using a Computable General Equi-

librium (CGE) model with disaggregated households that allows for a rich and
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Table 7.5: SSA of SIM 4: Energy Price Reform (50 percent Variation in All Para-
meters)

Con. Interval (90%) Con Interval (95%)

mean  s.d. lower upper lower upper
Macroeconomics
GDP -2.617 0.119 -2.995 -2.239 -3.151 -2.083
Aggregate consumption -3.944 0.180 -4.515 -3.374 -4.751 -3.138
CPI 3.929 0113 3.572 4.287 3.423 4.436
Employment -5.405 0.240 -6.164 -4.646 -6.478 -4.332
CO02 emission -7.096 0.427 -8.445 -5.747 -9.004 -5.189
Employment
Agriculture, rural, formal -2.878 0.182 -3.454 -2.302 -3.693 -2.063

Agriculture, urban, formal -3.603 0.191 -4.208 -2.997 -4.459 -2.747
Agriculture, rural, informal -2.614 0.174 -3.165 -2.062 -3.393 -1.834
Agriculture, urban, informal -2.690 0.181 -3.262 -2.118 -3.499 -1.881
Production, rural, formal -4.421 0.235 -5.164 -3.677 -5.472 -3.369
Production, urban, formal -8.184 0.338 -9.252 -7.117 -9.695 -6.674
Production, rural, informal -4.214 0247  -4.995 -3.434 -5.318 -3.110
Production, urban, informal -5.008 0.293 -5.935 -4.081 -6.319 -3.697

Clerical, rural, formal -4.232  0.232 -4.965 -3.499 -5.269 -3.196
Clerical, urban, formal -6.926 0.310 -7.907 -5.945 -8.313 -5.539
Clerical, rural, informal -5.094 0.255 -5.901 -4.288 -6.235 -3.954
Clerical, urban, informal -5.325 0.263 -6.157 -4.493 -6.501 -4.148

Professional, rural, formal -3.097 0.172 -3.643 -2.552 -3.868 -2.326
Professional, urban, formal -5.597 0.242 -6.361 -4.832 -6.677 -4.516
Professional, rural, informal  -4.898 0.270  -5.752 -4.045 -6.105 -3.692
Professional, urban, informal -5.674 0.310 -6.653 -4.694 -7.059 -4.289

Average price of capital -9.638 0.202 -10.276 -9.001 -10.540 -8.737
z&l)vemge price of land -9.892 0.688 -12.067 -7.717 -12.968 -6.816
utput
Coal -0.122  0.023 -0.194 -0.050 -0.224 -0.021
Natural gas -0.208 0.039 -0.332 -0.084 -0.383 -0.033
Refinery -7.867 0.618 -9.822 -5.912 -10.631 -5.102
Electricity -2.840 0.155 -3.331 -2.349 -3.535 -2.146
Water and gas -4.391 0.181 -4.963 -3.819 -5.200 -3.582
Road transportation -4.823 0.222 -5.525 -4.122 -5.816 . -3.831
Other transportation -6.597 0414 -7.908 -5.287 -8.451 -4.744
Real consumption
Urban )
Centile 1 1.025 0.212  0.353 1.697 0.075 1.976
Centile 2 0.667 0.214 -0.008 1.343 -0.288 1.623
Centile 3 -0.197 0.217  -0.884 0.489 -1.168 0.773
Centile 4 -1.668 0.219 -2.362 -0.975 -2.649 -0.687
Centile 5 -2.247 0219  -2.940 -1.555 -3.227 -1.268
Centile 13 -1.802 0.221 -2.500 -1.104 -2.789 -0.815
Centile 95 -3.711  0.227 -4.429 -2.994 -4.726 -2.697
Centile 96 -4.242  0.220 -4.938 -3.546 -5.226 -3.258
Centile 97 -3.825 0.231  -4.555 -3.095 -4.857 -2.792
Centile 98 -4.515 0.198 -5.140 -3.890 -5.399 -3.631
Centile 99 -4.444 0204 -5.090 -3.798 -5.357 -3.530
Cenltile 100 -4.225 0.189 -4.822 -3.628 -5.070 -3.381
Rura,
Centile 1 6.618 0.187 6.028 7.209 5.783 7.453
Centile 2 5918 0.171 5.378 6.458 5.155 6.681
Centile 3 5.5645 0.170  5.007 6.084 4.784 6.307
Centile 4 5.600 0.170 5.063 6.137 4.841 6.360
Centile 5 4830 0.161 4.319 5.341 4.108 5.552
Centile 20 2.763 0.159  2.261 3.265 2.053 3.473
Centile 95 -5.018 0.134 -5.441 -4.596 -5.616 -4.421
Centile 96 -56.604 0.141 -6.050 -5.157 -6.235 -4.972
Centile 97 -5.569 0.141 -6.016 -5.122 -6.201 -4.937
Centile 98 -4.950 0.128 -5.355 -4.544 -5.523 -4.377
Centile 99 -4.834 0.137 -5.268 -4.400 -5.447 -4.221
Centile 100 -4.650 0.140 -5.092 -4.207 -5.275 -4.024
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accurate distributional story. With this method, the analysis is carried out on the
recent energy pricing reform in Indonesia (October 2005 Package) using various
counter-factual scenarios.

