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Abstract

This paper estimates pollution generation intensity indexes for six air pollutants: total suspended particles (TSP), sulfur dioxide (SO2), carbon monoxide (CO), nitrogen oxides (NOx), hydrocarbons (HC), and lead (Pb). These indexes come from an input-output model that incorporates the interdependence between the economic structure and pollution generation for the state of Nuevo Leon in Mexico. They improve the estimation of the impact on pollution generation since they include not only the direct effects, but also the indirect effects resulting from changes in economic growth. They are useful in assessing the impact of environmental regulation policies, such as emission standards and emission charges on production sectors, as well as the impact of economic goals on air pollution generation. 
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1. Introduction

The atmospheric pollution problem is an element that has increasing importance in economic planning. Through an economic model that incorporates environmental factors it is possible to consider pollution in an explicit and rational manner for economic planning and for designing policies and programs that allow its regulation. The introduction of linkages between pollutants and economic aspects of production allow the consideration of implications of changes on economic growth on environmental pollution. The exchange between pollution and economic factors that are present, but are not obvious, can be captured and included in the cleaning and environmental protection costs, with a wider base of knowledge of the problem.

In Mexico, the implementation of atmospheric pollution policies based on the management of environmental resources is hampered by the lack of knowledge about the relationship between environment and economic aspects. In particular, the required tools have not yet been developed for the estimation and evaluation of the impact of environmental regulation policies, such as emission standards, emission charges, etc. on production sectors or the impact of economic goals on air pollution generation. Assessing the relationship between air pollution generation and economic growth is fundamental to define efficient policy responses. 

The purpose of this article is to provide pollution intensity indexes that measure the total quantity of emissions generated per million pesos of output, for the productive sectors of the state of Nuevo Leon. These indexes include not only the direct impact, but also the indirect and induced impacts derived from economic changes. Therefore, they provide an improved estimation of the air pollutants generated in the economy. Six air pollutants are studied: total suspended particles (TSP), sulfur dioxide (SO2), carbon monoxide (CO), nitrogen oxides (NOx), hydrocarbons (HC), and lead (Pb).

To achieve this, an input-output model was built which is extended to estimate the interdependence and relations between the economic structure and air pollution generation. In this way, it is possible to simultaneously clarify the intuitive perceptions of how economic activities and contaminant generation interact. An advantage of this methodology consists in allowing the estimation of total impact of contaminant production in counter position to the impact estimation based on direct coefficients, which only include partial impacts.

The input-output methodology is particularly relevant when the intersectoral links and environmental pollution are considered, given that any action against pollution must take into consideration its costs and effects not only in the sector under consideration, but in all the related sectors of the economy.  Consequently, in studies oriented to evaluate the costs and benefits of pollution reduction, it can be of particular importance to account not only pollution that is generated or has been reduced by a sector in a direct manner, but also the pollution generated or that has been reduced in other sectors in an indirect and induced manner; these can be more relevant than the first.

From the combination of data in physical pollution units and the input-output table in monetary terms, it is possible to obtain a consistent, systematic, and precise tool for creating pollution intensity indexes, and with these, to quantify the impact change of economic variables on environmental ones. The indexes include direct, indirect and induced effects that quantify the sector contribution of pollution generation.

The remainder of the paper is organized as follows. The second section presents a background of the area under study. The third section reviews the input-output methodology and the creation of atmospheric pollution intensity indexes. The fourth section exposes the creation of the input-output model with emphasis on atmospheric pollution for the state of Nuevo Leon. In the fifth section the results are presented.  Finally, in the sixth section the most relevant conclusions are remarked.

2. Background

Environmental pollution in Mexico has reached unsuspected levels causing some alarming cases of distress. Particularly, in the most populated and industrialized metropolitan areas of Mexico, such as, Mexico City; Guadalajara and Monterrey the persistent growth of pollution is one of the major concerns.

This study is focused on the state of Nuevo Leon, located in the northeast of Mexico. This state is characterized for its industrial development and per capita gross domestic product growth above national average. In particular, the Monterrey Metropolitan Area (MMA), the state’s capital, is composed of 10 counties. It holds a population of more than 3.3 million inhabitants, 85% of the state’s population, and also holds more than 90% of its gross domestic product.

