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Abstract

The relationship between international trade and environment has been on the agenda of both academicians and policy makers in recent years. Different aspects of this relationship have been investigated by utilizing different models either for single countries or for group of countries. Turkey is among the developing countries which have experienced trade liberalization since the 1980s. Therefore, it is important to figure out the effects of trade liberalization on the environment for the Turkish economy. For this purpose, in this study using input-output methodology ‘pollution terms of trade’ index for CO2, is developed. Broadly, the pollution terms of trade index measures the pollution content of the value of exports relative to the pollution content of the value of imports. In this way, it could be possible to evaluate the environmental gains/losses of the country from international trade. The study is conducted for the years 1996 and 1998, where the latest input-output tables are available. The input-output tables are aggregated to 40 sectors. Additionally, the findings of the study are also interpreted in terms of clean and dirty sectors of the Turkish economy.       
1. Introduction
It has been observed that during their industrialization course developing countries are inclined towards industrial activities that are pollution intensive in which they do not traditionally have comparative advantage. It has been argued that increasing production costs of dirty industries in developed countries due to increased demand for clean environment from consumers and increased environmental regulations in developed countries, on the one hand and lax environmental regulations and environmentally less concerned consumers in the developing countries on the other hand cause dirty industries to migrate from developed to developing countries. This so-called “pollution haven hypothesis” in the literature argues that dirty industries flee from environmentally strict industrialized countries to the less developed economies which provide pollution havens for these industries with their lax environmental standards. According to this hypothesis both the industrial production structure and trade patterns of countries are affected. The share of dirty industries is expected to increase while that of clean industries to decline over time in pollution havens. Also, since the pollution havens are becoming larger producers of the dirty industries, the share of dirty industries is expected to increase in the exports of a pollution haven.

In the literature there are numerous studies examining the role of dirty industries in trade patterns of different countries. Copeland and Taylor (2004), Huang and Labys (2002) and Jaffe et al. (1995) are some of the studies that present detailed literature surveys on the topic.  
There are two studies that investigate the pollution haven hypothesis for Turkey (Akbostancı et al. (2005) and Akbostancı et al. (2007)). Akbostancı et al. (2005) primarily aim at determining the dirty industries of Turkish manufacturing industry. For this purpose first by using the available waste statistics of the manufacturing industry a series of pollution indices are developed and dirty and clean industries of Turkish manufacturing sector are established.  Later the shares of dirty industries in total production, employment and trade are analyzed and historical developments of these variables are examined. Finally the case of Turkey as a pollution haven is discussed and no striking evidence is found to support the argument that Turkey is a pollution haven. It is observed that especially the shares of dirty industries in production have not increased and while their shares in exports increased during 1980-1990 they decreased during the post-1990 period.  But another important finding is that during post-1980 period in both dirty and clean sectors increases in exports are observed and the composition of imports has been developed as predicted by the pollution haven hypothesis. In Akbostancı et al. (2007) pollution haven argument for Turkey from trade perspective is examined. Using available data on Turkish manufacturing industry at 4-digit ISIC detail, the impact of dirty industries on the exports of Turkey by using a panel of 67 sectors for 1994-1997 period is analyzed. The general format of the model estimated is basically the same as the export demand functions that could be seen in the literature with some modification to account for the environmental impact. It is concluded that during the period considered, in the Turkish manufacturing sector as the dirtiness of the industries increases the demand for exports increases as well, which can be taken as an evidence for the trade effect of the pollution haven hypothesis.

The concept of ‘pollution terms of trade’ is initially introduced by Antweiler (1996). Broadly, the pollution terms of trade index measures the pollution content of the value of exports relative to the pollution content of the value of imports. It tries to achieve this by measuring the emissions of main greenhouse gases in each sector of the economy and then by using the assumption that the technologies used are the same in different countries in a specific sector, it compares the pollution content of imports and exports by the help of the pollution terms of trade index. The author claims that the countries should try to reduce their pollution terms of trade index in terms of their environmental gains from international trade. In his empirical study including 164 countries for 1987, it is found that exports of highly industrialized countries are less environmentally clean than their imports, while the opposite holds for developing countries. As mentioned in Mukhopadhyay and Chakraborty (2005a) the consumption in each country is linked to green house gas emissions in other countries through international trade. But in emission calculations for individual countries the focus is on national emissions. The greenhouse gases embodied in international trade are neglected. In this respect Tunç, Türüt-Aşık and Akbostancı (2007) investigate the distinction between ‘CO2 emissions’ as a result of production to satisfy both domestic final demand together with export demand, and ‘CO2 responsibility’ that includes CO2 emitted during the production of imported goods and their components for the Turkish economy. 
Mukhopadhyay and Chakraborty (2005a, 2005b) constructed an index of pollution terms of trade for India for the content of CO2, SO2 and NOX. Their results indicate that India produces goods that are more environmentally friendly than goods it imports. Therefore, it does not support the pollution haven hypothesis. On the other hand investigating the trade between Thailand and OECD countries for the period 1980-2000 Mukhopadhyay (2006) finds that for pollutants CO2, SO2 and NOX the pollution terms of trade reveal an increasing trend during 1980-2000. The values of the index were below 100 during 1980s and 1990s but it was above 100 in 2000.  This finding supports the pollution haven hypothesis for Thailand in 2000. Thus Thailand’s trade with OECD countries turns it to a pollution haven during this period 1980-2000.

