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Summary 

 

This research seeks to analyze the economic and poverty 

effects of the Philippine government’s ratification of the 

Kyoto protocol. Since the country is currently implementing 

the fourth phase of its trade reform program (TRP), and is in 

the process of drafting a greenhouse gas national action plan 

(GHG-NAP), this study through an economy-wide model 

attempts to assess the linkage between tariff reduction, 

carbon emissions, and poverty. This is important as 

projections indicate that future economic activity will largely 

be dependent on fossil fuels. The proposed methodology is to 

conduct policy simulations using a computable general 

equilibrium (CGE) micro-simulation model to analyze the 

economic and poverty effects of restraining carbon emissions 

during the ongoing trade liberalization process. 
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1. Introduction 

 

The Philippine government during the 1992 Earth Summit pledged to undertake 

policies that promote sustainable development in line with the Global 21 Agenda
2
. With 

this, the country (a) signed the United Nations Framework on Climate change (UNFCC) 

in 1992; (b) created the Philippine Council for Sustainable Development in 1996; and (c) 

signed the Kyoto protocol in 1998.    

By October 2003, the Philippine congress ratified the Kyoto protocol, paving way 

for the creation of a Greenhouse Gas National Action Plan (GHG-NAP)
3
. As stipulated in 

section 31 of the Philippine Clean Air Act of 1999, the GHG-NAP must be consistent 

with UNFCC and Kyoto Protocol in order to implement, evaluate as well as monitor 

greenhouse gas reductions in the country
4
. 

Demand for energy in the Philippines has been increasing since the last decade.  

Moreover, forecast indicates that energy utilization primarily through the combustion of 

fossil fuels is expected to grow by 60 percent from 2003 to 2012 (Philippine Energy Plan 

2003). With this, the country’s fossil fuel related carbon dioxide emissions are expected 

to increase by more than half within the next ten years.  

This research seeks to analyze the economic and poverty effects of the ratification 

of the Kyoto Protocol by the Philippine congress. Moreover, since the fourth phase of the 

Philippine trade reform program (TRP) is still being undertaken, this study assesses the 

economic and poverty impacts of reducing carbon emissions by imposing a carbon tax on 

fossil fuels during the ongoing trade liberalization process.  

Moreover, this paper attempts to shed light on the possibility of a voluntary 

carbon dioxide emission reduction for a developing country like the Philippines. 

Specifically, this study attempts to answer questions such as: Will trade liberalization 

                                                 
2
 “Attempts to find balance between development fueled by the rapid integration of nations into the world 

economy and the impacts of this process on the environment and society” (Earth Summit 1992) 
3
 To this date, said action plan is still being drafted 

4
 Although the Philippines is a signatory to the agreement, it is under no legal binding commitment to 

reduce green house gas emissions during the commitment period 2008-2012, being a non-annex I country.  
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bring about increased carbon dioxide emissions? Will the imposition of a carbon tax, to 

restrain carbon emissions—during the ongoing trade liberalization process—be favorable 

or harmful to firms, households and the government? Are there significant resource 

reallocation effects that may lead to changes in government finances, household income, 

consumer prices, and poverty?  

 

2.  Carbon Dioxide and Global Warming 

The growing concern towards global warming arising from the rapid 

accumulation of atmospheric greenhouse gases has, since the last decade, been part of the 

international policy agenda. In fact, the Kyoto Protocol was instituted in order to promote 

cooperative multilateral agreements aimed at controlling anthropogenic
5
 greenhouse gas 

emissions. On the one hand, the protocol establishes binding reduction commitments 

among Annex I
6
 countries beginning the initial implementation period 2008 to 2012 

(Kyoto protocol 1998). On the other hand, the protocol also allows developing countries 

to voluntarily participate in the carbon reduction commitments through Clean 

Development Mechanism (CDM) and carbon trading. 

The Rationale behind the growing clamor for global greenhouse gas emission 

reduction, in spite of plausible future impacts, has been due to the increasing evidence of 

human induced warming. Although natural variations contributes to the accumulation of 

green house gases, recent scientific evidence shows that the observed warming in the last 

50 years has been attributable to human activities (IPCC 2001a). Among the greenhouse 

gases, carbon dioxide (CO2), the main anthropogenic greenhouse gas, has been identified 

as the foremost contributor to climate change. CO2 comprise more than half as well as 

account for 60 percent of the total changes in greenhouse gas concentration, hence 

contributing largely to the enhanced greenhouse effect (IPCC 2001a).   

The combustion of fossil fuels, coupled with land use changes brought about by 

deforestation resulted in higher atmospheric greenhouse gas concentrations (mainly of 

CO2) since the last century. Furthermore, the sustained economic dynamism of developed 

countries, as well as the continued industrialization of developing countries greatly 

                                                 
5
 IPCC defines anthropogenic as those resulting from or produced by human beings 

6
 Developed Countries and Economies in Transition, refer to Kyoto Protocol (1998) for a complete list 
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increased the amount of CO2 emissions since the last decade. Because of this, worldwide 

CO2 emissions arising from fossil fuel combustion alone was estimated at 23,172.20 

million metric tons in 1999, representing an 8.9% increase relative to 1990 levels (WRI 

2003).  