The economic dynamism of Nuevo Leon has its origin, primarily, from the 1940’s; becoming an important economic growth pole for the country. Nevertheless, aside to this growth, the MMA atmospheric basin pollution has become one of the primary problems of this region.

The current level of pollution of this state has its origin in diverse causes, some of which are the implementation of industrial endorsement policies based on subsidized prices for energy, water, waste and transportation. For example, the application of subsidies on electric tariffs promoted high-energy consumption and reduced the incentives of using energy saving technologies. Similarly, the low prices on gasoline accelerated vehicle growth.

The State urban growth that occurred in the second half of the 20th century is another cause for the pollution increment. This urban growth process is sustained in present time making the urban transportation problems even more drastic, incrementing fuel consumption, and consequently, aggravating the atmospheric pollution problems. In addition to that, the MMA geography is not favorable for pollution elimination because it is surrounded by hills that complicate air pollution dispersion.

3. Methodology
Input-output models are a tool for economic simulation and prediction. These models are simple representations of a general equilibrium model that adds up the productive links and production chains between the economic sectors and provides a concise representation of the flow of goods between the sectors. Additionally, they allow the estimation of effects in changes in certain variables over others.
 This methodology describes the economic interdependence, due to a determined level of consumption and production. Traditionally, it is used for quantification and analysis of intersectoral relations in production and consumption of economic goods that are interchanged by means of the market. Nonetheless, it is possible to use it to quantify and analyze the intersectoral economic relations of pollution generation.  Equally, the use of this technique provides important information for environmental policy design (Fankhauser and McCoy, 1995; Casler and Blair, 1997, Frickman, 2000; Machado, 2000).

The main assumptions of this methodology are that all the sectors maintain a constant proportion in each product’s market that their production processes are technologically interdependent and characterized by a linear relation between quantity of required input and each sectors final output.

The interdependence captured by this model is due to the fact that each industry employs outputs from other industries such as raw material; additionally, the final demand sectors buy the output of each industry as final consumption goods. This way we can visualize the interrelations between the different productive sectors and the direct, indirect, and induced impacts on some economic variables (output, income, jobs, contaminants…) of a reduction or increment on final demand or the size of an industry (Miller and Blair, 1985).

 An input-output model in its most simple form consists of a system of linear equations, in which each equation describes the output distribution through the economy. The economic relations can be expressed in matrix notation such as,

X  = AX +Y   





(1)

Where:


  X is an output vector at sector level,


  A is a square matrix of input-output (direct) technical coefficients,


  Y is a final output demand vector at sector level.

Because technical coefficient’s values are known and the final demand is also known or assumed, the solution (the output levels of vector X) of equation (1) depends on the non-singularity of matrix A, the following way,

X = AX +Y





X – AX = Y





[I – A]X = Y

X = [I – A] –1 Y.

The matrix [I – A]–1 is commonly known as the Leontief inverse or the interdependence matrix. The coefficients of this matrix measure the total (direct and indirect) output levels from each sector of the economy required to satisfy given levels of final demand. This matrix can be used to show how a change in demand for the output of one sector stimulates production in other sectors.

 3.1. Input-Output Multipliers Calculation
The output multipliers are obtained from the sum of columns in matrix [I – A] –1.  The output multiplier for sector j accounts up the total value of production for all the sectors of the economy that are necessary to satisfy the value of one monetary unit (peso, dollar, etc.) of final demand for the output of sector j and provide the degree of integration and interdependence between the economic sectors.
  Frequently two types of multipliers are calculated, output type 1 and type 2.  The first ones are obtained from the elements of the Leontief inverse for an open model concerning family consumption.
 This is, family consumption is a variable outside of [I – A]–1. The multipliers called type 2 are obtained from the closed model concerning family consumption. The family consumption vector is a variable from inside of [I – A]–1 (Miller and Blair, 1985; United Nations, 1999).

The type 1 multipliers capture the direct and indirect effects of an outside change in the final demand.  The indirect effects result from an interindustrial regressive linkage.
 The type 2 multipliers capture, aside from the direct and indirect effects, the induced effect derived from income expenditure obtained through the payment of the work services (United Nations, 1999).
 