Due to the mixed results found in the previous two studies regarding the validity of pollution haven hypothesis for the Turkish manufacturing industry we try to find out further evidence for pollution haven hypothesis by using input-output methodology to estimate ‘pollution terms of trade’ index in this study. We develop a pollution terms of trade index in terms of CO2  for the Turkish economy for 1996 and 1998. In this study we try to determine whether Turkey is a pollution haven.
          The study is composed of five sections. Following the introduction, in the second section the model developed in the study is introduced. The data set used for the empirical application of the model is introduced in the third section. The empirical findings are discussed in the fourth section. As usual, the last section concludes the study.

2. Methodology 
As it is well known, input-output analysis mainly allows the calculation of the necessary direct and indirect amounts of total production in each productive sector to satisfy a certain level of final demand. In input-output analysis the total demand and total supply identities can be expressed through equations (1-3):

Total demand = Intermediate demand + Domestic final demand + Exports
    (1)

Total supply = Total domestic production + Imports



    (2)

Total demand = Total supply






                (3)
Using matrix algebra, the material balance equation can be expressed as: 

X = AX +D+E-M








     (4)

where X, D, E and M are sectoral gross output, domestic final demand, export and import matrices, respectively. A is the Leontief technical coefficients matrix representing the constant ratio between inputs and outputs. Solving equation (4) for gross output yields:

X = ( I - A)-1 ( D + E - M)







    (5)

Utilizing the model presented in Mukhopadhyay et al. (2005a, 2005b), the basic model is further extended to incorporate the relationships among economic activities, fuel use and CO2 emissions. In line with the basic assumption of input-output analysis it is assumed that there is a linear relationship between sectoral gross production and fuel use during the production process:  

P = C F X = C F ( I - A)-1 ( D + E - M)



                         (6)

In equation (6), P is the vector of total CO2 emissions, C is the vector expressing the coefficients of CO2 emissions per unit of different fuels. F is the matrix representing the amounts of different fuels necessary to produce one Turkish Lira (TL) worth of sectoral production. 



To be able to calculate pollution terms of trade, the pollution content of exports per TL worth of exports could be defined as:

Ee  = C F ( I - A)-1 
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                                                    (7)

where 
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 is the diagonal matrix of the ratio of sectoral exports to total exports. In a similar fashion the pollution content of imports per TL worth of imports could be defined as:
Mm= C F ( I - A)-1 
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    (8)

where 
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ˆ

 is the diagonal matrix of the ratio of sectoral imports to total imports. Therefore, pollution terms of trade is defined as:

PTOT = (Ee/ Mm) *100







     (9)

This index measures the ratio of pollution content of 1 TL worth of exports to the pollution content of 1 TL worth of imports. If PTOT is greater than 100, the exports of the economy embody more pollution than the pollution generated through the imports of the country. Therefore, it could be concluded that the economy gains from trade in terms of pollution if the value of PTOT is less than 100. 
3. Data Set


The basic data sources of this study are 1996 and 1998 input-output tables prepared by TURKSTAT. The other source is ‘Energy Consumption in the Manufacturing Industry’ statistics prepared by the same institution for the same years. The study is conducted for 1996 and 1998 because of the fact that the latest available input–output table is for 1998.  
          For 1996, TURKSTAT prepared both Supply Table and Use Table1.  To be consistent with the energy statistics of the manufacturing industry, using ‘industry-technology’ assumption for 97 sectors, ‘sector-by-sector’ symmetric 1996 input-output table is prepared2.

