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Introduction
Due to its adverse effects on the economy, the “climate change” is regarded as a negative externality. Given its magnitude and global reach, this negative externality is the greatest one all economies in the world are currently facing, whichever their respective degree of development, geographical situation and level of economic activity, may be.
The climate change is the result of the atmospheric concentrations of key anthropogenic greenhouse gases (GHG), i.e., carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O), and tropospheric ozone (O3), which are primarily due to the combustion of fossil fuels, agriculture, and land-use changes. It consists of a gradual increase in the planet’s temperatures and changes in its rainfall’s patterns. Although this tendency has been scientifically verified, there still is some degree of uncertainty with respect to the magnitude and velocity of these changes at a regional scale. However, based on the current state of knowledge it is possible to identify the cause-effect chain relations between GHG sources, GHG emissions, global warming and its climatic consequences.

This allows us to foresee various future scenarios, based on which we can assess, from an economic perspective, the possible consequences of climate change and the alternative options for adaptation and mitigation policies, in order to face the problem. 
In general, mitigation policies aim to the reduction of fossils fuels consumption, so, it is required to deal with those factors that cause it. These factors are mainly: population dynamics, urbanization, production and consumption increases; energy efficiency and technology innovation tendencies, and the economic structure, in each country. All these factors are related one way or another to the economic activity.

In order to design a mitigation scenario, it is required to identify the economic sectors or industries, which directly or indirectly generate GHG emissions, becoming therefore the sectors that call for special attention, that is, the key sectors. The effective costs of mitigation measures depend, of course, on various local circumstances, for example, the specific form of economic growth and the introduction of technology developments in the production process aimed to reduce GHG emissions. Besides, climate change mitigation impacts are unevenly distributed among sectors and depend on the intensity in, direct or indirect, fossil fuels combustion of each and every sector of the economy. In short, the economic costs of climate change mitigation depend fundamentally on energy-use intensities of economic sectors and industries, in turn associated to the technological characteristics of their respective processes of production.

The purpose of this study is to make an assessment, through the input-output matrix of Mexico, of the impact of GHG emissions, as negative externalities, associated to the country’s economic activity, on the prices and quantities of production of each one of the industries that make up this matrix. In this way, it is possible to infer the cost of reducing or eliminating GHG emissions, in each industry and, over all the economy. That is to say, the cost implied by the application of mitigation policies, as they are called in the Intergovernmental Panel on Climate Change (IPCC) terminology.

This study is divided in three sections. In the first, we measure GHG emissions by industry and identify those considered as energy-intensives, both in relative and absolute terms. In the second section, we measure the negative effects in quantity and costs of GHG emissions in each industry. In the third one, we use various techniques to identify those industries of the Mexican economy that may be called strategic from a structural point of view, in the input-output matrix.
All along the study we are using the Input-Output Matrix (IOM) of Mexico of the year 2003 (INEGI, 2008). This matrix introduces some important methodological changes as compared to the previous matrices that one must keep in mind. The first is the adoption of a new industry classification system called North American Industry Classification System (INEGI, 2002) instead of the previously used, known as the Uniform International Industry Classification (UIIC). Derived from this change, it is the new matrix presentation according to the aggregation level: 20 sectors and 79 industries or subsectors. This is different from the previous 9 sectors and 73 industries classification. The difference is not only in the number of sectors or industries but in the content of each one of them. Another change is that we have now a double fold definition of the IOM: firstly, the matrix including maquiladoras’ transactions is called total economy matrix, while the matrix that does not include them is called internal economy matrix; secondly the matrix is called total when it includes imports, and domestic when it does not. So we have in all four different matrices. In this work we utilize only the total matrix of the total economy, that is, the matrix that includes both imports and maquiladoras.
1. Main GHG emissions producing industries

The identification of the main polluting industries, in this case the main GHG generators, is crucial for estimating polluting costs, according to the various input-output models developed in this regard (Leontief, 1970; Aroche, 2000; Lenzen et al., 2004; Munksgaard et al., 2005).
1.1 GHG Emissions estimates for the 2003 IOM industries
In order to calculate the GHG emissions in CO2 equivalent, for each industry of the 79 in the 2003 IOM, we began by analyzing the information of the “National Green House Gases Inventory” produced by the National Ecology Institute (SEMARNAT, 2006). The GHG emissions are expressed in Giga-grams of carbon dioxide equivalent (Gg CO2 eq.), that result of summing up the emissions of six gases: carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O), hydro fluorocarbon (HFC), perfluorocarbons (PFC) and sulfur hexafluoride (SF6). The first three together represented 99 per cent of total GHG emissions, while the last three, the remaining one per cent, in the year 2002.