3.2. Pollution Intensity Index Calculation

The input-output methodology has been extended to quantify the pollution generation and despondency associated with interindustrial activity. The main problem that must be resolved in environmental models of this type is finding the appropriate measuring units for each of the considered environmental elements, for example, in monetary units, physical units, or a combination of both.

In this study, the generalized input-output model technique is followed. This technique, in one of their variants, consists in increasing the technical coefficient matrix with rows and columns that represent the generation and despondency of contaminants for the economic sectors. The pollution technical coefficients represent the quantity of type k contaminant for example, lead, or sulfur dioxide that is generated per monetary unit, dollar or peso, of the output value of sector j.  It is assumed that the pollution coefficient matrix vary lineally with the output generation; from this, the pollution levels associated with the output level of the different economic sectors can be represented using the Leontief model, where v represents the pollution coefficient matrix and v* is the pollution level vector as function to the economy’s final demand; this is, the total pollution of each pollutant generated in the economy in a direct, indirect, and induced way to satisfy that final demand:

v* = [v(I – A)] –1 Y

The result of the operations of the elements between rectangular parentheses is one matrix of total impact coefficients or pollution intensity indexes; from here, each element of this matrix reflects the total impact in pollution generated per dollar in output required to satisfy the final demand of the economy.
  These indexes quantify the total change in one air contaminant (in tons) for each industry due to a change in one unit (million pesos) in total output of the economy.

4. Model Construction with Emphasis on Atmospheric Pollution

Periodic construction of input-output models from direct investigation techniques is costly in terms of time, resources, and information.  For these reasons, it is convenient to apply non-direct investigative methods or the combination of both (hybrid models) to estimate them (Babcock, 1993 and Devino, 1993).  Data obtained directly and data published by official organizations are combined in this study. 

4.1 Procedure

The construction process for the input-output model for the state of Nuevo Leon with emphasis on atmospheric pollution includes three stages: The first one corresponds to updating the input-output matrix for Mexico.  In the second stage the regionalization of the mentioned matrix takes place to obtain input-output for the state of Nuevo Leon. Finally, in the third stage the incorporation of technical coefficients from 6 contaminants is accomplished.

The model includes 17 internal demand sectors, 4 final demand sectors, and 4 final payment sectors.  The internal demand sectors are Agriculture; Mining; Foods; Textiles; Wood; Paper; Chemical; Nonmetallic minerals; Metals; Machinery and equipment; Other metallic industries; Construction; Electricity, gas, and water; Commerce; Transportation; Banks; and Services. The final demand sectors are composed of: Family consumption, Government consumption, Exports, and Gross capital formation.  And final payment sectors by: Salaries and other family income, Gross profits, Taxes, and Imports.

This study departs from the input-output national model, which was actualized for changes in prices and technology from 1987 to 1998. In the actualization, a computer program based on methodologies that combine the Henry method and the McMenamin and Haring method was used.
 These procedures allow adjustments for changes on relative prices and in this manner substantially reduce problems in matrix updating technology change (Miller and Blair, 1985). The information on economic sectors final demand for 1998 was obtained from national income accounts and national product published by the National Institute of Statistics, Geography and Informatics (INEGI) and the Bank of Mexico (BANXICO).

The regional input-output matrix for the state of Nuevo Leon was generated as of the national matrix updated to 1998. The regionalization was made under the “Location Quotients” procedure that compares the relative importance of an industry in a region with respect to the nation.
  This method is relatively less data demanding and therefore can be applied with data from the national accounts published by INEGI in which both state and nation gross domestic product is published.
 

5. Results

This section is centered on the presentation of the environmental technical coefficients and the atmospheric pollution indexes estimated for the next 6 pollutants: total suspended particles, lead, hidrocarbures, carbon monoxide, nitrogen oxides, and sulfur dioxide. The direct, indirect, induced and total indexes are included.

5.1. Environmental Technical Coefficients

The pollutant’s technical coefficients indicate the amount of each pollutant emitted per output unit in each sector of the economy. Table 1 shows environmental technical coefficients for the state of Nuevo Leon in the year of 1998.