As presented in Appendix Table A1, input-output table is aggregated to 40 sectors. In this process, the most important criterion is decomposition of fuel / energy sectors. For this purpose, energy sectors are taken from 205 sectors table prepared by TURKSTAT. Another reason of this sectoral aggregation is to be able to compare the results of this study with another study on Turkey (Tunç et al., 2007) mentioned above. To be able to find the amount of fuel used per TL worth of sectoral production in tons of oil equivalent (TOE), sectoral fuel prices are derived from ‘Energy Consumption in the Manufacturing Industry’. By using this set of prices, sectoral fuel consumption quantities are obtained from input-output tables and converted into TOE. 
To be able to make comparisons between years, it is important that both input-output tables are expressed in constant prices. For this purpose, manufacturing industry price indices, sectoral export and import price indices are used and by the method developed in Celasun (1983), the tables are expressed in 1994 prices. Basically in this method, sectoral total gross output values are deflated by sectoral composite price indices.

 In calculation of CO2 emissions of different types of fuels Intergovernmental Panel on Climate Change (IPCC) manual is used (Houghton et al., 1996). Carbon equivalence of each fuel type for each sector is calculated using IPCC manual. 

To avoid double counting in calculation of CO2 emissions and responsibility, only primary fuels (coal- lignite, crude petroleum and natural gas) are taken into consideration3.

4. Empirical Findings

Tables 1-5 present the empirical results of the study. Table 1 reveals that other services, transportation, agriculture and husbandry, food beverages and tobacco, construction, textile, wearing apparel and leather and public services sectors have the highest shares in total production in both 1996 and 1998. On the other hand extraction of crude petroleum, office accounting and computer machinery, production and distribution of natural gas, glass and glass products, and non-metallic mineral products have the lowest shares in those years. 

[Insert Table 1]


When export structure of the economy is investigated (Table 2), it is observed that other services, textile, wearing apparel and leather, transportation and agriculture and husbandry are the leading sectors in both 1996 and 1998 though shares in total exports change slightly. There are no exports from extraction of crude petroleum, water and distribution, construction and public services in 1996. However, in 1998 5% of total exports are realized from construction sector. 

[Insert Table 2]

When Table 3 is examined, it is observed that the imports of Turkish economy mainly comprise of sectors that provide inputs to the industries such as manufacture of machinery, transportation vehicles, production and distribution of natural gas, other electrical apparatus and basic chemicals in 1996. There are no imports in public services, ownership of dwelling, water and distribution, extraction of crude petroleum, cement lime and plaster industries4.  It is also observed that shares of sectors show significant fluctuation between 1996 and 1998 especially in sectors like production and distribution of natural gas, construction, manufacture of machinery and transportation vehicles. 

[Insert Table 3]

 Table 4 shows that the overall PTOT index value is 49 for the year 1996. The index value can be interpreted as; the pollution content of imports being larger than the pollution content of exports in general. In 1998 the PTOT index increases and becomes 105, indicating that the pollution content of exports is greater than the pollution content of imports in general. Therefore it can be argued that there is deterioration in PTOT. While Turkey is exporting relatively cleaner goods compared to her imports in 1996, her exports become dirtier than her imports in 1998. 


[Insert Table 4]

Table 5 presents the CO2 content of exports and imports for 1996 and 1998 at sectoral level. When the table is investigated in detail, a significant variation in pollution content of sectoral exports and imports is observed between 1996 and 1998.  There are significant percentage changes in the pollution content of exports of extraction of crude petroleum, manufacture of basic iron and steel, glass and glass products, food, beverages and tobacco, wood products and furniture and basic chemicals industries. Among these sectors, the export share of extraction of crude petroleum sector shows a significant decline from 1996 to 1998.     


[Insert Table 5]

On the other hand food, beverages and tobacco, glass and glass products, production and distribution of electricity, construction, extraction of crude petroleum, wood products and furniture, printing and publishing, cement, lime and plaster, domestic appliances, professional and scientific equipment and tranportation sectors’ pollution  content of imports show significant variations from 1996 to 1998. When sectoral import shares are considered (Table3), it is observed that production and distribution of electricity, construction, wood products and furniture and transportation industries’ shares change significantly from 1996 to 1998.  

