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Abstract

The paper reports on the methodology and empirical effort of constructing the environmental satellite accounts for the World Input-Output Database (WIOD). These environmental extensions, expressed in physical units, were computed based on various information sources with priority to energy related data. The data comply with the usual conventions of the national accounting framework and complement the core of the WIOD database, which includes harmonized supply and use tables, bilateral trade matrices and inter-country input-output tables. The environmental satellite accounts cover 40 countries including the EU27 Member States as well as an additional ‘rest of the world’ region, over a time series from 1995 to 2009 and with a sectoral breakdown of 35 industries augmented by household activities. The environmental themes covered include the use of energy broken down by energy commodities, the emissions of major air pollutants, the extraction of main materials, the water use by type of water and the (agricultural) land use.
1. Overview
At the core of the WIOD database stand the economic linkages between industries in the countries covered, portrayed by a set of harmonized supply and use tables (SUTs), alongside with data on international trade in goods and services, and integrated into sets of inter-country input-output tables. In order to expand the analytical potential of the dataset to wider range of research themes, a set of environmental satellite accounts were also developed for the WIOD project with the same time scope (1995-2009), country coverage (EU-27 Member States, 13 non-EU countries and remaining regions aggregated into a single ‘rest of the world’ region) and sector breakdown (35 industries plus households). Other projects such as GTAP (2008) or EXIOPOL (2011) provide environmental data linked to an input-output (IO) framework, but to our knowledge, the WIOD environmental accounts are the first ever attempt for a publicly available full worldwide time series of a large number of environmental indicators at a reasonable sectoral breakdown.
The WIOD environmental satellites consist of energy and air emission accounts as core indicators and include also materials extraction, land use (for agriculture and forestry) and water use as additional indicators. Core indicators (energy use and air emissions) mean they have received enhanced attention, which is justified by a number of factors. Firstly, the use of energy is usually treated as a factor of production in Economy-Energy-Environment (E3) models (such as those used in the WIOD project), and this warrants the definition of detailed links between expenditure for energy inputs and those energy inputs in physical terms. Secondly, due to the long standing existence of reporting obligations (such as in the framework of IEA
 and UNFCCC
), these themes enjoy a relatively fortunate situation in terms of data availability. Thirdly, because analyses related to the emission of greenhouse gases (such as in climate change mitigation scenarios) do not need to take into account local aspects in the same fashion that is necessary when dealing for instance with emission to water (where the adequate geographical dimension would likely be the river basin rather than the country), and this enables meso-scale models to claim full policy relevance.

In more details, the data covered by the energy accounts include energy flows (in TJ) in terms of gross energy use and emission relevant energy use by WIOD sector and energy commodity (see Annex 1 and Annex 2 for the detailed list of sectors and commodities, respectively). Once priced and aggregated, the gross energy use is directly related to expenditures for energy inputs as from the use tables and the production functions used in models. On the other hand, the emission relevant energy use, derived from the gross energy use but excluding the non-energy use (e.g. asphalt for road building) and the input for transformation (e.g. crude oil transformed into refined products) of energy commodities, is the direct link between energy use and energy-related emissions.

The air emission accounts include two sets of data: CO2 emissions (in 1000 tonnes) by sector and energy commodity (non-energy emissions are also reported) and other air pollutant emissions (in tonnes) by sector, including N2O, CH4, NOX, SOX, NH3, NMVOC and CO. Detailed CO2 data (as opposed to providing only aggregate CO2 emissions per sector) are important to be able to simulate the environmental impact of energy mix changes (e.g. substitution of gas for coal in the power sector). Note that for the non-CO2 emissions, detailed data (by energy commodity) were either irrelevant (some emissions, such as methane are chiefly related to biomass fermentation or the use of refrigerators, not to the use of energy) or simply not feasible within the boundaries and resources of WIOD
.
For the additional indicators, the materials extraction accounts cover used materials and unused extraction (in 1000 tonnes) by extraction sector and type of materials. The used materials represent the amount of extracted resources, which enters the economic system for further processing or direct consumption; whereas the unused extraction refers to materials that never enter the economic system and thus can be described as physical market externalities (e.g. wood harvesting losses from biomass extraction). Land use accounts include the agriculture and forestry use of land (in 1000 hectares) by land type. Note that land use by other sectors (chiefly built areas) could not be included due to data gaps. Lastly, water use accounts include water use (in 1000 cubic meters) by sector and water type. A full list of materials, land and water types are included in Annex 3.
The WIOD environmental satellites may serve, for instance in the case of air emissions, to derive different environmental impact categories for analysing environmental themes of international relevance and of utmost importance. This concerns, in particular, global warming, acidification, and tropospheric ozone formation for which all the data needed to compute the potential impact
 are available in the WIOD database. In general, the environmental satellites were defined such as to cover the broadest range of environmental themes as reasonably achievable while maintaining data quality. To that respect, other environmental themes, such as waste generation and emission of pollutants to soil and water are not covered in WIOD due to severe data gaps.