Although 64 percent of these emissions originate from developed countries, the 

growing concern on the increasing share of developing countries’ CO2 emissions has 

been recognized. This is because developing countries are under no legal binding 

commitment to reduce their future CO2 emissions. As a result, the possibility of ‘carbon 

leakage’ may eventually occur
7
. That is, CO2 emission reductions undertaken by 

developed countries (or parties to the agreement) may well be offset (or even be 

surpassed) by an increase in developing country emissions. As such, it has been argued 

that a reduction agreement that does not include developing countries will achieve little 

gains (Mckibbin and Wilcoxen 1999). In the same vein, to prevent any carbon leakage 

problem, it has been argued that developing countries must likewise be part of the 

reduction agreement.  

 

3. Research Questions and Objectives 

Trade liberalization can have significant effects on resource reallocation, factor 

incomes and government finances. In turn, this may bring about changes in poverty 

dimensions and income distribution through variations in household income and 

consumer prices that may encourage the exploitation of natural resources (Coxhead and 

Jayasuriya 2004). Specifically, the economic impacts of trade on the environment can be 

decomposed into the scale effect, the composition effect, and the technique effect (see 

Grossman and Krueger 1993; and Copeland and Taylor 2004).  

In general, this study attempts to assess the linkage between tariff reduction, 

carbon emissions, and poverty in the Philippines. Specifically, this study intends to 

address the following questions: 

(a) Will trade liberalization bring about increased carbon dioxide emissions in the 

Philippines?  

                                                 
7
 Carbon Leakage is a condition where the CO2 emission reductions undertaken by developed countries 

may well be offset (or even be surpassed) by increases in developing country emissions.   
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(b) Will the imposition of a carbon tax, to restrain carbon emissions—during the 

ongoing trade liberalization process—be favorable or harmful to the 

economy?  

(c) Are there significant resource reallocation effects that may lead to changes in 

government finances, household income, consumer prices, and poverty?  

(d) Will carbon taxation on fossil fuels during trade liberalization significantly 

alter the economic, poverty, and income distribution structure of the country?  

(e) Can trade liberalization coupled with a reduction in carbon dioxide emissions 

satisfy both the economic and environmental goals of the Philippines? 

(f) Will a voluntary carbon dioxide emission reduction be an option for a 

developing country like the Philippines? 

 

4. Philippine Trade Reform Program
8
 

The first phase of the TRP (TRP-1) started in the early 1980s with three major 

components: (a) the 1981–1985 tariff reduction, (b) the import-liberalization program 

(ILP), and (c) the complementary realignment of the indirect taxes. The maximum tariff 

rates were reduced from 100 to 50 percent. Between 1983 and 1985, sales taxes on 

imports and locally produced goods were equalized. The markup applied on the value of 

imports (for sales-tax valuation) was also reduced and eventually eliminated. 

The implementation of the ILP, designed to gradually remove non-tariff import 

restrictions, was suspended in the mid-1980s because of a BOP crisis but it resumed in 

1986. Some initially deregulated items were re-regulated during the period. Overall, the 

TRP-1 resulted in a reduction of the number of regulated items from 1,802 in 1985 to 609 

in 1988. Moreover, export taxes on all products except logs were also abolished. 

In 1991, the government launched TRP-2 with the implementation of Executive 

Order (EO) 470. This was an extension of the previous program to realign tariff rates 

over a five-year period. The realignment involved the narrowing of tariff rates through a 

series of reductions of the number of commodity lines with high tariffs and an increase in 

the commodity lines with low tariffs. In particular, the program was aimed at the 

clustering of tariff rates within the 10–30-percent range by 1995. This resulted in a near-

                                                 
8
 This part is lifted from Cororaton and Corong (2006) 
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equalization of protection for agriculture and manufacturing by the start of the 1990s, 

reinforced by the introduction of protection to “sensitive” agricultural products. Despite 

the programmed narrowing of the tariff rates, about 10 percent of the total number of 

commodity lines were still subjected to a 0–5-percent tariff or a 50-percent tariff by the 

end of the program in 1995. 

In 1992, a program of converting Quantitative Restrictions (QRs) into tariff 

equivalents was initiated. In the first stage, the QRs of 153 commodities were converted 

into tariff-equivalent rates. In a number of cases, tariff rates were raised over 100 percent 

especially during the initial years of the conversion. However, a built-in program for 

reducing tariff rates over a five-year period was also put into effect. The QRs on 286 

commodities were further removed in the succeeding stage, with only 164 commodities 

being subjected to it by 1992. In 1994, the country became part of the WTO, committing 

to gradually remove QRs on sensitive agricultural product imports by switching towards 

tariff measures (with the exception of rice). 

In 1995, the government started implementing TRP-3 aimed at adopting a 

uniform 5-percent tariff rate by 2005. Tariff rates were successively reduced on the 

following: capital equipment and machinery (1 January 1994); textiles, garments, and 

chemical inputs (30 September 1994); 4,142 manufacturing goods (22 July 1995); and 

non-sensitive components of the agricultural sector (1 January 1996). Through these 

programs, the number of tariff tiers and the maximum tariff rates were reduced. In 

particular, the overall program was aimed at establishing a four-tier tariff schedule: 3 

percent for raw materials and capital equipment that are not available locally, 10 percent 

for raw materials and capital equipment that are available from local sources, 20 percent 

for intermediate goods, and 30 percent for finished goods. 