In another study by the authors, (Tunç et al., 2007) CO2 emission and CO2 responsibility, which takes into account the CO2 content of imports, are calculated for the Turkish economy for 1996. In that study, mainly the energy sectors are found to be the leading CO2 emitters per Turkish lira (TL) worth of production. Additionally, cement, lime and plaster, fertilizers and other mining sectors have higher places in the ranking. Wood products and furniture, manufacturing of basic iron and steel, ceramic products and basic chemicals industries are others that produce most of the CO2 per TL worth of output. In general, services (other services, public services and ownership of dwelling) emit the lowest CO2 per TL worth of production. Among other low CO2 emitting sectors office, accounting and computing machinery, radio, TV and communication apparatus, domestic appliances, professional and scientific equipments and agriculture and husbandry sectors can be cited. It could be claimed that the main findings of this study match with the study mentioned above.
5. Conclusion

Increasing volume of international trade in the world in recent years causes different concerns. One of them is the environmental impact of trade. Different theories are developed and analyzed from different perspectives. One of the highly debated arguments is the ‘Pollution Haven Hypothesis’. According to this hypothesis, for different reasons, basically dirty sectors are located in developing countries and dominate their exports. Therefore, developed countries import the dirty products produced in developing countries which become pollution havens. This hypothesis is tested by utilizing different analytical methods for different countries for different time horizons. 


In this study ‘pollution terms of trade’ index for CO2 is developed for the Turkish economy for the years 1996 and 1998. This index measures the CO2 content of one TL worth of Turkish exports relative to CO2 content of one TL worth of Turkish imports. If PTOT is greater than 100, the pollution content of exports is greater than the pollution content of imports of the country. It could be argued that a declining index value may imply that the economy is exporting clean goods and importing dirty goods in general and consequently is not a pollution haven. Therefore, it could be concluded that the economy gains from trade in terms of pollution if the value of PTOT is less than 100.

When Turkish case is considered even though our analysis does not cover a long period a significant increase in the overall PTOT value has been observed: for 1996 the value of PTOT is 49 and for 1998 it is 105. It could be interpreted that in the Turkish economy CO2 content of exports significantly increases relative to the CO2 content of imports in 1998. The deterioration in the overall value of the index can be interpreted with caution as a move towards being a pollution haven. To achieve more convincing conclusions it is apparent that data covering a wider time span is necessary.  

Another point that requires caution in interpretation of PTOT values is that, they are calculated by assuming that production process of imported goods involves the same technology as of the domestically produced goods. Inevitably, this identical technologies assumption for domestic and imported goods production might cause bias in empirical results and should be taken into account in interpreting the results.  Under the supposition that domestic technology used in Turkey could be relatively older and dirtier than her trade partners (which are basically industrialized countries) this identical technologies assumption might understate the PTOT. Therefore, the danger for Turkey becoming a pollution haven might be even more serious than detected by the current study.
Another caveat of this study is the fact that 1998 is a special year in which Turkish current account gives a surplus, which is a rare incidence in the recent past. It is a year in which Turkish economy received negative foreign shocks like the Asian crisis and more importantly the Russian crisis. Due to Turkey’s close trade ties with Russia it had serious ramifications for the Turkish economy (Alper and Öniş, 2003). Therefore part of the variation captured in the PTOT by this study could be due to this macroeconomic fluctuation.

A final note with respect to PTOT is that no matter how small a country’s PTOT gets unless the production processes all around the world are not cleaned there is no escape from detrimental effects of pollution. 
Footnotes                          

1. In Use Table, columns demonstrate the payments made to inputs and value added components for the production of an industry and rows show the sales of industries to industries and final demand components. On the other hand Supply Table shows how much of the industry’s own product is used by itself and other industries. 

2. For alternative assumptions about the construction of symmetric input-output tables, see Bulmer-Thomas (1982) and Miller and Blair (1985).  

3. However, in manufacturing industry statistics the figures for petroleum products are provided and since other sectors use petroleum products instead of crude petroleum, in calculations petroleum products are taken into consideration instead of crude petroleum.

4. For a detailed examination of the structure of the Turkish economy,  exports, imports and dependency  on imports in 1998  one can refer to Günlük-Şenesen (2005).
TABLES



Table 1 Sectoral Production
	 

Sector no
	 

Sector
	1996
	1998

	
	