The following sections depict the conceptual framework of the WIOD environmental satellites, detail the data used for elaborating the database and give an overview of the methodology implemented to derive the environmental accounts. The presentation here intends to be concise and to raise only the main points. Please refer to WIOD (2012) for full detailed information on the construction of the environmental accounts.
2. Conceptual framework

In brief words, environmental satellites are environmental variables of relevance for analysis, expressed mainly in physical units, which are juxtaposed to the monetary SUT framework. Figure 1 shows a typical arrangement for the satellites.
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Figure 1. Environmental satellites in a SUT framework (Moll et al., 2008)

For a given country and year, V represents in Figure 1 the make table (transpose of the domestic supply table) and I the vector of imported products from the supply side, while from the use side, U denotes the inter-industry part of the use table (intermediate consumption), Y the final demand matrix (consumption by private households and government, gross fixed capital formation and exports) and w the gross value added vector by industry (comprising several factor inputs such as wages, depreciation and surplus). Row wise, vector q shows total use of products by industries and final demand while vector x is the output by industry (domestic production). Column wise, vector qT is the transposed total supply of products (domestically produced or imported) while transposed vector xT is total input by industry (intermediate products and value-added). The SUT framework as illustrated in Figure 1 is balanced and expressed in monetary units, with industry input equalling industry output (x, xT) and product supply equalling product use (q, qT). These identities are an important prerequisite for the mathematical Leontief-type models.

A simple and convenient means of adding the environmental variables (extensions), while keeping the system balanced, is to juxtapose them as an extension of the SUT, using so-called satellite accounts. Satellite accounts are thus external vectors, juxtaposed using the same industry (or product) breakdown as the SUT they accompany. Figure 1 illustrates the treatment of an environmental variable (e.g. CO2 emissions) in the form of vector rT using a breakdown by industry. The juxtaposed vector comprises two parts: rxT related to industries and representing direct environmental factor inputs by industry, and ryT represents factor inputs associated to the components of final demand. This framework, sometimes called NAMEA (National Accounting Matrices including Environmental Accounts), accepts as many extensions as environmental variables of interest one needs to add. Since all environmental account data published by National Statistics Institutes (NSIs) follow the publication of compatible national accounts, the terms NAMEA and environmental accounts are frequently used as synonyms, in particular NAMEA-energy for energy accounts and NAMEA-air for air emission accounts.
The presented framework is entirely based on the residence principle and directly suitable for analysis using e.g. IO models of Leontief type (with industry technology or commodity technology assumptions). In addition, compared to an environmental extended IO system based on symmetric tables, the EE-SUT (Environmentally Extended SUT) offers the flexibility of recording the supply and use of natural resources (e.g. energy inputs, materials), ecosystem inputs (e.g. land, water) and residuals (e.g. emissions) either by industry or product. In WIOD, all the environmental extensions are reported by industry like it is commonly done in the literature due to the fact that data on these themes are usually available at industry level (and not at product level).
The total environmental load related to the consumption of products is in fact customarily broken down in three main components: production phase (including raw material production, manufacture of the product, and distribution), use phase, and post-consumer phase (waste management). Not that the post-consumer phase is related to waste accounts which are not covered in WIOD. Having made the distinction between environmental loads of the production phase (only relevant for industries) and of the use phase (relevant both for industries and final consumers), we finally remark that not all the final demand elements of the environmental satellite accounts need to be filled: final consumption by households has associated environmental account entries; final consumption by government and not-for-profit organisations does not due to accounting conventions
; and other final uses do not have associated emissions either: investments do not because they are not clearly associated to flows responsible for emissions in the calendar year while exports do not because the use of those goods – and the emissions associated – in accordance to the overarching residence principle shall be booked to the importing country.
3. Data used

