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ABSTRACT:

Not only production structures, but also the underlying trend in the allocation of GDP and consumption patterns are of importance to attain certain environmental goals. We use input-output analysis to determine how pollutant-intensive lifestyle and economic growth are in Spain in the last years. We calculate emission multipliers that account for direct and indirect emissions of pollutants per unit of production in each economic sector and for the following components of final demand: public consumption, private consumption, exports and investment. Changes in production mix and reallocation of final demand could change the amounts of emissions that arise from the development of the Spanish economy.

1. Introduction.

Air quality is of particular concern in European Union. The Treaty of Amsterdam has made the principle of sustainable development and a high level of environmental protection one of the top priorities. In this way, member States are required to implement new directives on air quality which set long-term quality objectives. The underlying trend in the allocation of GDP and consumption patterns are of importance to attain certain environmental goals. Because some activities are less polluting than others a reallocation of total expenditure could change the amounts of emissions into the air. During the past decade, there has been an increasing attention to the importance of lifestyle for the sustainable development. The aim is to reveal wether or not the macroeconomic development and the lifestyle conflicts with environmental goals. Recently several studies have attempted to link household consumption choices with energy and/or emission flow analysis in one integrated framework by using input-output modelling. Wier (1998), Ostblom (1998), Wilting et al. (1999), are some examples. Input-output is a powerful method to account for the total emissions of pollutants into the air, since it compute not only direct emissions but also indirect emissions. Direct emissions are associated with the consumption of energy commodities, such as electricity, gas, oil or gasoline. Indirect emissions are associated with the production of all other commodities (non-energy commodities such as foods, paper or services) and occur in the industry along with the production process of these commodities. There is another kind of indirect emissions, the emissions that arise from the production process of the goods used as intermediate inputs in the production of each commodity. These latest indirect emissions are calculated by input-output analysis. By using emissions multipliers we calculate the total emissions that result from each component of final demand (private consumption, public consumption, exports or investment).

A presentation of the method and data follows in Sections 2 and 3. Emissions multipliers by subsectors, computations of total emissions and other results are reported in Section 4. Conclusions are take out and discussed in Section 5.

2. Method.

We have used in this paper input-output analysis to calculate emission multipliers for different kinds of pollutants. This emissions multipliers (ε) are calculated following the expression:

ε = e (I – A)-1





[1]

where A is the (nxn) traditional matrix of technical coefficients, I is the (nxn) identity matrix, so (I – A)-1 is the Leontief Inverse, and e is an (mxn) matrix of pollutant coefficients ekj (emissions of the pollutant k, in physical units, per monetary unit of sector j production)
. This way of calculating emission multipliers is explained by Miller and Blair (1985). As usual, in the last expression the Leontief Inverse is an operator that converts the vector or matrix it multiplies in something that shows the same information but in total terms by unit of production; that is, it is a matrix of total impact coefficients. This methodology give the same outcome as that proposed in Leontief (1970) which consists of considering the emissions of pollutants into the air “negative inputs” of the production process of the commodities, since they are outputs or by-products of a given production process
. An element of the multiplier matrix ε is the total pollution impact generated per monetary unit of final demand. The row sum of ε is the total emissions of each pollutant that result of an unitary expansion of the whole economy. The column sum of ε should show total (direct and indirect) emissions of pollutants owing to one unit of each sector output, without considering the type of pollutant, but this sum is not possible because the pollutants are measured in different physical units. 

At a given point in time, the total emissions of pollutants (ET) can be expressed as follows:

ET = e X + Eh





[2]

where X is an (nx1) vector of total output per sector and Eh is an (mx1) vector of direct quantities emitted by the household sector for m types of pollutant
. By using the static open input-output model, we can write:

ET = e (I – A)-1 Y i + Eh 



[3]

where Y is an (nxs) matrix of final demand (divided into s components), in particular:

Y = yh + yg + ye + yi 




[4]

namely, private consumption, public consumption, exports and investment
 and i is an (sxn) vector of ones.

In the expression [3] if we take only the part linked to the final demand we can obtain an (mxs) matrix (EY) that shows the total emissions owing to productive sector by kind of pollutant and component of final demand:

EY = e (I – A)-1 Y = ε Y




[5] 

In that way we observe the emissions of pollutants not by productive subsector, but through the vertically integrated sectors. The row sum of EY shows the total emissions by kind of pollutant and the column sum shows the total emissions by component of final demand.
3. Data.