In 1996, the government implemented EO 313. This created a tariff-quota system 

among sensitive agricultural products. The minimum-access-volume (MAV) provision 

was instituted in which a relatively low tariff rate is imposed up to a minimum level (in-

quota tariff rate) while a higher tariff rate is levied beyond it (out-quota tariff rate). EO 

313 was supplemented by Republic Act (RA) 8178, specifying that tariff proceeds from 

the MAV must accrue to the Agricultural Competitiveness Enhancement Fund (ACEF) to 

help finance projects that promote agriculture-sector competitiveness. 
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By 1998, it became evident that the planned uniform tariff rate will not 

materialize as TRP-4 was undertaken to recalibrate the tariff-rate schedules implemented 

under previous rounds of TRPs. This resulted from a tariff-review process that evaluated 

the pace of tariff reduction in line with the competitiveness of the local manufacturing. 

Initially, EO 465 was implemented on 22 January 1998 to adjust the tariff-rate schedules 

of 22 manufacturing that were identified as globally competitive. Subsequently, EO 486 

was passed on 10 July 1998 to amend the tariff schedule of residual items as well as 

reduce the number of tariff lines subject to quota from 170 under TRP-3 to 144 under 

TRP-4. Moreover, in line with TRP-4, EO 334, which took effect on 1 January 2001, 

provided for an amended tariff schedule on all product lines (except sensitive agricultural 

products) within the period 2001–2004. Overall, the various rounds of TRPs were beset 

by policy reversals due to economic and political reasons, particularly lobbying by 

interest groups. 

 

5. Energy and Carbon Dioxide emissions 

 

Demand for energy has been increasing since the last decade. The relative energy 

intensity of the economy increased from 1.67 barrels of fuel oil (BFOE) per ten thousand 

peso output in 1990 to 2.71 BFOE in 1998, reflecting that past economic growth was 

largely stimulated by energy utilization (DOE 2003). Table 1 presents the economy’s 

energy mix from 1995 to 2001, where fossil fuels accounted for almost 60% of primary 

energy usage. Oil remains the foremost energy source while coal utilization increased by 

178 percent in a span of seven years.   

Table 1.  Energy Mix (in million barrels of fuel oil equivalent, MMBFOE) 

ENERGY TYPE 1995 1996 1997 1998 1999 2000 2001 

I.  Conventional        

Oil 114.012 117.85 132.92 129.2 122.64 113.62 112.88 

Natural Gas - - 0.02 0.04 0.03 0.03 1.46 

Coal 9.613 13.4 15.897 18.24 20.84 28.68 26.73 

Hydro 10.714 12.17 10.46 8.74 13.5 13.45 12.25 

Geothermal 10.577 11.3 12.48 15.37 18.28 20.05 18 

II. Non-Conventional        

Baggase 4.152 7.89 9.69 10.17 10.4 10.68 10.96 

Agri-Waste 60.58 60 59.94 58.42 59.7 64.22 66.01 

Others 0.1 0.25 0.31 0.06 0.12 0.18 0.16 

Total Energy 209.748 222.86 241.717 240.24 245.51 250.91 248.45 
 Source:  Philippine Energy Plan (DOE, 2003) 



 8 

 

The increased fossil fuel dependence of the economy during the 1990s resulted in 

a significant increase in Philippine CO2 emissions. In 1998, the country discharged 

75,988 thousand metric tons of CO2 into the atmosphere. This amount represents a 72 

percent increase relative to 1990 levels (Earthtrends 2003). Table 2 presents the 

economy-wide CO2 emissions arising from fossil fuel combustion in 1998. Emissions 

mainly originate from the combustion of fossil fuels (both solid and liquid fuels) and 

cement manufacturing.  

 
Table 2. Philippine Carbon Dioxide (CO2) Emissions

a
 

Carbon Dioxide (CO2)Emissions (in thousand metric tons of CO2) 
Total emissions, 1998 
    Percent Change since 1990 

75,988 
72% 

Emissions as a percent of global CO2 production 0.3% 
Emissions in 1998 From 
     Solid fuels 
     Liquid fuels 
     Gaseous fuels 
     Gas flaring 
     Cement manufacturing 

 
13,612 
55,729 

0 
0 

6,646 
Per capita CO2 emissions, 1998 
      Percent Change since 1990  

1.0 
40% 

CO2 emissions (in metric tons) per million dollars Gross Domestic     
       Product, 1998 
       Percent Change since 1990 

 
925 
39% 

Cumulative CO2 emissions 1990-1999 (in billion metric tons) 1,399 
a Only Fossil fuel related emissions  

Source: Earth trends (2003) / www.earthtrends.wri.org (2003) 

Figure 1 shows the sectoral CO2 emissions share in 1999 (Earthtrends 2003). The 

transportation, electricity, and manufacturing sector accounts for a combined share of 80 

percent. Whereas, the group “other sectors”, together with other energy industries, and 

the residential sector account for the remaining 20 percent share. 

       Figure 1. Sectoral CO2 emissions, 1999 
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Projections indicate that energy utilization and demand for fossil fuels will grow 

by 5.5 and 6 percent per year from 2003 to 2012 respectively, in order to complement the 

projected 5.4 percent annual growth in Gross Domestic Product. Oil and coal is expected 

to account for roughly 75 percent of the projected energy mix (table 3), thus confirming 

that future economic activity will bring about increased CO2 emissions. 

