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Abstract

We analyse emissions of carbon dioxide and acidic emissions due to energy consumption and its changes in the Finnish economy during the period 1970-2000. Changes are calculated by industry, by energy type, and by air pollutant, and they are broke down according to energy efficiency, pollutant intensity of energy, other technological change, structure of final demand and its level. Input-output structural decomposition analysis is used in order to find these sources of emissions.   

Annual open input-output models based on the 1995 input-output model are evaluated for the years 1970-2000. This evaluation used time series of National Accounts for output and value added by industry, consumption expenditures, and capital formation and different series for exports and imports by industry. Annual change for energy consumption and air pollution is then calculated with a decomposition approach using an average of two estimates: one in prices of the initial year and the other in prices in the terminal year. The weights in the decomposition equations are then the polar forms. Annual changes are finally associated in order to get time paths for different decomposition sources. 

1. Introduction    

Changes in the Finnish gross domestic product at costant market prices from 1961 to 2001 gives a good background for analysis. The percential changes are presented in the adjoining figure 1. The ups and downs of the Finnish economy are clearly seen. Development in the 1980´s has been smoother than in the other periods. The recession years in the 1970´s and in the 1990´s are exceptions from the general trend. The former recession was due to huge change in the raw oil prices, which is considered as an exogenous shock on the Finnish economy. The recession in the beginning of the 1990´s was mainly caused by deregulation of the Finnish financial markets, which was partly realised already in the 1980´s. This was an internal shock in the Finnish economy. The recession was so deep that the earlier higest level of 1990 GDP was catched up just in 1996. 
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Figure 1. Percentual changes in the Finnish GDP 1961-2001

The amplitude of business cycles has been very large in Finland. The causes of this lie in the particular features of the Finnish economy, including errors of economic policy measures and behaviour of banks, companies and households. Finnish exports have been heavily dependent on paper and timber causing large variations in the Finnish terms of trade. 

Table 1. Average annual changes in the Finnish economy 1970-2000, percentages

	
	1970´s
	1980´s
	1990´s

	Final consumption expenditure
	3,6
	3,4
	1,2

	      Private consumption expenditure
	3,0
	3,5
	1,4

	      Government consumption expenditure
	5,1
	3,2
	0,7

	          - individual consumption expenditure
	5,5
	3,5
	0,2

	          - collective consumption expenditure
	4,6
	2,6
	1,6

	Gross fixed capital formation
	2,0
	3,5
	-1,4

	      Private gross fixed capital formation
	1,9
	3,6
	-1,4

	      Government gross fixed capital formation
	2,3
	3,2
	-1,1

	Exports of goods and services
	5,7
	2,4
	9,3

	Imports of goods and services
	4,3
	3,9
	5,2

	Gross domestic product, at market prices
	3,4
	3,1
	2,1

	GDP deflator
	11,6
	7,0
	1,9


Other main development paths of the Finnish economy are revealed when the average annual changes are analysed in the adjoining table 1. The percential changes refer to the changes in constant price figures of the variables. The differences between development in those decennial periods are apparent:

· Decreasing of growth from the very high level of the 1960´s with the same kind of development for final consumption expenditure.

· High level of inflation in the 1970´s and 1980´s followed by very low inflation in the 1990´s.

· Gross fixel capital formation was relatively high also in the 1980´s, but has decreased heavily in the 1990´s.

· Domestic demand was the main driving force for the economy in the 1980´s, when the growth of exports was unsatisfactory. The opposite development path is obvious in the 1990´s when exports itself is the main driving force.

· Growth of imports of goods and services has been rather similiar in all of the periods.
The development indicates also remarkable differences between the growth rates of exports and domestic demand.

Environmental problems concerning the use of energy are closely related to the growth of the economy. The emissions of carbon dioxide and acidic emissions (sulphur dioxide and nitrogen oxides measured in SO2 equivalents) related to energy use are shown in Table 2. 

Table 2. Primary energy use and carbon dioxide and acidic emission in Finland 1970 – 2000.

	
	Primary
	Emissions to air

	
	energy 
	CO2
	Acidic

	Year
	TJ
	1000 t
	1000 t

	1970
	720 459
	38 598
	444.6

	1975
	769 785
	43 816
	473.9

	1980
	946 454
	53 508
	539.7

	1985
	1 044 450
	49 580
	384.6

	1990
	1 139 627
	52 709
	321.6

	1995
	1 192 317
	54 908
	195.5

	2000
	1 307 731
	53 253
	170.1


The carbon dioxide emissions have increased 14,7 millions tonnes from 1970 while the acidic emissions have decreased 275000 tonnes during the same period. The main factors responsible for these changes are economic growth, energy conservations, change in the fuel mix and in case of the acidic emissions changes in the energy technology.  