We carry out the analysis for the period between 1980 and 1995
. This mean that we have calculated the Leontief inverse, the emission multipliers and total emissions by component of final demand for the years 1980, 1985, 1990 and 1995. The main data used for the present analysis are from Spanish Input-Output Tables for the years mentioned and from Satellite Counts about Atmospherics Emissions, both published by the Spanish National Institute of Statistics (INE). The input-output table of years 1980 to 1990 are constructed with methodology SEC-79 whereas the input-output table of 1995 used the methodology of SEC-95. This question implies that the comparisons should be interpreted with caution
. On the other hand, the lack of emissions data for the years previous to 1995 has committed us to calculate the emission multipliers using the same matrix of pollutant emissions coefficients (e)
. This involves that the analysis has been carried out supposing that one monetary unit of output (in real terms) bring about the same amount of pollutants emissions. Or, in other words, that we have removed this element from the sources of change of pollutants emissions. To make comparisons we have expressed all the data in 1990 prices. The level of aggregation used has been 17 production sectors (n)
 and 11 kinds of pollutants (m). The pollutants are measured in physical units (tonnes), except CO2, which is measured in hundred of tonnes and SF6, HFC and PFC which are measured in kilograms.

In relation to the household direct emissions of pollutants we have only the data for 1995 available. In order to estimate the rest of the direct emissions brought about by household activities we have supposed that they are directly related to private consumption of certain commodities
, thus we have calculated coefficients of direct emissions of pollutants by household using data of this year given by the expression:

e95hk =  E95hk / c95p





[6]

where cp is private consumption of commodities that involve emissions of pollutants and Ehk are household direct emissions of pollutant k. In that way, supposing that this coefficient holds constant we can make a simple estimation of direct emissions by household (E*thk):

E*thk = e95hk ctp




[7]
where t = 1980, 1985, 1990.

For the sake of simplicity, we can enclose these household coefficients to the matrix of emission multipliers by adding a new column. In doing this, we consider private consumption as another category of pollutant commodity. The matrix of final demand Y should be augmented like the multiplier matrix by adding a new row with all its elements zero except the element corresponding to private consumption that it would be cp. So we could write:
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where the bar shows that the matrix are those enlarged with an additional column (the multiplier matrix) or an additional row (the matrix of final demand) and ETY is an (mxs) matrix of total emissions of pollutants by kind of pollutant and component of final demand, including direct emissions of households in private consumption.

The method follows in the analysis and the hypotheses we have made (as the constancy of emissions coefficients) entail some simple estimations of total emissions due to productive sector and to households for the years that we didn’t have direct data. They are discussed in the following Section, too.

4. Results.

Measures taken to reduce the emissions that pollute the environment should consider the objective of the reduction of emissions / GDP ratios. We have estimated these ratios supposing that the emission coefficients keep constant at the level of 1995. The ratios are reported in Table 1. Total emissions by unit of real GDP fall between 1980 and 1995, independently of the pollutant. The exceptions are a small increase in the ratios of SOx, NMVOC, N2O, NH3 and HFC in 1985 and of this latest and PFC in 1995.

Where is the source of these emissions? Table 2 shows that depending on the pollutant, about 70-100% of total emissions are caused by the productive sector and the rest is associated to households activities. Only for CO the situation is the opposite: households emit 65%. This table also shows that the share of each of them is quite stable and when it varies the productive sector increases its share in total emissions (this occurs for five kind of pollutants). Even, considering only the productive sector, the behaviour of each kind of pollutant is quite different in the period analysed as we can observe in the rates of growth computing in Table 3. There are some negative growth rates in the period 1985-1990, but only one of them, the growth  rate of SOx, remains negative also in the subsequent period, 1990-1995. This fact may be the result of the concern of acid rain, that has carried out the usage of better fuels (with less sulphur).

It is no doubt that emission/GDP ratios are affected by changes in the emission of pollutants by industrial subsector. Table 4 group the main pollutant subsectors by kind of pollutant. We observe that the main part of emissions are directly owing to one, two or, at most, three subsectors. These are direct emissions. If we relate these emissions with production and demand (as in equation 3 or 5) we have as elements of change: the emission coefficients, the Leontief Inverse, both components of emission multipliers, and demand. The emission coefficients could vary for several reasons: changes in the production mix within an industry, changes in production techniques or in capacity usage
. We assume these coefficients constant and take account for changes in production techniques through changes in the Leontief inverse, that is we consider only the indirect effect on emissions of changes in production techniques. We will comment these changes later with changes in the emission multipliers. Even supposing that the emission coefficients keeps constant, the amounts of pollutants emitted into the air at a given level of economic activity might vary as some industries expand while others stagnate or even decline. This is the result of the special path of growth and lifestyle of the economy. 

