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Abstract

The past several years have seen an increasing debate over the linkages between trade and the environment. From this debate two conflicting hypotheses-----pollution haven and factor endowment ---- have emerged. It is of great concern among economists, environmentalists and world bodies like WTO. Among all south and south East Asian countries Thailand can be regarded as one of the fastest growing economy. The average annual growth rate is around 7 percent since the eighties. Liberalisation of trade has been the main driver and corner stone of this growth of the Thai economy. OECD is a major trading partner of Thailand and holds a consistent share of approximately 55% of the country’s total trade. The inflows of FDI boomed in the nineties. Thus Thailand is a good laboratory for assessing the impact of trade on the environment focusing on the two hypotheses. The current paper concerns with this. The paper exercised several indicators based on Input-Output framework for testing the hypotheses. Findings support or at least do not contradict the PHH and also challenge the FEH for Thailand. Further, the impact of FDI has not been environment friendly. Finally, the paper suggests several policies.
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Introduction

International trade contributes to economic growth, benefits all participating countries, while growth, in turn, increases the demand for environmental quality and provides the financial resource for environmental protection. It is commonly assumed by economists and environmentalists alike that greater economic openness will lead to increase pollution in developing countries, as free trade will increase environmental degradation in developing countries. Thus there are points at which trade and environmental objectives are in potential conflict. If left unattended, these conflicts can weaken the trade system and become an obstacle to sustainable development. 
But what is the impact of trade liberalisation on the environment is a matter of debate. Two conflicting hypotheses have emerged from the debate. First one is pollution haven hypothesis (PHH). This hypothesis suggests that the developed countries impose tougher environmental policies than do the developing countries, which results in distortion of existing patterns of comparative advantage. So the polluting industries shift operations from the developed to the developing countries; developing countries thus become “pollution havens.” The second hypothesis, the factor endowment hypothesis (FEH), states that trade liberalisation will result in trade patterns consistent with the Heckscher-Ohlin-Vanek (HOV) theory of comparative advantage based on factor endowment differentials. Rich countries are typically well endowed with capital. Since capital-intensive goods are often also pollution-intensive, factor-endowment theories of international trade predict that rich countries specialize in polluting goods. Thus the manifestation of the PHH is in direct conflict with the FEH. This debate is of great concern among economists, environmentalists and world bodies like WTO. 
Thailand is a good laboratory for testing these two hypotheses. Among all south and south East Asian countries Thailand can be regarded as one of the fastest growing economy. The average annual growth rate between 1980 and 2004 is around 7 percent. Thailand enjoyed its highest economic growth, averaging 9.1 percent per annum during 1986-96 which can be considered the most prosperous time of the Thai economy. This high growth was led by the growth in the manufacturing sector. Liberalised trade policy has been the main driver and corner stone of this growth of the Thai economy. 

The Thai exports have increased significantly by 45% (1980-85), 342% by 1990, 955% by 1995 & a staggering 2406% by 2003(Bank of Thailand). Few countries in the world could claim this kind of dramatic growth in any sector of their economies. 

With the rapid growth of Thailand's trade over the past 15 years, the composition of Thailand's exports has changed significantly. The big success story for Thailand has been the very rapid growth of manufacturing in the electronics sector, particularly computers, computer modules and integrated circuits with the increasing world demand. 

Just as exports experienced rapid growth over the past 15 years so have imports in Thailand. The vast majority of these imports have been to provide the raw materials and equipment necessary to fuel the rapidly developing export manufacturing sector. There has been a conspicuous increase in domestic consumption of imported products such as cars, luxury goods etc. 

The OECD is a major trading partner of Thailand and holds a consistent share of approximately 55% of the country’s total trade during 1980 to 2000. The trade pattern has changed from OECD trade surplus in 1995 to a significant Thai trade surplus in 2000. Thai exports to OECD doubled in value terms since the mid-1990s whereas Thai imports from OECD followed a less regular trend. This surplus accounted for 72% of Thailand’s overall trade surplus and has significantly helped to strengthen Thailand’s external accounts and the external value of the baht. The main Thai exports to OECD include machinery, garments, motor vehicles and parts, and electronics. Imports consist mainly of machinery, electrical items and parts. In terms of investment OECD share was more than 65% in 2000, the most important source of foreign direct investment in Thailand followed by the Asian NIEs. Thailand’s intra-industry has also grown significantly. 

The Thai trade performance has changed considerably which is reflected in the sector of production and consumption.  In the later half of the 1990s the situation started changing towards more capital intensive industry than labour intensive because of shifting of the trade towards more emerging industries. This diversification of exports was successfully supported and encouraged by the investment promotion activities of the Board of Investment (BOI), Thailand which attracted foreign capital to few selected export sectors. Foreign direct investment has increased from around US $515 million in 1970-75 to over $17,416 million in 1996-2000. These changes in Thailand's trade pattern and also the role of FDI have important implications for the environment and the use of energy and other resources in the economy. 
What happens to Thailand's environment in a liberalized trade regime is a matter of research. The paper concentrates on this issue. 

The objective of the current paper is to evaluate the impact of Thailand’s trade with OECD on the environment focusing on the two conflicting hypotheses (pollution haven and factor endowment) during the period 1980 to 2000. 
The organization of the paper is as follows. Literature dealing with trade and environment is reviewed in section 1. Section 2 presents the methodology. Data part is covered in section 3. Results and discussion are reported in section 4 and 5. Section 6 concludes with a few policy options.

Section 1: Review of Literature 

The literature linking trade and environment is growing (Tobey, 1990; Lucas and others, 1992; Low and Yeates, 1992; Mani and Wheeler, 1998; Cole and Elliott, 2001; Xing and Kolstad, 2002; Eskeland and Harrison, 2003; Copeland and Taylor, 2003; Javorcik and Wei, 2005; Waldkirch and Gopinath, 2004). Several attempts have been made to use input-output models to address the issue (Wyckoff and Roop, 1994; Gale and Lewis, 1995; Antweiler, 1996; Proops and others, 1999; Machado and others, 2001; Munksgaard and Pedersen, 2001). However, only a few have addressed the pollution haven hypothesis and factor endowment hypothesis using the input-output model (Mukhopadhyay and Chakraborty, 2005a, 2005b; Dietzenbacher and Mukhopadhyay, 2006).