Development of energy intensity, emission intensity and specific emissions of energy are shown in Figures 2 and 3. 
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Figure 2. Development of energy and emission intensities (per GDP volume) in Finland, 1970 = 100
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Figure 3. Development of specific emissions of energy (emissions per primary energy use) of Finland, 1970 = 100

Energy intensity has decreased 20 % during the period. Carbon dioxide emissions have been following the primary energy use except in the turn of 70’s and 80’s when the four nuclear power plants of Finland were started. The intensity of acidic emissions has decreased rapididly instead. Thus interesting development aspects are hiding behind these macro indicators of the Finnish energy use and related emission factors. We are going to analyse them with help of input-output structural decomposition analysis (IOSDA). 

The present paper analyses annually the sources and locations of changes in the Finnish carbon dioxide and acidic emissions over a period from 1970 to 2000. Analysis in this paper has some separate features. Emissions are decomposed to such technological emission factors as fuel mix, energy intensity, characteristic emissions of energy, and input mix both such demand factors as composition and level of final demand. The study covers 30 years and analyses annual changes. Changes in energy consumption and emissions are then analysed during three whole decades in production industries and households.  

2. Data collection and preparation 

Available data show the way for input-output analysis, because time-series for input-output tables are seldom found. The data needed for this study is quite detailed and comprehensive. The Finnish statistics is reasonably good in quality, trustable and covers rather well the information demanded by the calculations. However, there are different classifications, long time series have different kinds of concepts, and data from different sources are difficult to integrate. Constructing a good and well-integrated database for the calculations was then not an easy task. Even if the time series were already compiled at some stage a lot of reclassifications and either disaggregation or aggregation was done in many occasions to have as internally consistent as possible database. 

      The Finnish National Accounts are the main statistical sources available. They have been lately constructed according to the European system of integrated economic accounts (ESA) for the years 1975-2001. The Finnish National Accounts were then revised backwards to 1975. Data from the years 1960 to 1975 was available only from the publication compiled according to other principles and concepts, old SNA. We decided then to construct the time series beginning only at 1970.  Main reasons were the inconsistent data between the periods 1960-1975 and 1975 forwards and the deviations in the development and conditions of the Finnish economy between the 1960´s and the period 1970-2000.

The following time series are available from the Finnish National Accounts for compilation of input-output tables:

· output and value added of branches  

· private consumption by expenditure groups 

· gross fixed capital formation by investment goods 

· government consumption

· collective consumption of private non-profit organizations. 

These series are at current and constant prices, and the corresponding price development can then be calculated for them. 

We needed also the time series for exports and imports by branches, but they are not available from the Finnish National Accounts. Time series collected from the Finnish Foreign Trade Statistics were used for constructing the series for exports and imports. Compilation of exported and imported commodities by branch was a laborious process. Foreign Trade Statistics covers only exported and imported goods and groups them using Standard International Commodity Classification System. Unfortunately this system is not adaptive with the classifications used for production activities. Another problem appeared, because the commodity classification system used in the Foreign Trade Statistics had been changed in the period 1970-1995. The keys between the two different systems had to be constructed and applied on data.

    After the current figures for the exported and imported good groups were gathered, the proper data for producing the corresponding constant price figures had to be found. Price indexes for exports and imports were processed in Central Statistical Office for 1975-2000. Even then price indexes are, in some cases, more aggregated than those demanded by the groups in exports and imports. This concerns especially imports whereas production price indexes can be used, when other information is not avilable, for exported goods. An aggregate price index was applied on different classes of goods when no detailed information on price changes was available. It should also be taken into account that the imported commodities are presented at prices including cost, insurance and freight and exported goods at free on board prices in Foreign Trade Statistics. The figures presented for exported and imported goods are at these prices, whereas commodity output is at producers´ prices. (Parkkinen, K., Manninen, K. & Mäenpää, I., 2001) Time series on imports and exports of services were gathered from the following sources: the years from 1984 onwards from Finland´s Balance of Payment published by Bank of Finland; the years 1970-85 from various sources produced by Statistics Finaland. 