Data shows that emissions per unit produced differ between industries, so an aggregate emission multiplier is affected by changes in the production structure. This point out that is desirable to compute different emission multipliers for each commodity and also for each kind of pollutant. This is that we have made with the matrix multiplier ε. Table 5 shows a classification of sectors considering the emission coefficients and multipliers
. The emissions coefficients indicate direct emissions yields by the production of each good and service. The emission multipliers show total emissions, direct and indirect. The production process of goods and services needs other goods and services as intermediate inputs, so the multiplier include all the emissions that occur during the process, taking into account all interindustry linkages. By using emissions multipliers rather than direct emission coefficients, we calculate the total emissions that result from an increase in final demand. Changes in production techniques explain changes in emission multipliers, as long as we assume emission coefficients constant. Existing production techniques may change owing to technical progress or some kind of input substitution in medium term. This input substitution may be the result of changes in relative prices (inclusive of fossil fuel prices) or public policies.

How can we interpret the different classification of a subsector when we observe its emission multiplier or its emission coefficient in table 1
? Usually the subsector with high emission coefficient shows high emission multiplier. For example, this is the case of Energy for SOx and CO2, Agriculture for NOx and others, Minerals and non-metallic products for SOx, NOx or CO2. But is usual, too, that a subsector with an emission coefficient below or about the average shows an emission multiplier above the mean, as Food and drinks for NMVOC, CH4, and others, Agriculture for HFC or Means of transport for PFC. The differences between the level of direct emissions of a commodity and the level of total emissions that occur during the process of production of this commodity owing to the raw materials and all inputs used in it, explain this behaviour.

Ultimately, the production of goods and services serves the purpose of final demand (private o public consumption, investment or export) and the emissions multiplier allow to compute total emissions embodied in the production of one unit of each commodity directed to some final use. It is desirable to know how much of total emissions should be attributed to the different categories of final demand. Other studies (Ostblom, 1998) compute different emissions multipliers for each demand component. But the differences between these emissions multipliers are owing to the diverse commodity-mix existing in consumption, investment or exports. A non-aggregated multiplier solves this problem and makes this calculation redundant. This is that we make in this analysis.

The emissions by component of final demand are in Table 6 expressed in percentages of total emissions by kind of pollutant. We can observe in this table that public consumption has increased its share on total emissions for all the pollutants, except for SF6 and PFC. The share of investment decrease in 1985, but this fall it is compensated and surpassed in the following years. There are four exceptions: CH4, SF6, HFC and PFC; all of them shows in 1995 a smaller share than in the first year of the period analysed. Private consumption and exports show more variability, although, on average, the share on total emission of private consumption diminish and the share of exports put up. The increase in the share of some services as Trade (sector 13) and Other market services (sector 16) in private consumption and the bigger concentration of exports in sectors 6 and 7 (Metallic products and machinery and Means of transport) might explain this behaviour.

5. Conclusions.

In this study, we have computed emission multipliers for the Spanish economy for the period 1980-1995 at a disaggregated level and total emissions related to each component of final demand for 11 kinds of pollutants. The lack of data about emissions before 1995 has committed us to assume constant the emissions of pollutants per unit of output in each subsector and to make simple estimations of total emissions for the years other than this. Our study shows that changes in technology imply the decreasing of emission multipliers (table 7), although with exceptions for some pollutants and when we look at each subsector, also. Moreover, changes in technology do not entail changes in the ranking of emission multipliers at a disaggregated level during the period
. On the other hand, private consumption is responsible of the main part of total emissions (except for SF6, PFC and HFC), but its evolution during the period has caused the diminution of its share in total emissions. This is not the case of public consumption, investment or exports as we can check in Table 8. 