Information regarding these GHG emissions is classified in six sources –following the methodology guidelines of the IPCC– which are, in order of importance: 1) Energy, 2) Industrial processes, 3) Chemical solvents, 4) Agriculture, 5) Land use and forestry and, 6) Waste disposal.

Each of these emission sources is called sector which is, in turn, divided into categories and sub-categories. The names given to these sectors and sub-sectors do not correspond to the economic classification terminology and aggregation criteria of any national income accounts system.


We also included, as complementary information, the energy consumption data from the Secretary of Energy of the Mexican government (SENER, 2005). The relative structure so obtained for 2002, was applied to the main totals of 2003 calculated by the National Ecology Institute. Thus, we had as a result the GHG emissions for each sector and sub-sector. Next, there was a process of matching the IPCC categories to those of the IOM. For those industries of the IOM not included explicitly as GHG emission generators, we had to assign values corresponding to their relative participation in the total of GHG emissions. In that case we use the relative share of each industry in the Gross Value Added of the same year 2003, for estimating these GHG emissions. We, thus, obtained 79 estimates of GHG emissions in 2003 for each and every one of the industries in the IOM, measured in CO2 eq. We then ordered the list of emissions from the highest to the lowest. The first 25 GHG emissions generator industries are shown in Table 1, they produced together 98.2 per cent of all GHG in the economy.
	TABLE 1

	MAIN ABSOLUTE GHG EMISSION INDUSTRIES

	No
	Industry
	Gg CO2 eq.
	%

	9
	Electric power generation, transmission, and distribution
	120,844.7
	21.5

	39
	Truck transportation
	52,860.5
	9.4

	3
	Forestry and logging
	51,500.0
	9.1

	40
	Transit and ground passenger transportation
	51,431.7
	9.1

	26
	Nonmetallic mineral product manufacturing
	40,156.7
	7.1

	64
	Waste management and remediation services
	37,256.0
	6.6

	6
	Oil and gas extraction
	37,253.4
	6.6

	2
	Animal production
	37,249.7
	6.6

	23
	Petroleum and coal products manufacturing
	36,940.8
	6.6

	10
	Water, sewage and natural gas distribution
	30,063.1
	5.3

	27
	Iron and steel mills and manufacturing
	11,079.7
	2.0

	24
	Chemical product and preparation manufacturing
	8,475.9
	1.5

	1
	Crop production
	7,479.1
	1.3

	14
	Food manufacturing
	7,052.0
	1.3

	36
	Air transportation
	6,346.6
	1.1

	7
	Metal ores and nonmetallic mineral mining
	2,637.2
	0.5

	30
	Computer, communications and electronic equipment and components manuf.
	2,375.7
	0.4

	38
	Water transportation
	2,296.1
	0.4

	21
	Pulp, paper, and paperboard mills and paper product manufacturing
	1,643.7
	0.3

	37
	Rail transportation
	1,567.2
	0.3

	31
	Electric lighting equipment, household appliance & other electric components manuf.
	1,397.0
	0.2

	18
	Apparel manufacturing
	1,382.1
	0.2

	15
	Beverage and tobacco manufacturing
	1,373.9
	0.2

	28
	Fabricated metal product manufacturing
	1,281.8
	0.2

	35
	Wholesale and retail trade
	1,252.5
	0.2

	 
	TOTAL
	553,197.0
	98.2

	Source: Own elaboration with data from INEGI and SENER, Mexico.


1.2 Coefficients vector of industries’ GHG emissions

With the information we had so far gathered or estimated, we calculated the vector of coefficients of GHG emissions by industry, normalizing the emission values with respect to the 2003 Gross Output corresponding values, according to the equation:
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where: ei = annual (2003) emission coefficient of industry i; Gi = annual (2003) Giga-grams of GHG produced by industry i; Pi = annual (2003) gross output of industry i in millions of Pesos; i = (1, 2, 3…, 79).