 
Table 3.   Projected Energy Mix (in million barrels of fuel oil equivalent, MMBFOE) 

Energy Type 2003 2004 2005 2006 2007 2012

I.  Conventional       

Oil 107.37 112.73 116.99 123.58 133.81 177.68

Natural Gas 16.86 19.39 20.65 21.67 22.84 26.19

Coal 28.34 27.36 29.20 35.68 37.95 40.28

Hydro 10.57 11.52 13.24 13.27 13.31 13.44

Geothermal 23.53 24.96 25.09 25.15 25.16 25.17

II. Non-Conventional       

Fuel Wood 45.68 47.03 48.05 48.95 50.03 55.68

Bagasse 11.52 11.81 12.11 12.41 12.71 14.14

Charcoal 5.48 5.85 5.88 5.83 5.93 6.41

Agri-Waste 18.25 19.02 19.61 20.20 20.79 24.88

Other Renewable 0.57 0.60 1.06 1.64 1.68 2.97

Others Sources 0.00 0.00 1.38 1.24 2.33 46.48

Total 268.16 280.27 293.24 309.63 326.56 433.31
 Source:  Philippine Energy Plan (DOE, 2003) 

 

As a result, CO2 emissions in the Philippines are expected to increase by 65 

percent between 2002 and 2013. Figure 2 plots the projected growth of CO2 emissions in 

the Philippines. Two things are worth pointing out from this. First, there would be a 

dramatic increase in CO2 emissions from natural gas owing to recent discoveries of 

natural gas deposits in the country. Second, coal related CO2 emissions will begin to rise 

again after 2004 as new coal fired power plants were constructed. 

Figure 2. Projected CO2 emissions 
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5. Agriculture and Forestry 

 

5.1 Forestry 

 

The inadequate and incompetent forest management policy of the Philippine 

government led to a massive decline in forest cover since the post war era.  Politics, the 

absence of well defined property rights, and short-term logging concessions resulted in 

the proliferation of unsustainable commercial logging activities (both legal and illegal). 

In addition, substantial land conversion (residual forest clearing) for both commercial and 

subsistence agricultural purposes occurred. All these took a toll on the forest ecosystem.  

In 1934, the country had a total forest cover of 17 million hectares, of which 11 million 

were classified as virgin (old growth) forest.  By 1990, only 6.6 million hectares of virgin 

forest remained (FMB-DENR, 1990).      

  The Philippines has the highest deforestation rate in Southeast Asia and has one of 

the highest among developing countries. Deforestation rates averaged 3.3 percent per 

year between 1980 and 1990, subsequently falling to 1.4 percent thereafter (Coxhead and 

Jayasuriya, 2003). In fact, annual deforestation has been as high as 300,000 hectares 

during the 1970s, 150,000 in the 1980s, and 100,000 by the 1990s. Currently, the annual 

deforestation is about 50,000 hectares (ADB, 1998).   

Although logging activities have significantly slowed due to government initiated 

policy reforms in the 1980s, the absence of well-defined property rights still remain. For 

instance, massive residual clearing activities for agricultural purposes have been 

undertaken by displaced workers in the forestry sector. Because of this, forest clearing 

activities (which includes forest product harvesting and forest decay) due to land use 

changes generated significant CO2 emissions in the 1990s (ADB, 1998). 

 

5.2 Agriculture 

 

Agriculture plays a vital role in the Philippine economy employing almost half of 

the entire labor force and contributing about 20% of the Philippine GDP.   It has a strong 

economic linkage contributing roughly 40% of GDP and accounts for two thirds of labor 

force when agricultural related processing and supply of non-farm agriculture inputs are 

considered (David, 2003).  Over time however, the sector has been characterized by 
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relatively low productivity and inappropriate government policies that resulted to 

distorted economic incentives.  

Almost 70% of the poor based in the rural sector are dependent on agriculture 

(Balisacan 2003). This has placed sever pressure on the environment due to forest 

clearing, marginal land exploitation, unsustainable and intensive land degrading farming 

practices (Coxhead and Jayasuriya 2003).  Moreover, the inefficient use of fertilizers and 

improper disposal of manure from the livestock sub-sector has posed additional 

environmental problems.  These practices, aside from forest and land degradation 

resulted in increased greenhouse gas emissions from the agricultural sector during the 

1990s (ADB 1998)   

 

6.  Poverty and Inequality 

Widespread poverty and the persistence of income inequality have been endemic 

since the post-war era (Balisacan 1996). Although various government policies to address 

these concerns have been implemented, the extent of poverty reduction over the last three 

decades however have been gradual, that by the turn of the century, the Philippines 

recorded the highest incidence of absolute poverty when compared with other East Asian 

Economies (Balisacan 2003).   

 

Figure 3. Income distribution and poverty: The Philippines (1985–2000) 
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Poverty is fundamentally a rural problem. Almost half of the rural population 

lives below the poverty line in the year 2000. This is in stark contrast when compared 

with those in the urban areas wherein poverty incidence is only a fifth of the population. 

Figure 3 presents the evolution of the poverty-headcount index and the Gini coefficient 

from 1985 to 2000. The poverty-headcount index dropped continuously from 49.2 

percent in 1985 to 36.9 percent in 1997 but then worsened to 39.5 percent in 2000 as a 

result of the 1998 El Niño phenomenon and the Asian financial crisis. On the other hand, 

income inequality steadily increased over this period as the Gini coefficient worsened 

from 0.42 in 1985 to 0.51 in 2000. 