As long as we have considered the emission coefficients (emissions per unit produced by sector) constant at the level of 1995, we cannot include several reasons that may yield changes in these coefficients and thus in the emission multipliers. We take into account changes in production techniques through changes in the Leontief Inverse that affect the emission multipliers and changes in the different components of final demand. Moreover, we make this considering how the production mix affect the results. The analysis is at the beginning, so it should be desirable further developments to contrast some results. However, we have make clear that public policy must pay attention to the components of final demand to achieve certain environmental goals, since production of commodities serves private or public consumption, investment or exports.
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ANNEX 1

A. LIST OF SECTORS

01. Agriculture.

02. Energy.

03. Minerals and metals.

04. Minerals an non metallic products.

05. Chemical industry.

06. Metallic products and machinery.

07. Means of transport.

08. Food and drinks.

09. Textiles.

010. Paper, printing.

011. Products of several industries.

012. Building.

013. Trade, repairing.

014. Transport and communication services.

015. Credit and insurance.

016. Other market services.

017. Non-market services.

B. LIST OF POLLUTANTS

1. Sulphur oxides (SOx)

2. Nitrogen oxides (NOx)

3. Non-methane volatile organic compounds (NMVOC)

4. Methane (CH4)

5. Carbon monoxide (CO)

6. Carbon dioxide (CO2)

7. Nitrogen Monoxide (N2O)

8. Ammonia (NH)

9. Sulphur hexafluoro (SF6)

10. Hydrofluorocarbons (HFC)

11. Polyfluorocarbons (PFC)

ANNEX 2.

Table 1. EMISSIONS/ GDP RATIOS.

	
	1980
	1985
	1990
	1995

	SOx
	0,0258
	0,0264
	0,0212
	0,0168

	NOx
	0,0169
	0,0168
	0,0149
	0,0127

	NMVOC
	0,0206
	0,0208
	0,0196
	0,0172

	CH4
	0,0189
	0,0202
	0,0190
	0,0165

	CO
	0,0429
	0,0413
	0,0395
	0,0339

	CO2 (hundred tonnes)
	0,0032
	0,0032
	0,0027
	0,0024

	N2O
	0,0014
	0,0015
	0,0013
	0,0012

	NH3
	0,0056
	0,0059
	0,0053
	0,0045

	SF6 (kg)
	0,0001
	0,0001
	0,0001
	0,0001

	HFC (kg)
	0,0045
	0,0049
	0,0041
	0,0047

	PFC (kg)
	0,0009
	0,0008
	0,0008
	0,0011


Sources: Own calculations.
Table 2.  TOTAL EMISSIONS OF POLLUTANTS (percentages).

	
	1980
	1985
	1990
	1995

	
	PS
	Households
	PS
	Households
	PS
	Households
	PS
	Households

	SOx
	97,5
	2,5
	97,7
	2,3
	97,3
	2,7
	97,4
	2,6

	NOx
	72,9
	27,1
	74,2
	25,8
	72,1
	27,9
	75,0
	25,0

	NMVOC
	70,8
	29,2
	72,6
	27,4
	72,1
	27,9
	75,7
	24,3

	CH4
	97,0
	3,0
	97,3
	2,7
	97,3
	2,7
	97,6
	2,4

	CO
	34,6
	65,4
	35,5
	64,5
	35,3
	64,7
	42,5
	57,5

	CO2
	79,8
	20,2
	80,5
	19,5
	78,2
	21,8
	81,0
	19,0

	N2O
	96,0
	4,0
	96,4
	3,6
	96,1
	3,9
	96,6
	3,4

	NH3
	99,4
	0,6
	99,4
	0,6
	99,4
	0,6
	99,5
	0,5

	SF6
	100,0
	0,0
	100,0
	0,0
	100,0
	0,0
	100,0
	0,0

	HFC
	98,7
	1,3
	98,9
	1,1
	98,8
	1,2
	99,2
	0,8

	PFC
	99,8
	0,2
	99,8
	0,2
	99,8
	0,2
	99,9
	0,1


Note: PS = Productive Sector. Data other than 1995 are estimated.

Sources: Own calculations and INE.

Table 3. GROWTH RATES OF TOTAL EMISSIONS OF PRODUCTIVE SECTOR.

	
	1980-1985
	1985-1990
	1990-1995

	SOx
	11,6
	-10,7
	-4,7

	NOx
	10,0
	-3,6
	6,6

	NMVOC
	12,7
	4,7
	10,7

	CH4
	17,1
	5,0
	4,5

	CO
	7,7
	6,3
	24,1

	CO2
	7,9
	-6,8
	9,0

	N2O
	14,9
	-0,2
	5,2

	NH3
	15,8
	0,2
	2,5

	SF6
	2,6
	10,7
	45,7

	HFC
	19,5
	-6,0
	35,9

	PFC
	-3,3
	15,5
	63,7


Sources: Own calculations.