In Table 2 it is shown the list of the 16 industries with GHG emissions coefficients above the average.

	TABLE 2

	MAIN RELATIVE GHG EMISSION INDUSTRIES

	No.
	Industry
	Gg of GHG by

	 
	 
	GO $ Million  

	64
	Waste management and remediation services
	7.4481

	3
	Forestry and logging
	2.8283

	10
	Water, sewage and natural gas distribution
	1.3314

	9
	Electric power generation, transmission, and distribution
	0.5596

	26
	Nonmetallic mineral product manufacturing
	0.2488

	2
	Animal production
	0.2147

	38
	Water transportation
	0.1954

	40
	Transit and ground passenger transportation
	0.1578

	36
	Air transportation
	0.1573

	39
	Truck transportation
	0.1567

	23
	Petroleum and coal products manufacturing
	0.1526

	42
	Scenic and sightseeing transportation and support activities
	0.1073

	6
	Oil and gas extraction
	0.0874

	37
	Rail transportation
	0.0845

	27
	Iron and steel mills and manufacturing
	0.0518

	7
	Metal ores and nonmetallic mineral mining
	0.0474

	 
	TOTAL
	0.0453

	Source: Own elaboration with data from INEGI and SENER, Mexico.


Now combining the emissions estimates by industry in absolute terms (Table 1) with those in relative terms (Table 2) we get the 15 industries greatest producers of GHG emissions shown in Table 3, ordered by IOM classification number.
	TABLE 3

	MAIN 15 GHG EMISISIONS INDUSTRIES

	No.
	Industry

	2
	Animal production

	3
	Forestry and logging

	6
	Oil and gas extraction

	7
	Metal ores and non-metallic mineral mining

	9
	Electric power generation, transmission, and distribution

	10
	Water, sewage and natural gas distribution

	23
	Petroleum and coal products manufacturing

	26
	Non-metallic mineral product manufacturing

	27
	Iron and steel mills and manufacturing

	36
	Air transportation

	37
	Rail transportation 

	38
	Water transportation 

	39
	Truck transportation 

	40
	Transit and ground passenger transportation

	64
	Waste management and remediation services

	Source: Own elaboration with data from Tables 1 and 2


2. Impact of economic costs of GHG emissions on industries
This section deals with the cost problem caused by GHG emissions for the economy. We follow the approach of considering GHG emission as the production of a “bad” associated to the production of a “good” (see Ten Raa, 2006). In other words, it means a negative externality. In order to estimate the value of this externality, we calculated both the direct and indirect GHG emission of each industry from a double perspective: as a negative production associated to the gross output of the good (or service) produced by that industry, so it is regarded as a minus, that reduces the quantity actually produced; and at the same time it is viewed as an extra charge over the costs of production of that same good (or service), that is, as a negative input, which means a plus in costs terms. This double calculation was carried out for each and every industry of the 79 included in the IOM.
2.1 A model for the estimation of GHG emissions economic costs

The use of the input-output model for this case is based on the fact that the production of each good, or service, goes through a chain of processes that imply the use of energy, and raw materials, which production uses energy too. Thus each industry’s productive processes generate GHG emissions both directly and indirectly, according both to its level of production and to its technical characteristics. The model to be used for calculation is based on the technical coefficients Matrix, also known as the Leontief Matrix and the débouché or distribution Matrix, also known as the Ghosh Matrix (see Dietzenbacher, 1977). The model allows us to determine the percentages changes in the quantities produced and in their prices resulting from the effects of a negative externality as pollution. That is to say, the model estimates the gross output of each and every industry of all the 79 in the matrix, including a given amount of pollutants, calculated with the GHG emissions vector and this gross output is compared to the actual observed gross output, in order to establish the percentage that the pollutant represents with respect to the total. Also the individual cost of this “bad” is estimated as the percent difference between, the vector of gross output, measured in actual observed price values and an estimated vector we obtained by including the costs of GHG emissions as if they were inputs.
The production impact equation is:

A* = A ∙ (I – ê)          







         (2.1)

where: A = technical coefficient matrix, obtained from 2003 IOM of Mexico, A* = matrix A diminished; ê = diagonal matrix with the GHG emissions vector e, in the main diagonal.