Classifications for types of energy is the following one:

	1
	Coal
	9
	Waste liquors from

	2
	Peat
	10
	the forest industry

	3
	Transport fuels
	11
	Waste fuels

	4
	Light fuel oil
	12
	Other fuels

	5
	Heavy fuel oil
	13
	Nuclear power

	6
	Natural gas
	14
	Hydro and wind power

	7
	Other gases
	15
	Net import of electricity

	8
	Wood
	
	


The time series of energy use by energy type and by industry and CO2, SO2 and NOx emissions by energy type and by industry are based on the unpublished energy and emissions by industry statistics of Statistics Finland for period 1980 – 1997. The energy series for the periods 1970 – 1979 and 1989 – 200 are compiled from data of industry statistics and general energy statistics of Statistics Finland. Emissions outside the period 1980 – 1997 are estimated assuming that the specific emissions by fuel type and by industry of the year 1980 have kept constant backwards and the specific emissions of the year 1997 have been preserved onwards. Some adjustments have been, however made for specific SO2 and NOx emissions of transport fuels and heavy fuel oil. The SO2 and NOx have been combined to the SO2 equivalent acidic emissions by applying the weight coefficient 0.4 for the NOx emissions.

3. Constructing time series of input-output tables    

      Input-output tables for Finland are available for the years 1970, 1980, 1985, 1989, 1990, 1993, and 1995 from Statistics Finland. Different persons using different classifications for the branches have compiled these tables. The main difficulty for utilising them for the present purposes is that they have not been integrated with the National Accounts. The levels of outputs as well as other variables differ from those presented in the time series of National Accounts.    

     The input-output table for 1995 matches best with the time series, it is integrated with National Accounts, and it is the most recent one. Therefore it was chosen as the input-output table to be used here.  The converters needed for private consumption expenditures and investments by types are also available for this year. (Statistics Finland, 1999)

 The most detailed input-output table for 1995 has 68 industries. We decided to use this classification for evaluating time-series of input-output tables even though time-series of other variables were not detailed enough. Purpose was to aggregate the 68 industry tables for classification of industries proper for energy and emission analysis after evaluation of tables.     

     The converter for commodities per unit of consumers´ expenditures is a 136x101 matrix (68 domestic industries and corresponding 68 imported goods and services).  A 136x12 commodity-capital-good matrix and investment of 4 capital goods by ownership branch was utilized while compiling the converter for commodities per unit of fixed investment by ownership branch. Distribution of the commodities for government consumption and for consumption of private non-profit organizations, two 136x1 vectors, was calculated directly from the 1995 input-table.

    The converters described above were then applied to the time series got from the National Accounts in order to evaluate the time series for the final demand items of the input-output table at 1995 prices. The lacking time series for changes in stocks and statistical discrepancy by industry were calculated applying the constant 1995 shares of these items on output of each industry. 

The RAS approach developed by Sir Richard Stone, 1961, was used in down- and updating input-output tables. Examples of recent contributions are Polenske, 1997; Toh, 1998; Gilchrist & ST. Louis, 1999; Jalili, 2000. The annual estimates of final demand and 1995 intermediate input coefficients were used according the following formula to get estimates for 68 industrial output and separately for imports following the same industrial classification as the domestic production during 1975-2000. The matrix of input coefficients in the initial year A(0) is premultiplied with a diagonal matrix of row factors of correction, R, and postmultiplied with a diagonal matrix of column factors of correction, S. The matrix of input coefficients in the terminal year A(t) is then

(1)  A(t) = R(t)A(0)Ŝ(t)

The vectors of correction factors are calculated as follows:
(2)  R(t) = [X(t)-Y(t)]/A(0)X(t) and S(t) = [X(t)-Z(t)]/A(t)’X(t)
X(t) = vector of industrial outputs and imports in year t (1x136)

Y(t) = vector of final demand in year t (1x136)

Z(t) = vector of value added in year t. (1x68)

R(t) and S(t) are vectors for a diagonal matrix of row R(t) and column factors Ŝ(t) in year t.

The RAS approach will produce a very inaccurate projection of an input-output table when structural change, change in relative prices and change in technology is substantial. In order to decrease possibility of this disadvantage compilation of input-output tables was done pairwise to adjoining years. So the table for year 1994 in 1995 prices was calculated using 1995 table in current price. The 1994 table was then converted into current price table that was then used to estimate 1993 table in 1994 prices and so on. The period 1970-1975 was done in the same way, but using the 34 industry 1970 table in the beginning. 