Table 4. MAIN POLLUTANT SUBSECTORS BY KIND OF POLLUTANT (PERCENTAGES), 1995.

	
	SOx
	NOx
	NMVOC
	CH4
	CO
	CO2
	N2O
	NH3
	SF6
	HFC
	PFC
	%Total prod.

	01. Agriculture
	
	21
	55
	58
	27
	
	82
	97
	
	
	
	4,4

	02. Energy
	74
	32
	
	
	
	43
	
	
	
	
	
	4,1

	04. Min.and non metallic p.
	
	
	
	
	
	17
	
	
	
	
	
	1,9

	05. Chemical ind.
	
	
	
	
	
	
	
	
	
	100
	
	2,9

	06. Metallic p. Mach.
	
	
	
	
	29
	10
	
	
	76
	
	100
	7,8

	12. Building
	
	
	13
	
	
	
	
	
	
	
	
	10,1

	14. Transport services
	
	16
	
	
	15
	
	
	
	
	
	
	5,8

	16. Other market serv
	
	
	
	30
	
	
	
	
	
	
	
	14,4

	TOTAL (%)
	74
	69
	68
	88
	71
	70
	82
	97
	76
	100
	100
	51,4


Sources: Own calculations and INE.

Table 5. EMISSION COEFFICIENTS AND MULTIPLIERS CLASIFICATION 

	
	SOX
	NOX
	CO2
	NMVOC

	
	Coefficient
	Multiplier
	Coefficient
	Multiplier
	Coefficient
	Multiplier
	Coefficient
	Multiplier

	ABOVE THE MEAN
	Energy

Minerals and non-metallic p.
	Energy

Minerals and metals 

Minerals and non metallic p. 

Chemical ind.
	Agriculture

Energy

Minerals and non-metallic p.

Transport and comm. services
	Agriculture

Energy

Minerals and non metallic p.


	Energy

Minerals and non metallic p.
	Energy

Minerals and non metallic p.


	Agriculture
	Agriculture

Food and drinks



	ABOUT THE MEAN
	Chemical ind.
	Agriculture

Paper, printing

Transport and comm. services
	Chemical ind.

Metallic p. and machinery

Food and drinks
	Minerals and metals 

Food and drinks

Building

Transport and comm. services
	Agriculture

Chemical ind. 

Metallic products and machinery

Transport and comm. serv.
	Agriculture

Minerals and metals 

Chemical ind. 

Metallic products and machinery

Building

Trade, rep.

Transport and comm. serv.
	Chemical ind.

Means of transport

P. of several ind.

Building

Transport and comm. serv.
	Chemical ind. Paper, printing

P. of several ind.

Building


Table 5. (cont.)

	
	CH4
	CO
	N2O
	NH3

	
	Coefficient
	Multiplier
	Coefficient
	Multiplier
	Coefficient
	Multiplier
	Coefficient
	Multiplier

	ABOVE THE MEAN
	Agriculture

Energy

Non-market services


	Agriculture

Food and drinks

Non-market services


	Agriculture

Minerals and non metallic p.

Metallic p. and machinery

Transport and comm. serv.
	Agriculture

Minerals and non metallic p.

Metallic products

Food and drinks

Transport and comm. services
	Agriculture


	Agriculture

Food and drinks
	Agriculture


	Agriculture

Food and drinks



	ABOUT THE MEAN
	
	Energy

Paper, printing

P. of several ind.

Trade, rep.
	Energy

Chemical ind.

Food and drinks

P. of several ind.
	Minerals and metals

Chemical ind.

P. of several ind.

Building
	
	Minerals and non metallic p.

Chemical ind.
	
	Chemical ind.

Textiles 

Paper, printing

P. of several ind.

Trade, rep.


Table 5. (cont.)

	
	SF6
	HFC
	PFC

	
	Coefficient
	Multiplier
	Coefficient
	Multiplier
	Coefficient
	Multiplier

	ABOVE THE MEAN
	Agriculture

Metallic products and machinery
	Agriculture

Metallic products and machinery
	Chemical ind.
	Chemical ind.