An equally important consideration in assessing poverty and inequality in the 

Philippines is the peculiar but commonly held notion within policy dialogues about the 

nature, causes and factors that affect them. First, it is widely argued that economic 

growth does not benefit the poor because of the absence of trickle down effect.  Second, 

it is inherently believed that spatial as well as sectoral dimensions contribute largely to 

poverty and inequality.  These obscure notions however as recently exposed by Balisacan 

(2003) are not entirely legitimate since: (a) past episodes of economic growth indeed 

contributed to poverty reduction; and (b) intra-spatial together with intra-sectoral rather 

than inter-spatial and inter-sectoral dimensions contributed largely to the causes of 

poverty and inequality in the Philippines. That is, within region rather than between 

region inequality arising from differences in Physical possession and human assets 

explain the foremost reason of inequality in the Philippines (Balisacan, 2003). Thus, the 

divergence in welfare levels within sectors and not between sectors account for the 

variation in national household welfare.   

Cororaton and Corong (2006) employed an integrated CGE micro-simulation 

model to analyze the impact of tariff reduction on poverty. Their findings suggest that 

poverty in the Philippines is sensitive to three factors. First, spatial consideration. Rural 

households are worse off compared to their urban counterparts because of limited 

economic activity in the rural sector. Second, human capital. Highly-educated household 

heads benefit the most from tariff reduction because of their ability to move towards 

sectors offering higher returns. Third, household head. Female-headed households 

respond well to trade liberalization compared to their male-headed because of the 
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expansion in semiconductors, textile and garments, and wholesale and retail trade 

subsectors which mainly employ highly-educated/skilled female workers. 

7. Survey of Literature 

Thus far, only a few applied general equilibrium models have been utilized to 

analyze the link between the economy and the environment in the Philippines.  Aldaba 

and Cororaton (2002) utilized a Computable General Equilibrium Model to analyze the 

pollution impacts of trade liberalization in the 1990’s.  Their findings reveal that the 

pollution effects of trade liberalization are relatively small.   

Coxhead and Jayasuriya (2002) analyzed the potential economic, poverty and 

environmental effects of trade liberalization in the Philippines using the Agricultural 

Policy Experiments (APEX) Model (Clarete and Warr 1992) model.  Though APEX has 

no explicit environmental linkage, the authors were able to infer on the probable 

environmental impacts of trade liberalization using “detailed prediction of input and 

output changes”  

Corong (2003) employed a static CGE Model to assess the economic impacts of 

reducing carbon emissions in the Philippines. Simulation results indicate that imposing a 

1,250 peso carbon tax (1994 Philippine peso) reduces carbon emissions by five percent, 

and leads to a 0.2 percent decline in over-all output.  Moreover, the study finds that 

households experience welfare improvements whenever the generated carbon tax revenue 

is used to reduce the income tax being paid by households.  The model however, has only 

one representative household, and hence does not capture the likely poverty changes that 

may result from the imposition of carbon tax. 

 

6. Scope and Limitations 

To keep the model relatively simple and tractable at this point however, the 

environmental impacts are unidirectional, in that the model can only capture the 

economic impacts of carbon tax sans any other feedback and ancillary benefits.  With 

this, the ancillary benefits of reduced carbon dioxide emissions have no effect on the 

household’s utility function.   
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Similarly, the model has no ecological representation of the forestry and 

agricultural sector due to inherent technical difficulties of linking ecology with CGE 

models (Wong, 2003). In spite of this, the environmental impacts of deforestation and 

land use changes will be implicitly evaluated from the generated results 

Specifically, the study has the following limitations: 

(1) Comparative Static analysis. Agents will optimize their decisions based on static 

expectations. Thus intertemporal effects cannot be captured. 

(2) The spatial dimensions of pollution will not be addressed 

(3) The model will only analyze CO2 emissions from the energy sector and implicitly 

evaluate the environmental impacts (including CO2 emissions) of deforestation, 

land use changes, and unsustainable agricultural practices from the generated 

results by linking it with the observed changes in the forestry and agricultural 

sectors.    

(4) The model has no ecological model of the forestry and agricultural sector.   

(5) The CO2 emissions will be represented in terms of carbon emission 

(6) The model can only assess the economic cost of CO2 emission reduction and 

cannot account for ancillary benefits
9
 

 

7.  Research Methodology 

 The proposed study will employ a static CGE micro-simulation model to assess 

the economic and poverty impacts of carbon tax under a liberalized economy over time.  

The imposition of a carbon tax to control carbon emissions will lead to changes in 

relative energy prices, which will then result in changes in the relative price of goods and 

services, thus altering the production and economic structure.  In turn, the changes in 

relative prices coupled with changes in economic structure will alter household income 

and consumptions patterns. Thus, the use of an economy wide model would be 

appropriate since it fully accounts for economic feedback emanating from environmental 

policies.  

 

                                                 
9
 Additional benefits arising from decreased CO2 emissions such as decreased local area pollutant 

concentration, mortality and morbidity, health benefits. 
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7.1 Basic Structure of the Model 

Figure 4 presents the basic price and volume relationships within the model.  On 

the supply side, Output (X) is specified as a Constant Elasticity of Transformation (CET) 

between Export (E) and Domestic sales (D).  The allocation between Exports and 

Domestic sales, depend on the export price (Pe), local price (Pl) and the elasticity of 

substitution.  For instance, if the price of export increases relative to the local price, then 

the export supply will increase while the supply for domestic sales will decline.  The 

magnitude of reallocation however, will depend upon the elasticity of substitution.  

Figure 4.  Basic Structure of the Model 
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Armington or small country assumption to account for product differentiation between 

imported and domestically produced goods.  The allocation between Imports and 

Domestic good depends on the import price (Pm), domestic price (Pd) and the elasticity 

of substitution.  That is, if the price of import decreases relative to the domestic price, 

then the demand for imports will rise relative to the domestic good.  The magnitude of 

reallocation depends on the elasticity of substitution. 