	1994 prices (billion TL)
	%
	1994 prices (billion TL)
	%

	1
	 Agriculture and husbandry
	899236460.2
	10.74
	807007310.6
	9.33

	2
	 Mining of coal and lignite, coke products 
	35455410.1
	0.42
	27533413.7
	0.32

	3
	Extraction of crude petroleum
	10081.4
	0.00
	12079615.2
	0.14

	4
	Production and distribution of natural gas
	17596086.3
	0.21
	8885538.6
	0.10

	5
	Other mining
	30022312.8
	0.36
	41707254.4
	0.48

	6
	Food, beverages and tobacco
	587931306.5
	7.02
	531131615.1
	6.14

	7
	Cocoa, chocolate and others  
	67724084.2
	0.81
	24276341.0
	0.28

	8
	Textile, wearing apparel and leather
	573038481.4
	6.85
	586051667.0
	6.78

	9
	Sawmills, plaining and other wood mills
	34696869.4
	0.41
	35276272.3
	0.41

	10
	Wood products and furniture
	55379691.8
	0.66
	118382101.7
	1.37

	11
	Paper and paper products
	60545351.5
	0.72
	72743950.4
	0.84

	12
	Printing, publishing
	47362242.0
	0.57
	91510250.1
	1.06

	14
	Refined petroleum products 
	223026115.3
	2.66
	225310632.1
	2.60

	14
	Basic chemicals  
	78137423.3
	0.93
	68798074.9
	0.80

	15
	Fertilizers
	25751565.0
	0.31
	25999371.0
	0.30

	16
	Other chemicals and plastic products
	140886574.2
	1.68
	178582398.0
	2.06

	17
	Cleaning materials and cosmetics
	63611191.9
	0.76
	71653504.7
	0.83

	18
	Manufacture of tire and rubber products
	39167413.9
	0.47
	40622781.7
	0.47

	18
	Glass and glass products
	24352913.2
	0.29
	27964642.6
	0.32

	20
	Ceramic products
	39258806.8
	0.47
	40627671.6
	0.47

	21
	Cement, lime and plaster
	71582592.9
	0.86
	76467003.0
	0.88

	22
	Non-metallic mineral products
	22877152.6
	0.27
	19075895.8
	0.22

	23
	Manufacture of basic iron and steel
	177096485.8
	2.12
	203807447.5
	2.36

	24
	Manufacture of other metals and casting   
	57041076.3
	0.68
	80610742.6
	0.93

	25
	Structural metal products
	52112486.4
	0.62
	78527364.7
	0.91

	26
	Fabricated metal products
	89536222.7
	1.07
	89386926.3
	1.03

	27
	Manufacture of machinery
	115642450.8
	1.38
	104861518.6
	1.21

	28
	Dom. appliances, professional and scientific equipm.
	69406957.6
	0.83
	74609893.5
	0.86

	29
	Office, accounting and computer machinery
	2602622.2
	0.03
	3642592.5
	0.04

	30
	Other electrical apparatus
	69446115.1
	0.83
	82904181.4
	0.96

	31
	Radio, TV and communication apparatus
	57638158.7
	0.69
	54107719.9
	0.63

	32
	Transportation vehicles
	192107056.7
	2.29
	209186623.0
	2.42

	33
	Other manufacturing
	46479943.6
	0.56
	101044268.2
	1.17

	34
	Production and distribution of electricity
	135856273.3
	1.62
	96551162.6
	1.12

	35
	Water and distribution
	29754962.0
	0.36
	26079298.7
	0.30

	36
	Construction
	616943220.0
	7.37
	730095130.2
	8.44

	37
	Transportation
	1043953785.3
	12.47
	1036124852.5
	11.98

	38
	Other services
	1928249465.2
	23.03
	1972248231.1
	22.80

	39
	Public services
	352221752.4
	4.21
	400451815.2
	4.63

	40
	Ownership of dwelling
	197892869.3
	2.36
	173846084.6
	2.01

	 
	TOTAL
	8371632030
	100
	8649773159
	100





Table 2 Sectoral Exports

	Sector no
	Sector
	1996
	1998

	
	