And the costs impact equation is:

D* = (I + ê) ∙ D  







        (2.2)

where: D = distribution matrix, obtained from 2003 IOM of Mexico and D* = D increased matrix; ê = diagonal matrix with GHG emissions vector e, in the main diagonal.


The gross output vector of actual or observed production (in quantities) is obtained from equation:

xq = (I – A)-1 ∙ y       







         (2.3)

where: xq = gross output vector in quantities; y = final demand vector.

The estimated gross output vector, once GHG emissions have been reduced out of each industry’s total is given by:

xq* = (I – A*)-1 ∙ y







         (2.4)

where: xq* = estimated gross output vector deducing GHG emissions.


The vector of actual or observed gross output in costs terms is determined by equation:

xp = va ∙ (I – D)-1  







         (2.5)

where: xp = gross output vector in price terms; va = value added vector.

The estimation of pollution costs is given by equation:

xp* = va ∙ (I – D*)-1 







         (2.6)

where: xp* = estimated gross output vector (increased by GHG emissions costs).

Finally pollution relative costs are determined by:

(xq – xq*) ∙ (xq)-1 = Relative differences in production by industry

         (2.7)
(xp* – xp) ∙ (xp)-1 = Relative differences in costs by industry


         (2.8)
2.2 Pollution costs distribution in the Input-Output Matrix

As a result of the calculation of equation (2.7) we obtained the percent differences in gross output quantities of each industry, regarding GHG emissions and its deduction from actual values. In Table 4 the first 21 industries are shown in order or importance. It is of special importance a group of seven industries which production is affected between 10 and 16 percent, industries (7), (24), (9), (6), (62), (23) y (57). The negative effect is in average of almost 4 percent of total gross output for the 79 industries.
	TABLE 4

	NEGATIVE EFFECT ON PRODUCTION DUE TO GHG EMISSIONS

	As a Percentage of  2003 Gross Output

	No.
	Industry
	% (-)

	7
	Metal ores and nonmetallic mineral mining
	16.02

	24
	Chemical product and preparation manufacturing
	15.31

	9
	Electric power generation, transmission, and distribution
	13.31

	6
	Oil and gas extraction
	13.07

	62
	Management of companies and enterprises
	12.92

	23
	Petroleum and coal products manufacturing
	12.46

	57
	Insurance carriers, pension funds, and related activities
	10.71

	59
	Non real state goods rental and leasing
	7.63

	46
	Warehousing and storage
	7.30

	21
	Pulp, paper, and paperboard mills and paper product manufacturing
	7.29

	5
	Support activities for agriculture and forestry
	6.65

	75
	Goods repair and maintenance services
	6.52

	63
	Administrative and support services other than management
	6.42

	3
	Forestry and logging
	6.14

	25
	Plastics and rubber products manufacturing
	6.06

	27
	Iron and steel mills and manufacturing
	5.99

	47
	Newspaper, periodical, book, and software publishers
	5.83

	60
	Lessors of nonfinancial intangible assets
	5.65

	28
	Fabricated metal product manufacturing
	5.41

	16
	Textile mills
	5.40

	61
	Professional, scientific, and technical services
	5.21

	 
	Average
	3.79

	Source: Own elaboration with data from INEGI and SENER, Mexico.



The pollution costs calculation is the result of equation (2.8). The first 18 industries, with highest relative costs caused by GHG emissions, are shown in Table 5 in descending order. In this case, the industries with the greatest costs increments, between 9 and 17 percent of gross output value, are the following six: (9), (33), (10), (27), (16) and (26).
	TABLE 5

	COST INCREASE DUE TO GHG EMISSIONS

	As a Percentage of 2003 Gross Product

	No.
	Industry
	% (+)

	9
	Electric power generation, transmission, and distribution
	17.87

	33
	Furniture and related product manufacturing                                     
	15.46

	27
	Iron and steel mills and manufacturing
	10.76

	10
	Water, sewage and natural gas distribution
	10.69

	16
	Textile mills
	9.07

	26
	Nonmetallic mineral product manufacturing
	9.05

	11
	New residential construction
	8.70

	14
	Food manufacturing
	8.65

	21
	Pulp, paper, and paperboard mills and paper product manufacturing
	8.63

	28
	Fabricated metal product manufacturing
	8.56

	30
	Computer, communications and electronic equipment and components manufacturing
	8.54

	31
	Electric lighting equipment, household appliance and other electric components manuf.
	8.49

	5
	Support activities for agriculture and forestry
	8.39

	23
	Petroleum and coal products manufacturing
	8.39

	20
	Wood product manufacturing
	8.29

	34
	Other miscellaneous manufacturing                                               
	8.11

	25
	Plastics and rubber products manufacturing
	7.90

	24
	Chemical product and preparation manufacturing
	7.85

	 
	Total Average
	5.36

	Source: Own elaboration with data from INEGI and SENER, Mexico.