5.2. Output-Environmental Intensity Indexes

The pollution generation intensity indexes relate the total quantity of generated pollutants in physical units per each million pesos in additional output demand for each sector of the economy. These are composed of the sum of direct, indirect, and induced effects. For example, the first ones express the pollution that is generated in a direct way by a sector j per each million pesos of output. The indirect ones express the pollution generated in other sectors as a result of increments in demand in this sector j in those sectors that their outputs are used as input in sector j. Finally, the induced ones reflect the increment in pollution due to the increment in output demand for the family sector of sector j.

In particular, the output-environmental intensity index reflects the total change (the sum of direct, indirect, and induced effects) in pollutants generation (in tons) for each industry or sector due to a change of one unit (million pesos) in the total output of one sector. Tables 2-7 present the direct, indirect, induced, and total output-environmental effects for the 6 considered pollutants, for each sector of the economy for the state of Nuevo Leon.

5.2.1. Total Suspended Particles (TSP)

Table 2 shows the output-environmental intensity indexes for the emission of total suspended particles including the direct, indirect, induced and total impact indexes. Its interpretation is, for example, for chemical industry: if total production of chemical industry is incremented in one million pesos, the quantity (in tons) of total suspended particles is increased in 2.1 tons; this total is composed of: 1.06 that is generated in a direct way, 0.72 in an indirect way, and 0.32 in an induced way.

The mining sector has the largest intensity index of total suspended particles; per each million incremented in its total output it generates 47.46 tons of TSP. The total index is integrated by 46.85 of direct generation, 0.34 tons of indirect generation, and 0.27 tons of induced generation.

The largest generation index for the mining sector come from, primarily, because of its direct generation; nevertheless, the sector that generates more TSP indirectly is electricity, gas and water; and the sector with the largest induced generation is services. In general, the results show that, for the food, machinery and equipment, commerce, transportation, banks, and services sectors, the indirect and induced pollution is more relevant than the pollution generated in a direct way.

5.2.2. Sulfur Dioxide (SO2)
Table 3 presents the pollution generation intensity indexes for sulfur dioxide associated with production for each sector of the economy for the state of Nuevo Leon. The nonmetallic sector has the largest intensity index of sulfur dioxide, generating 1.23 tons of sulfur dioxide per each million pesos of output. This total is composed of 0.14706 tons of direct generation, 1.12228E-05 indirect tons, and 0.00122 induced tons. The most elevated indirect index is from the construction sector, and the services sector has the largest induced index.

Although some sectors like agriculture, mining, textiles, paper, construction, commerce, banks, and services do not produce SO2 directly they do in an indirect and induced way. This explains that increments in demand of its output will demand inputs or goods from other sectors that do generate it directly. Finally, it is evident as shown in Table 3, that the indirect and induced generation of sulfur dioxide, in most cases, is more relevant than the direct generation.

5.2.3. Carbon Monoxide (CO)

Product-environmental intensity indexes and its distribution into direct, indirect, induced and total indexes for carbon monoxide are shown in Table 4. For example, for each million pesos of additional output in the transportation sector, the main CO pollutant generator, 22.03 tons of carbon monoxide are produced; this quantity is composed of: 19.73 tons of direct effect, 0.73 tons of indirect effect, and 1.57 tons of induced effect.

The transportation sector also has the highest direct generation index, but construction has the highest indirect index, while the highest induced index is presented by the services sector.  It can also be seen here that although some sectors do not produce carbon monoxide directly, they do generate it in an indirect and induced way; such is the case of the agriculture, mining, textiles, paper, construction, commerce, banks, and services sectors.

5.2.4. Nitrogen Oxides (NOx) 

Nitrogen oxides generation indexes are shown in Table 5. This table’s interpretation is similar to the ones before. The electricity, gas and water is the main generator of these pollutants, with a total intensity index of 1.82426, composed of 1.62394 tons per million pesos directly generated, plus 0.13301 produced indirectly and the rest 0.0672545 from induced effect.
The emission of nitrogen oxides per output unit is mostly influenced (if we take all the effects) by the electricity, gas, and water sector and with the highest direct effect. Nonetheless, the nonmetallic minerals give the highest indirect effect, and again the services sector the highest induced effect.

The importance of indirect and induced generation is also evident in this table, for example the nonmetallic minerals sector presents the highest indirect generation index and the services sector the highest induced effect. It is also evident that, in general, the production of indirect and induced pollutants is frequently more relevant than the direct generation.  Even, in the textile sector although it does not produce nitrogen oxides directly, it does in an indirect and induced manner.