	1994 prices (billion TL)
	%
	1994 prices (billion TL)
	%

	1
	 Agriculture and husbandry
	140000175.9
	4.25
	569305652.4
	3.85

	2
	 Mining of coal and lignite, coke products 
	1037400.3
	0.03
	1682546.7
	0.01

	3
	Extraction of crude petroleum
	0.1
	0.00
	999831.5
	0.01

	4
	Production and distribution of natural gas
	343030.4
	0.01
	84164.2
	0.00

	5
	Other mining
	25030099.2
	0.76
	83861095.3
	0.57

	6
	Food, beverages and tobacco
	74816134.1
	2.27
	334070021.7
	2.26

	7
	Cocoa, chocolate and others  
	26559800.4
	0.81
	66867577.9
	0.45

	8
	Textile, wearing apparel and leather
	677240988.6
	20.57
	3533737160.3
	23.87

	9
	Sawmills, plaining and other wood mills
	1278600.0
	0.04
	1860610.9
	0.01

	10
	Wood products and furniture
	8272137.9
	0.25
	132809071.3
	0.90

	11
	Paper and paper products
	5841663.3
	0.18
	31298476.2
	0.21

	12
	Printing, publishing
	16731051.9
	0.51
	30879110.6
	0.21

	14
	Refined petroleum products 
	20869357.6
	0.63
	214380879.9
	1.45

	14
	Basic chemicals  
	19691058.6
	0.60
	84540218.3
	0.57

	15
	Fertilizers
	1032517.9
	0.03
	5235412.4
	0.04

	16
	Other chemicals and plastic products
	14724289.4
	0.45
	65629980.9
	0.44

	17
	Cleaning materials and cosmetics
	54309781.2
	1.65
	146305057.2
	0.99

	18
	Manufacture of tire and rubber products
	16984760.4
	0.52
	84079995.2
	0.57

	18
	Glass and glass products
	9698755.7
	0.29
	103041291.1
	0.70

	20
	Ceramic products
	16836240.4
	0.51
	64979731.9
	0.44

	21
	Cement, lime and plaster
	7529276.4
	0.23
	34877117.3
	0.24

	22
	Non-metallic mineral products
	7167926.7
	0.22
	27465612.4
	0.19

	23
	Manufacture of basic iron and steel
	6.1
	0.00
	354476071.5
	2.39

	24
	Manufacture of other metals and casting   
	17324943.5
	0.53
	88072900.6
	0.59

	25
	Structural metal products
	7207216.2
	0.22
	40464913.5
	0.27

	26
	Fabricated metal products
	18022616.6
	0.55
	101971296.1
	0.69

	27
	Manufacture of machinery
	75012280.5
	2.28
	239261040.2
	1.62

	28
	Dom. appliances, professional and scientific equipm.
	38251417.7
	1.16
	167043356.5
	1.13

	29
	Office, accounting and computer machinery
	2082079.6
	0.06
	7795254.3
	0.05

	30
	Other electrical apparatus
	49954283.0
	1.52
	235474642.3
	1.59

	31
	Radio, TV and communication apparatus
	62753015.7
	1.91
	363285624.1
	2.45

	32
	Transportation vehicles
	68554280.4
	2.08
	432745936.9
	2.92

	33
	Other manufacturing
	12055807.0
	0.37
	206361354.5
	1.39

	34
	Production and distribution of electricity
	1056260.6
	0.03
	4566141.3
	0.03

	35
	Water and distribution
	0.0
	0.00
	0.0
	0.00

	36
	Construction
	0.0
	0.00
	662934269.2
	4.48

	37
	Transportation
	610090762.0
	18.53
	3251991851.2
	21.96

	38
	Other services
	1138240578.6
	34.57
	3001252509.1
	20.27

	39
	Public services
	0.0
	0.00
	0.0
	0.00

	40
	Ownership of dwelling
	45621505.8
	1.39
	30687802.8
	0.21

	 
	TOTAL
	3292222100
	100
	14806375580
	100





Table 3 Sectoral Imports
	Sector no
	Sector
	1996
	1998

	
	