The simulations suggest the reform could be progressive if only ‘vehicle fuel’
prices are increased. However, if the price of domestic fuel (kerosene) is also in-
creased at the magnitude implemented in October 2005, this would tend to increase
inequality, especially in urban areas. From the comparison of various different sce-
nérios it may be concluded that proper and effective compensation is important to
mitigate tﬁe distributional cost or poverty impact of the reform.

Uniform cash transfers to poor households without regard to their heterogene-
ity tend to over-compensate the rural poor but under-compensate the urban poor.
Other results suggest non-cash compensation in the form of subsidising the educa-
tion and health spending of the poor, may not be effective in mitigating the reform

despite its possible desirability as a longer-term poverty alleviation program.

7.A Appendix: Sensitivity Analysis to Labor Mar-
ket Closure

Rigidity in the labor market is represented by fixing real wage such that nominal

wage follow consumer’s price index, such that:
Wp=Wp—0:p

where w, is the percentage change in real wage, w, is the percentage change in
nominal wage, and p is the percentage change in consumer’s price index (CPI),
whereas ¢ is the speed of adjustment parameter. In the labor market closure used
in this chapter, real wage is fixed, hence nominal wage follow CPI. For formal labor
market, nominal wage follows CPI fully (6 = 1), but for informal labor market the
adjustment is assumed to be slower i.e.d = 0.5. In this appendix the the sensitivity

analysis to the § used is carried out.
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The sensitivity analysis is conducted for § = 0.25, 0.5, 0.75, and 1. The focus is
on distributional impact. Figure 7.A1 and Figure 7.A2 shows the impact on the real

expenditure across percentiles of households for urban and rural areas, respectively.

Urban

s Je1ta = 0.25
e (e lta = 1
e delta = 0.75
e Je1ta = 0.5

Pct change inreal expenditure

Figure 7.Al. Incidence on expenditure across households with
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Figure 7.A2. Incidence on expenditure across households with

varying § (rural)

As both figures suggest, the pattern of distributional effect is almost identical.

