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Abstract: 


The aim of the paper is to investigate how far a hybrid accounting system like the National Accounting Matrices including Environmental Accounts (NAMEA), a Regional Accounting Matrices including Environmental Accounts (RAMEA) or a System of Economic and Social Accounting Matrices and Extensions (SESAME) could be used as an instrument for policy advice. Here we restrict our analysis to environmental problems, and we will give a survey of different techniques to make use of the accounting matrices for policy advice. 


In principle, there are two possible approaches to estimate the consequences of specific policy measures. On the one hand we could make use of input-output analysis like it was proposed by Wassily Leontief or we could make use of an Applied General Equilibrium (AGE) model or alternatively called Computational General Equilibrium (CGE) model like it was done by Verbruggen et al.. Here we want to judge about what kind of analysis seems to be more reliable and useful for policy-making with respect to given political objectives. To make a judgment about the two approaches we will investigate what kinds of assumptions are necessary to make estimations. To do that, we will compare the work of Input-Output model researchers with the work of AGE/CGE model researchers. To make a realistic comparison we evaluate the analytical work of Input-Output researchers and AGE/CGE researchers regarding the Dutch NAMEA, because the Netherlands was the first country, which introduced a hybrid national accounting system. 

We will especially concentrate on environmental sustainability indicators and in how far they are useful for policy-making. The steep learning curve of the input-output analysis and AGE/CGE makes the sustainability indicators an optimal communication tool for their outcomes. We are able to compare different studies, all based on the same data set, so we are able to indicate which results are more useful for policy-making.  


Furthermore, we will investigate what kind of hybrid accounting system is useful for regional governments regarding environmental problems. The proposed set of sustainability indicators must not only support actual dealing with the environmental problems instead of shifting them but also take into account the restricted influence of regional policy-makers on global environmental problems. The most important application of these indicators at the moment is to inform the regional policy makers and provide them with the tool to transform the environmental strategy goals into the measures to accomplish them and assess the progress together with the legitimacy of implemented environmental policy. Additionally, the sustainability indicators answer the needs for simple, understandable and reliable indicators expressed by the regional policy makers. Therefore, the set of sustainability indicators proposed in this paper will be considered to make them appropriate for the regional level policy. In particular the application of the Dutch experience for Polish regional policy makers in Malopolska region will be examined.
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I Introduction 


Since the 1990’s, it was discussed in policy and science how to extend the national accounts with respect to environmental and social problems. The discussion in economic science on this subject is much older and goes back to the beginning 1970’s
, especially regarding environmental problems like pollution, CO2 emissions et cetera.    

However, since the publication of the “Brundtland report” most of all countries have agreed on the objective “sustainability”, where sustainability has three dimensions: 

1. Economic sustainability;

2. Ecological sustainability;

3. Social sustainability.

The problem is that the term sustainability is not well defined in the literature. It looks like that many authors have only their own definition in mind. E.g., in 1996 Dobson (1996) found over 300 different definitions of (environmental) sustainability in the literature. Of course, this fact makes clear that there does not exist a coherent and consistent definition or concept of sustainability. However, it is not the task of scientists to resolve this problem of definition, nevertheless it would be very helpful to have an information instrument at the hand which could be used to analyze the state of the world with respect to all three dimensions of sustainability, however sustainability is defined. 

In economics exist in principle two different strands of methodologies which have been developed to integrate a kind of environmental accounting in the system of national accounts to give an overview about the economic, ecological and sustainable state of the art of an society, country or region. On the one hand there are the supporters of the idea that environmental damages and the use of the environment could be measured in monetary terms with the help of estimations and assumptions. Given the monetary values of environmental damages, these costs should be subtracted from the conventional Net National Income (NNI). The supporters of this idea have developed many different approaches to calculate an indicator, which we will call “Green National Income” (GNI).
 Here we restrict the analysis to Hueting’s Sustainable Income, which is one possible GNI. Stauvermann (2006a) has extended Hueting’s approach to social economic aspects, especially intergenerational equity. 


On the other hand, some scholars, especially coming from national accounting, reject this idea, because in general exist no market prices for environmental goods. These scholars propose another approach, the so called “National Accounting Matrix including Environmental Accounts” (NAMEA)
 with respect to environmental problems and “Social Accounting Matrices and Extensions” (SESAME). 


Additionally, to the question which is the superior accounting methodology, we take a look at the literature to say something about which is the preferable approach and which approach is more flexible. E.g. in how far is it possible to derive an accounting methodology at the regional scale to develop a tool for regional policy-making?  

Our line will be as follows, first we give an overview about both approaches, where we investigate into the potential theoretical critiques. Then we investigate the question in how far the NAMEA and the SNI concept can be useful for policy advice. This will be done by comparing different applications of both approaches in the Netherlands and Poland. 


The paper is organized as follows, in the first and second section we give a short overview of both approaches, where we begin with the NAMEA. At the end, we will highlight the theoretical advantages and disadvantages. In the following sections, we will analyze what kind of information could be generated if both approaches are applied to analyze real world phenomena. Especially, we want to know, if the results generated by approaches are more or less helpful for environmental and economic policy or not. At the end of the paper we will conclude our results. 

II The NAMEA
      


Here we want to give a short description of the NAMEA system as in use in the Netherlands. We abstain from explaining the details and how the numbers of the NAMEA are compiled. We only want to give a brief overview about the NAMEA, so that it should be possible to understand, what kind of information the NAMEA can provide for policy-makers and economists. 


The NAMEA is a statistical information system to combine national accounts and environmental accounts in a single matrix. It is a so-called satellite accounting matrix (SAM), as it is described in the SNA 1993 (Chapter XXI).
 The conception of the NAMEA system is based on the work of Keuning (1992, 1993), de Haan & Keuning (1996) and de Boo, Bosch, Gorter & Keuning (1991, 1993). The base of their work is the input-output approach
 of Leontief (1970).
 

The NAMEA system is only a descriptive system in which the economy is divided in sectors and the contributions of these sectors to economic and environmental indicators. It maintains a strict borderline between the economic and the environmental aspects. It is represented in monetary units on the one hand and in physical units on the other hand, that is the reason why it is called a hybrid accounting system.

To get a clear understanding of the interrelationships between the natural environment and the economy, the physical representation must be used (otherwise, it is not possible to understand these relations). If the NAMEA system would contain monetary values of environmental problems, two difficulties would occur. Firstly, the environment must be valued in monetary units and secondly it is very delicate task to differentiate between price changes and quantity changes. Therefore, to aviod these problems, the resulting indicators are measured in physical units. The interrelationship between the economy and the environment has two perspectives, an economic one and an environmental one. The economic perspective contains the physical requirements in the economic processes, like energy, material and spatial requirements. The environmental perspective extends the consequences of these requirements with respect to the availability of the natural environment. Consequently, the optimal allocation of natural resources requires the consideration of both perspectives. 