Agriculture
	Metallic products and machinery
	Metallic products and machinery

Means of transport

	ABOUT THE MEAN
	Trnasport and comm. serv.
	Rest
	
	P. of several industries

Textiles
	
	Rest


Table 6. EMISSIONS BY COMPONENT OF FINAL DEMAND (PERCENTAGES).

	
	Private Consumption 
	Public Consumption
	Investment
	Exports

	
	1980
	1985
	1990
	1995
	1980
	1985
	1990
	1995
	1980
	1985
	1990
	1995
	1980
	1985
	1990
	1995

	SOx
	 62,6

(2,5)
	 57,7

(2,3)
	61,8

 (2,7)
	53,0 

(2,6)
	3,7
	4,8
	6,3
	8,2
	15,4
	11,0
	12,4
	13,5
	15,8
	24,2
	16,8
	22,7

	NOx
	 46,5

(27,1)
	45,0 (25,8)
	45,1 (27,9)
	40,1 (25,1)
	2,3
	2,8
	3,5
	4,4
	12,2
	9,3
	10,7
	12,1
	11,8
	17,1
	12,8
	18,3

	NMVOC
	49,6 (29,2)
	48,6 (27,4)
	46,6 (27,9)
	39,9 (24,4)
	2,3
	2,4
	2,9
	3,8
	10,0
	8,7
	10,6
	12,3
	9,0
	12,8
	11,9
	19,6

	CH4
	63,2 (3,0)
	59,1 (2,7)
	55,9 (2,7)
	47,4 (2,4)
	20,0
	21,4
	26,3
	28,2
	3,6
	2,5
	2,5
	2,9
	10,2
	14,4
	12,6
	19,2

	CO
	21,0 (65,4)
	20,9 (64,5)
	20,2 (64,7)
	19,4 (57,6)
	1,1
	1,3
	1,5
	1,8
	6,9
	5,5
	6,6
	8,2
	5,6
	7,8
	7,0
	12,9

	CO2 (h. tonnes)
	46,7 (20,2)
	44,7 (19,5)
	45,1 (21,8)
	38,2 (19,1)
	3,1
	3,9
	4,8
	6,0
	17,0
	12,5
	14,2
	16,5
	13,1
	19,4
	14,1
	20,2

	N2O
	75,6 (4,0)
	72,1 (3,6)
	71,2 (3,9)
	58,2 (3,4)
	2,4
	2,5
	3,2
	4,2
	5,0
	3,5
	4,0
	5,3
	12,9
	18,2
	17,7
	28,8

	NH3
	82,5 (0,6)
	78,4 (0,6)
	77,5 (0,6)
	64,4 (0,5)
	1,3
	1,3
	1,6
	2,1
	2,8
	1,9
	2,3
	3,2
	12,7
	17,8
	18,1
	29,8

	SF6 (kg)
	47,0 (0,0)
	43,8 (0,0)
	40,8 (0,0)
	28,8 (0,0)
	2,7
	4,5
	4,2
	2,9
	30,9
	23,8
	27,8
	26,2
	19,4
	27,9
	27,2
	42,1

	HFC (kg)
	60,2 (1,3)
	53,5 (1,1)
	54,3 (1,2)
	31,1 (0,8)
	5,2
	4,3
	5,6
	16,2
	9,8
	8,5
	10,0
	8,9
	23,5
	32,7
	28,9
	42,9

	PFC (kg)
	32,3 (0,2)
	26,6 (0,2)
	24,5 (0,2)
	17,6 (0,1)
	3,1
	6,0
	5,1
	2,9
	43,1
	34,9
	39,0
	32,8
	21,3
	32,3
	31,2
	46,5

	Average
	53,4 (14,0)
	50,0 (13,4)
	49,3 (14,0)
	39,8 (12,4)
	4,3
	5,0
	5,9
	7,3
	14,2
	11,1
	12,7
	12,9
	14,1
	20,4
	18,0
	27,6


Note: The column of Private Consumption  shows total emissions of productive sector and direct emissions by households (in parentheses). The sum of both quantities are total emissions.

Sources: Own calculations.