Only its magnitude varies. This suggests that the progressivity or the regressivity
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Table 7.6: Distributional Effect (Gini and Poverty Incidence) with varying delta

0=025 6=05 46=0.75 0=1

Ex-ante  Gini Urban 0.3477 0.3477 0.3477 - 0.3477
Rural 0.2776 0.2776 0.2776  0.2776

All 0.3505 0.3505 0.3505  0.3505

Poverty  Urban 11.37 11.37 11.37 11.37

Rural 19.51 19.51 19.51 19.51

All 15.80 15.80 15.80 15.80

Ex-post = Gini Urban 0.3462 0.3462 0.3462 - 0.3462
Rural 0.2583 0.2582 0.2582  0.2581

All 0.3397 0.3393 0.3388  0.3383

Poverty  Urban 12.33 12.49 12.65 12.82

Rural 17.33 17.42 17.51 17.60

All 15.056 15.17 15.29 15.42

Change  Gini Urban -0.001 -0.001 -0.001  -0.001
Rural -0.019 -0.019 -0.019  -0.020

All -0.011 -0.011 -0.012  -0.012

Poverty = Urban 0.96 1.12 1.28 1.45

Rural -2.18 -2.10 -2.00 -1.91

All -0.75 -0.63 -0.51 -0.38

of the impact will be almost identical. The distributional effect is insensitive to
changing parameter §. The change in Gini coefficient, then, will be insensitive to
the assumption of the value of § (in fact they are almost identical), as Table 7.6
below suggests.

The magnitude of the change in the real expenditure per capita, however, varies
especially for urban households. For rural households, the variation across house-
holds percentiles is insignificant, and as a result its poverty impact is almost insen—‘
sitive to the changing parameter. Compared to rural households, the percentage
change in expenditure per capita for urban households is more sensitive to §, but
not to a worrying extent. In short, the distributive effect is not sensitive to the

assumed value of parameter 4.
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Conclusion

8.1 Key Findings and Contributions

It is widely acknowledged that the three dimensions of sustainable development —
economic, social, and environmental — are crucial, inseparable and interrelated. In
many cases, the three dimensions can conflict when the goal of one aspect does
correspond with any of the others. This thesis attempts to look more closely at
the social and environmental dimensions of sustainable development. The analysis
focuses on the equity aspect of environmental policy in the case of environmental
problems related to pollution and energy-related emissions.

This thesis first looks at what the literature generally finds on the distributional
impact of environmental policies related to pollution and energy-related emissions.
This literature is mostly from industrialised countries, but this thesis demonstrate
cases where these findings cannot be generalised to developing countries. Using the
case study of Indonesia, this thesis also aims to provide a quantitative estimate of
the impact of the introduction of a carbon tax and energy pricing reform — chosen
to be the case studies — on the economy, and to analyse how the cost of the policy is
distributed to households in order to examine whether it is progressive or regreséive
and how it may affect poverty incidence. This thesis also attempts to assess the
feasibility of designing equitable environmental policies and how they should best be
implemented to reac;h the dual goals of equity and the environmental improvement.

The literature review confirms that environmental policies aimed to reduce energy-

related emissions or pollution, such as carbon or energy taxes, are generally regres-

177



CHAPTER 8. CONCLUSION

sive. The burden is borne mére proportionately by lower income households. How-
ever, it is argued that due to the difference in characteristics, such policies may not
necessarily be regressive if implemented iﬁ less developed countries.

The examination of the expenditure patterns of Indonesian and European house-
holds reveals that their spending patterns are different and this may play an im-
portant role in the distributional analysis of environmental policies. In Europe, the
share of energy spending in total expenditure declines with income, suggesting en-
ergy is a necessity. However, the share of energy spending in Indonesia does not
necessarily decline with income, and certain types of energy, such as electricity, can
be regarded as a luxury in that their share of expenditure increase with income.

The distributional effect of environmental policies is not only driven by house-
holds’ spending patterns. Household income may also be affected by how the policies
affect the ma_rkets for factor of production. In this regard, the type of factors house-
holds are endowed with, and the institutional setting that may play a role in the
factor market adjustment, may also drive the direction of the distributional impact.
In this respect, certain characteristics of developing countries, may make a difference.
This thesis conducts an analytical exercise using a simple model that emphasises a
dualistic labour market to illustrate this issue, and provides certain cases where en-
vironmental policies in developing countries may not necessarily be regressive from
the perspective of the factorial distribution of income. The main result suggests
that when an economy has a capital-intensive formal sector, a labour-intensive in-
formal sector, and a distortion in the labour market due to the existence of minimum
wage policy in the formal sector, an environmental policy implemented through a
pollution tax may improve factorial income distribution.