The fundamental idea of the NAMEA is to supplement the conventional national accounting matrix with two additional accounts. One additional account is the account for environmental themes like the greenhouse effect or the ozone layer depletion.
 The selected environmental themes are partly global and partly national or local environmental problems. The selected themes in the Netherlands are:
 greenhouse gas effect (GHG), ozone layer depletion, acidification, eutrophication, waste, waste water, and fossil fuels. 

The second additional account records emissions of substances, like carbon dioxide or sulfur dioxide, where these substances are expressed in physical quantities (usually Mg). The selected environmental substances are:
 CO2, N2O, CH4, CFC's and helons, NOx, SO2, NH3, P and N.
The selection of themes and substances follows these environmental themes which were most important in the view of the Netherlands Ministry of Housing, Spatial Planning and the Environment (1989, 1990, 1992, 1993)
 and gained the Dutch parliament approval (Tweede Kamer (1996). The ministry had designed a single indicator for each environmental theme, by weighing together all the emissions that contributed to each theme.
  

It can be said, that the NAMEA generates consistent summary of indicators for these environmental problems, which are considered to be most pressing at the political level in the Netherlands.    

The NAMEA is centered around a set of tables, which give an overview of relevant relations between the flow accounts and data on environmental changes. De Haan (2001, p. 12) presents a picture of the scope of the NAMEA system (figure 1). 
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Figure 1

Keuning (1992) presents the national accounts in a matrix format to get a coherent, generally applicable system, where specific tables for each relevant substance can easily be related to aggregated ecological and economic flows. As a result, the whole system can be mirrored on a few sheets of paper. Additionally, the matrix format reveals which entities and which accounts are involved at both ends of each set of monetary and physical flows. This is particularly advantageous for the I-O modeling practice. 

In the NAMEA system, a strict borderline is maintained between the economy and the environment. For example, the environmental accounts are denominated in different physical units (tons, kilo-joules, cubic-meters et cetera), but not in monetary units. In some sense, the NAMEA tables show the boundaries of the core national accounts. The physical accounts of the NAMEA expand these boundaries. 

The NAMEA makes the connection between the environment and the economy more clear and with its help, it is possible to receive a picture where are the environmental hot spots in the national accounts. In addition, it distinguishes between households and industries including public services. 


Because the compilation of the NAMEA is explained in Keuning (1992) and Keuning, van Dalen & de Haan (1999), De Haan (2004) in detail, we refer to that literature. 


The NAMEA contains, next to the conventional economic aggregates, a summary of environmental indicators. As a result it could be recognized how much a specific economic activity contributes to the GDP, employment, exports et cetera and how much it contributes to the major environmental problems, like the greenhouse effect, ozone layer depletion et cetera. For example, in the RAMEA of Noord-Brabant 2003 tables (table 1) it can be seen that the production of electricity in the Noord-Brabant contributes only 0.42 % to employment, but it contributes 46.31 % to the total emission of CO2 and 39.32 % to the GHG theme.

Similar observations can be made for each industry to get its profile. With the help of such profiles it becomes clear that the aggregate environmental damage of a country or region does not only depends on the country’s (region’s) size and development stage, but also on the structure of economic activities. For example, a region with a relative less developed service sector and high shares of the manufacturing and agriculture sector will pollute the environment relatively more than a region where the share of the services sector is relatively high. Of course this is the case in Noord-Brabant, because the  manufacturing sector is over proportionally big in relation to the whole Netherlands.  

NAMEA tables for different years are now available, which makes it also possible to recognize how the profiles of economic activities changed into time. These aspects are highly relevant to policy-makers and for future estimations. 

To give an example de Boer, de Haan & Voogt (1994) make use of a model with the data from the NAMEA to estimate the consequences of reducing the pollution levels to norms set by the Dutch parliament. Without doubt, the results of these model estimates depend on the assumptions about the behavior of the rest of the world and the assumptions about the technical progress to improve eco-efficiency.

Let us look at the following tables, which are based on the RAMEA 2003 of the Dutch region Noord-Brabant. 

Table 1. Contribution of production to output, gross value added, employment and some environmental themes according to the 2003 RAMEA for Noord-Brabant (NL)

	2003
	Output NB 
	GVA NB
	Labour input of employed persons NB
	CO2 NB
	GHG theme NB

	SIC '93
	%
	
	
	
	

	Total economic activities
	100
	100
	100
	100
	100

	A+B Agriculture hunting forestry fishing
	2,8451956
	1,8752803
	3,62699535
	6,4277943
	15,445963

	C Mining and quarrying
	0,0950348
	0,1233105
	0,03030915
	0,09169091
	0,1100969

	DA Food, beverages and tobacco
	8,3572139
	5,4272628
	2,82885431
	4,28336964
	3,7328166

	DB+DC Textile and leather products
	0,8874788
	0,6469797
	0,69711053
	0,37273219
	0,3313695

	21 Paper and paper products
	0,6184572
	0,4516046
	0,4344312
	0,79566378
	0,6873272

	22 Publishing and printing
	1,1221416
	1,0057011
	1,08102647
	0,1131193
	0,1245987

	DF Coke, refined petroleum, nuclear fuel
	0,0921106
	0,0768689
	0,05051526
	0,3737413
	0,3169605

	DG Chemical products
	5,4184455
	3,4815194
	1,62659123
	12,400156
	14,754596

	DH Rubber and plastic products
	0,9211065
	0,6501826
	0,70721358
	0,18629269
	0,1795252

	27 Manufacture of basic metals
	0,7186093
	0,3763372
	0,33340069
	4,76075447
	4,0544384

	28 Manufacture of metal products
	2,0637172
	1,5197617
	2,06102243
	0,41872642
	0,4101715

	DK Machinery and equipment
	3,5104392
	1,9585549
	2,12164074
	0,38543425
	0,4079259

	DL Electrical and optical equipment
	4,7159191
	1,3532125
	2,74802991
	0,51993615
	0,5438237

	DM Manufacture of transport equipment
	2,5213463
	1,4525014
	1,17195393
	0,22133766
	0,2270775

	Manufacturing n.e.c.
	2,5366981
	2,4469925
	3,60678925
	2,25168887
	1,998441

	E Electricity, gas and water supply
	3,9673373
	2,6119403
	0,42432815
	46,3105319
	39,32536

	F Construction
	7,8564536
	6,3737108
	7,78945241
	0,94228646
	0,8012386

	51 Wholesale trade
	5,9075092
	8,0600218
	7,2135785
	0,99088343
	0,8439223

	50+52+55 Retail trade, cars, repair, hotels  
	6,3607521
	7,7877778
	12,2752071
	1,95984189
	1,6650491

	60 Land transport
	2,1338967
	2,6679905
	3,03091534
	5,29427607
	4,4986475

	61+62 Air transport, water transport
	0,0935727
	0,0960861
	0,13133966
	0,71965937
	0,6110459