To compile the environmental accounts, various sources of information were used. They are reviewed below. The overarching principle of the data collection effort was to include, to the extent possible, all known and accessible official data published by NSIs in a format similar to the target WIOD format, i.e. in NAMEA-like format. However, despite the publication of international guidelines (SEEA, 2003), there is currently no international reporting for environmental accounts in general and NAMEA-like data are scarce. Whenever NAMEA data were not available, other statistics covering the same variables were collected to be converted to the NAMEA standard by means of the estimation procedures described in the methodology section and with the help of the required auxiliary data.

First of all, a general source of information for the environmental extensions is the other parts of the WIOD database itself, including the SUTs and socio-economic accounts, which guaranties the consistency of the whole WIOD database.

Regarding energy specific data, according to a survey conducted by the UNSD (2009), some 30-35 countries worldwide have developed, for at least one year, energy accounts based on a national accounting framework though at different industry/energy commodity breakdown levels. However, only a handful of countries have published and made available the results. The following energy accounts from NSIs were used in WIOD: Austria, Denmark, Germany, The Netherlands, Australia and Canada. As a result, the main source of information for WIOD energy accounts is the energy balances from IEA (2011a), available for all WIOD countries and years and which consist of energy inventories using territorial principle and technology- and/or process-based classifications which are in certain cases difficult to link to economic activities. The “Energy Statistics Manual” jointly published by IEA, Eurostat and OECD (2004) is the main reference for the concepts and classifications of energy balances and statistics. To circumvent the major difficulties to derive energy accounts from energy balances (differences in classification, terminology, source and boundary principle), specific sources of information were gathered. This encompass energy prices from IEA (2011b), transport data including aviation and marine bunkering from EXIOPOL (2011), car fleet from ODYSSEE (2011) and average fuel efficiency (JRC/CONCAWE/EUCAR, 2008), and tourism data including tourism terms of trade statistics from a joint OECD-Eurostat survey (OECD, 2011).
For air emission data, the main source of information for EU Member States is the full EU27 NAMEA-air dataset from Eurostat (2012a). All the WIOD air pollutants are covered and the time series ranges from 1995 to 2008. For non-EU countries, only international air emission inventories could be used. These include the inventory from the UNFCCC (2011) which covers all WIOD years and pollutants but ammonia for WIOD countries except: Brazil, China, South Korea, India, Indonesia, Mexico and Taiwan; and the inventory from the Emission Database for Global Atmospheric Research (EDGAR, 2011) which covers all WIOD pollutants and countries until 2008. In addition, information on CO2 emission factors were gathered from the 2006 IPCC Guidelines for National Greenhouse Gas Inventories (IPCC, 2006) as well as from UNFCCC (2011) emission reporting where country-specific emission factors are also reported (in that case the latter information supersedes the 2006 IPPC guidelines).

For the other environmental extensions, the sources for materials extraction include the database of material flows from SERI/Wuppertal Institute (2011) and the Material Flow Accounts (MFAs) from Eurostat (2012a), which both are based on a series of methodological guidebooks for economy-wide MFA (Eurostat, 2001 and 2009). SERI/Wuppertal Institute database covers all WIOD materials and countries until 2008 while Eurostat database covers EU27 countries and Turkey for used materials only ranging from 2000 to 2007 (some countries have also provided data 1995-1999 and 2008-2009). For agricultural and forestry land use, the main source used was FAOSTAT, the statistical system of the Food and Agriculture Organisation of the United Nations (FAO, 2012), covering all WIOD land use
 and countries but Taiwan until 2008. For water accounts, the main data source is the series of studies on the calculations of water footprints conducted by Mekonnen and Hoekstra (2010a,b, and 2011a,b). Additional information used for the other environmental extensions includes FAOSTAT agricultural production (FAO, 2012), data on water use from EXIOPOL (2011), data on hydropower from IEA (2011a) and population data from UN (2011).
4. Methodology

The environmental accounts in WIOD follow the principles laid down in SEEA (2003) and then can be called as NAMEA-energy, NAMEA-air, NAMEA-materials, NAMEA-land and NAMEA-water.