5.2.5. Hydrocarbons (HC)

In Table 6 product-environmental indexes of hydrocarbons generation are presented. The transportation sector has the highest total intensity index in the economy of the state of Nuevo Leon, 2.31347 tons for each million pesos of output, composed of: 1.98409 tons per million pesos of direct generation, 0.12793 on indirect generation, and 0.201446 of induced generation.

Referring to hydrocarbons emissions per output unit, the sector with the highest indirect generation index is construction, and the one with the highest induced generation index is the services sector. It is also found that for hydrocarbons, for which the direct generation is relatively small, their indirect and induced generation indexes are more relevant, like in the agriculture, mining, textile, wood, paper, chemical, machinery and equipment, other metallic industries and services sectors.

5.2.6. Lead (Pb)

Table 7 presents lead generation intensity indexes in the atmosphere of the state of Nuevo Leon.  The transport sector is the main lead generator in the environment with an index of 0.0028245 tons for each million pesos of output.  This index is composed of 0.0025308 tons of direct generation, 0.00009234 tons of indirect generation, and 0.00020136 tons on induced generation.

It becomes evident in Table 7 that the transportation sector is the only reported sector that pollutes air with lead in a direct manner; nonetheless, all the sectors do it in an indirect and induced manner.  The construction sector has the highest indirect index and the services sector has the highest induced generation index.

5. Concluding Remarks
In this article, an input-output model that incorporates the interdependence between the economic structure and pollution generation is used to obtain air pollution generation intensity indexes.  These indexes reflect the direct, indirect, and induced effects from the generation of 6 atmospheric contaminants; total suspended particles (TSP), sulfur dioxide (SO2), carbon monoxide (CO), nitrogen oxides (NOx), hydrocarbons (HC), and lead (Pb); resulting from the growth in final demand of each sector of the economy.

The air pollution generation intensity indexes presented here contribute to the design, evaluation, and follow-through of policies to regulate pollution. These indexes incorporate the total pollution effects derived from economic growth.  Furthermore, these are a useful guide for selecting the sectors that might be object of regulation incorporating the derived economic cost of environmental regulation and for tracing the advances or fallbacks in environmental pollution goals.

It was found that all the productive sectors are related directly or indirectly with the production of at least one air contaminant and that even though some sectors, in particular, do not produce some contaminant directly, they do in an indirect or induced way.  Furthermore, for most sectors, pollution that is generated in an indirect and induced manner is more relevant than the pollution that is generated directly.  Therefore, contrary to common practice of pollution impact estimation based on direct coefficients, the use of total pollution generation intensity indexes is recommended.

Finally, although the advantages and limitations of input-output models are well known, we pretend to reveal primarily the problems to take them into the field of practical application to environmental issues. In general, the main difficulties result from the collection of relevant economic and pollution generation data that inside on the reliance of the model; in particular, these problems arise from the reticence of public and private organizations in providing this information. Nevertheless, the results from this article strongly suggest that the analysis of problems related with pollution from an economic perspective, as well as the design of policies to fight it, must relay on studies of this type.
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Table 1. Tons of pollution, for each economic sector, per million pesos of output for the state of Nuevo Leon.