	63 Auxiliary transport activities
	0,9181823
	0,9576581
	0,9294807
	0,19502688
	0,1665047

	64+65+66+67+K Financial, business services and communication
	20,644482
	26,446096
	18,4986866
	2,32634938
	1,9864886

	L Pub. admin., defence, social security
	4,8855196
	6,2792262
	5,92038796
	1,57564402
	1,3405124

	M Education
	2,3612492
	4,0916661
	4,62719741
	0,59330979
	0,5041581

	N Health and social work
	5,0616995
	8,2233681
	10,9517074
	1,22475804
	1,0632583

	90 Environmental services
	0,6922919
	0,5765166
	0,34350374
	3,28558134
	3,036113

	92 + 93 culture, sports, others and recreation
	2,6924089
	2,975466
	4,72822792
	0,97941349
	0,8325702


Source: Stauvermann 2007

Table 1 reflects the relation of different production sectors to different economic indicators (regional GDP and regional employment) and environmental themes (greenhouse gas effect, ozone layer depletion, acidification, eutrophication and waste). The total regional production is normalized to 100. The table tells us how much a specific production sector contributes to the economic indicators and to the environmental themes relative to the aggregate contribution of the aggregate production. For instance, if we look at the fourth row, we can read how much the agriculture, fishing and forestry sector contributes to regional GDP of Noord-Brabant in relation to the total output of the regional production sector. Obviously, 2.84 % of the total output of the regional production sector is produced in the agriculture sector. Although, the contribution share of the agriculture sector to employment is only 3.62 %, the contribution share to the regional gross value added is only 1.87 %, but the contribution to the GHG theme is 15.44 % . To get a better insight into these numbers an additional table can be constructed from the RAMEA.      

Table 2.
 Cumulative pollution per unit of final demand relative to the aggregate cumulative pollution per unit of final demand (2003) in Noord-Brabant

	2003
	GHG NB
	Acidification NB
	Eutrophication NB

	SIC '93
	 
	 
	 

	Total economic activities
	1
	1
	1

	A+B Agriculture hunting forestry fishing
	5,4287877
	18,181108
	23,185751

	C Mining and quarrying
	1,1584899
	0,3422143
	0,0548618

	DA Food, beverages and tobacco
	0,446658
	0,1486727
	0,6608444

	DB+DC Textile and leather products
	0,373383
	0,1525512
	0,3929392

	21 Paper and paper products
	1,1113577
	0,4830701
	1,220905

	22 Publishing and printing
	0,1110365
	0,0395281
	0,0069697

	DF Coke, refined petroleum, nuclear fuel
	3,4410838
	3,9054804
	0,213284

	DG Chemical products
	2,7230312
	0,797261
	1,0155975

	DH Rubber and plastic products
	0,1949017
	0,0594027
	0,0441871

	27 Manufacture of basic metals
	5,6420625
	3,2490208
	0,3427966

	28 Manufacture of metal products
	0,1987538
	0,0728873
	0,049436

	DK Machinery and equipment
	0,1162037
	0,0629604
	0,0111746

	DL Electrical and optical equipment
	0,1153166
	0,0358442
	0,0395165

	DM Manufacture of transport equipment
	0,090062
	0,0295159
	0,0312908

	Manufacturing n.e.c.
	0,7878119
	0,7553768
	0,1727095

	E Electricity, gas and water supply
	9,9122804
	3,005134
	0,3979182

	F Construction
	0,1019848
	0,2228911
	0,4174527

	51 Wholesale trade
	0,1428559
	0,2833225
	0,0541097

	50+52+55 Retail trade, cars,repair, hotels 
	0,2617692
	0,0632821
	0,0115697

	60 Land transport
	2,1081843
	5,6520155
	0,9929036

	61+62 Air transport, water transport
	6,5301716
	25,338993
	2,9710862

	63 Auxiliary transport activities
	0,1813416
	0,3361803
	0,061069

	64+65+66+67+K post,telecomunication, banking comercial services 
	0,0962237
	0,107557
	0,025732

	L Pub. admin., defence, social security
	0,2743848
	0,5302236
	0,0756114

	M Education
	0,2135133
	0,0900705
	0,0157311

	N Health and social work
	0,2100596
	0,070907
	0,0136227

	90 Environmental services
	4,3855963
	1,057577
	17,294375

	92+93 other service activities
	0,3092287
	0,1160896
	0,020113


Source: based on Stauvermann (2007).
The entries in the table give an impression for specific industries of the deviation of cumulated pollution per unit of final demand in relation to the average over all industries. The average pollution per unit of final output is standardized to one. Let us look for example at the agricultural sector in Noord-Brabant, in last column is the number 23.18 (4,4). This means that the relative contribution of this sector to eutrophication is 23.18 times higher than its relative contribution to the GDP. 


Given these kinds of tables for specific periods, as is explained in De Haan & Keuning (1995) or Keuning & de Haan (1996, 1997), it is possible to decompose the changes in emissions by industry into several effects:
 


1. Demand composition shift effects


2. Output growth effects  


3. Eco-efficiency change effects

The first effect can be positive or negative in the sense that the claims to use the natural environment are reduced. The second effect is negative, because more output means in general an increased use of the natural environment, because of the laws of thermodynamics. The third effect is positive, because of technological progress. De Haan (1996) for example has connected the NAMEA with data on estimated costs and emissions reductions of a range of potential energy-saving measures by industry in the Netherlands. It lead to the conclusion that the Dutch economy would be better off to some extend, if the most efficiency measures are applied first. However, if the norms for CO2  emissions set by the government were too restrictive, the result would be the reverse.     


In principle, the NAMEA system has much in common with the SEEA 2003 system. Both systems are similar with respect to the use of a matrix format, to the way how environmental protection expenditures are treated and how to deal and incorporate social issues. However, there exist some differences.
 

It can be concluded, that the NAMEA is a multi-purpose information system, which is able to inform the public and policy-makers about the status quo of the environmental assets and environmental pollution. In particular, the NAMEA provides policy-makers with a data framework, which can be used to sketch the trade-off between prevention of environmental damages and macro-economic policy objectives.  

It is no problem to extend the NAMEA system with additional environmental themes and substances. The selection of environmental problems which should be represented depends on the political decisions and not on the decisions of scientists. This is the reason for differences in the NAMEA's for different countries.
 Without any doubt, it would be useful to standardize the NAMEA's of all countries, because of the global environmental problems. Regarding the air emissions the standardization of NAMEA was prepared by Eurostat
 and currently the work is continued to include other emission types.

The data from the NAMEA can be used for calculating, e.g. the effects of a shift in tax incidence, from labor to energy use, say, on environmental and economic indicators in the NAMEA system. Additionally, the data can be used for modeling a general equilibrium model to estimate the consequences of a change in the tax system. 