The review of the brief literature suggests that the empirical evidence is still far from clear (Copeland & Taylor, 2004). The methodologies employed to test the hypotheses are widely varied so are the results. Discussions on Thailand’s trade-environmental relation received attention in recent years (UNCTAD/UNDP 1994; TDRI 1996, 2000; Jha et al.1999; TEI 2000; APFEED 2002). Unfortunately no comprehensive work has been done on Thailand involving these issues together, in particular using I-O techniques. Do environmental regulations influence trade patterns as predicted by the pollution haven hypothesis (PHH) in Thailand? Is Thailand’s trade influenced by the factor endowment hypothesis? Is there any implication of FDI on the environment? So the current research is addressing these issues.
Section 2: Methodology

The methodology of the study is based on Leontief's Input-Output framework (1951). The structure of the input-output model can be framed as:   

X = Ad X + Y                                      --------- (1)

Or, X = (I – Ad)-1 Y
……….  (1a)

Here X defines the vector of domestic output and Ad,   the matrix of domestic input-output coefficient and [I- Ad] –1, the Leontief domestic inverse matrix. Now emission model can be formulated through (1a).

Emission model

Total amount of an emission from fossil fuel combustion can be calculated as a function of output of industries (Mukhopadhyay & Forssell, 2005). 
Fpd = CL1Xd = C L1 (I – Ad)-1 Y                                                   -------- (2)

Here Fpd is a scalar giving the total quantity of an emission from fossil fuels combustion in Thailand. Emissions under this study are CO2, SO2, NOx, CH4, N2O defined as pollution type p. C is a vector of dimension m (1xm), of coefficients for the industrial emission intensity per unit of fossil fuel burnt. L1 is a matrix (mxn) of the industrial consumption in energy units of m types of fuel per unit of total output of n industries1. In equation (2) CL1 carries only direct requirement of pollution intensities from industries and C L1 (I – Ad)-1 gives the direct as well as indirect requirement of pollution from industries. 

Let CL1 = S and (I – Ad)-1 = R. Then equation (2) will be

Fpd = SRd Y ----------------------- (2a)
Pollution Haven Hypothesis

To establish a link between trade and environment we need to develop the trade model by extending the equation (2a).

Trade model 

By separating the final demand vector as domestic (Yd) and net exports we get

Y= Yd + Yx -Ym         ------------------ (3)

Where, Yx (nx1) and Ym (nx1) are defined as the vector of export and imports respectively. Here we assume identical technology (Heckscher-Ohlin) to find out the pollution content of imports from OECD. So the pollution content of export and import can be defined as in (4) and (5). 

F pd exp oecd = SR Yxoecd -------- (4)

F pd imp oecd = S R Ymoecd -------- (5)

Equation (4) and (5) are scalar giving different pollution content of export and import. 
Now, a measure of pollution terms of trade (PTOT) for Thailand with OECD will be derived by equation (4) and (5) as

PTOTpd oecd = Fpdexpoecd / Fpdimpoecd = [SRYxoecd] / [SRYmoecd] --------- (6)

This measure (equation 6) of pollution terms of trade indicates the ratio of the pollution content of 1 unit of exports relative to the pollution content of 1 unit of imports. A country gains environmentally from trade in relative terms whenever its imported goods have higher pollution content than its exported goods. When the pollution terms of trade are greater (smaller) than 100, then particular country’s exports contain more (less) pollution than it is receiving through imports. The expressions of (6) will provide the compositional effect. This indicator has been used to reflect pollution haven effect. 
The above discussion on pollution terms of trade simply captures the direct and indirect emission of all fossil fuel sectors (which covers depletable resources). In addition to that it also covers the indirect emission from all the sectors in the economy ranging from renewable resource to the services. We have considered the pollutants like CH4 and N2O (apart from CO2, SO2 and NOx) which released mainly from the renewable resource sector.  So to find out the total content of renewable resources we estimate the resource terms of trade. Resource terms of trade simply provide the situation of resource exploitation in a particular country.

Resource terms of trade
The amount of products made from natural resources. The study estimated the quantity of intermediate products demanded for domestic agriculture, forestry, fishery when one unit of the final demand in each industry is increased. This corresponds to the sums of each column for agriculture, forestry and fishery in the inverse matrix of the Input-output table. The amount of natural resources embodied in imports and exports can be structured as 
Rexp = sr Yxoecd -----------------------------(7)
Rimp = sr Ymoecd  -----------------------------(8)

Rexp and Rimp denote scaler matrix of total resource content 2 in export and import respectively. 
sr defines the total requirement vector of all resources.

Now, a measure of resource terms of trade (PTOT) for Thailand with OECD will be derived by equation (7) and (8) as  
RTOTpd oecd = sr Yxoecd / sr Ymoecd  ---------------------- (9)

This measure (equation 9) of resource terms of trade indicates the ratio of the resource content of 1 unit of exports relative to the resource content of 1 unit of imports. When the resource terms of trade are greater (smaller) than 100, then particular country’s exports contain more (less) resources than it is receiving through imports. The expressions of (9) will provide the compositional effect. This indicator has also thrown some light in context of pollution haven effect. 

Furthermore, the foreign direct investment is playing an important role especially in Thailand. To capture the pollution content in total FDI as well as in the export content also help to derive some conclusion in the framework of PHH. 
Foreign Direct Investment Model 

Equation (2a) has been further modified to calculate the pollution content of FDI.

Fpd fdi= SR Yfdi (oecd) ------------------------ (10)

Where Yfdi (oecd) explains FDI from OECD.

The model has further investigated how far FDI has induced the export and in turn pollution. For that FDI has been treated as an input in the economic activity of Thailand. The pollution content of export due to FDI has been derived as

Fpdexp(fdi) = S R* Yxoecd -------- (4*) where R* denotes (1-Ad*)-1 and Ad* defines input-output coefficient matrix including FDI as an input.
Extension of the Pollution Haven Hypothesis

In this extended section the study is again estimated the index PTOT by relaxing the assumption of H-O. So instead of identical technology and emission intensities, the present work introduced the emission intensities and technology of USA as a representative of OECD. Keeping other variables constant the pollution content of import can be restructured as in (5*)

Fpd* imports = S* R* Ym -------- (5*)

Where S*R* defines the total sectoral emission intensities of USA. 

Now the measure of pollution terms of trade (PTOT) for Thailand exclusively with OECD will be derived as

PTOTpd*oecd = Fpdexportsoecd / Fpd*importsoecd = [SRYxoecd] / [S*R*Ymoecd] ------ (6*)

Like equation 6, equation 6* clearly redefines the measurement of pollution terms of trade.  In addition to the compositional effect (expressions 6), the extended model (equation 6*) provides technological effect also. 

The PHH explanation will be stronger if we discuss factor endowment hypothesis in this context, which offers another view on the impact of international trade on the allocation of environmental burdens across countries. This hypothesis maintains that pollution intensities of production are highly correlated with capital intensities (Copeland and Taylor, 2003).

Factor Endowment Hypothesis
The expansion of global trade receives so much attention largely because it has important influences on the factor markets of the countries involved. 