Thus far, mitigation costs for GHG emissions in this study have been estimated as pollution costs by industry, which can be interpreted as mitigation “opportunity costs”, that is, costs society are paying for not applying any policy measure for the reduction of GHG emissions associated to production. It could also be interpreted as the decrease of production, measured in money terms, required to reduce GHG emissions, without adopting any technological change in that direction.
3. Strategic and polluting sectors identification

The last section of this study is aimed to the identification of those industries which can be labeled as strategic or key, due to their effects on others, either through demand or through supply. In structural analysis the relation between two industries is called linkage, so we have forward linkages, those related to supply, and backward linkages, those related to demand. We first need to find out the existence of linkages between industries and, in each case its relative importance. So those industries that have many linkages with others, and these linkages are very strong, will transmit backwardly or forwardly economic effects to others. These industries are then called strategic or key. The reason they are called this way is that the increase or decrease in their production, may cause a demand pull and/or a supply push variations to other industries with effects on overall gross production, input consumption, and/or labor employment. So these industries are essential for any growth promoting policy.
Since we have already determined which industries are the highest GHG emissions generators, so they can be called main pollutants, it would be very interesting to check for coincidence between the two groups: main pollutants and key sectors. The matching industries may in turn be considered as restrictions to sustainable economic growth.

We make use of two basic indicators that allow us to evaluate the relative importance of all industries and classify them according to their capacity to transmit economic impulses through the system of quantities and prices that represents the IOM.  This capacity to disseminating impulses among industries, show their potential to generate external dis-economies, as for instance, ecological ones.
3.1 Key Sectors according to Rasmussen coefficients

Matrix (I – A)-1 known as “Leontief’s inverse” allows one to solve the system in order to find out the level of production of the ith sector required to satisfy the increment in the final demand of the jth sector, in one unit. This matrix refers, in consequence, to demand. Meanwhile the inverse matrix (I – D)-1 that has been derived from the distribution matrix is referred to supply. From the elements of these two matrices we can get coefficients that measure the capacity to generate or to absorb, increments in the various industries. For this we need to consider first the sum the elements of each raw, zi, and of each column zj, which are called “absorption” effect and “dispersion” effect, respectively (United Nations, 2000). The coefficients created by the Danish Rasmussen (1956) are developed on the base of each one of these effects and are obtained by calculating the average of each effect in each industry, and express these averages as ratios with respect to the global effects.

The estimated quotient based on the absorption effect is known as the Absorption Power Index and it is defined by the formula:
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       (3.1)
where: Uj = absorption power index of industry j, n = number of rows or columns in the matrix, zij = element ij of matrix (I – A)-1. This index measures in relative terms, the power of any given industry to dragging along, or pulling, the whole economy, also called backward linkage.


Similarly, with the dispersion effect, it is calculated the Dispersion Power Index, which expression based on the distribution matrix is:
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         (3.2)
where: Uj = dispersion power index, n = number of rows or columns in the matrix, zij = element ij in matrix (I – D)-1. This index measures in relative terms the impact produced by one industry over the rest, also called forward linkage (see for instance, Drejer 2002).

For the estimation of these coefficients we utilized the program PyIO: Input-Output Analysis with Pyhton (Universtity of Illinois, 2003). The results of the application of the Rasmussen method to determine key sectors are shown in Table 6.
	TABLE 6

	KEY SECTORS BY RASMUSSEN'S METHOD

	No.
	Industry or Sector

	9
	Electric power generation, transmission, and distribution

	14
	Food manufacturing

	16
	Textile mills

	21
	Pulp, paper, and paperboard mills and paper product manufacturing

	23
	Petroleum and coal products manufacturing

	24
	Chemical product and preparation manufacturing

	25
	Plastics and rubber products manufacturing

	27
	Iron and steel mills and manufacturing

	28
	Fabricated metal product manufacturing

	31
	Electric lighting equipment, household appliance & other electric components manuf.

	32
	Transportation equipment manufacturing

	57
	Insurance carriers, pension funds, and related activities

	Source: Own elaboration with data from INEGI and SENER, Mexico.