	Sector*
	TSP
	SO2
	CO
	NOX
	HC
	Pb

	1
	30.11396
	0
	0
	4.4829E-04
	0.13338
	0

	2
	46.84672
	0
	0
	4.1494E-03
	1.23455
	0

	3
	1.25557
	3.0224E-03
	5.0373E-03
	1.1929E-02
	8.0911E-02
	0

	4
	3.79865
	0
	0
	0
	0.1267
	0

	5
	15.71125
	0.33534
	3.7693E-02
	0.20907
	0.52709
	0

	6
	3.26912
	0
	0
	3.6653E-04
	0.10905
	0

	7
	1.05895
	0.14475
	3.3804E-02
	4.1657E-02
	0.1876
	0

	8
	3.64157
	1.07554
	1.8905E-02
	0.2708
	4.6235E-02
	0

	9
	1.38571
	1.162E-03
	5.1016E-02
	2.175E-02
	6.6608E-02
	0

	10
	0.27183
	3.2325E-05
	5.075E-03
	2.141E-03
	1.5183E-02
	0

	11
	6.30252
	2.6039E-04
	1.302E-03
	5.6521E-03
	0.47706
	0

	12
	11.29793
	0
	0
	1.6141E-04
	4.8022E-02
	0

	13
	3.4713
	0.48742
	8.4362E-02
	1.62399
	0.12172
	0

	14
	0.41907
	0
	0
	4.6986E-05
	0.11216
	0

	15
	0.65615
	5.3866E-02
	19.73297
	0.74769
	1.98409
	2.5308E-03

	16
	0.5256
	0
	0
	5.893E-05
	1.7533E-02
	0

	17
	0.30277
	0
	0
	3.3947E-05
	0.11724
	0


*Sector 1 is agriculture, sector 2 is mining, and so forth according to the order presented on section 4.1.

Table 2. Output-environmental intensity indexes, for each economic sector, for the emission of total suspended particles (TSP) in the air of the state of Nuevo Leon in 1998 (tons per million pesos of output).

	Sector
	Direct
	Indirect
	Induced
	 Total


	Agriculture
	30.11396
	0.85977
	0.28224
	31.25597

	Mining
	46.84672
	0.34468
	0.2663
	47.4577

	Foods
	1.25557
	1.46561
	0.14751
	2.8687

	Textiles
	3.79865
	0.95711
	0.27074
	5.0265

	Wood
	15.71125
	2.68989
	0.28390
	18.68504

	Paper
	3.26912
	1.16089
	0.44472
	4.87473

	Chemical
	1.05895
	0.72453
	0.31651
	2.09999

	Nonmetallic minerals
	3.64157
	1.12127
	0.51104
	5.27388

	Metals
	1.38571
	1.11464
	0.31412
	2.81447

	Machinery and equipment
	0.27183
	0.70125
	0.41867
	1.39175

	Other metallic industries
	6.30252
	0.9618
	0.27698
	7.5413

	Construction
	11.29793
	1.43896
	1.12499
	13.86188

	Electricity, gas, and water
	3.4713
	1.53405
	0.84388
	5.84922

	Commerce
	0.41907
	0.52283
	1.10077
	2.04268

	Transportation
	0.65615
	0.54316
	0.95686
	2.15617

	Banks
	0.5256
	0.67554
	0.81271
	2.01385

	Services
	0.30277
	0.50622
	1.75587
	2.56487


Table 3. Output-environmental intensity indexes, for each economic sector, for the emission of sulfur dioxide (SO2) in the air of the state of Nuevo Leon in 1998 (tons per million pesos of output). 

	Sector
	Direct
	Indirect
	Induced
	Total

	Agriculture
	0
	4.0361E-03
	6.19812E-03
	1.0234E-02

	Mining
	0
	9.6931E-03
	5.84812E-03
	1.5541E-02

	Foods
	3.0224E-02
	3.6028E-03
	3.23951E-03
	3.7066E-02

	Textiles
	0
	7.9966E-03
	5.94572E-03
	1.3942E-02

	Wood
	0.33534
	1.2841E-02
	6.23466E-03
	0.35441

	Paper
	0
	2.1637E-02
	9.76627E-03
	3.1403E-02

	Chemical
	0.14475
	2.7793E-02
	6.9508E-03
	0.1795

	Nonmetallic minerals
	1.07554
	0.14706
	1.12228E-02
	1.23383

	Metals
	1.162E-02
	3.2024E-02
	6.89828E-03
	5.0543E-02

	Machinery and equipment
	3.2325E-05
	3.3145E-02
	9.19431E-03
	4.2371E-02

	Other metallic industries
	2.6039E-04
	2.5608E-02
	6.08266E-03
	3.1951E-02

	Construction
	0
	0.14958
	2.47055E-02
	0.17429

	Electricity, gas, and water
	0.48742
	4.3568E-02
	1.85321E-02
	0.54952

	Commerce
	0
	1.845E-02
	2.41737E-02
	4.2624E-02

	Transportation
	5.3866E-02
	2.9288E-02
	2.10134E-02
	0.10417

	Banks
	0
	2.4013E-02
	1.78476E-02
	4.186E-02

	Services
	0
	1.859E-02
	3.8561E-02
	5.715E-02


Table 4. Output-environmental intensity indexes, for each economic sector, for the emission of carbon monoxide (CO) in the air of the state of Nuevo Leon in 1998 (tons per million pesos of output). 