With the help of the NAMEA, it is possible to calculate the consequences of specific political decisions. For example, let us look at the introduction of catalytic converters into cars. As a consequence, the burden of the ozone layer depletion decreased by nearly 12.3 % in the Netherlands. Furthermore, it is no problem to integrate social accounts into the NAMEA system. This is done in the so-called System of Economic and Social Accounting Matrices Extensions (SESAME).
 In addition, it is possible to get new insights for the question who should pay for the environmental damages.
  


It can be said that the NAMEA is a tool or an instrument to account for environmental problems and it combines the data from the environment with the economic data from the core of the SNA. However, no specific economic assumptions are used to compile a NAMEA. Policy-makers are free to decide which environmental themes and environmental substances should be considered and policy-makers must decide how they want to solve the environmental problems. As a result, the NAMEA does not only serve to derive aggregate indicators from a consistent meso-level information system, but it also provides data in the required format for all kinds of I-O analyses and others. Of course, we can use the data of a NAMEA or RAMEA only to derive descriptive indicators, like eco-efficiency indicators (emissions per unit of output), which could be compared with the results from other regions or countries in a specific period.   

III RAMEA – Regionalized NAMEA-type matrix

The main goal of RAMEA
 project is to give support to policy makers in the definition of sustainable development strategies. In the RAMEA project the regional NAMEA type matrices for four European regions are being prepared. The regions participating in the project include Emilia-Romagna (ARPA Emilia-Romagna – lead partner), Noord-Brabant (TELOS, Brabant Centre for Sustainable Development), Małopolska (Mineral and Energy Economy Research Institute of the Polish Academy of Sciences) and South-East England (SEEDA, Environment Agency, Cambridge Econometrics). Prepared RAMEAs and their use by regional decision makers will improve the policy evaluation process and grow their capacity of measuring specific target of sustainable development strategies. In this paper only the results of RAMEAs for Noord-Brabant and Malopolska are presented. 

III.1 RAMEA for Noord-Brabant

III.2 RAMEA for Małopolska

The RAMEA for Malopolska was prepared according to the guidelines of Eurostat (2004). In particular the tables provided in the guidelines were used. The chosen results are presented in the table 3. The data come from different publication of National Statistical Office (GUS) and from the National Emissions Inventory prepared according to the IPCC guidelines. 

RAMEA for Małopolska is presented in the format to allow maximum comparison with the data of Noord-Brabant, hence the choice of aggregation level. It have to be noted that some data of Małopolska are aggregated at higher level then Noord-Brabant due to the lack of more detailed data. Output within manufacturing sector is allocated on the basis of the production sold. Moreover the results are restricted to the CO2 emissions from the plants generating substantial air pollution as these are monitored on the level of sectors and regions. These emissions represent almost 70% of total CO2 emissions recorded for Poland. The Małopolska share of CO2 emissions from the plants generating substantial air pollution is equal to approximately 6.39%, which is slightly lower than share the production sold of the industry (sector C, D and E) of 6.41%.  The share of Małopolska output is equal to 7.11%, and this of GVA is observed at the level of 7.30%. 

The biggest contributor to both the output and CO 2 emissions is the manufacturing sector (29.46% to the output, 25.51% to the labour input and 27.07% to the emissions) and within this sector the biggest share of CO2 is attributed to manufacture of basic metals, although it represents only 5.51% of the total production sold in the industry. On the other hand there are two divisions: food, beverages and tobacco and manufacturing of electrical and optical equipment – both of them represent around 15% of  the total production sold in the industry while their environmental impact remains relatively low at the level below 0.5%. Sector of  electricity, gas and water supply contributes only 2.95% to the output, 2.85% to the labour input, but as much as 64.15% to the emissions of CO2. 
Unfortunately, not all data are available, hence the table 3 is not completely filled. The work within the RAMEA project will allow for further development of the matrix with full inclusion of environmental theme of GWP, and possibly acidification and eutrophication for Małopolska region.

Table 3. Contribution of production to output, gross value added, employment and CO2 emissions according to the 2003 RAMEA for Małopolska (PL)

	2003
	Output Malopolska

%
	Production sold Małopolska

%
	Labour input Małopolska

%
	GVA Małopolska

%
	CO2 emissions Małopolska

%

	Total economic activities
	100
	100
	100
	100
	100

	A+B
	Agriculture hunting forestry fishing
	3.499856
	
	0.677992
	2.843478
	

	C
	Mining and quarrying
	0.885918
	1.114104
	0.478200
	1.050875
	0.294625

	D
	Manufacturing
	29.461937
	90.091414
	25.510956
	18.029389
	27.078429

	DA
	Food, beverages and tobacco
	
	15.368919
	5.214469
	
	0.445862

	DB+DC
	Textile and leather products
	
	3.298587
	2.687696
	
	0.047796

	DE
	21 Paper and paper products
	
	1.228079
	0.277528
	
	0.077045

	
	22 Publishing and printing
	
	4.339816
	0.866352
	
	

	DF
	Coke, refined petroleum, nuclear fuel
	
	3.422765
	0.173411
	
	0.344562

	DG
	Chemical products
	
	8.788070
	1.597809
	
	7.882121

	DH
	Rubber and plastic products
	
	4.312124
	1.189607
	
	

	DJ
	27 Manufacture of basic metals
	
	5.511928
	0.962379
	
	15.448216

	
	28 Manufacture of metal products
	
	8.082937
	2.494587
	
	

	DK
	Machinery and equipment
	
	3.956205
	2.126309
	
	0.404486

	DL
	Electrical and optical equipment
	
	14.214006
	2.898041
	
	0.088459

	DM
	Manufacture of transport equipment
	
	3.893533
	1.227420
	
	0.306039

	DN
	Manufacturing n.e.c.
	
	2.359965
	1.034663
	
	

	E
	Electricity, gas and water supply
	2.953531
	8.794483
	2.858645
	2.771626
	64.154147

	F
	Construction
	7.872045
	
	5.485314
	6.346332
	8.270199

	G+H
	Trade and repair, hotels
	20.471797
	
	16.170323
	23.713581
	

	I
	Transport, storage and communication
	6.181445
	
	4.616851
	6.039765
	

	J
	Financial intermediation
	2.513062
	
	2.691566
	3.343859
	

	K
	Real estate, renting and business activities
	11.457149
	
	6.815796
	13.392018
	

	L
	Pub. admin., defence, social security
	3.999631
	
	6.696026
	6.361992
	

	M
	Education
	3.569022
	
	15.583433
	6.322934
	

	N
	Health and social work
	3.286388
	
	9.541129
	4.947069
	

	O
	Other community, social and personal service activities
	3.471014
	
	2.873770
	4.148228
	0.202600


Source: calculation by authors on the basis of Central Statistical Office, Poland
IV The Sustainable National Income 

The Sustainable National Income could be interpreted as a representative of a GNI. The SNI was chosen because for this indicator exists the calculation based on numbers from the CBS, and it was widely discussed in the Netherlands as a national accounting indicator. Hueting developed the SNI in his PhD thesis "New Scarcity and Economic Growth"
 In the view of Hueting, the System of National Accounts (SNA) should be extended with respect to environmental losses, otherwise some important welfare losses of an economy are ignored. Hueting works,
 focus particularly on introduction of a practical concept of sustainability into the national accounting system.
 