Recollecting equation (2a) the following equations (12-15) can be derived to estimate the total labour and capital requirements in exports and imports. 
Lexp = LRdYxoecd =ALx





                    ……….  (11)

Kexp=KRdYxoecd  = AKx                                                                                                  …………. (12)

Limp = LRdYmoecd    = ALm





                     ……….  (13)

Kimp= KRdYmoecd   = AKm                                                                                               ……… (14)

Where, L and K symbol indicate sectoral labour and capital coefficients. So the factor endowment effect are based on the ratio of Km and Kx where

Kx = AKx/ ALx and   Km = AKm/ ALm 
The factor endowment hypothesis briefs that labour rich country will export labour intensive goods and imports capital intensive goods. This can be indicated by the ratio of capital requirements of import and export which will be greater than 1. Similarly the capital abundant country will export capital intensive goods and imports labour intensive goods and the ratio of capital requirements of import and export will be less than 1.
Further, we introduce resource as another factor like labour and capital. To derive the factor requirements of labour, capital and resources using India’s Leontief inverse. This will give us an idea of the weightage between capital import and export with labour as well as capital import and export with resources and labour import and export with resources. Likewise PHH, here also we try to capture the share of resources in export and import relative to the major factor labour and capital. We structured the equation of resources like labour and capital (11-14) as given in 15 and 16.
 REexp = RE RdYxoecd =AREx           ---------------------(15)

REimp = RE RdYmoecd =AREm          -----------------------(16)

So the factor endowment effects are based on the ratio of Krm and Krx and Lrm and Lrx.
Where, KrX = AKx / AREX   and   Krm = AKm / AREm  
Again, Lrx= ALx/ AREX  and Lrm = ALm / AREm 

The ratios above define the relative ratio of capital and resources and relative ratio of labour and resources respectively.

It simply provides some idea of other factor like resources which plays a dominant role in the Thai economy. The three series of ratios in respect of imp and export helps to derive the important factor which are being used more in the export than import.
As we discussed earlier about the modified version of Leamer index (Leamer pollution index) in case of PHH here we introduced Leamer index to provide justification against the factor endowment effect.

Leamer Index = [(net export of k/net export of L)/ (Domestic consumption of k)/ (domestic consumption of L)]
The equation can be formulated as 

Ratio of net export of k and l= [KRd(Yxoecd- Ymoecd)/LRd (Yxoecd- Ymoecd)]

Ratio of domestic consumption of k and l = [KRd D /LRd D]
Now LI= [KRd(Yxoecd- Ymoecd)/LRd (Yxoecd- Ymoecd)]/ [KRd D /LRd D]---------------------(17)
The measurement of Leamer index defines that the ratio of net exports of capital and labour and the domestic consumption of capital and labour. If the ratio is greater than 1 then the country is using more capital in the producing exported commodities than it consumes domestically. This measurement can also give some idea about the factor endowment effect. 
Extension of the Factor endowment effect

The paper again tries to find out the factor endowment effect by relaxing the H-O assumption. Recalling equations (12-13) are to estimate the total labour and capital requirements in exports using India’s Leontief inverse. But the total labour and capital requirements of imports have been calculated on the basis of labour and capital intensity of USA as a representative of OECD.
Lexp = LRdYxoecd= ALx


          ……….  (11)

Kexp=KRdYxoecd = AKx                                            …………. (12)

Limp = LRdYmoecd= ALm


             ……….  (13*)

Kimp=KRdYmoecd   = AKm                                               ……… (14*)

Where, L and K symbol indicate sectoral labour and capital coefficients of USA. Here the labour and capital multipliers are formulated on the basis of the USA Leontief inverse.

In this case the factor endowment effect are based on the ratio of Km and Kx where

Kx = AKx/ ALx and   Km =  AKm/ ALm 
Section 3: Data source

The data sources used for the application of the model are: (a) input-output table of Thailand for the years 1980, 1990 and 2000 (NESDB, 1984, 1994 and 2004) and input-output table of USA for the year 1997(published by OECD I-O data section); (b) energy consumption data for Thailand for the years 1980, 1990 and 2000 (Department of Energy Development Programme); (c) data on trade with OECD countries for the years 1980, 1990 and 2000 (OECD, 1986; OECD, 1992; and OECD, 2002); (d) international financial statistics for exchange rates (IMF, various years); (e) labour and capital stock data at the sectoral level from the Report of the Labour Force Survey, Whole Kingdom and Report of the Manufacturing Industry Survey, Whole Kingdom (National Statistical Office of Thailand, various years) and Capital Stock of Thailand (NESDB, 2002); (f) data on foreign direct investment from published and unpublished sources (Bank of Thailand, various years) and g)Data on emissions are estimated using the IPCC (Inter governmental Panel on Climate Change) guideline. The US direct emission intensities have been collected from CEDA 3.0 (Comprehensive Environmental Data Archive): Environmental input-output database for the United States (Suh, S., 2004 and 2005).

Section 4: Results and Discussion
In this section we shall present and discuss the results of the application of the models developed in section 2. 
4.1 Evidence on Pollution Haven Hypothesis from Thailand’s Trade with OECD
Japan, USA and the European Union are main trading partners of Thailand. Since Pollution haven hypothesis originates from north south debate, the evidence on Thailand’s trade with OECD will throw insight on the debate. To capture the pollution haven effect (PHH) we have used four criteria such as pollution terms of trade (equation 6 and 6*), resource terms of trade (equation 9), Leamer pollution index (equation 10) and foreign direct investment (equation 4*). Results are presented in Table 4.1.

 Table 4.1 here

The values of the indices as displayed in Table 4.1 show dramatic change. The PTOT reveals an increasing trend of the indices during 1980 to 2000 for all the five pollutants (CH4 and N2O for 1990 and 2000). As we have already mentioned in the methodology section that if the indices are more than 100 then the host country is exporting more pollution than it imports.  During the 1980s the values of PTOT are found to be less than 100 in contrast the values are above 100 in 2000.  The most important point is to note that pollution index of CH4 and N2O have increased five times during 1990 to 2000. These results imply that Thailand exports dirty goods and imports clean goods. This finding seems to support or at least not to contradict Pollution haven hypothesis for Thailand in the year 2000. In other words Thailand’s trade with OECD has varied implications for the environment over the period 1980-2000. In the 1980s the environmental impact was moderate but with the passage of time its severity has increased and by the end of 2000 the trade with OECD has created unfavourable impacts on the environment thus turning Thailand a pollution haven.
The second criteria i.e., resource terms of trade (table 4.2) which particularly reflects renewable resource exploitation in exports and imports of Thailand and OECD countries. Result follows that the replenishable resources are exploiting more through out the study period. The resource terms of trade index is always more than 100. As we know that forestry and other agricultural resources are main export item in Thailand from 1970 onwards till 1990. 
Table 4.2

Why has this happened? What are the major commodities exported by Thailand to OECD? What are the shares and how far are they pollution intensive? We need to explore to provide reasons for changes in the values of PTOT.