4. Structural decomposition analysis

Input-Output Structural Decomposition Analysis (IOSDA) is used in analysing relations between energy use, emissions, structure of final demand, and volume of final demand.  It has become a major tool for disentangling the growth in some variables over time, separating the changes in the variable into its constituent parts. IOSDA seeks to distinguish major sources of change in the structure of the economy broadly defined by means of a set of comparative static changes in key parameters of an input-output table. 

Input-output structural decomposition analysis has been widely applied to changes in output, use of primary factors, use of energy and related emissions, and relations between trade patterns and energy consumption. Examples of earlier studies are Forssell, 1989; Fujimagari, 1989; Skolka, 1989 and more recent ones Wier, 1998; Mukhopadhyay, K. & Chakraborty, D., 1999; Dietzenbacher, 2000; Jacobsen, 2000; Haan, 2001. Critical appraisal to the decomposition analysis is presented by Rose and Casler, 1996; Dietzenbacher and Los, 1998; Dietzenbacher and Los, 2000.

The mathematics of decomposition can be introduced starting with very simple formulation. Let us study causes of change in the total level of a factor – e.g. energy use, different kinds of emissions – which are related to the different activities. Let q be the vector of activity levels and p the vector of factor per unit activity or factor intensities of respective activities. Then the total effect of the factor is expressed by TE = p’q, and the change of the total effect from the year 0 to the year t by

(3)
(TE = pt’qt – p0’q0.

The formula (3) can be developed by adding and subtracting the term p0’qt in the right hand side:

(4)
(TEt = pt’qt – p0’qt + p0’qt – p0’q0 = (pt – p0)’qt + p0’(qt – q0) 
        
         = (p’qt + p0’(q.

Thus we have decomposed the total change into two parts: the term (p’qt expresses the effect of the changes of the intensities and the term p0’(q shows the effect of the changes in the activity levels. However, the formula (3) could be developed equally well by adding and subtracting the term pt’q0 in which case we have:

(5)
(TE0 = pt’qt – pt’q0 + pt’q0 – p0’q0 = pt’(qt – q0) + (pt – p0)’q0 = pt’(q + (p’q0 
                     = (p’q0 + pt’(q.

Now in both formulas (4) and (5) the first term is the weighted sum of changes (p with the weights qt in (4) but with the weights q0 in (5). Similarly in second terms the sum of changes (q is weighted by p0 and pt respectively. As the formula (4) has been developed around the activity levels of the terminal year t, we call it the terminal year approach, and since the formula (5) has been developed around the initial year 0, we call it the initial year approach. The formulas (4) and (5) give different results to the same decomposition problem. We can, however, use the average of them to reach the final result.

The decomposition can be broken up further e.g. by assuming that the factor p can be divided further into sub-factors r and s such that p = ^rs, where diagonalization ^ is used to keep the result in vector form. The change of p can be expressed according to the terminal year approach (4) as

(6)
(p = ^rtst - ^r0s0 = ^(rst + ^r0(s.

Substituting in equation (4) we get:

(7)
(TEt = (p’qt + p0’(q = (^(rst + ^r0(s) ’qt + p0’(q = (^(rst)’qt + (^r0(s)’qt + p0’(q
                     = (^(rst)’qt + (^r0(s)’qt + (^r0s0)’(q.

Analogously for the initial year approach we have:

(8)
(TE0 = (^(rs0)’q0 + (^rt(s)’q0 + (^rtst)’(q.

The vector of activity levels q can be also broken up into form q = q(i’q)-1(i’q) = qcqv, where now qc = q(i’q)-1 is the relative composition of the activity vector and qv = i’q is the scalar of the total volume of the activities. For the change (q we then have applying the terminal year approach: 
(9)
(qt = qcqv - qcqv  =  (qcqvt + qc0(qv
and applying the initial year approach:

(10)
(q0 = (qcqv0 + qct(qv.
Next we specify our emission input-output model. The estimated 68 industries input-output tables were at first aggregated into 23 industries tables. The classification of industries is shown in the appendix 1. 

In the decomposition model we have 23 industries. Let

s = the 23-vector of specific emission of primary energy by industry, kg/J,

j = the 23-vector of primary energy intensity by industry, J/€.