Hueting’s contribution concerns the relationship of the indicators for the Net National Income (NNI) and the Sustainable National Income (SNI). It is important to see that Hueting’s work is founded theoretically, and applied to economic statistics with the objective to provide adequate information to the users of statistical data about the state of the natural environment. The basic idea of Hueting is to compare the economic performance of a specific country in two different periods of time - mostly one year - and to determine whether welfare has changed. 

For most environmental goods market prices are non existent, therefore Hueting proposed the following solutions: 

· To assume the absolute price-inelastic demand curve to derive an aggregate demand curve for every environmental good. The price elasticity for every environmental good is assumed to be zero.

· To use the calculation of natural scientists end engineers to derive an aggregate supply curve or marginal cost curve for every environmental good, which represents the marginal costs to preserve the environment in the sense of strong sustainability.   

Relying on these assumptions it is easy to calculate the potential market price. In Hueting’s opinion, it is reasonable, that we (the inhabitants of the world) should prefer the complete conservation of our natural environment to reach strong sustainability.
 This implies that it is unacceptable to transfer environmental risks and burdens to future generations and that the natural environment must be conserved by the living generation. This consideration is based on the principle of preferences for intergenerational equity. 

The idea of the SNI is to calculate the aggregate costs for the conservation of the natural environment and to subtract these costs from the NNI. Consequently, the value of environmental degradation is equal to the conservation costs.
 Or in the words of Hueting & de Boer (2001, p. 19): 

"The SNI according to Hueting is the maximum net income which can be sustained on a geological time scale, with future technology progress assumed only in the development of substitutes for non-renewable resources, where such substitution is indispensable for sustaining environmental functions, in turn essential for sustaining income."

The gap between the NNI and SNI measures the dependence of the economy on its natural environment. If the gap is increasing the economy is becoming less sustainable. If it the gap decreases, the economy is becoming more sustainable. Figure 2 shall explain Hueting's idea of the demand and supply side for environmental goods. 


[image: image2]
In Figure 2 the point B represents the availability of environmental functions in the present. The point D represents the minimum quantity of environmental goods to preserve the environment from degradation. The dashed line reflects the demand curve derived from individual preferences. The vertical line represents the demand curve derived from the assumed preferences for sustainability. The elimination costs curve can be interpreted as a supply curve of environmental functions. To realize sustainability, the society must abstain from consuming BD physical units of environmental functions or expressed in money terms, society must forego AC units of money. Given that the elimination cost curves for all environmental goods are known, it is easy to calculate the aggregate elimination costs. This subtracted from the conventional NNI gives the SNI according to Hueting.

The main theoretical critics of calculating SNI (or other GNI) include the lack of knowledge regarding the following matters:

· What is the optimal quantity of each environmental goods?

· What is the correct price of each environmental good? 

· If environmental political measures would be undertaken to preserve the environment, how would the economy look like? 

  It is considered to be impossible to calculate the optimal level of environmental damages and as a result it is impossible to determine the optimal quantities of environmental goods. 

Hueting argues that the present environmental abatement technologies should be taken into account to price the environmental goods. But given that environmental goods get a price, it must be assumed that new technologies would be developed immediately, so this approach runs the risk of overestimating the costs of environmental damages. Assuming that all environmental goods would have a market price would mean that the economy is completely different from the existing one. In so far Hueting compares a real economy with a hypothetical one and this approach is criticized from the view of public economics as a naïve concept. 

V The Application of the SNI   


Here we will give a short overview how the calculation of a SNI was done. It  should be noted that the concept of the SNI is a static one, so the used model is also a static model. The objective of the IVM was to calculate the economic performance for a sustainable Dutch economy to compare it with the real economic performance for one year. It is clear that this sustainable economy is only a hypothetical economy and the transitional path from the actual equilibrium to the sustainable economy is ignored. In so far the analysis is a comparative static one. The project leader Harmen Verbruggen together with his co-workers Rob Dellink, Marjan Hofkes and Reyer Gerlagh calculated the SNI for the year 1990.
 To do that, they made use of a static Applied General Equilibrium (AGE) model.
 In principle the AGE model is based on general equilibrium model, which conforms to all typical features of neoclassical economics. Especially, the consumers and producers are assumed as price takers, markets are fully competitive, and the production functions have constant returns to scale. The authors divided the economy into 27 sectors and took 9 environmental themes into account. To model the consumer utility functions and production functions it was decided to use the CES functions. The assumed elasticities were based on calculations of Keller (1980). The sustainability standards were based on De Boer (chap. 4 of the IVM study), which are derived from results of natural sciences. The identical abatement cost curves for all sectors were assumed, where only the available technologies were taken into account, because sector-specific data was not accessible and technological progress was excluded by assumption. Capital, investments and rate of return were regarded as fixed. Additionally, it was assumed that the government expenditures and individual savings are fixed shares of national income. Other assumptions that authors made are irrelevant for this study. Basing on the assumptions mentioned above the sustainable economic performance of the Dutch economy for different scenarios was calculated. The scenarios differ regarding the used prices (actual or constant prices vs. the prices in a sustainable economy) and the trade patterns (fixed trade shares vs. unchanged trade). 

The results will be presented in the following table 3
, where only the changes of the national income and the consumption expenditures are taken into account. 

	
	Change in % of NI

	Change in % of consumption expenditures


	1. fixed world market prices and unchanged trade patterns  
	-49%
	-48%

	2. Constant trade shares and old prices 
	-58%
	-56%

	3. constant world market prices and sustainable prices in the NL 
	-47%
	-40%

	4. Constant trade shares and sustainable prices in the NL
	-56%
	-49%


Table 3


The numbers of table 3 tell us that between 47%-58% of the national income is produced in a non-sustainable way. Additionally, it tells us that the private consumption expenditures must be reduced between 40%-56% to become sustainable. 


Besides, these results it must be asked in how far these results are reliable or only a result of an economic exercise. Until now we know that very strong assumptions were made, where we can doubt how justifiable they are. For example, it must be questioned if the assumed elasticities are constant. It could be doubted if all markets in the Netherlands are really competitive. Also the sustainability standards can be doubted. In so far the results are more results of an exercise than real reliable information for policy makers. However, let us assume that the results would be reliable, is it possible to derive environmental measures how to reach a sustainable economy? The answer is obviously no, because the transition path is unknown and it looks like absolute impossible to jump from the actual economy to a sustainable one. No policy maker would propose to reduce the income by just around 50%, because then a big part of the Dutch inhabitants would starve. In so far the SNI could only be used as an advertisement for a better environmental policy, but not as a real policy advice or information.               