Table 4.3 here

Table 4.4 here

The most prominent sectors in respect of the shares of export and import during the study period are presented in Tables 4.3 and 4.4 respectively. Table 4.3 reveals a significant change in the composition of exports. The structure of Thailand’s exports in the 1990s has diversified into a wide variety of products compared to that in the 1970s and 1980s. Thailand’s major export in 1980 was food and food products with 34.17% share. It goes down to 9.97% in 2000. During the 1970s, agriculture was the main contributor to GDP and its exports had remained the main driving force behind the overall economic growth. From the late 1980s, the agrarian frontier went into reverse and farm acreage shrank (Pongpaichit & Baker 2003). The population directly supported by agriculture dropped by almost 4 million. Agriculture’s contribution to GDP came down from 25.4% in 1980 to 12.8% in 1990. Its exports declined. This rapid decline was partly a result of falling prices, faltering world trade and competitors in world rice market. Once the export –led industrial boom began in the mid 1980s, both public and private investment was concentrated in the urban economy to the detriment of agriculture. The orientation was more on textile, rubber products and leather during the 1980s and 1990s. On the other hand, radio TV set communication equipment, industrial machinery and electrical and electronic appliances together captured the market sharing 21.55% in 1990 and 48.87% in 2000. These goods enjoy a favourable demand in international market. These figures reveal how Thailand has become an exporter of manufacturing goods to OECD with the passage of time with declining role of agriculture. Another most interesting feature observed in Thailand’s trade with OECD is intra industry trade. For example, Thailand imports raw materials for electrical and electronic appliances product from USA and Japan and exports the final product after assembling. For some industry Thailand acts as a component supplier but assembling for final shape is provided by the developed country.

The composition of the imported commodities has not changed significantly. A large part of Thai imports are capital goods and intermediate products and raw materials which are used in expanding industrial capacity and supply inputs into many of Thailand’s export industries.
The reasons behind the high value of PTOT (more than 100) in 2000 are due to the high pollution generated from export intensive sectors. It should be mentioned that Gas and water supply, and Petroleum refinery and gas separated plant, though do not belong to the major exporting sectors (Table 4.3) are however highly pollution intensive. 
In this regard to strengthen our view point of supporting the pollution haven hypothesis we have introduced foreign direct investment and its impact on the environment. 
The role of foreign direct investment has been widely recognized as a growth-enhancing factor in developing countries. Various studies have focused on the contribution of FDI to the economic development of Thailand (Pupphavesa and Pussarungsri 1994, SiamWalla et al., 1999, Kohpaiboon, 2003). 
In Thailand, the liberalization of trade and the ability to attract foreign investment have moved hand in hand. Throughout the past four decades, Thailand has been a significant recipient of FDI among developing countries. Foreign direct inflows of investment to Thailand boomed in 1995-2000. It increased from around US$ 515 million during the period of 1970-75 to over US$ 17416 million during the period of 1996-2000. The share of FDI in Gross Domestic Investment (GDI), which was around 2-3 per cent in the 1980s, reached around to 20 per cent in 2000. Moreover, the share of total FDI mainly enters the manufacturing sector over the years. During the early 1970s, manufacturing sector accounted for 30 per cent of total inflows approximately. This has increased to about 45 per cent in the period of 1996-2000 though there was a mild decline in the later half of the 1990s mostly due to the currency crisis in 1997.
An important proportion of FDI has been from OECD countries (67.79% in 1987 increased to 75.69% in 2000). The major receiving sector of OECD investment is industry whose share has increased from 52.7% in 1990 to 62.6% in 2000(Table 4.5). Electrical and electronic appliances, machineries and chemicals deserve mention. Japan was the major player in FDI in Thailand in the years prior to the crisis. Japanese major investment was on electrical appliances, machinery and transport equipment throughout the 1990s. Along with Japan, USA and the EU are also important sources of FDI. The attractions of investing in Thailand were varied--- macro economic stability, rapid expansion of the domestic market (GNP growth more than 6% during the period 1985-95), low labour cost providing a platform for exports and baht devaluation in 1984. 
Table 4.5 here 
FDI was predominant in import-substitution industries in the late 1970s. However, an increasing share of FDI was directed to more export-oriented activities with a shift towards manufacturing sector in the late 1980s and 1990s. The shift in the composition of FDI from domestic-market oriented production to export oriented manufacturing production in Thailand has closely mirrored the shift in the domestic trade policy regime (Kohpaiboon, 2003). More recently, assembly activities in electronics and electrical goods industries have been the main attraction to foreign investors. 
Our earlier analysis (section 4) has clearly indicated that there has been a dramatic change in the composition of exports from agro based to manufacturing over the period 1980 to 2000. And FDI has played an important role in this shift.
 What has been the effect of FDI on the environment? As is the case for trade, the environmental effects of FDI can be positive or negative. There has been migration of dirty industries to Thailand from the developed countries like Japan. It includes lower cost of labour and a growing domestic market. This relocation trend contributed not only to the structural development of the manufacturing sector in Thailand but also has an impact on the environment. 

The paper has attempted to compute the pollution content of FDI from OECD countries following the equation (11) for the year 2000. The results are 428.49KtC, 3.54KtS and 4.07 KtNOx for CO2, SO2 and NOx respectively.