Table 7. RATES OF GROWTH OF EMISIÓN MULTIPLIERS (ROWS SUM)

	
	80-85
	85-90
	90-95

	SOx
	-3,2
	-13,2
	-4,8

	NOx
	-1,1
	-9,4
	-0,6

	NMVOC
	5,0
	-5,2
	-0,2

	CH4
	6,1
	-5,9
	-5,6

	CO
	1,2
	-4,3
	8,8

	CO2 (h. tonnes)
	-3,0
	-10,6
	-0,3

	N2O
	7,0
	-5,7
	-4,5

	NH3
	9,2
	-4,9
	-6,0

	SF6 (kg)
	-0,2
	-1,2
	20,5

	HFC (kg)
	-2,0
	-11,5
	5,6

	PFC (kg)
	-4,7
	0,5
	32,4


Sources: Own calculations.

Table 8. RATES OF GROWTH OF TOTAL EMISSIONS.

	
	Private Consumption
	Public Consumption
	Investment
	Exports

	
	80-85
	85-90
	90-95
	80-85
	85-90
	90-95
	80-85
	85-90
	90-95
	80-85
	85-90
	90-95

	SOx
	2,7
	-3,9
	-18,6
	46,2
	18,0
	22,4
	-20,5
	1,1
	3,2
	70,4
	-37,8
	28,8

	NOx
	4,5
	-0,5
	-9,1
	30,6
	22,2
	29,2
	-17,4
	13,7
	15,4
	55,9
	-25,6
	45,9

	NMVOC
	7,7
	1,1
	-10,1
	17,0
	26,9
	35,5
	-3,8
	28,0
	22,4
	57,2
	-2,0
	73,1

	CH4
	9,2
	-0,7
	-11,9
	24,9
	29,4
	11,2
	-20,4
	6,9
	19,4
	64,2
	-8,2
	58,9

	CO
	3,9
	3,8
	-1,4
	29,9
	20,8
	26,4
	-15,9
	27,0
	29,1
	47,0
	-3,9
	89,1

	CO2 (h. tonnes)
	2,4
	-3,4
	-11,0
	34,5
	19,0
	30,5
	-21,0
	9,0
	21,7
	58,6
	-30,2
	50,4

	N2O
	9,2
	-1,2
	-14,7
	18,0
	25,5
	40,3
	-19,2
	14,3
	36,1
	61,2
	-2,6
	69,7

	NH3
	9,9
	-1,0
	-15,2
	11,4
	25,4
	33,6
	-19,3
	17,6
	45,6
	62,1
	1,6
	68,0

	SF6 (kg)
	-4,5
	3,1
	2,1
	69,5
	4,1
	0,4
	-21,0
	29,3
	36,2
	48,1
	8,0
	123,7

	HFC(kg)
	6,0
	-4,5
	-22,5
	-1,1
	22,5
	292,5
	2,9
	11,6
	19,6
	65,7
	-16,7
	100,6

	PFC(kg)
	-20,1
	6,1
	16,5
	87,0
	-2,2
	-7,0
	-21,8
	29,2
	36,6
	46,6
	11,7
	141,8


Sources: Own calculation
* This paper is a preliminary version, please do not quote without the permission of the authors.


� This coefficient matrix e can be obtained as follows: e = EX <X>-1; where EX is the (mxn) matrix of total emissions by kind of pollutant per sector and <X> is the total output per sector expressed as a diagonal matrix.


� Miller and Blair (1985) point out that the negative sign is unnecessary if we interpret pollutant generation in terms of the services required to dispose of pollution.


� This vector Eh represents the direct emissions that arises form the consumption of energy-goods by households. Similarly, if we knew the direct emissions associated to the consumption of energy-goods by public sector, we should add them here (as do Ostblom, 1998); but this is not the case. 


� At this point, we can not make more simple the expression[3] linking the households emissions with their final demand, because given a particular kind of pollutant, Eh is an scalar and we don’t know the share of it associated to each energy commodity consumption of households.


� When necessary, the data is expressed in 1990 prices


� For the years 1980 and 1985, the tables used are those “corrected”  for the enclosing of an approximate system of TVA (introduced in Spain in 1986).


� As a result, we obtain a estimation of total emissions of pollutants.


� We aim to increase the level of disaggregation in further analysis.


� We have choosen private consumption of subsectors 02 (Energy), 07 (Means of transport) and 14 (Services of transport).


� A discussion of this latest element is in Ostblom (1998).


� This classification keeps quite constant along the period of analysis.


� This table is not dated because the classification holds for all the period studied.


� Table 5 is valid for all the years.
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