The supply side of the model assumes profit maximization, while the demand side 

assumes cost minimization.  Thus, the first order conditions on the supply side generates 

the necessary supply and input demand functions while the first order conditions on the 

demand side provides the necessary import and domestic demand functions. 

With respect to prices, Output price (Px) is determined as a composite price of 

exports (Pe) and local prices (Pl).  Adding indirect taxes to local price then determines 

the domestic prices (Pd), which when combined with import price (Pm) result in the 

composite price (Pq). Import price is in domestic currency, which is affected by the world 

price of imports (Pm), exchange rate (er), tariff rate (tm), indirect tax rate (idtx).  The 

direct effect of tariff reduction for instance will result to a reduction in Pm, which if 

significant enough will lead to a decline in composite price (Pq).  

 

7.2 Production Classification 

  The model is a non-linear static CGE to be calibrated to the 2000 Philippine 

Social Accounting Matrix (SAM).  It is assumed that all sectors produce tradable goods 

except the government which produces a non-tradable good.   

  The nested Production structure of the model assuming constant returns to scale 

and classified between (a) energy producing and energy intensive sectors; (b) non-energy 

producing sectors; and (c) the Electric sector are depicted in figures 4a, 4b, and 4c 

respectively.   
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  Figure 5a illustrates the production technology of the energy producing and 

energy intensive sectors in the model. Under this structure, gross output is determined via 

a three-stage process. The first stage involves the optimal determination energy input 

through Cobb-Douglas aggregation; and through a CES function of skilled and unskilled 

labor.  In turn, the aggregated labor input is then combined with capital to form a capital-

labor composite through CES aggregation in the second stage.  Finally, gross output is 

produced through a Leontief function of intermediate inputs, energy bundle, and the 

capital-labor bundle. 

 

 

 

Figure 5a. Production Structure for energy producing and Energy Intensive Industries  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 Figure 5b shows the nested production structure of the non-energy producing sectors.  

Starting from the bottom nest, the optimal fossil fuel input is determined through a Cobb-

Douglas function to form a fossil fuel composite.  The Cobb-Douglas fossil fuel 

composite will then be combined with electricity through a CES aggregation to form the 

energy input bundle.  Consequently, the optimal energy bundle is combined with capital 

through another CES to form the capital-energy bundle.  Simultaneously, the optimal 

labor input is determined through a CES function of skilled and unskilled labor.  After 

which, the composite capital-energy is aggregated with the composite labor via CES to 

form a capital-energy-labor composite.  Finally, at the topmost level, the composite 
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capital-labor-energy input is combined with intermediate inputs using a Leontief function 

to produce gross output.   

 Figure 5c sketches out the production structure of the electric sector.  It is 

essentially similar to the production technology of the energy producing and energy 

intensive sectors assuming Cobb-Douglas production function for energy inputs 

combined linearly combined with intermediate inputs, and aggregated CES capital labor 

bundle.  The main difference however lies in the additional inputs in the form of steam 

and water used in the production of electricity.     

   

 

Figure 5b.  Production Structure for other Industries (non-energy producing and intensive) 
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Figure 5c.  Production Structure for the Electric Sector 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

7.3 Labor Disaggregation 

  The model distinguishes two major labor types: (a) agriculture and; (b) 

production.    Consequently, agriculture and production labor are further classified into 

(a) skilled; (b) semi-skilled; and (c) unskilled labor.  Skilled labor includes professionals, 

managers, and other related workers with at a year of college education. Semi-skilled 

workers are those workers with at least a high school diploma, while the rest belong to 

the unskilled category.  Labor is fully mobile across sectors but is limited within specific 

skill category. Over-all, there are 6 labor categories in the model 

  This classification is specified in order to easily capture the perceived mobility of 

agriculture labor into the industrial sector brought about by output contraction and labor 

displacement in the agricultural sector arising from trade liberalization.  Hence, this 

allows for a more revealing labor mobility patterns based on the proposed simulations.     

 

7.4 Household 

  Households will maximize utility based on a Linear Expenditure System (LES) 

which specifies a minimum consumption level. The model fully integrates the entire 

39,515 household respondents in the year 2000 Family Income and Expenditure Survey.  

  To analyze the poverty and distributional impact after every policy simulations, 

all households will be categorized into 12 socio-economic groups divided into urban and 
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rural. As shown in table 4, the households will be classified according to occupation and 

the educational attainment of the head of the family.   

 

Table 4. Households Classification 

U
rb

a
n

 

 

UH1 

UH2 

UH3 

UH4 

UH5 

 

UH6 

 

 

Worked for private households and private establishments; zero education up to third year high school 

Worked for private households and private establishments; high school graduate and up 

Worked for government / government corporation 

Self-employed without employee; zero education and up; including unemployed during 2000 survey 

Self-employed without employee; high school graduate and up; including unemployed during 2000  

          survey 

Employed in own family-operated farm or business; worked with pay in own family-operated farm or     

          business; worked without pay in family-operated farm or business  

R
u

ra
l 

 

 

RH1 

RH2 

RH3 

RH4 

RH5 

 

RH6 

 

 

Worked for private households and private establishments; zero education up to third year high school 

Worked for private households and private establishments; high school graduate and up 

Worked for government / government corporation 

Self-employed without employee; zero education and up; including unemployed during 2000 survey 