Moreover the foreign direct investment can be treated as an input in the economy to enhance its productive capacity. This in turn has influenced the export performance of the economy and generated pollution. This has been modelled in equation (4*). Computations show that the pollution content of exports fuelled by FDI is found to be 343.14 KtC for CO2, 3.09 KtS for SO2 and 3.06KtNOx for NOx during 2000. These values clearly indicate the contribution of FDI (more than 80%) to the generation of pollution from export sectors. 
Thus the above discussion shows that the environmental implication of FDI from OECD in Thailand has not been favourable. On the other hand the rapidly growing economies of Asia like Malaysia and China have been successful in catering FDI flows during the 1990s having not unfriendly impacts on the environment, however. The above three criteria we have discussed for PHH is based on the common production technology for Thailand and OECD. The PTOT values are supporting pollution haven hypothesis in 2000 and RTOT index are also in the same tune in 1990s and 2000 showing enormous depletion of resources in export. Further the FDI contribution in generating emission particularly from export is also significant. Next we have extended the PHH hypothesis by ignoring H-O model and general analysis is given below.
Thailand’s Trade with OECD based on the extended model
In this section, we have investigated the result of the Thailand’s Trade with OECD based on the extended model. The assumption of Heckhsher-Ohlin is relaxed in the present case. The sectoral emission intensities of US have been considered as a representative of the OECD emission intensities instead of Thailand’s.  In this structure pollution embodied in exports remains same like the previous model.  The US emission intensities were used to calculate the pollution embodied in imports. 
Table 4.6
Result shows that Thailand is pollution haven even if the changed intensity case in 2000. Results are in the same trend like the previous model but the value of pollution terms of trade is quite high in the present case than previous for all pollutants case. It clearly ensures wide differences of technology and emission intensities between Thailand and OECD (USA as a representative of OECD). The improved technology and lower emission intensities are responsible for the higher values of PTOT in the extended model. Several questions might come up in this respect. Why has the composition of the traded commodities changed in Thailand? Why is Thailand exporting all pollution intensive goods at the cost of environment? Are the government policies not stringent enough to tackle these problems? To address all these issues we need to take a critical look at the government policies especially relating to trade and environment. 
The first national economic development plan was launched in 1961 by the government of Thailand with the import substitution (IS) regime to promote industrialization. The use of tariff was the major instrument to influence the country’s development path and it effectively began in 1974 to promote domestic industry. An escalation of tariff structure was introduced where tariff rate ascended from raw materials to finished products. These changes increasingly favoured the production of finished products, particularly consumer products. Significant reduction of tariff began in 1988 starting with those on electrical and electronic goods as well as inputs into these products. The maximum rate had come down from 100 per cent in the early 1990s to 17.01 per cent in 1997. 
To promote exports the Thai government adopted several measures (Bank of Thailand, Annual reports) especially after the 1980s (for example, lifting of export quota, reduction in export duties on several commodities, business tax exemption, promotion of investment on manufacturing industries with strong export potentials such as automobile and parts, extension of export credit).
Thus, import substitution and export promotion was the main objective of the Thai trade history since 1970s. Major Japanese firms had transferred production processes to Thailand, in the later half of the 1980s. Foreign investment into Thailand accelerated dramatically from 1988-90. The first stage of growth in export industries was mostly focused in labour intensive and resource based industries and led by domestic or joint venture with Thai firms which had originally been established to supply the domestic market. By the end of the decade, foreign investment had begun to change the export mix towards technology based products. Textile firms from Japan and garments firms from Hong Kong and Taiwan had relocated production to Thailand and other overseas sites since 1970s. These firms are highly pollution intensive. Garments firm expanded their production in Thailand not only to reduce production costs but also to find a way around the US general system of preference scheme which placed restrictive quotas on imports from individual countries. Several major gem and diamond cutting businesses relocated to Thailand. Over half of the total export increased after the 1990s basically from technology based industries, especially automotive parts, computer parts and electrical goods which are highly pollution intensive(Lucas et al.,1992). All big giant firms are setting up their industries in Thailand. By the late 1990s Thailand had become one of the world’s largest assemblers of computer disk drives, and emerged as a regional centre for auto manufacture. The three sub sectors of automotive, electrical goods and computer parts contributed significantly to total export. Above trade history reflects that how all pollution intensive industries relocated to Thailand. Actually Thailand always follows the strategy of “grow first clean up later”.
The most proactive and ambitious trade policies of Thailand have changed the structure of the economy as well as export. Thailand has aggressively pushed to increase its share of the world’s export market by means of establishing a healthy collection of bilateral as well as regional free trade agreements (FTAs) with its trading partners. 
Thailand signed the GATT-WTO protocol concluding the Uruguay round, which included a commitment to liberalize trade in services. Import licensing in Thailand has also been reduced significantly, but non-automatic licensing continues to apply to a number of imports. A number of measures have been implemented toward improving trade and investment relations between Thailand and the EU under the Asia-Europe Investment Promotion Action Plan (ASEM) umbrella, released in July 1997. This plan aims to promote public and private sector co-operation on the issue of removing trade and investment barriers between the two regions. Further, a ‘Free Trade Area’ under an ASEAN framework was initiated by Thailand in June 1991 with the goal of integrating production structures towards improving ASEAN’s export outlook in the world market. 
The above trade strategies and policies relating to trade liberalization helped Thailand to diversify and boost export, however, not favourable for the environment. This process has further been fuelled by weak and non compliance of environmental regulations. Let us now take a look at the environmental regulations. 
To combat the environmental deterioration from trade oriented growth several environmental legislations were introduced in the past years. 
Natural resource management laws in Thailand have existed for over a century (TDRI, 2000). Most of the early laws were aimed at governing the resource use rather than conservation. The first environmental protection legislation was passed in 1975. However a more comprehensive environmental legislation in Thailand is the 1992 Enhancement and Conservation of National Environmental Quality Act (NEQA). Another important legal instrument is the 1992 Factories Act which regulates waste discharge from the industrial plants. Similarly another act, the 1992 Hazardous Substances Act provides control over the production, import and export or possession of hazardous substances that could become hazardous waste in the future. To promote and initiate energy conservation among all parties the Government introduced the Energy Conservation and Promotion Act (1992). Further, in 1997 Ministry of Science and Technology has prepared a long term policy and prospective plan (1997-2016) for enhancement and conservation of environmental quality of Thailand.
The existing regulatory command-and-control regime, a major source of debate, is slowly being replaced by the introduction of market-based instruments. In addition, direct pressure from many Thai communities affected by pollution is playing a role in influencing the government and the private sector to improve their compliance with environmental regulations. 
In spite of all these efforts implementation of regulations has been far below expectations (TDRI, 2000). 
One of the major strategies of Thailand has been to encourage the private sector to play a key role in the economy. But the private sector does not always support and promote the environmental quality by adopting environmentally friendly production processes. Moreover there is no suitable Environmental Tax. Thailand proceeded to apply tax measures to control pollution on May 1997. Still, the December 2002 Environmental Sustainability Index, which was conducted by the World Economic Forum 2000 to show the state of the environment and how it is affected by human activities, ranked Thailand 46th out of 56 countries. Rock (2002) has discussed in detail the pollution management strategies in East Asia and comparing the performance of several countries (Singapore, Taiwan, Malaysia, Indonesia, China and Thailand) concludes that “to date, Thailand has had the least success in reducing industrial pollution and improving ambient environmental quality”. Thus Thailand has the dubious distinction of being the only East Asian newly industrialization economy (NIE) without at least one important industrial pollution management success (Kanittha 1996)3. 
Let us explicate the environmental regulation existing in OECD and other major trading partners of Thailand in this regard. 
The stringent regulations of OECD are well known. For example, Japan for Protection of nature and biological diversity, has introduced several laws from 1918 to 2004. To address emission of particulate matters from vehicles it has enacted few important laws from 1967 till 2005 to meet the policy target. All these laws are implemented according to the strict guideline of CAC, market based instruments and social instruments. 
Apart from OECD another south Asian neighbouring countries of Thailand is Singapore, important trading partner of Thailand. Singapore was successful, from an early date, in integrating environmental considerations into the machinery of both economic and industrial policymaking. Though it does not belong to OECD countries it maintains stricter regulation. Singapore’s approach is that it was predicated on building and sustaining a pragmatic, tough, competent, and fair command-and control environmental agency, the ENV. The Pragmatic and tougher and tougher emissions standards were complemented by strong programs to monitor ambient air and water quality. To this, the ENV added a rigorous, honest and fair inspection and enforcement program. 
By the early 1990s ambient air and water quality in Singapore was equal to that in the countries that belong to the Organisation for Economic Co-operation and Development (OECD)4. Like Singapore some other Asian countries also have stringent environmental regulations with good governance and enforcement compared to Thailand which create differences in the environmental policies between Thailand and most of the other countries Thailand is trading. Thus the state of environmental regulations and implementation in Thailand are weak relative to other trading countries and OECD. Lax environmental regulations and non-compliance have thus distorted the pattern of comparative advantages in Thailand. Differences in cost of complying with environmental regulations between Thailand and OECD and other countries (for example, Singapore, the major traders) have helped OECD and other Asian countries to relocate industries in Thailand. 
Perhaps these are the reasons that influence Thailand to become a pollution haven in 2000.