B = (I-A)-1 = the 23 x 23-matrix of Leontjef inverse, €/€,

y = the 23-vector of final demand, €,

yc = y(i’y)-1 = the 23-vector of the composition of final demand, €/€,

yv = i’y = the scalar of the total volume of final demand, €.

The input-output model for total emission is then:

(11)
TE = (^sj)’Bycyv.

The decomposition of the change of total emission by the terminal year approach yields:

 (12)      (TEt = (^(sjt)’Btyctyvt + (^s0(j)’Btyctyvt + (^s0j0)’(Byctyvt + (^s0j0)’B0(ycyvt +(^s0j0)’B0yc0(yv,

and by the initial year approach we have:

(13)       (TE0 = (^(sj0)’B0yc0yv0 + (^st(j)’B0yc0yv0 + (^stjt)’(Byc0yv0 + (^stjt)’Bt(ycyv0 +(^stjt)’Btyct(yv.

Representing each component by its change factor, we have the following interpretations of the components:

(s = changes in the specific emissions of energy,
(j = changes in the energy intensity of industries,

(B = changes in the general production technology, input mix
(yc = changes in the composition of final demand,
(yv = changes in the total volume of final demand.
The decomposition formulas (12) and (13) have been applied to the time series at 1995 prices for the years 1975 – 2000 year by year. Then the averages of the terminal and initial year approaches have been taken. Mark de Haan, 2001 (p.185) has used this kind of approach to the decomposition of different sources of pollution in studying impacts of different weights on the empirical results. Two polar decomposition form is used in the equations (12) and (13). However, this is only one pair of possible two polar forms but it is accepted here because of its simplicity. Dietzenbacher and Los, 1998, has considered this problem and concluded that using the average of the two polar decomposition form helps to solve the problem. Mark de Haan, 2001, (p.190) demonstrates that “any pair of averaged polar forms will substantially reduce the variance in decomposition results which is unlikely to be of a much higher order than the variance in the basic data”.
In the equation (13) we consider the change in emission using the base year as a starting point instead of the terminal year as in the determination of the equation (12). Both equation is calculated in constant 1995 prices, but the equation (12) should use the prices of the terminal year (t) and the equation (13) the prices of the initial year (0). The most weights for the changes in the equation (12) belong to the terminal year, characteristic to the Paache volyme index. Most weights in the equation (13) belong to the initial year, characteristic to the Laspeyres volume index. According to this approach the change between 1990 and 1991 should be calculated according to (12) using 1991 prices and according to (13) using 1990 prices. The change between 1991 and 1992 should be calculated according to (12) using 1992 prices and according to (13) using 1991 prices. And so on! Finally the decomposition results will be completed in calculating the average of the terms in the equations of  (12) and (13). 
The empirical results for the CO2 emissions are expressed in Table 3 and for the acidic emissions in Table 4.

Carbon dioxide emissions have increased 7,155 million tonnes from 1975 to 2000, largely as a result of an increase in volume of final demand. Total emissions had been much greater but eco efficiency of production industries (spesific emissions an energy efficiency) has really been enormous. Changes in input mix have also been favourable for decreasing emissions. Composition changes of final demand have totally increased emissions but rather little. Eco efficiency effects are the greatest absolute changes. Their share of the total sum of absolute changes is 44%, effects of final demand volume have a 33% share, input-mix and composition of final demand have both 13% share. 

Half of the annual total changes are negative but bigger positive changes create the sum of these changes positive. Most of the eco efficiency annual impacts are negative bringing also their sum of annual impacts negative. They have the biggest absolute annual effect most often among annual changes in emissions. Nearly all effects of changes in final demand volume are positive; they are nearly as many cases as eco efficiency impacts the biggest among annual changes in emissions. Half of the annual effects of input mix and composition of final demand are negative. 

We can conclude that changes in energy use and volume changes in final demand are the most decisive factors in sources of carbon dioxide emissions. Annual changes differ rather much from each other and are very interesting objects for further research as well as for conclusions about industrial developments.