Self-employed without employee; high school graduate and up; including unemployed during 2000  

          survey 

Employed in own family-operated farm or business; worked with pay in own family-operated farm or     

          business; worked without pay in family-operated farm or business 

 

 

7.5 Forestry and Agriculture 

The link between the forestry and agricultural sectors to the rest of the economy 

will mainly be based from the SAM since the CGE model to be developed will not 

contain an ecological model of the forestry and agricultural sector.  Hence, the 

environmental impacts of deforestation, land use changes, and unsustainable agricultural 

practices will be implicitly evaluated from the generated results.  This is so because of the 

inherent difficulty and additional complexities of incorporating CGE models with explicit 

forestry and agricultural system.  Moreover, the linking methodologies are not yet highly 

developed since at the moment, forest related CGE models are particularly: (a) weak in 

capturing dynamic aspects of the economy; (b) lacking in real details of forest dynamics 

(Wong, 2003).   

 

7.6  Carbon Tax 

The over-all Carbon emissions in the economy will be regulated by a carbon tax.  

A carbon tax is an excise tax expressed as a fixed amount of peso per ton of Carbon 
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emissions
10

.  The tax is fuel-specific to account for the differences in Carbon intensity 

across different fuel inputs (Coal, Oil).  The carbon tax will only be imposed to the use of 

primary fuels
11

 only to avoid any distortion between domestic and imported fuels.  All 

sectors will pay the carbon tax on the basis of primary fuel used.  In this way, even 

energy sector will pay carbon taxes, but only on the basis of fuels consumed.  

The amount of carbon tax will be determined by simulating arbitrary carbon taxes until 

the specified Carbon emission level is achieved.  With this, the amount of carbon tax will then 

represent the equilibrium shadow price associated with the emission limits.  

 

7.7 Carbon Emissions, Government Revenue, and Carbon Taxes 

Carbon emissions are endogenous into the system.  It is computed by using 

carbon specific fuel coefficients multiplied by the actual fossil fuel use of each sector: 

_ _j j j ji

i

Carbon emission En inputε ψ= ⋅∑                          

where: Carbon_emissionj is the total carbon emissions of fuel j.  εj is the carbon emission 

coefficient of fuel j; ψ j is the physical conversion coefficient of fuel j; and En_inputj  is the 

intermediate energy input j used by sector i 

 

Government revenue is generated from: direct income tax on households and 

firms; Indirect taxes on goods and services; and Tariff.  The imposition of carbon tax 

results in an additional government revenue represented by ctxrev.  

_j j ji

i j

ctxrev tc En inputε ψ= ⋅ ⋅ ⋅∑∑                                

Where ctxrev is the carbon tax revenue; tc is the Carbon tax; ε are the fuel emission 

coefficient of fuel j; ψ j are the physical conversion coefficient of fuel j; and En_inputji  

represent the intermediate energy input j used by sector i 

 

 

Following Burniaux et al (1992) and Zhang (1998), given the government 

revenues by kind of fuel j, the carbon tax can then be converted into fuel-specific 

advalorem tax rate, through the ratio of government fuel-specific revenues to the total 

values of domestic absorption of the fuel given by: 

                                                 
10

 Excise tax is preferred in contrast to ad valorem taxes, so that tax imposed per unit of energy does not 

vary with shocks to energy prices (Burniaux et al, 1992)   
11

 Whalley and Wigle (1990, 1992), analyzed the international incidence of carbon taxes differentiated 

between production and consumption tax.  
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_j j ji

i
j

j j j j j j

tc En input

adtx
PD D PIM IM Pl EX

ε ψ⋅ ⋅

=
⋅ + ⋅ − ⋅

∑
                       

Where:  adtxj is the per fuel ad valorem tax rate; PDj is the Domestic price of fuel j; Dj 

is domestic demand for fuel j; PIMj is the Import price of fuel j; IM is the Import of 

fuel j; Plj is the local price of fuel j;  EXj is the Exports of fuel j 

 

The computed per fuel ad valorem tax rate can then be applied to the domestic 

price of fuel expressed as:  

 (1 )j j jPC adtx Pq= + ⋅                                                         

Where PCj represents the composite price of fuel j with carbon tax; Pj is the composite 

price of fuel j 

 

 

7.8 Model Closure 

 Current Account Balance.  The current account balance will be held fixed.  This is 

analogous to the assumption of constant foreign savings.  Sectoral exports and imports 

however, are not fixed, thus they respond to changes in the relative price ratio between Pe 

and Pl, which is the real exchange rate.  The nominal exhange rate is fixed.      

 Government Account Balance.  Nominal government consumption is equal to 

exogenous real government consumption multiplied by its (endogenous) price. Fixing 

real government spending neutralizes any possible welfare/poverty effects of variations in 

government spending. Total government income is held fixed. Any reduction in 

government income from a tariff reduction is compensated endogenously by the 

introduction of an additional uniform sales tax. Thus, the government's budget balance 

(public savings) is endogenously determined. The only variations are due to changes in 

the nominal price of government consumption. 

 Carbon Tax Revenue.  The generated carbon tax revenue will be recycled back into 

the economy by decreasing other distortionary taxes.  This is to incorporate the ‘double 

dividend’ argument that carbon taxes may both lead to a cleaner environment and a less 

ditortionary tax system, thereby increasing welfare (Bovenberg and de Mooij, 1994; 

Bovenberg and Goulder; 1996). Since, lump-sum transfers are generally less welfare 
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improving under second best conditions
12

, the generated carbon tax revenue will be used 

either to: (a) decrease income taxes; or (b) decrease domestic output taxes   

    Savings-Investment Balance. Total nominal investment is equal to exogenous total 

real investment multiplied by its price. Total real investment is held fixed in order to 

abstract from intertemporal welfare/poverty effects. The price of total real investment is 

endogenous. 