In this connection it should be noted that differences in pollution policy are only one of many factors that cause trade. Relative production costs are determined not only by pollution regulations alone and are not an important determinant of costs (Copeland and Taylor, 2003). So let us examine whether additional motives for trade change these results. In other words, our next task will be to investigate the role of factor endowments in determining Thailand’s trade with OECD during the same period.
4.2 Evidence on Factor Endowment Hypothesis from Thailand’s Trade with OECD
To derive the factor endowment effect the study focused on three aspects. First the study estimates the conventional factor i.e., labour and capital requirement in import and export, secondly it considers resource as a third factor and its requirement in import and export and finally the most popular leamer index is calculated to get a view of capital and labour ratio required in net export compared to domestic counterpart. These estimates can highlight factor requirement in export and import and how far the hypothesis behaved in three cases.

  Estimates of capital and labour requirements to produce one thousand baht worth of exports and imports in 1980, 1990 and 2000 respectively derived by equations 11 to 14 are reported in Table 4.7. 
Table 4.7 here 
Results show that Thailand’s export required more capital (more capital per worker) than imports in 2000. More specifically Thailand’s import is 5% less capital intensive than its exports. On the other hand Thailand imports were 33% and 20% more capital intensive than its exports in 1980 and 1990 respectively(Table 4.7). If we look at the north south trade we observe that developing countries are normally exporting labour intensive goods and importing capital intensive one. And according to the theory of factor abundance Thailand, a developing economy, is supposed to export labour intensive goods and import capital intensive. Thailand is exporting capital intensive goods in 2000 however. Thus, our evidence does not support the FEH for Thailand for the year 2000 while it does for 1980 and 1990.
Why this is so. The shifting of exports from agriculture to manufacturing and from manufacturing to the emerging groups is one of the most important reasons for the change of production technology ---- from labour intensive to capital intensive. The scarcity of skilled labour has been another problem (Bank of Thailand, Annual Reports) in Thailand.  Table 4.8 shows how Thailand has shifted its export economy from labour intensity to capital intensity. 
Table 4.8 here 
During the first half of the 1980s labour share was more than capital while in the first half of the 1990s capital share is more than that of labour and in the later half it has been more than double. The idea behind the factor endowment case will be more strengthen if we consider natural resources as another factor. Table 4.9 briefed the values of factor intensities for capital, labour and natural resources in 1990 and 2000. It shows that the value of indices in case of labour and resources as well as capital and resources are more than 1. It implies that import is higher than export except capital and labour case in 2000 (already mentioned in table 4.6). Since capital and labour factor in 2000 are less than 100 and proves that Thailand exporting more capital intensive goods than it imports lead us to estimate leamer index in this context. Leamer index for Thailand in 2000 shows that net export of capital and labour ratio is higher relative to the domestic capital and labour ratio(Table 4.10). The index is greater than 1 which once again shown that factor endowment hypothesis is not supported.  The Leamer index simply shows that net export of capital which is the balance between the capital embodied in exports and capital embodied in imports. The same way the balance is also been made between labour export and import. On the other hand the domestic consumption parameter reflects the domestic consumption of capital embodied in the production of domestic consumption of capital and the domestic consumption of labour embodied in the production of domestic consumption of labour.
Table 4.9
Table 4.10
As discussed, from the late 1970s, and then more emphatically from the mid 1980s, the government shifted the economic strategy towards promotion of exports in manufacturing industries. By the early 1990s around 4 million people dropped out of the agricultural labour force in the off season, and around a million found other work, mainly in manufacturing, construction and other services. The transfer of technology with huge foreign investment started coming from OECD countries (especially Japan and USA) in Thailand. Industries which were set up after the 1990s in Thailand from other countries were generally large scale and capital intensive with less employment generation. Furthermore the opening of such low cost locations as Vietnam and China undermines Thailand’s comparative advantage in labour intensive manufacturing to more skill and capital intensive activities. The technology based export industries relied heavily on imported components, employed relatively few workers, and had limited linkages with the rest of the economy. The export sectors with high employment and strong linkages----agriculture, resource based and labour intensive manufacture---- grew minimally. Thus the resources have moved out of labor intensive agricultural industries into more capital- and skill-intensive manufacturing and services industries. Thus above discussion provides explanation why Thailand’s export is more capital intensive than labour in 2000. 
So far the paper has evaluated the impact of liberalized trade on the environment focusing on two hypotheses--- pollution haven and factor endowment----- for Thailand. In this connection it has investigated the role of environmental regulations, factor endowments, trade policies and environment energy policies and so on. It is important to note that impact of trade flows on the environment can also be influenced by foreign direct investment other than the above mentioned factors. We shall now explore the implications of Foreign Direct Investment (FDI) on the environment in Thailand. 
Section 6: Conclusion and Policy Options
The complex interrelationship between trade and environment has become a focal point for international as well as national policy makers. With this in mind the current research has assessed the impact of Thailand’s trade with OECD on the environment during the period 1980 – 2000 focusing on the two contradictory hypotheses i.e. pollution haven and factor endowment hypotheses. 
Findings of the study stress on two aspects i.e. why pollution haven matters for Thailand and factor endowment does not. The results clearly ensure that Thailand moves to pollution haven in 2000 for both cases. To define the pollution haven effect the study considered PTOT as an indicator. Again the same model has been modified by relaxing the H-O (Thailand’s trade with OECD) considering the emission intensities of USA (representative of OECD). During 1980s and 1990s the value of PTOT was below 100. This implies that Thailand export goods that are more environment friendly than goods it imports. But in 2000 PTOT values are above 100 for both the cases (by assuming and relaxing the H-O assumption). The improved technology and lower emission intensities are responsible for the higher values of PTOT in the extended model. The study reveals that Thailand is not gaining environmentally through trade with OECD and became pollution haven in 2000 for both the cases. So the evidence supports or at least not to contradict the PHH. On the other hand Thailand is not supporting the factor endowment hypothesis by exporting capital intensive goods during 2000(section 4.2). Moreover, the analysis of the effect of FDI on the environment has demonstrated that though the role of FDI has been export promoting for Thailand has not however been environment friendly. 
On the whole our results in this regard are thought provoking. These have been primarily caused by the shift in the trade policy---from exports of agriculture to manufacturing---, lax environmental regulation with ineffective implementation and increased capital intensity of exports.
The current findings can be compared with those of other studies. Results are in tune with those of Low and Yeats (1992) and, Waldkirch and Gopinath (2004) but contradict Busse (2004) and Mukhopadhyay et al (2005a, b). On the other hand Mani and Wheeler (1998), Cole and Eliott (2001), Copeland and Taylor (2003) provide mixed results. Our findings provide stronger evidence on the two hypotheses. 
The current study has important implications for other developing countries of the region. For example, Malaysia, the Philippines and China which are also following a similar export driven growth path induced by FDI would likely to have the similar type of impacts on the environment. These countries of course have stricter environmental regulations compared to those of Thailand, however far below OECD standards. FDI as a percentage of GDP is around 2-3% in these countries. So the possibility of being pollution havens cannot be ruled out for these countries. However, it requires thorough investigation.
As we have already summarized (section 4) the policies and the measures adopted by the Thai government to control pollution (CO2, SO2 and NOx), and discussed that the measures are not sufficient to address the problem of air pollution. From our study we can suggest few relevant policies involving trade and environment. 
The Thai government should give proper emphasis on environmental quality of the exported goods that will create sustainable trade development in future, as the country’s economy is more dependent on the export. 
a) To maintain environmental quality the Thai government should implement taxes or tariffs based on the environmental impact of the production of the goods, known as eco-duties. A tax on fuel would be the appropriate measure to motivate the adoption of fuel efficient production techniques, and a tax on emissions is another suitable policy instruments to motivate the adoption of abatement technologies. 
Greener trade should be given continuous preference by the government.
b) The technological improvement in producing green products would require more R&D expenditure. To encourage that government can provide financial incentives in the form of tax rebate/exemption to the firms. In this context the government can also think of providing subsidies to the users of imported technology necessary for the production of green products. 
c) A large number of SMEs who are involved in export activities are less interested in developing and procuring new technologies which have least impact on the environment. So the government should take more initiative in promoting R&D of technologies and management techniques suitable for SMEs.
d) Last but not least concerning foreign environmental regulation affecting Thai producers the Thai government should adopt more proactive stance. Stricter standards are in the offing. So an early action of the Thai government would be helpful to the Thai firms to adjust to external regulations. 
Thus the study suggests that the Thai government should integrate both trade environmental policies in a coherent manner (trade related environmental measures, TREMs and environment related trade measures, ERTMs) to achieve the objectives of gains from trade while protecting the environment. 
Notes
1. The pollutants like CH4 and N2O are not calculated on the basis of fossil fuel burnt but used from GTAP V6 data for the year 1990 and 2000. The direct and total requirements are estimated as usual.
2. Resource content here captures the sectors like agricultural products, tea coffee, rubber, forestry logging and fisheries