In order to facilitate the interpretation of these results we generated a dispersion diagram shown in Figure 1. On the vertical axis of this diagram we measure forward linkages, defined as the demand of all industries or sectors over one particular industry, while on the horizontal axis we measure backward linkages, the impacts of the demand of one particular industry over the demand of those industries that supply its inputs.
FIGURE 1

RASMUSSEN’S KEY SECTORS IN A FOUR CUADRANT GRAPH
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Source: Own elaboration with data from INEGI, Mexico.


According to the Rasmussen’s approach, those industries that show strong forward and backward linkages are defined as strategic or key sectors. These industries or sectors are those in the positive quadrant I of the diagram. In this case they are the key sectors of the 2003 IOM of Mexico whose names are listed in Table 6 above. These strategic industries show a great potential either to expand or to absorb external shocks to or from other industries and to the whole as well.

3.2 Linkages determined through the extraction method

We now estimate forward and backward inter-industry linkages through the so-called “extraction method”, originally postulated by Guido Cella (1984) and further developed by Eric Dietzenbacher (Dietzenbacher et al, 1993, 1997).  We also used two matrices with this method: the absorption matrix and the distribution matrix. This makes possible to evaluate linkages as impulses produced either by demand or by supply. The backward linkages show demand relations, while the forward linkages show the supply relation of one industry with the rest.

The extraction method works as follows: 1) Given the vector of final demands, the output is calculated for each of the n sectors or industries; 2) Next, one of these n industries is hypothetically extracted from the economy by deleting its corresponding row and column from the matrix A of input coefficients; 3) Using the reduced vector of final demands, the hypothetical output is computed for each of the remaining n – 1 sectors; 4) The effect of extracting this particular industry is then obtained from the differences (summed over the remaining industries) between the two types of output. The magnitude of the differences is indicative of the relevance of the hypothetically extracted industry (Dietzenbacher, et al., 1993, p.3).

We also utilized PyIO (2003) to do the calculations. In order to facilitate the presentation of results, the percentage of sales of each industry with respect to total sales of the 79 industries is calculated both for backward and for forward linkages, then they were ordered from the highest to the lowest, and divided into four groups of similar size (quartiles). In Table 7 the 20 industries corresponding to the first quartile are shown. These are the ones that have the greatest importance for their relations with the rest. In terms of backward linkages, the first 20 industries account for little more than 70 percent of all backwards transactions. While from the supply side, the first 20 industries represent almost 74 percent of all sales in the economy. The intersection subset of both sets (demand and supply) is made up by 18 industries regarded as strategic for this method which are: (1) Crop production, (2) Animal production, (6) Oil and gas extraction, (9) Electric power generation and distribution, (11) New residential construction, (12) New non-residential construction, (14) Food manufacturing, (23) Petroleum and coal products manufacturing, (24) Basic chemical manufacturing, (25) Plastics and rubber products manufacturing, (26) Nonmetallic mineral product manufacturing, (27) Iron and steel mills, (32) Motor vehicle manufacturing, (35) Wholesale and retail trade, (39) Truck transportation, (51) Telecommunications, (58) Real state, (61) Professional, scientific, and technical services, and (63) Other, non-management, administrative and support services.
	TABLE 7