This thesis also offers some methodological contributions. In Indonesia, this
will be the first! research that explicitly analyses climate change policy to assess its
impact on income distribution and poverty incidence. With regard to energy pricing
reform, this research will also be the first study using an economy-wide framework

with full integration of households disaggregated by income/expenditure classes.

!To the author’s knowledge.
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The analysis of the distributional impact of policies in the CGE modelling frame-
work has been constrained in part by the absence of a Social Accounting Matrix
(SAM) with disaggrégated households. The Indonesian Social Accounting Matrix
constructed in this study constitutes the biggest and most disaggregated Indonesian
SAM yet constructed at the sectoral and household level, hence contributing to the
literature on SAM construction especially in developing countries. A SAM is also a
basic and necessary element in CGE modelling and its construction has provided a
pathway for later studies to analyse relevant policy issues. In addition, since SAM
construction is rarely well-documented, the transparency of description in this case
will hopefully provide greater replicability for future SAM construction as well as
for other researchers.

Using the case study on carbon abatement policy (an increasingly more widely-
' discussed and topical global issue) and energy pricing reform in Indonesia (a recently
implemented relevant local issue in Indonesia), this thesis attempts to answer ques-
tions such as whether a conflict between the environment and equity exists and to
what extent policy design can mitigate the adverse distributional effect, if any, of
environmentally-motivated policies.

In the case study on a carbon abatement policy via the introduction of a carbon
tax, the results from various simulations suggest that, in contrast to most studies
from developed countries, its introduction in Indonesia would not necessarily be
regressive. It is shown to be strongly progressive in rural areas, and either neutral
or slightly progressive in urban areas. Its overall distributive effect nationwide is
shown to be progressive.

The industries which experience a larger contraction generally are more energy
intensive, and happen to be those which employ proportionally more capital, skilled-
labour, and urban formal labour relative to unskilled, rural, and informal labour.
These industries will tend to reduce employment of these factors or reduce their
wages. The ownership of these factors of production tend to be concentrated among
higher income households, aﬁd those who live in the cities. In contrast, the income

sources of the largely rural poorer part of the population are mostly wages from
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employment as informal agricultural or unskilled labour. Sectors which happen to
employ these factors intensively experience less contraction or even expansion.

For example, the demand for the products of the food crops sector, other agri-
culture, or even food-manufacturing, may increase due to the increase in income
of lower income households, because these products constitute the largest share of
their consumption. As these sectors are also relatively less energy intensive, they do
not face constraint in expanding supply. Because these sectors largely employ infor-
mal, agricultural, and unskilled labour, the poor may also benefit from the rise in
their income and therefore a carbon tax may work to the benefit of these vulnerable
households.

The typical expenditure pattern in developing countries, which is less energy
sensitive, also helps drive the progressivity of the result especially in rural areas.
For lower income households, the increase in the cost of acquiring their consumption
bundle is lower than for the wealthy in the cities. Together with the increase in
their factor income, this implies that rural households, especially poorer ones, may
experience a welfare gain.

In the analysis of counter factual scenarios on the energy pricing reform of the
October 2005 package in Indonesia, the simulations suggest reducing vehicle fuels
subsidy hurts higher income classes more and hence constitutes a progressive reform.
It supports the claim that a subsidy on vehicle fuels is regressive. However, in
the case of Indonesia, where urban lower income households constitute the biggest
consumers of domestic fuel like kerosene, a reform like the October 2005 package,
with a massive increase in the kerosene price (almost tripled), tends to be regressive
unless accompanied by a proper and effective compensation scheme.