For NAMEA-energy, two main concepts in a balanced accounting framework can be used: net vs. gross energy concept. In the case of gross energy supply and use, the following equation holds:

Gross supply: Domestic production + Imports + Inventory changes

=

Gross use: Intermediate consumption + Final uses + Exports

While in the case of net energy supply and use, we have:

Net supply: Direct extraction + Imports + Inventory changes

=

Net use: Final uses + Losses due to conversion + Exports
WIOD energy accounts are based on the gross energy use concept which means that one has some double counting regarding the total energy metabolism of an economy (e.g. records of crude oil as input to refineries and refined products as input to all sectors, or natural gas as input to power sector and electricity consumption by all sectors, etc.). However, this gross energy concept is fully consistent with the input records in the use tables and all the information on the country energy mix is kept, which makes the environmental accounts with such concept more suitable for modelling applications (e.g. fuel substitution). Note that the emission relevant energy use is also estimated in WIOD to compute later the emissions to avoid any double counting.
Energy accounts are compiled using IEA extended energy balances as a starting point, achieving the specification of energy accounts using additional information to bridge between territory and residence principles and to allocate IEA accounts to the target classification and accounting concepts. The easy part of the work is when some of the energy balance items can be directly linked to some WIOD economic activities (e.g. agriculture and fisheries, paper production inputs, etc.). The main issues in energy account construction include the mismatch between sector classifications of IEA balances and WIOD, the discordant conceptual definition of some sectors, the different boundary principles, the inconsistencies between IEA data and WIOD SUTs, and the alignment of WIOD accounts with official NAMEA energy. In case of sector mismatch (e.g. textiles, miscellaneous manufacturing, services), the input of energy commodities (CPA 02, 10, 11, 23, 40 and 90) in monetary terms from the use table is used as the splitting key based on the two following assumptions: the NACE sectors that are below an aggregate IEA heading (e.g. services) a) pay the same price per energy unit, and b) consume energy products below an aggregate CPA heading (e.g. refined products) with identical shares given by the energy product shares of the corresponding IEA extended energy balance account.
Regarding discordant sector definition (e.g. heat and electricity autoproduction, road transport), some reassignments have to be made based on WIOD SUT information and combined with additional information and assumptions. For instance, the electricity and heat autoproduction (produced by non-power sectors) by specialised fuels has been directly assigned to specific sectors (e.g. autoproduction by waste to the waste management sector), whereas for the fuels of general use (e.g. natural gas), CAP 40 supply is used as a splitting key assuming that the share of power generation not captured in the supply table is equal for all industries that autoproduce electricity
. For road transport, household and road transport sectors fuel consumption was computed with combining monetary expenditure from use tables and composite fuel price
 based on IEA energy prices, passenger car fleet and car motor efficiencies; whereas the residual amount of fuels, corrected for the residence principle (see after), is assigned among all other sectors using the number of employees as the splitting key.
The boundary difference (territorial vs. residence principle) mainly affects transportation. For road transport, household and road transport sectors fuel consumption is already conformant with residence principle given that the estimation is based on SUT information. For the other sectors (residual), a correction with the aid of tourism terms of trade statistics (Eurostat-OECD) was applied. For air transport, the energy input flows (chiefly jet fuel) are based on the expenditure for commodity CPA 23 by the aviation sector (from WIOD SUTs) priced with IEA information, and then comply with the residence principle. This strategy applied to maritime transport (pricing CPA 23 expenditure, mainly heavy and light fuel oil, by the maritime sector), however, produced poor results, so the following alternative was applied: one point estimate in time (based on the estimates from the EXIOPOL project) was used to compute the ratio between fuel use by national carriers and bunker fuel deliveries in the country and this was projected along the time series with the supply of maritime transport services by the maritime transport sector in constant prices with keeping that ratio as constant (assuming fully constant energy use per output, which may be acceptable in maritime transport where room for innovation is limited).
Note that inconsistencies between IEA data and WIOD SUTs were corrected on case by case basis while the alignment with official NAMEA-energy was ensured with calibrating the WIOD time series at the same sector and energy commodity levels as in the official NAMEA-energy.
Regarding NAMEA-air, they may rely on two different concepts: energy-first vs. inventory-first approach (Eurostat, 2009). In energy-first approach, the estimation procedure starts from energy data re-arranged into energy accounts and applies emission factors (with taking into account non-energy related emissions) to derive air emissions. In inventory-first approach, it starts from national emission inventories, adjusts for residence principle and allocates the process-oriented emissions to economic activities to derive air emissions. For WIOD air emission accounts, the following strategy was implemented: NAMEA-air like data were always given priority when available; then energy-first approach was used when most emissions are linked to fuel combustion (CO2, NOx, SOx, NMVOC and CO); and inventory-first approach was applied when most emissions are not linked to energy use (N2O, CH4 and NH3).