	1994 prices (billion TL)
	%
	1994 prices (billion TL)
	%

	1
	 Agriculture and husbandry
	149480705.9
	3.77
	409894666.0
	5.75

	2
	 Mining of coal and lignite, coke products 
	47641604.5
	1.20
	6532358.0
	0.09

	3
	Extraction of crude petroleum
	166802.9
	0.00
	719281.6
	0.01

	4
	Production and distribution of natural gas
	313746626.3
	7.92
	67352090.8
	0.94

	5
	Other mining
	18468500.9
	0.47
	12485545.1
	0.18

	6
	Food, beverages and tobacco
	167791569.7
	4.24
	360668991.4
	5.06

	7
	Cocoa, chocolate and others  
	8172645.5
	0.21
	8848611.2
	0.12

	8
	Textile, wearing apparel and leather
	172032725.6
	4.34
	579956975.4
	8.13

	9
	Sawmills, plaining and other wood mills
	2516056.7
	0.06
	13567314.9
	0.19

	10
	Wood products and furniture
	11136469.4
	0.28
	100148774.2
	1.40

	11
	Paper and paper products
	53147762.4
	1.34
	73457763.9
	1.03

	12
	Printing, publishing
	4911085.2
	0.12
	38874667.2
	0.55

	14
	Refined petroleum products 
	77634158.8
	1.96
	371129366.0
	5.20

	14
	Basic chemicals  
	220610066.4
	5.57
	131573797.6
	1.85

	15
	Fertilizers
	25678255.1
	0.65
	57979078.0
	0.81

	16
	Other chemicals and plastic products
	53125272.7
	1.34
	146005547.8
	2.05

	17
	Cleaning materials and cosmetics
	94963531.0
	2.40
	100783664.1
	1.41

	18
	Manufacture of tire and rubber products
	16826737.3
	0.42
	44176993.7
	0.62

	18
	Glass and glass products
	11668323.4
	0.29
	28710956.3
	0.40

	20
	Ceramic products
	12682321.8
	0.32
	30421040.0
	0.43

	21
	Cement, lime and plaster
	371900.7
	0.01
	6801937.0
	0.10

	22
	Non-metallic mineral products
	6043182.5
	0.15
	6398425.8
	0.09

	23
	Manufacture of basic iron and steel
	174938369.8
	4.42
	342553709.3
	4.80

	24
	Manufacture of other metals and casting   
	177819480.1
	4.49
	123374971.4
	1.73

	25
	Structural metal products
	11644155.0
	0.29
	75160781.0
	1.05

	26
	Fabricated metal products
	43931927.7
	1.11
	80504682.9
	1.13

	27
	Manufacture of machinery
	655514438.1
	16.55
	312457300.5
	4.38

	28
	Dom. appliances, professional and scientific equipm.
	123322110.9
	3.11
	69506975.3
	0.97

	29
	Office, accounting and computer machinery
	138711091.7
	3.50
	17405833.2
	0.24

	30
	Other electrical apparatus
	260822833.7
	6.59
	564261872.3
	7.91

	31
	Radio, TV and communication apparatus
	146908298.1
	3.71
	203721503.8
	2.86

	32
	Transportation vehicles
	399335206.7
	10.08
	305610802.5
	4.29

	33
	Other manufacturing
	46856603.3
	1.18
	297227496.3
	4.17

	34
	Production and distribution of electricity
	902814.7
	0.02
	194027933.4
	2.72

	35
	Water and distribution
	0.0
	0.00
	5548531.7
	0.08

	36
	Construction
	2112319.2
	0.05
	597457483.9
	8.38

	37
	Transportation
	131004834.5
	3.31
	662075657.6
	9.28

	38
	Other services
	177487920.9
	4.48
	666346826.2
	9.34

	39
	Public services
	0.0
	0.00
	0.0
	0.00

	40
	Ownership of dwelling
	0.0
	0.00
	17248573.4
	0.24

	 
	TOTAL
	3960128709
	100
	7130978781
	100




   Table 4 Pollution Terms of Trade

	 
	1996
	1998

	CO2 embodied in exports
	9.13458E-05
	9.010533E-05

	CO2 embodied in imports
	18.69E-05
	8.63638E-05

	PTOT
	48.87
	105.43


Table 5 Sectoral CO2 Content of Exports and Imports (kton)
	Sector no
	Sector
	1996
	1998

	
	