Table 3. Decomposition analysis of changes in CO2 emissions, 1000 tons

	Year
	Total emissions
	Spesific emission
	Energy intensity
	I-O coef-ficients
	Composi-tion of final demand
	Volume of final demand

	1976
	6797
	2722
	3121
	-617
	1523
	49

	1977
	-1180
	-1595
	-1600
	2808
	58
	-850

	1978
	4056
	883
	387
	-2022
	1926
	2882

	1979
	-1209
	-3102
	-1252
	-1781
	1082
	3844

	1980
	763
	292
	-1532
	-581
	-133
	2717

	1981
	-9814
	-8496
	-2238
	910
	-257
	267

	1982
	-784
	-640
	149
	-686
	-449
	842

	1983
	-1134
	-1195
	-1914
	23
	772
	1180

	1984
	1376
	246
	-577
	108
	730
	869

	1985
	5727
	3876
	171
	603
	-311
	1389

	1986
	-1870
	-1182
	-1703
	435
	-213
	793

	1987
	2992
	599
	-227
	627
	185
	1807

	1988
	-637
	-1202
	-1172
	-361
	-234
	2333

	1989
	-623
	-812
	-834
	-496
	-701
	2220

	1990
	2091
	1100
	41
	448
	477
	25

	1991
	311
	840
	138
	-459
	2119
	-2328

	1992
	-1935
	-1418
	-532
	1538
	780
	-2302

	1993
	1630
	426
	-429
	-1683
	1286
	2030

	1994
	6237
	2303
	935
	1192
	132
	1674

	1995
	-3942
	-2163
	-1854
	-549
	-1608
	2233

	1996
	6441
	3211
	352
	434
	23
	2422

	1997
	-326
	-2367
	533
	-1061
	-1128
	3697

	1998
	-4496
	-5236
	-971
	411
	-1377
	2677

	1999
	689
	1509
	-1319
	-778
	-1160
	2437

	2000
	-4006
	-2906
	-2169
	-902
	-1643
	3614

	Total
	7155
	-14307
	-14499
	-2438
	1878
	36520

	1976-80
	9227
	-800
	-877
	-2193
	4455
	8642

	1981-85
	-4628
	-6209
	-4410
	959
	485
	4547

	1986-90
	1953
	-1497
	-3895
	652
	-486
	7179

	1991-95
	2302
	-11
	-1742
	39
	2709
	1306

	1996-00
	-1698
	-5789
	-3574
	-1896
	-5285
	14846


Acidic emissions have totally decreased from 1975. Chances in composition of final demand and input mix have had little effect but changes in volume of final demand and energy use have had big effects. Eco efficiency effects, particularly those due to spesific emissions, are the greatest among the annual changes. Their share of the sum of all absolute effects is 55% compared to the share of final demand volume: 23%, the share of input-mix and composition of final demand beeing 10% and 12%.   

Table 4. Decomposition analysis of changes in acidic emissions, thousand SO2 equivalent tons

	Year
	Total emissions
	Spesific emission
	Energy intensity
	I-O coef-ficients
	Composi-tion of final demand
	Volume of final demand