VI Possible Applications of the NAMEA Approach 


Somewhat contrary to the GNI approach, the NAMEA becomes more and more important tool to analyze environmental policy measures. An indicator for this thesis could be the release of the recent published introductionary textbook of Common & Stagl (2005) or the textbook edited by Proops & Safonov (2004), the article from Duchin & Steenge (1999) in a handbook on environmental economics edited by van den Bergh (1999) or the text of ten Raa (2005). The field of applications within I-O models framework is much broader than possible applications of the SNI approach. The formal methods which were used will not be presented, because they are well-known. The results of different investigations would be presented regarding what kind of information could be received. 


Obviously, the NAMEA is directly useable for I-O modeling, because of its matrix representation. The idea, to incorporate environmental aspects in I-O models is not new and goes back to Leontief (1970), Leontief & Ford (1972), Cumberland (1966) and others.
 A general overview how I-O models could be applied regarding environmental problems is given in Miller and Blair (1985). It is well known, that I-O models provide a theoretical framework for specific questions about the relationships between different sectors of an economy and observable transactions between the sectors of the economy. 

To investigate what kind of questions could be answered with the help of the NAMEA the overview about possible applications will be given. It should be noted that most of the used I-O models are explained in detail by Duchin & Steenge (1999), Proops & Safonov (2005), Duchin & Lange (1995), ten Raa (2005) and De Haan (2004). 


The first I-O model, where the NAMEA was used, was developed by Steenge & Voogt (1995) and it used the standard I-O model, where the sectoral outputs were functions of the final demand. 

VI.1 The Steenge-Voogt  Model 


Here we want to give an example to show how the NAMEA can be used with respect to normative judgments about political objectives. That means, given specific political objectives like the Kyoto-protocol we are able to calculate the outcomes with the help of I-O analysis. To do that, we represent the NAMEA system in a reduced form (see table 1). 


Maybe, the introduction of account 2 is surprising, but the background is that consumers also produce emissions by consuming energy for heating, energy for private car use, waste etc.. In so far consumption is defined according to consumption purposes in order to combine consumption expenditures with the quantity of emissions, caused by consumption. It should also be noted that we take only the domestic emissions (incl. the environmental the deficit/surplus) into account.

	   
	Goods and services
	Consumption
	Production
	Income generation
	Income distribution

and use
	Others
	Total
	Emissions

	
	1
	2
	3
	4
	5
	6
	
	

	Goods and services 
	1
	D
	F
	Z
	R

	Consumption
	2
	
	
	
	

	Production
	3
	
	
	
	

	Income generation
	4
	
	
	
	

	Income distribution and use
	5
	
	
	
	

	Others
	6
	W
	t
	Zt
	G

	Total
	
	Z’
	Zt’
	
	T’






Table 4

Explanation of variables

	Variable
	Definition
	Dimension

	D
	Matrix of intermediates
	n x n

	F
	Vector of final demand 
	n x 1

	W
	Vector of inputs
	n x 1

	T
	Total transactions between others 
	

	R
	Matrix of domestically generated emissions
	n x p

	G
	Vector of foreign emissions flowing to the home country
	p x 1

	Z
	Vector of totals of accounts 
	n x 1

	Zt
	Total of accounts
	

	T
	Vector of total pollutants in the home country
	p x 1 


The Linear-Programming Model


This section presents how Green National Income can be calculated on the basis of  NAMEA table used to define a linear model. The basic idea goes back to the standard I-O model approach, where the sectoral outputs are written as a function of the final demand. At first the matrix A is defined, to represent the technical coefficients; 

(1)
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In a next step the vector of outputs Z is written as
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In equation (2) the matrix I represents the unit matrix. 

The objective in this model is to maximize the net domestic product or the aggregated Net Value Added (NVA). The NVA is represented in the sub-matrix (4,3) in table 1. The elements of this matrix describe the NVA of all production activities j  for all primary income category f . Because of the assumption that these elements are linearly related to the output,  the following objective function is maximized: 

(3)
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 are elements of the sub-matrix (4,3) of A. The elements 
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of must be interpreted as technical coefficients. Additionally to the objective function two restrictions are introduced.
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Equation (5) is obviously the standard Input-Output restriction, which shall guarantee that the economic part of the model is consistent. The additional restriction takes the environmental part into account. To derive a really green national income, the condition that the quantity of each pollutant is always below its maximal acceptable level is introduced. In the model the quantity of emissions is treated as by product of the production output. Consequently, it is assumed, that the elements of the matrix R are linearly related to the output 

(6)
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In equation (6) the matrix 
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 represents the diagonal matrix of Z and the matrix E is nothing else than the emission coefficient matrix, with the elements 
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, what means that the coefficients of E and consequently E itself depend on the original values of the matrices Z and R. In inequality (4) the matrix G denotes the matrix of emissions from foreign countries. For simplicity we assume that these emissions from abroad are exogenously given. Then the interpretation of restriction (4) is nothing else than the statement that the quantities of domestic emissions are lower or equal to the original values, which are also the maximal acceptable levels of emissions. 


As noted before it would be no problem to take some additional constraints into account, this of course depends on the specific policy objectives. But it should be noted that the feasibility of the model needs to be taken care of. If this will be ignored it could be possible that the different policy objectives are incompatible and not all objectives will be realizable. 


It should be clear that sustainability is determined on the one hand by the maximal acceptable levels of emissions and on the other hand by minimal levels of economic variables like final outputs, investments, exports etc. Lets now denote the original vector of outputs as 
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. Then the elements of F can be restricted to those which are related to the final outputs of the economic variables to some minimum levels; 
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 for account 1. Then we take care about the trade balance, where it is assumed that the imports do not exceed the exports, which is assumed to be exogenous in this model. For accounts 4 and 5, the elements of F represent the income received from foreign countries, hence  the following equation:

(8)
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Because of the fact that for accounts 2 and 3 no economic interpretation of the corresponding elements of F exist, they are zero by definition; 

(9)
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, for accounts  2 and 3.    

Additionally it is assumed that the exports are a fixed share 
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 of the total final output of good i. Imports can be written as a fixed share of total other inputs, which at least means that the imports are also a fixed share of the total inputs. This restriction can be written in the following way; 

(10)

[image: image19.wmf]å

å

=

i

i

i

i

i

i

F

Z

q

b

. 


Now the whole model is well defined. To summarize the model again, we are maximizing the objective function (3) with respect to inequality (4), the standard I-O equality constraint (5), inequality (7), equation (8), equation  (9) and equation (10). Now it is possible to perform model simulations and to optimization.


Given a certain level of domestic emissions, it is possible to calculate unique levels of output totals and total final output. The changes in total output will change the net value added and household consumption, because both variables depend only on output totals. 