	Sector
	Direct
	Indirect
	Induced
	Total

	Agriculture
	0
	5.7853E-02
	0.46392
	0.52177

	Mining
	0
	0.30089
	0.43772
	0.73862

	Foods
	5.0373E-03
	6.5808E-02
	0.24247
	0.31332

	Textiles
	0
	0.19381
	0.44503
	0.63884

	Wood
	3.7693E-02
	0.26715
	0.46666
	0.7715

	Paper
	0
	0.39143
	0.73099
	1.12242

	Chemical
	3.3804E-02
	0.35814
	0.52026
	0.9122

	Nonmetallic minerals
	1.8905E-02
	0.56264
	0.84001
	1.42156

	Metals
	5.1016E-02
	0.64433
	0.51633
	1.21168

	Machinery and equipment
	5.075E-03
	0.78286
	0.68818
	1.47611

	Other metallic industries
	1.302E-03
	0.50259
	0.45528
	0.95917

	Construction
	0
	1.16069
	1.84917
	3.00986

	Electricity, gas, and water
	8.4362E-02
	0.51343
	1.3871
	1.98489

	Commerce
	0
	0.89497
	1.80937
	2.70434

	Transportation
	19.73297
	0.72687
	1.57282
	22.03267

	Banks
	0
	0.58508
	1.33587
	1.92095

	Services
	0
	0.36468
	2.88617
	3.25085


Table 5. Output-environmental intensity indexes, for each economic sector, for the emission of nitrogen oxides (NOx) in the air of the state of Nuevo Leon in 1998 (tons per million pesos of output). 

	Sector
	Direct
	Indirect
	Induced
	Total

	Agriculture
	4.4829E-04
	5.4923E-03
	2.24935E-02
	2.8434E-02

	Mining
	4.1494E-03
	2.8029E-02
	2.12233E-02
	5.3402E-02

	Foods
	1.1929E-02
	5.0084E-03
	1.17564E-02
	2.8694E-02

	Textiles
	0
	1.4224E-02
	2.15775E-02
	3.5801E-02

	Wood
	0.20907
	2.0702E-05
	2.26261E-05
	0.2524

	Paper
	3.6653E-04
	4.9053E-02
	3.54426E-02
	8.4862E-02

	Chemical
	4.1657E-02
	4.5922E-02
	2.5225E-02
	0.1128

	Nonmetallic Minerals
	0.2708
	0.14018
	4.07286E-02
	0.45171

	Metals
	2.175E-02
	9.3453E-02
	2.50344E-02
	0.14024

	Machinery and equipment
	2.141E-03
	5.9808E-02
	3.33669E-02
	9.5316E-02

	Other metallic industries
	5.6521E-03
	3.7576E-02
	2.20745E-02
	6.5303E-02

	Construction
	1.6141E-05
	0.11038
	8.96583E-02
	0.2002

	Electricity, gas, and water
	1.62399
	0.13301
	6.72545E-02
	1.82426

	Commerce
	4.6986E-05
	6.2873E-02
	8.77284E-02
	0.15065

	Transportation
	0.74769
	4.9469E-02
	7.62592E-02
	0.87342

	Banks
	5.893E-05
	5.485E-02
	6.47706E-02
	0.11968

	Services
	3.3947E-05
	2.8657E-02
	0.139938
	0.16863


Table 6. Output-environmental intensity indexes, for each economic sector, for the emission of hydrocarbons (HC) in the air of the state of Nuevo Leon in 1998 (tons per million pesos of output). 