 Labor Market. The labor market will assume two types of closure.  Initially, a Neo-

classical closure will be imposed wherein Labor supply is equal to labor demand.  Under 

alternative simulations, unskilled labor market will be allowed to slack.  

 

7.9 Welfare Measure 

The study will use the Hicksian Equivalent Variation (EV) to assess the double 

dividend argument discussed above by evaluating the impact of carbon tax to changes in 

welfare. This is in order to capture changes in consumer welfare arising from changes in 

relative energy prices (Whalley and Wiggle, 1991).  In this study however, the measure 

will not take into account benefits of improved environment to the consumer.  The 

Hicksian EV takes the old equilibrium income and prices and computes the change 

needed to achieve the new equilibrium (Shoven and Whalley, 1984). 

 

7.10 Poverty and Distributional Measures 

Poverty is measured through Foster-Greer-Thorbecke (FGT) Pα class of 

additively decomposable measures (Foster, Greer and Thorbecke 1984).  In general, the 

FGT poverty measure is: 

  
1

1
,

q

i

i

z y
P

n z

α

α

=

− 
=  

 
∑  

where α is the poverty aversion parameter, n is the population size, q is the number 

of people below the poverty line, yi is income, and z is the poverty threshold.
13

 

 

                                                 
12

 See Bovenberg and de Mooij (1994); Bovenberg and Goulder (1996) 
13

 The poverty threshold is equal to the food plus the non-food threshold, where threshold is defined as the 

cost of basic food and non-food requirements. 
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Poverty indices are calculated before and after the policy shock using the actual 

distribution of income in the FIES. The FGT poverty measure depends on the values that 

the parameter α takes. At α = 0, the poverty headcount is calculated by accounting for the 

proportion of the population that falls below the poverty threshold. At α = 1, the poverty 

gap is measured indicating how far on the average the poor are from the poverty 

threshold. Finally, at α = 2, the poverty-severity index is revealed. The severity index is 

more sensitive to the distribution among the poor as more weight is given to the poorest 

below the poverty threshold. This is because the poverty-severity index corresponds to 

the squared average distance of income of the poor from the poverty line, giving more 

weight to the poorest of the poor in the population. 

Essentially, the changes in the FGT indices (after a policy shock) are influenced 

by (i) the changes in household income and (ii) the changes in consumer prices, which 

affect the nominal value of the poverty line. 

  To capture the extent of poverty before and after the shock, the actual household 

income and poverty line from the 2000 household survey will be used to compute for the 

FGT indices at the base. To assess the impact of policy shifts on each household, the 

model fully integrates the entire 39,515 household respondents of the year 2000 

household survey. 

 To capture the income distributional changes due to the policy shift, the Gini 

Coefficients before and after the policy changes will be computed.  The Gini Coefficient 

is  

   i2

1
Gini Coefficient     y   

2
i j j

i j

x w x w y
xn

  
= −  
   

∑ ∑                         (7) 

Where n is the over-all population; i and j are household indices; wi and wj are the 

number of people in household i and j, respectively (note that 

  and  i j

i j

w n w n= =∑ ∑ ��and yi and yj are income of household i and j respectively. 

 

7.10 Data Sources 

 The data base for the proposed research is the 2000 Social Accounting Matrix 

(SAM) of the Philippines. It will be constructed from the: (a) 2000 Input-Output (I-O) 

table; (b) 2000 National Income Accounts (NIA); (c) 2000 Labor Force Survey (LFS); 
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(d) 2000 Family Income and Expenditure Survey (FIES); (e) 2000 Philippine Statistical 

Yearbook; (f) Philippine Development Plan.   

 The CET and CES elasticity parameters will be taken from GTAP (Global Trade 

Analysis Project). While the production elasticity parameters will be based from existing 

literature. The physical energy conversion factors and carbon emission coefficients will 

be sourced from the Philippine Department of Energy (DOE) and the Asia Least Cost 

Greenhouse Gas Survey (ALGAS) of the ADB.  

 

8. Counterfactual Policy Simulations  

Three policy simulations will be undertaken: 

EXP_1  Actual tariff reduction between the year 2000 and 2006. This is to capture the 

impact of tariff reduction in the Philippine economy. 

EXP_2  Actual tariff reduction between the year 2000 and 2006 coupled with a five 

percent reduction in carbon emissions through the imposition of a carbon tax.  

Carbon tax revenue will be used to reduce household income taxes.  

EXP_3  Identical to exp_2 except the carbon tax revenue will be used to decrease in 

indirect commodity taxes. 

 

9. Sensitivity Analysis 

This study will likewise analyze the impact of revenue recycling scenarios under 

different labor market conditions. This will constitute an important part of the study since 

it will shed light on the poverty and welfare impacts.  To account for this, a sensitivity 

analysis will be undertaken to compare simulation results under two labor market closure: 

(a) Full employment; and (b) with unemployment. 

 In addition, the environmental impacts (including CO2 emissions) of deforestation 

and land use changes will be implicitly evaluated under different labor market closure. 

This will be carried out by comparing the generated model results with the actual and 

observed changes in deforestation and land use in the Philippines.   
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