At first Steenge & Voogt (1995) assume that 
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, which means that we want to realize at minimum 95% of the original final output or in other words we only restrict the decrease of final output to maximal 5% of its original value. The optimization will lead to an 1.4% increase of the NDP, which is mainly caused by an 2.5% increase of the net value added of the sector services and other activities. However, let's look at table 2 for the changes of the net value added (economic sectors) and changes of emissions (substances); 

	Economic sectors
	Changes of net value added in %

	Agriculture
	-1.6

	Refineries
	-1.6

	Chemical industry
	-2.4

	Basic metals 
	-2.3

	Other manufacturing
	-1.3

	Electricity 
	0.4

	Construction
	2.7

	Transport
	-1.1

	Services and other activities
	2.5

	Substances 
	Changes of emissions in %

	CO2
	-0.1

	N2O
	0.0

	CH4
	-0.4

	CFC’s and halons
	0

	NOx
	0

	SO2
	-0.6

	NH3
	-1.5

	P
	-1.2

	N
	-1.3

	Waste
	-1.2


Table 5


Secondly, it was simulated what will happen if the parameter 
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would be changed, or in other words if we shift the minimum level of final output of goods and services. If we now compare the results with the optimal situation, a decrease of all emissions by 1% leads to a decrease of  1.7 % of the Net domestic product and decrease of consumption of 1.1 %. 


Just in another calculation, the authors have assumed that all emissions should be reduced by 5%, we got the result that the NDP will be decreased by 9.1% and the consumption by 6.1 %. 


A different step was to calculate the reduction not by pollutant, but by environmental themes. The government concentrate on three environmental themes: green house gases, ozone layer depletion, acidification and eutrophication.    

Additionally, the authors calculated that a 1% reduction of emissions and assuming a restriction a minimum level of production of 90% compared to the actual one, the NNI would decreased by 1% in relation to the actual value. Similar simulations are made for environmental themes and they come to the conclusion that there exists a nearly linear relation between emissions and NNI. 

VI.2 Other Examples 

Steenge (1997) linked the I-O model including the NAMEA directly to certain institutional aspects of environmental policy. He showed that different liability rules could be introduced, so that the polluter-pay principle is not the only possible institutional rule which could be implied. 


Another example, where the data of the NAMEA was used in an I-O model, was created by De Haan (2001), where the effects, which influence the quantity of pollution were analysed. The change in of pollution is caused by different reasons: 

· changes of eco-efficiency,

· changes of production structure,

· changes in pollution per money unit of output,

· changes in the composition of final demand.

With the help of I-O analysis he was able to calculate, what are the main reasons for changes in pollution. Besides more detail results, De Haan (2004)
 gets the following explanation regarding the change of CO2 emissions in the period 1987-1998: 

· -12.1% was caused by eco-efficiency gains, 

· -0.2 % was caused by change of production structure, 

· -2.6 % was caused by change of demand structure, 

· +35.1% was caused by change of demand volume. 

These different effects results in a net 20.2% increase of CO2 emissions in the observed period. 


It is also possible to restrict the I-O analysis to specific inputs like energy, like Schoenau and Delahaye (2006) have done with respect to the Dutch energy use in 2003. The authors calculated that 64% of the Dutch energy use is caused by exports, 23% by private consumption, 6% by public consumption and 7% by investment activities.
       

VII Conclusions and Future Research


What can be derived from these papers with respect to the question which environmental accounting approach should be preferred? At first it must be stated that a GNI is only one highly aggregated indicator, where the hypothetical sustainable economy is not well defined. Maybe, it should be taken into account, that some economists e.g. van den Bergh (2007) are proposing to abolish the GDP as an economic indicator. If it will be chosen to follow this idea, then it will make no sense to calculate a GNI in addition to the GDP or NNI. A GNI is useful only as a sort of signal for the public, but not as the analytical tool. Additionally, there exists no world-wide consensus which GNI concept should be used and in so far the different GNI’s are not comparable.     


Contrary to the GNI, the NAMEA is applicable to all kinds of I-O models
 to analyze what kind of incentives
 must be set to reach the sustainable economy. Additionally, more and more countries are offering NAMEA type tables, so that international comparisons are becoming possible.   


Embedding the NAMEA framework within the overall context of the I-O approach is a task ahead. This is a necessity if the various policy options that exist in a modern world are to be explored systematically. For example, it will have to be thought about substitution possibilities in a world concerned with growth and distribution issues. This task, however, won’t be an easy one. It may quite well be that it will require the rethinking of the very foundations of the Leontief model. Although, it will be a good idea to start with the Leontief contributions on environmental policy dating back to the early 1970’s. Advantages are that the model is well-known. It exists of the familiar square intermediate inputs parts, augmented with an emission registration part and anti-pollution or abatement activities. The emission registration concerns the familiar greenhouse and other noxious gases such as the COx, NOx, SOx, and other compounds. The abatement activities are compound specific, i.e. concern the destruction of one unit of CO, CO2, etc. 


Environmental policy is usually designed in the form of maximum levels for total output of each pollutant, irrespective of its origin. The NAMEA model can straightforwardly calculate the amounts of pollution to be expected given a particular configuration of final demand. The application of existing rules and regulations decides whether the program is feasible, whether or not anti-pollution activities should be involved, and so on.    

The I-O model, however, cannot assist in pricing and distribution policy. That is, it cannot assist in deciding whether the polluter should pay, or whether other principles should be involved. In fact, in its standard form, it cannot tell us if the solutions that society will prefer are optimal. The reason is that the so-called non-substitution does not apply anymore. We should recall here that the non-substitution theorem was derived for a no-pollution world with only one (possibly aggregated) primary factor. Optimality meant satisfying exogenous final demand with such a combination of industries that total use of the primary factor (such as labor of imports) would be minimal.
 In the environmental pollution case, we have additional rules which severely complicate the problem. For example, we first have to decide how we should deal with factors like nature’s absorption capacity or the total quantity of pollutants that can be released into the environment. For example, should we think of these as a novel type of primary factor, or not? (Steenge, 2004a). Steenge (2004b) proposed an interpretation of Leontief’s 1970s model in terms of a multi-sectoral Coase Theorem. If indeed transaction costs can be abstracted from, or are minimal, this may provide a way to a new formalization of non-substitution theorems. 

 
Contrary to a GNI, the NAMEA is more useful in concentrating on specific environmental themes or pollutants. It is easier for policy makers to decide on institutional changes to reduce the quantity of pollutants. The empirical investigations of the NAMEA makes clear that small changes could improve  the state of the environment and combine it with little harm for the average person. A GNI in contrast, is not able to deliver an insight of what is going wrong within an economy regarding the environment -  it only informs us and policy makers that the status is bad, but without information about  the environmental/pollution hotspots or any other detailed information. 


As long as Europe is seen as a Europe of regions, it would be useful, that the statistical offices would offer regional I-O tables, which should include NAMEA tables and SESAME tables to incorporate also social aspects into the analysis. 