3. The concentration of total TSP in the air in Bangkok was 370 microgram /cum of air in 1998, World Bank, 2000b:5
4. Concentrations of smoke in the air averaged 2.3 ug/m3; total suspended particulates averaged 34 ug/m3 (Tay 1993, Table 4). Both are well below the U.S. EPA standard, as are concentrations in ambient air of suspended particulates (48 ug/m3), sulfur dioxide (19 ug/m3), and nitrogen dioxide (29 ug/m3), (PCD 1994, 24). 
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TABLES
Table 4.1: Pollution terms of trade of Thailand with OECD for CO2, SO2 and NOx emission during 1980 to 2000 (KtC: Kilo ton carbon, KtS: Kilo ton Sulphur and KtNOx: Kilo ton Nitrogen oxide)

	Emission
	CO2
	
	SO2        NOx

	
	1980
	1980
	1980

	Pollution embodied in exports (KtC, KtS,KtNOx)
	4120.11
	41.55
	9.13

	Pollution embodied in imports(KtC, KtS, KtNOx )
	8433.57
	82.79
	19.58

	Pollution terms of trade
	0.4885
	0.5018
	0.4664

	Pollution terms of trade*100
	48.85
	50.18
	46.64


	Emission
	CO2
	 
	SO2
	 
	NOx
	 
	CH4
	 
	N20
	 

	 
	1990
	2000
	1990
	2000
	1990
	2000
	1990
	2000
	1990
	2000

	Pollution embodied in exports 
	2711.49
	8579.35
	26.14
	83.11
	11.76
	35.47
	513.378
	1209.7
	2.517
	6.1491

	Pollution embodied in imports
	3014.48
	5573.9
	27.29
	50.72
	19.87
	35.34
	992.260
	483.67
	4.793
	2.0507

	Pollution terms of trade
	0.8994
	1.5392
	0.9578
	1.638
	0.5917
	1.003
	0.51738
	2.5012
	0.525
	2.9985

	Pollution terms of trade*100
	89.94
	153.92
	95.78
	163.8
	59.17
	100.3
	51.73
	250.12
	52.51
	299.85


Table 4.2 Resource terms of trade of Thailand with OECD
	Resource terms of trade(thousand thai baht)
	Replenishable resource1990
	Replenishable resource 2000

	 resource embodied in exports 
	50236706.45
	115847658.5

	resource embodied in imports
	14280706.23
	38778077.13

	resource terms of trade
	3.517802667
	2.9874

	resource terms of trade*100
	351.78
	298.74


Table 4.3: Share of exports of Thailand to OECD for the top ten sectors (percent)
	Major Sectors
	1980
	Major Sectors
	1990
	Major Sectors
	2000

	Food and food products
	34.17
	Food and food products
	15.85
	Radio TV set communication equipments
	24.01

	Non-ferrous basic metals
	16.64
	Miscellaneous services
	14.12
	Electrical and Electronic appliance 
	14.77

	Rubber  products
	9.90
	Radio TV set communication equip.
	12.44
	Industrial machinery
	10.09

	Jewelry  and related articles
	6.22
	Jewelry and related articles
	8.56
	Food and food products
	9.97

	Textile 
	5.83
	Leather and leather products
	7.25
	Misc. Manufacturing Ind.
	6.95