	1976
	72.3
	26.4
	33.0
	-8.0
	20.5
	0.5

	1977
	-33.5
	-26.0
	-25.2
	23.7
	3.2
	-9.2

	1978
	23.9
	-2.6
	-8.2
	-18.6
	23.3
	30.0

	1979
	-6.2
	-29.5
	-17.6
	-15.7
	17.1
	39.5

	1980
	5.1
	-1.3
	-16.5
	-5.5
	0.4
	28.0

	1981
	-71.4
	-54.3
	-25.4
	12.4
	-7.0
	2.8

	1982
	-45.4
	-51.6
	12.3
	-5.7
	-9.3
	8.9

	1983
	-32.4
	-33.7
	-19.3
	-0.8
	9.7
	11.6

	1984
	-19.6
	-34.1
	-4.7
	1.3
	10.0
	7.9

	1985
	13.4
	-2.1
	4.0
	2.5
	-2.4
	11.5

	1986
	-24.3
	-20.2
	-11.6
	3.5
	-2.2
	6.2

	1987
	13.5
	-3.9
	-1.4
	3.0
	2.3
	13.6

	1988
	-28.2
	-35.1
	-7.4
	-1.9
	-0.6
	16.8

	1989
	-27.5
	-29.7
	-5.1
	-2.7
	-4.9
	14.8

	1990
	1.2
	-1.4
	-1.4
	0.8
	3.0
	0.2

	1991
	-48.3
	-42.7
	0.0
	-2.7
	10.1
	-13.0

	1992
	-50.1
	-46.8
	-2.6
	6.8
	3.0
	-10.6

	1993
	-11.4
	-16.4
	-1.4
	-6.8
	5.2
	8.1

	1994
	7.4
	-6.5
	3.1
	4.0
	0.7
	6.1

	1995
	-21.3
	-15.7
	-6.6
	-1.3
	-5.3
	7.6

	1996
	17.7
	8.7
	0.1
	1.7
	-0.7
	8.0

	1997
	-6.9
	-12.5
	-0.3
	-2.4
	-3.5
	11.8

	1998
	-18.8
	-20.5
	-3.3
	0.3
	-3.5
	8.3

	1999
	0.6
	3.8
	-5.1
	-1.5
	-4.0
	7.4

	2000
	-8.3
	-6.1
	-5.8
	-2.0
	-5.4
	11.1

	Total
	-298.5
	-453.8
	-116.4
	-15.6
	59.6
	227.8

	1976-80
	61.6
	-33.0
	-34.5
	-24.1
	64.3
	88.9

	1981-85
	-155.5
	-175.8
	-33.1
	9.7
	0.9
	42.7

	1986-90
	-65.2
	-90.3
	-26.8
	2.7
	-2.3
	51.5

	1991-95
	-123.8
	-128.0
	-7.6
	0.0
	13.8
	-1.9

	1996-00
	-15.6
	-26.6
	-14.5
	-3.9
	-17.2
	46.5


Most of the total annual changes are negative showing a clearly decreasing trend in emissions. Eco efficiency has clearly the biggest effects among the annual effects on acidic emission changes, particularly due to spesific emissions. Volume changes in final demand have the biggest effect only 1/3 of the cases and composition of final demand is only once the biggest one. There are about as many negative as positive effects among the impacts of input mix and composition of final demand. 

We can conclude that changes in energy use and volume changes in final demand are the most decisive factors in sources of acidic emissions, too. Annual changes differ rather much from each other but are more united than the changes in carbon dioxide emissions. These impacts are also very interesting objects for further research as well as for conclusions about industrial developments. 

5. Conclusions

This paper shows that emissions of carbon dioxide and acidic emissions from the Finnish economy have had much varied annual changes during the period from 1970 to 2000.  Main sources for this development have been changes in eco efficiency and volume increases in final demand. The former effects have mostly decreased emissions but the last effects have had increasing effects. However, this development cannot be interpreted so that the increase of final demand is a negative factor for well-being. Emissions are a harmful side effect of final demand. Probably energy efficiency is a factor behind the growth of the economy and simultaneously very beneficial for decreasing emissions. The structure effects of other domestic input-output coefficients and changes in composition of final demand have had only comparably small impacts on the changes in emissions.

Input-output structural decomposition analysis was used in order to find sources of changes in emissions. Available input-output tables for the Finnish economy were found unintegrated to National Accounts and so different in the compilation methods that they were not used in analysis. Instead time series of input-output tables were compiled with RAS-method using the 1995 input-output table as a base and annual observations on relevant exogenous variables. Annual input-output tables were compiled one by one in chain in order to decrease inaccuracy due to big structural shifts and price changes.

Annual input-output tables improve also the accuracy of the decomposition method. Problems due to dependent determinants in decompositions (Dietzenbacher and Los, 2000) are then at least partly avoided. Using of pair of averaged polar forms in estimating the decomposition components has reduced in turn the variance in empirical results.

Future studies will deal with combining emissions to changes in different final demand components: private consumption, government expenditures, fixed capital formation, and export as well as to structural change and trade.           

Appendix 1.

Classification of industries

	
	
	NACE

	1
	Agriculture and fishing
	01,05

	2
	Forestry, logging etc
	02

	3
	Mining and quarrying
	C

	4
	Manufacture of food products etc
	DA

	5
	Manuf of textiles etc
	DB, DC

	6
	Manuf of wood & wood products
	20

	7
	Manuf of pulp, paper, paper prod
	21

	8
	Publishing, printing etc
	22

	9
	Manuf of coke and petroleum ref.
	23

	10
	Manufacture of chemicals etc
	DG

	11
	Manuf of rubber and plastic prod
	DH

	12
	Manuf of non-met mineral prod
	26

	13
	Manufacture of basic metals
	27

	14
	Manuf of metal products
	28

	15
	Manuf of machinery and equipm
	29

	16
	Manuf of electrical equipment
	DL

	17
	Manuf of transport equipment
	DM

	18
	Manufacturing n.e.c.
	DN

	19
	Electricity, gas & water supply
	E

	20
	Construction
	F

	21
	Transport, storage
	IA

	22
	Other service activities
	G, H, IB, J, 70 exept 7021, L,M,N, O,P

	23
	Dwellings
	7021
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