In the context of the regional decision makers it is very important to provide them with environmental sustainability indicators which will allow them to better understand the outcomes of the analysis. The sustainability indicators based on NAMEA/RAMEA would support actual dealing with the environmental problems instead of shifting them but also take into account the restricted influence of regional policy-makers on global environmental problems. The most important application of these indicators at the moment is to inform the regional policy makers and provide them with the tool to transform the environmental strategy goals into the measures to accomplish them and assess the progress together with the legitimacy of implemented environmental policy. Additionally, the sustainability indicators answer the needs for simple, understandable and reliable indicators expressed by the regional policy makers. 

The models developed so far within the framework of RAMEA project are promising and the project is foreseen to form a standards for the regional environmental information to the policy makers as well as create the insights regarding dealing with the data which are missing what is the common problem for the development of such tool where there is no national statistics available as in Netherlands. The experiences gathered within the RAMEA project will be a starting point for more elaborated information system about the environment and hopefully will be the basis for the creation and revision of the environmental policy as well as benchmark tool against which the policy measures implemented would be assessed.  In the opinion of both, the regional policy makers and the project partners, RAMEA is an important undertaking, especially for the regions where the is a need for a solid background for setting the goals of environmental policy, which includes, but is not limited to the environmental areas that need the most of attention. 
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� See Hueting (1974, 1980).  


� See for example Lange (2003), 


� The NAMEA was developed by De Boo, Bosch, Gorter & Keuning  (1991). See also  De Haan, Keuning & Bosch (1994) or De Haan (2004).   


� This part of the work is partly based on Stauvermann (2006b). 


� The original idea behind the SAM's (Satellite Accounting Matrix) was to incorporate concerns of inequality and poverty within the national accounts and input-output tables. An introduction to the SAM approach is given in Keuning & de Ruijter (1988), Pyatt & Thorbecke (1976) and Pyatt & Round (1986).


� Duchin & Steenge (1999) give a technical overview about input-output analysis with respect to environmental problems. Additionally, Duchin (1998) has presented a structural approach of different I-O models. See also Duchin & Lange (1994).   


� Leontief´s (1970) analysis of the physical economy "can be regarded as the first prototype NAMEA since both systems are characterized by a hybrid structure including both physical as well monetary data"  (de Haan (2001), p.5).  


� The numbers for the environmental themes are aggregated with the help of the IPCC conventions. This means e.g. that one kg of CO2 emissions equals one global warming potential, one kg of N2O emissions equals 270 global warming potentials, and one kg of CH4 equals 11 global warming potentials. 


� See for example the NAMEA table in Keuning, van Dalen & de Haan (1999, p.18-22). 


� See e.g. the NAMEA table in Keuning, van Dalen & de Haan (1999, p.18-22).


� The pilot NAMEA in 1993 benefited much from the work done on environmental indicators at the Ministry of Housing, Spatial Planning and the Environment (Adriaanse (1993)). 


� The indicators refer to Adriaanse (1993). An extended discussion of the aggregation of different environmental substances is given in the Annex B of de Haan, Keuning & Bosch (1994).   


� Eco-efficiency is defined as the relation between emissions (measured in physical units) per unit of output (measured in money). See for example Filatova & Stauvermann (2006).


� Numbers are taken from Stauvermann (2007).


� An explanation how to do this is given in de Haan & Kee (2004) and De Haan (2000). 


� See Keuning & Steenge (1999) and especially Kee & De Haan (2004) who discuss the differences between SEEA and the NAMEA approach. 


� E.g. the British NAMEA contains 15 environmental substances and only 3 environmental themes (Vaze 1999), the Japanese one contains 16 substances and 6 themes (Ike 1999), the German one contains 8 substances and 2 themes (Tjahjadi, Schaefer, Radermacher & Hoeh 1999) and the Swedish NAMEA contains 5 substances (Hellsten, Ribacke & Wickbom 1999) and the overview of Mollgard (2000) regarding air emissions. 


� NAMEA for air emissions – Compilation Guide, version 2004. Eurostat Doc.EA1/016/10.1/(2005)


� See e.g. Keuning (1997), Keuning (1998), Van de Ven, Kazemier & Keuning (1999), Keuning & de Haan (1996) or Schoer (2003).  . 


� See Steenge (1997, 1999). 


� According to RAMEA project description.


� An English translation of Hueting's book was published 1980.  


� He published some 75 articles, papers and books in English about this theme. Goodland (2001, p. 326-331) gives an overview of the work of Hueting. 


� This section is mainly based on the work of Hueting & de Boer 2001, Hueting & Reijnders (1998), Hueting (1970, 1974a, 1974b, 1980, 1992, 1995, 1996, 2001), and Hueting, Bosch & de Boer (1992, 1995).


� In the literature (see Goodland (1995) for an overview) a number of many different definitions of sustainability exist, such as weak sustainability or strong sustainability. Hueting defines sustainability as a situation in which vital environmental functions remain available ad infinitum. In Hueting's view his concept of sustainability is scientifically objective (see Hueting & Reijnders (1998) or Reijnders (1996)). 


�The costs contain the costs of preserving the environment and the costs of removing existing environmental burden. 


� See Verbruggen (2000), especially p. 97-197. 


� An explanation of the details of an AGE model is given in Jorgenson & Wilcoxen (1993a, 1993b) and Boyd & Uri (1991). 


� See Verbruggen (2000, p. 187-188). 


� The percentage is given by � EMBED Equation.3  ���. 


� The percentage is defined as � EMBED Equation.3  ���.� EMBED Equation.3  ���


� See e.g. Duchin & Steenge (1999). 


� It should be noted that we could also introduce more restrictions than two. Of course, the additional restrictions must be fulfilled by an inequality or equality.    


� Please note, there is a small error in the calculations of de Haan  (2004,, p. 180, table 8.2 .). The total change regarding agriculture (first row) is not 0.8% but instead 0.7%, in so far the total change is not 20.2% but 20.1%.   


� The analysis here was also made in other countries like Germany (see e.g. Stahmer (2000)).  


� See the proposals in Proops & Safonov (2004) or examples of de Haan (2004).  


� E.g. taxes, subsidies, prohibitions etc.  


� In this context, it could be proved that the set of industries optimal for one final demand vector, would be the optimal one for any final demand vector. This is usually interpreted as a legitimization of Leontief’s fixed coefficients assumption. 








PAGE  
3

[image: image22.wmf]NNI

SNI

NNI

-

[image: image23.wmf]n

consumptio

Actual

n

consumptio

e

sustainabl

n

consumptio

Actual

 

 

 

-

[image: image24.wmf]_1234712309.unknown

_1234715006.unknown

_1234715710.unknown

_1234716032.unknown

_1234717347.unknown

_1234761752.unknown

_1234715857.unknown

_1234715524.unknown

_1234714242.unknown

_1234714899.unknown

_1234712716.unknown

_1234710727.unknown

_1234711422.unknown

_1234712175.unknown

_1234710847.unknown

_1234711323.unknown

_1234709936.unknown

_1234710578.unknown

_1213522257.unknown

_1234709827.unknown

_1213522160.unknown

_1213522231.unknown