	KEY SECTORS BY EXTRACTION METHOD

	Backward linkages
	Forward linkages

	Industry
	Demand in
	Per Cent
	Industry
	Demand in
	Per Cent

	No.
	Millions Pesos
	of Total
	No.
	Millions Pesos
	of Total

	35
	1,056,172
	9.9
	35
	1,186,297.1
	11.2

	14
	695,449
	6.5
	24
	689,911.3
	6.5

	11
	613,356
	5.8
	6
	619,868.3
	5.8

	24
	570,986
	5.4
	61
	539,378.2
	5.1

	23
	435,303
	4.1
	14
	515,455.1
	4.9

	61
	433,079
	4.1
	23
	467,323.8
	4.4

	32
	386,607
	3.6
	32
	359,736.9
	3.4

	27
	343,883
	3.2
	27
	355,079.3
	3.4

	6
	336,206
	3.2
	63
	350,835.1
	3.3

	39
	332,734
	3.1
	39
	342,263.6
	3.2

	9
	312,779
	2.9
	11
	330,910.7
	3.1

	2
	269,549
	2.5
	9
	301,080.6
	2.8

	63
	258,587
	2.4
	58
	289,381.4
	2.7

	58
	243,950
	2.3
	1
	235,303.5
	2.2

	26
	216,496
	2.0
	55
	233,748.1
	2.2

	1
	212,539
	2.0
	2
	228,586.2
	2.2

	12
	212,205
	2.0
	25
	213,282.3
	2.0

	25
	211,927
	2.0
	51
	199,857.6
	1.9

	40
	209,507
	2.0
	28
	184,986.0
	1.7

	51
	200,332
	1.9
	26
	184,566.5
	1.7

	Source: Own elaboration with data from INEGI, Mexico.


3.3 Summary of strategic industries identification

The application of the Rasmussen technique yields the result of the identification of 12 strategic industries (those with the strongest backward and forward linkages) shown in Table 6. On the other hand, the extraction method allowed us to identify 18 industries with, simultaneously, backward and forward strong linkages. The intersection subset of these two groups of strategic industries, identified through two different methods, includes the seven following industries: (9) Electric power generation and distribution, (14) Food manufacturing, (23) Petroleum and coal products manufacturing, (24) Basic chemical manufacturing, (25) Plastics and rubber products manufacturing, (27) Iron and steel mills and (32) Motor vehicle manufacturing.

Conclusions and policy implications

The current structure of the Mexican economy expressed in the most recent IOM, that of 2003, shows as a relevant characteristic to contain 15 economic sectors or industries highly GHG emissions generators, listed in Table 3. On the other hand in the same economic structure, there have been identified as strategic sectors –in the sense of Rasmussen (1956) and Cella (1984),– seven industries. In turn, the subset of strategic and highly GHG emissions generators industries is made up of only three industries: (9) Electric power generation and distribution, (23) Petroleum and coal products manufacturing, and (27) Iron and steel mills. It seems convenient to include also industry (6) Oil and gas extraction, high GHG producer and with important forward linkages but less important backwards, and (24) Basic chemical manufacturing, which is important in both ways, though it does not appear among the highest GHG producer in relative terms. This group of industries is what we may define as the energetic sector and it is no doubt the set of industries most relevant to deal with for purposes of GHG emissions mitigation.

On a second level of strategic importance but with a high level of energy consumption are five industries associated to transportation services: (36) Air transportation, (37) Rail transportation (39) Water transportation (40) Transit and ground passenger transportation and (42) Scenic and sightseeing transportation.
Finally there are other five industries that went in and out of the various classifications and therefore they made up a third group, those are the industries: (21) Pulp, paper, and paperboard mills and paper product manufacturing, (25) Plastics and rubber products manufacturing, (26) Nonmetallic mineral product manufacturing, (28) Fabricated metal product manufacturing and (29) Machinery and equipment manufacturing.
So we have in these three groups 15 industries with the highest importance in transmitting gas polluting effects over the rest of the economy and to the outside world as well. It must be said, though, that they may equally function as absorbers of external shocks, to the rest of the economy.
These industries have also a high cost, measured in relation to output, associated to GHG emissions, which means that any reduction of them without a technology change, would affect in a great extent their direct gross output levels and indirectly that of the others with important consequences in the total net production and employment levels. This implies among other things that any policy aimed at GHG emissions reduction must be focused essentially to these industries and evaluate in the first place the convenience of technological changes.

In conclusion, the energetic sector is the most important of the economy, both because is the most pollutant, and because it is the best in transmitting negative effects to the rest of the economy. That is why the reduction of GHG emissions in this sector implies the highest cost, measured as an economic output reduction, without any technological change. Some policy implications that follow are that the government –or rather the state– should strongly reinforce the application of the existing anti-pollution rules of operation, or modify them as required. Also it should seek the improvement of productive efficiency in these industries operation and try by all means at its disposal to induce a technological change aimed to reduce GHG emissions in all of these industries. In the long run, scientific and technological research must be stimulated to make it economically feasible the use of alternative energy sources.
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