The comparison of various types of compensation in the simulations suggests
designing an effective form of compensation does matter in mitigating the distribu-
tional impact of energy pricing reforms. A well-targeted scheme will recognise the
fact that the poor differ in terms of their income and consumption patterns. The
uniform transfers implemented in the October 2005 reform tends to over-compensate

rural households at the cost of under-compensating the urban poor. The example of
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a slight modification to the scheme that gives more to urban and less to rural house-
holds may significantly help minimise the rise in urban poverty incidence. With
regard to the recent widely-discussed subsidy targeting education and health spend-
ing as an alternative compensation scheme, the simulation suggests it may not be
effective in minimising the poverty impact of an energy pricing reform. It might be
-better suited for the longer-term objectives of poverty alleviation programs.

To conclude, this study shows there is not necessarily a conflict between envi-
ronmental and equity objectives, especially when the policies or reforms to achieve
environmental goals are carefully designed. Moreover, the result from the case study
of the carbon abatement policy may have an important global policy implication.
Encouraging developing countries to reduce carbon emissions not only increases the
efficiency of carbon abatement globally but may haveAa favourable distributional
implication for the developing countries themselves, in contrast to a less favourable
distributional impact in developed countries. Whereas a global ‘efficiency gain’ from
shifting the location of carbon abatement from industrialised to developing coun-
tries has been widely acknowledged, this study introduces the additional notion of

a ‘global equity gain’.

8.2 Future Research

This thesis may still have many weaknesses both in terms of the‘ generalisation of
the results and the caveats of the methodology. The issue of the conflict between
environment and equity may also be relevant for other types of environmental prob-
lems. For Indonesia, they are, among others, deforestation and the depletion of
other natural resources such as marine resources.

The exclusion of carbon emissions from land use change in the model used in
this thesis is a weakness in itself. In Indonesia, carbon emissions from deforestation
constitute the biggest source of emissions. It is important for further research to
model explicitly the emissions from land use change to obtain a better picture of

the distributional impact of climate change policies.
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The generalisation of the results to conjecture that the distributional impact of
energy-related environmental policies may not be regressive or could even be progres-
sive in developing countries, calls for wider coverage of other developing countries,
apart from Indonesia, including the other biggest carbon emitters such as China
and India. To the author’s knowledge, a study for these countries using the CGE
framework does not yet exist. The results of this future research may strengthen
the result and provide a stronger argument to accelerate the active participation of
developing countries in future action to reduce global warming.

Action to reduce greenhouse gases should be a global multilateral effort in order
to be effective. That is why analysis in a multi-country setting such as examining
global carbon trading is highly relevant. However, among numerous multi-country
studies on this issue using a global CGE model hardly any touch on the distributive
effect within countries. Incorporating a detail distributive effect within a country
in a global CGE model in the setting of a global climate change policy would be a
worthwhile effort and difficult task.

The model used in this thesis is comparative static. Extending the model to
make it dynémic would provide a time path of how an environmental policy and
its impact on the economy and income distribution would evolve over time. In the
dynamic setting, it is also possible to model the government decision to invest and
purchase of capital goods, and hence its contribution to the capital accumulation
and the future growth of the economy. In the context of energy pricing reform
or carbon taxation, the government then has options to invest the proceeds from
the tax revenue to invest in productive resources. This could also be motivated by
redistributive agenda.

Another possible useful extension to the model would be extending the detail at
the household level. This could be done, for example, by building an integrated-
microsimulation CGE model, where the household level details in the survey data
are integrated in a CGE model. With this extension, more flexible analysis would
be possible such as the ability to look at the distributional impact across other

categories of households, not only by income size but by other socioeconomic char-
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actefistics. Endogenising labor supply decision will also be a contribution to the
public finance literature, especially in regards to the empirical evaluation of double-
dividends hypothesis of environmental taxation in Indonesia. Extending the model
to become a multi-regional model would also make possible the analysis of the dis-
tributional impact of an environmental policy across regions. All of these issues are

open for further research.
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