	Sector
	Direct
	Indirect
	Induced
	Total

	Agriculture
	0.13338
	1.6674E-02
	5.94186E-02
	0.20947

	Mining
	1.23455
	4.6554E-02
	5.60633E-02
	1.33717

	Foods
	8.0911E-02
	1.8234E-02
	3.10557E-02
	0.1302

	Textiles
	0.1267
	4.4716E-02
	5.6999E-02
	0.22841

	Wood
	0.52709
	5.8894E-02
	5.97689E-02
	0.64575

	Paper
	0.10905
	8.961E-02
	9.36249E-02
	0.29229

	Chemical
	0.1876
	7.223E-02
	6.66342E-02
	0.32646

	Nonmetallic Minerals
	4.6235E-02
	0.10605
	0.107588
	0.25988

	Metals
	6.6608E-02
	0.11629
	6.61307E-02
	0.24903

	Machinery and equipment
	1.5183E-02
	0.12486
	8.81418E-02
	0.22818

	Other metallic industries
	0.47706
	0.10064
	5.83118E-02
	0.63601

	Construction
	4.8022E-02
	0.18323
	0.236841
	0.46809

	Electricity, gas, and water
	0.12172
	0.11573
	0.177659
	0.41511

	Commerce
	0.11216
	0.13346
	0.231743
	0.47736

	Transportation
	1.98409
	0.12793
	0.201446
	2.31347

	Banks
	1.7533E-02
	0.12231
	0.171098
	0.31094

	Services
	0.11724
	7.0452E-02
	0.369659
	0.55735


Table 7. Output-environmental intensity indexes, for each economic sector, for the emission of lead (Pb) in the air of the state of Nuevo Leon in 1998 (tons per million pesos of output). 

	Sector
	Direct 
	Indirect
	Induced
	Total

	Agriculture
	0
	7.3223E-06
	5.9395E-05
	6.6717E-05

	Mining
	0
	3.8385E-05
	5.6041E-05
	9.4425E-05

	Foods
	0
	8.3814E-06
	3.1043E-05
	3.9425E-05

	Textiles
	0
	2.4652E-05
	5.6976E-05
	8.1628E-05

	Wood
	0
	3.4017E-05
	5.9745E-05
	9.3762E-05

	Paper
	0
	4.9674E-05
	9.3587E-05
	1.4326E-04

	Chemical
	0
	4.5326E-05
	6.6607E-05
	1.1193E-04

	Nonmetallic Minerals
	0
	7.0901E-05
	1.0755E-04
	1.7845E-04

	Metals
	0
	8.0826E-05
	6.6104E-05
	1.4693E-04

	Machinery and equipment
	0
	9.9373E-05
	8.8106E-05
	1.8748E-04

	Other metallic industries
	0
	6.3962E-05
	5.8288E-05
	1.2225E-04

	Construction
	0
	1.4732E-04
	2.3675E-04
	3.8406E-04

	Electricity, gas, and water
	0
	6.4889E-05
	1.7759E-04
	2.4248E-04

	Commerce
	0
	1.1438E-04
	2.3165E-04
	3.4603E-04

	Transportation
	2.5308E-03
	9.2342E-05
	2.0136E-04
	2.8245E-03

	Banks
	0
	7.463E-05
	1.710.3E-04
	2.4566E-04

	Services
	0
	4.6417E-05
	3.6951E-04
	4.1593E-04


�The MMA is integrated by the following counties: Apodaca, Cadereyta Jiménez, Escobedo, García, Guadalupe, Juárez, Monterrey, San Nicolás de los Garza, San Pedro Garza García, and Santa Catarina.


�A complete study of input-output models can be found in Miller and Blair (1985) and United Nations (1999).


�Although it is common that in the analysis of input-output models the multipliers of employment and income are calculated, in this study they are not included.


�Family consumption is an exogenous variable.


�Demand increments in output j of a sector j will require increments in those outputs from other sectors which are used as input in additional production of output j “backward linkages”.


�The induced effect reflects the fact that the additional output will be required to satisfy the anticipated consumer cost resulting from income increment.


�The pollution intensity indexes can also be considered as pollution multipliers.


�A detailed presentation of both methodologies is presented in Guajardo-Quiroga. 


�A detailed presentation of the Location Quotients methodology is found in Miller and Blair op. cit.


�Cartewright, Beemiller and Gustley (1981) found that the “Location Quotients” method resulted in multipliers between 5 and 10 % above the expectations from models obtained with direct sampling.


�The data on this table comes from the emission inventory published by the Monterrey Metropolitan Area Air Quality Administration Program 1997-2000.


�It is the sum of the direct, indirect and induced effects.