	Exports
	Imports
	Exports
	Imports

	1
	 Agriculture and husbandry
	29.672
	26.342
	14.154
	21.221

	2
	 Mining of coal and lignite, coke products 
	0.885
	33.779
	0.068
	0.548

	3
	Extraction of crude petroleum
	5.594E-16
	0.016
	0.0120
	0.001

	4
	Production and distribution of natural gas
	0.569
	432.828
	1.18E-10
	1.965

	5
	Other mining
	7.718
	4.734
	3.492
	1.083

	6
	Food, beverages and tobacco
	14.862
	27.715
	1.410
	0.388

	7
	Cocoa, chocolate and others  
	5.509
	1.409
	9.273
	20.846

	8
	Textile, wearing apparel and leather
	119.383
	25.215
	49.246
	16.829

	9
	Sawmills, plaining and other wood mills
	 0.310 
	0.507
	0.026
	0.390

	10
	Wood products and furniture
	1.882
	2.107
	1.951
	3.063

	11
	Paper and paper products
	1.784
	13.495
	0.694
	3.390

	12
	Printing, publishing
	3.410
	0.832
	0.317
	0.832

	14
	Refined petroleum products 
	42.814
	132.428
	2.238
	8.068

	14
	Basic chemicals  
	8.754
	81.546
	0.111
	2.559

	15
	Fertilizers
	0.960
	19.858
	2.826
	9.157

	16
	Other chemicals and plastic products
	5.088
	15.265
	1.348
	6.243

	17
	Cleaning materials and cosmetics
	15.884
	23.095
	4.273
	6.129

	18
	Manufacture of tire and rubber products
	5.196
	4.281
	1.953
	2.136

	18
	Glass and glass products
	4.048
	4.049
	480.016
	278.496

	20
	Ceramic products
	6.267
	3.925
	2.391
	2.331

	21
	Cement, lime and plaster
	5.282
	0.217
	2.213
	0.898

	22
	Non-metallic mineral products
	1.090
	0.764
	0.520
	0.252

	23
	Manufacture of basic iron and steel
	4.273E-13
	101.145
	11.381
	22.901

	24
	Manufacture of other metals and casting   
	7.354
	62.762
	1.818
	5.302

	25
	Structural metal products
	3.584
	4.814
	0.557
	2.153

	26
	Fabricated metal products
	8.249
	16.719
	1.390
	2.286

	27
	Manufacture of machinery
	42.611
	309.618
	4.381
	11.913

	28
	Dom. appliances, professional and scientific equipm.
	14.40
	38.596
	1.896
	177.725

	29
	Office, accounting and computer machinery
	2.791
	154.593
	0.073
	0.341

	30
	Other electrical apparatus
	24.457
	106.176
	3.385
	16.890

	31
	Radio, TV and communication apparatus
	7.785
	15.152
	1.848
	2.158

	32
	Transportation vehicles
	23.222
	112.473
	4.576
	6.728

	33
	Other manufacturing
	3.771
	12.185
	1.146
	3.438

	34
	Production and distribution of electricity
	1.189
	0.084
	0.808
	71.482

	35
	Water and distribution
	0.095
	0
	0
	0.133

	36
	Construction
	0
	0.068
	17.680
	33.179

	37
	Transportation
	317.2
	566.270
	245.329
	104.003

	38
	Other services
	172.023
	22.303
	35.565
	16.442

	39
	Public services
	0
	0
	0
	0

	40
	Ownership of dwelling
	3.398
	0
	0.167
	0.196

	 
	TOTAL
	913.458
	186.911
	910.533
	863.638


Note: All values  except exports of extraction of crude petroleum for 1996, exports of manufacture of basic iron and steel for 1996 , exports of production and distribution of natural gas for 1998 in the table should be multiplied by 10-7
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APPENDIX




Table A1 Sectoral Aggregation
	Sector no.
	Sector
	I-O table codes

	1
	 Agriculture and husbandry
	 1-7

	2
	 Mining of coal and lignite, coke products 
	8+38A

	3
	Extraction of crude petroleum
	9A

	4
	Production and distribution of natural gas
	9B+70

	5
	Other mining
	10+11+12

	6
	Food, beverages and tobacco
	13-21+23-25

	7
	Cocoa, chocolate and others  
	22

	8
	Textile, wearing apparel and leather
	26-32

	9
	Sawmills, plaining and other wood mills
	33

	10
	Wood products and furniture
	34+67

	11
	Paper and paper products
	35

	12
	Printing, publishing
	36+37 

	14
	Refined petroleum products 
	38B 

	14
	Basic chemicals  
	39

	15
	Fertilizers
	40

	16
	Other chemicals and plastic products
	41+42+45

	17
	Cleaning materials and cosmetics
	43

	18
	Manufacture of tire and rubber products
	44

	18
	Glass and glass products
	46

	20
	Ceramic products
	47

	21
	Cement, lime and plaster
	48

	22
	Non-metallic mineral products
	49

	23
	Manufacture of basic iron and steel
	50

	24
	Manufacture of other metals and casting   
	51+52

	25
	Structural metal products
	53

	26
	Fabricated metal products
	54

	27
	Manufacture of machinery
	55+56

	28
	Domestic appliances, professional and scientific equipment
	57+61

	29
	Office, accounting and computer machinery
	58

	30
	Other electrical apparatus
	59

	31
	Radio, TV and communication apparatus
	60

	32
	Transportation vehicles
	62-66

	33
	Other manufacturing
	68

	34
	Production and distribution of electricity
	69

	35
	Water and distribution
	71

	36
	Construction
	72

	37
	Transportation
	 73+78-82

	38
	Other services
	74-77+83-95

	39
	Public services
	96

	40
	Ownership of dwelling
	97
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