	Agricultural products
	5.75
	Other transport services
	5.85
	Other transport equipments
	4.45

	Electrical and Electronic appliance 
	4.93
	textile
	5.57
	Miscellaneous metal products
	4.33

	Miscellaneous services
	3.29
	Misc. Manufacturing Ind.
	5.29
	Jewelry  and related articles
	3.05

	Misc. Manufacturing Ind.
	2.67
	Electrical and Electronic appliance
	4.85
	Iron and steel
	2.88

	Other transport services
	1.57
	Industrial  machinery
	4.21
	Wood and wood products including furniture etc.
	2.84


Table 4.4: Share of imports of Thailand from OECD for the top ten sectors (Percent)
	Major Sectors
	1980
	Major Sectors
	1990
	Major Sectors
	2000

	Industrial  machinery
	15.59
	Industrial  machinery
	24.81
	Radio TV set communication equip.
	21.10

	Iron and steel 
	9.40
	Other transport equipments
	16.73
	Industrial machinery
	10.41

	Miscellaneous services
	8.38
	Iron  and steel
	11.69
	Miscellaneous metal products
	8.83

	Basic chemicals
	7.71
	Electrical and Electronic appliance 
	9.75
	Other transport equipments
	8.17

	Other transport equipments
	6.99
	Misc. metal products
	6.97
	Electrical and Electronic appliance 
	7.54

	Misc. metal products
	6.79
	Non-ferrous basic metals
	4.04
	Iron and steel
	6.96

	Other chemicals
	6.30
	Basic chemicals
	3.65
	Basic chemicals
	5.33

	Electrical and Electronic appliance 
	4.62
	Radio TV set communication equipments
	3.46
	Miscellaneous Manufacturing Ind.
	4.05

	Fertilizers
	4.17
	Plastic products
	2.31
	Jewelry and related articles
	3.43

	Textile 
	3.61
	Textile 
	2.23
	Food and beverages
	2.94


Table 4.5: Share of net inflow of FDI from OECD among sectors (percent)

	Sectors
	1987
	1990
	1995
	2000

	1. Financial Institutions
	8.70
	5.62
	0.34
	7.96

	2. Trade
	17.26
	16.12
	23.13
	10.91

	3. Construction
	12.68
	6.47
	1.94
	0.77

	4. Mining & Quarrying
	3.08
	1.62
	2.87
	0.15

	5. Agriculture
	2.86
	1.45
	0.74
	0.02

	6. Industry
	45.94
	52.72
	58.64
	62.64

	   6.1 Food
	2.21
	2.95
	1.27
	1.05

	   6.2 Textiles
	4.97
	1.75
	3.46
	0.65

	   6.3 Metal based and Non-metallic
	9.83
	6.41
	5.95
	6.27

	   6.4 Electrical appliances
	11.80
	20.78
	24.12
	16.22

	   6.5 Machinery & Transport Equipment
	2.06
	5.65
	9.02
	20.34

	   6.6 Chemicals
	8.63
	7.04
	5.28
	13.95

	   6.7 Petroleum products
	0.01
	2.43
	5.32
	0.01

	   6.8 Construction Materials
	0.08
	0.02
	0.17
	1.44

	   6.9 Other industry
	6.35
	5.68
	4.05
	2.70

	7. Services
	6.25
	3.08
	2.68
	4.63

	8. Investment
	0.00
	0.00
	0.88
	0.39

	9. Real estate
	3.22
	11.81
	8.78
	1.33

	10. Others
	0.00
	1.11
	0.01
	11.21

	Total
	100
	100
	100
	100


Source: Computed by the author from the data of Bank of Thailand (published and unpublished)
Table 4.6: Pollution terms of trade of Thailand with OECD for CO2, SO2 and NOx emission during 2000 according to the extended model (KtC: Kilo ton carbon, KtS: Kilo ton Sulphur and KtNOx: Kilo ton Nitrogen oxide) 
	Emission
	CO2 
	SO2
	NOx
	N2O
	Ch4

	Pollution embodied in exports (KtC, KtS,KtNOx)
	8579.35
	83.11
	35.47
	6.149
	1209.779

	Pollution embodied in imports(KtC, KtS, KtNOx )
	3797
	29.72
	25.15
	2.96
	467.98

	Pollution terms of trade
	2.2595
	2.79
	1.4103
	2.07736
	2.585

	Pollution terms of trade*100
	225.95
	279.33
	141.03
	207.73
	258.51


Table 4.7: Capital and Labour requirements in exports and imports (Thailand and OECD)

	
	1980
	
	1990
	
	2000
	

	
	Capital requirements

per thousand Thai baht of output
	Labour  requirements per thousand Thai baht of output
	Capital requirements per thousand Thai baht of output


	Labour  requirements per thousand Thai baht of output
	Capital requirements per thousand Thai baht of output


	Labour  requirements per thousand Thai baht of output

	Exports
	Akx=
189003680.5


	Alx=
1321655.8

	Akx=
780161741.8


	Alx=
1872121.8

	Akx=
1713874498.0

	Alx=
1792523.8

	Imports 
	Akm=

273144212.6
	Alm=

1432131.2
	Akm= 530122021.1

	Alm= 1057617.2

	Akm=
1165240358.1

	Alm=

1272383.7


1980                                                      1990                                                2000                                                  

Kx = Akx/Alx = 143.005                      Kx = Akx/Alx = 416.725                 Kx = Akx/Alx = 956.1236

Km =Akm/Alm = 190.725                   Km =Akm/Alm = 501.241                Km =Akm/Alm = 915.793

Km = 1.33 Kx                                       Km = 1.20Kx                                     Km = 0.95 Kx  

Table 4.8:   Labour and capital intensiveness in share of exports 

	Exports(share of total)
	1981-85
	1986-90
	1991-95
	1996-2000

	Labor share
	15.7
	27.8
	25.9
	16.7

	Capital share (technology based)
	7.0
	20.9
	39.9
	54.2


Source: Bank of Thailand, Quarterly Bulletin (Various issues) 
Table 4.9 Range of factor indices for capital, labour and resources

	
	index2000
	
	index1990

	km/kx
	0.957818783
	lmrd/lxrd
	1.11764695

	kmrd/kxrd
	1.567129
	km/kx
	1.20280933

	lmrd/lxrd
	1.63614396
	kmrd/kxrd
	1.34431618


Table 4.10: Leamer Index for Thailand’s trade with  OECD 
	Leamer  index
	 2000

	Net export of k
	842585391

	Net export of l
	593591.43

	Ratio(k/l)
	1419.47

	Domestic cons of k
	10953735177

	Domestic cons of l
	8905434.1

	Ratio(k/l)
	1230.005

	Leamer  index
	1.15404