In the case of energy-first approach, the main issues concern non-energy related CO2 emissions and non-CO2 sectoral emission factors. Non-energy related CO2 emissions are not available for non-reporting UNFCCC countries and were estimated based on average energy vs. non-energy ratio drawn from EU27. Non-CO2 emission sectoral factors, which are not available for non-EU countries, were estimated with calibrated coefficients based on EU sectoral emission factors. In the case of inventory-first approach, the main concerns are the mismatch between inventory and SNA (System of National Accounts) classifications and the different boundary principles. For the classification mismatch, the same strategy as for energy accounts was applied (WIOD use table information combined with similar assumptions). For residence principle correction, some scaling factors were applied based on EU27 observations.
The main methodological aspects of the construction of the additional indicators are related to the sectoral allocation and the estimation of data gaps. For material extraction, the allocation of materials to sectors is straightforward: biomass extraction is allocated to agriculture (sector AtB) while the extraction of fossil fuels and minerals corresponds to mining (sector C). Used material extraction in the EU27 countries are based on Eurostat database, while the other flows (unused materials in the EU27, used and unused in the non-EU27 countries) are derived from SERI/Wuppertal dataset. In case of missing data for a EU country, the estimations were conducted using the SERI/Wuppertal database. Missing data for 2009 were estimated on the basis of the gross output evolution at constant prices.

Agricultural area and forest area in the land accounts are allocated to agriculture sector. Forest area includes an estimation of the area actually used for productive purposes, as suggested by Lugschitz, et al. (2011). These figures were extrapolated from the forest area used for production purposes reported by FAO (2006).

Lastly, water accounts were built with a sector specific approach. Water use in the agricultural sector were estimated using crop and livestock water intensities from Mekonnen and Hoekstra (2010a,b) and data on crop production and livestock from FAOSTAT. The water use of the electricity sector (sector E) for hydropower generation
 were calculated using the world average water use per unit of electricity estimated by Mekonnen and Hoekstra (2011b)
 and the hydropower generation from the IEA. The water use by the other economic sectors were computed with using the total water use in industry reported by Mekonnen and Hoekstra (2011a), the shares of water use by industry of EXIOPOL and the gross output at constant prices from WIOD. Finally, water use by households is estimated on the basis of the average domestic water supply from Mekonnen and Hoekstra (2011a) and population from United Nations.
5. Conclusion
This environmental dataset construction work tried to reconcile heterogeneous official and (publicly) available information in an integrated framework with a transparent methodology fully documented in WIOD detailed reports. The main achievement was to compute in the WIOD framework environmental satellite accounts based on SNA conventions which address environmental themes of utmost importance including energy use, air pollution, natural resource extraction and land use. Beyond, these environmental satellites offer a high potential for modelling and policy analysis, in particular for energy and air emission applications.
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Annex 1: List of 36 sectors covered in the WIOD database

	WIOD Code
	Sectors
	Corresponding NACE code

	AtB
	Agriculture, Hunting, Forestry and Fishing
	01, 02, 05

	C
	Mining and Quarrying
	10, 11, 12, 13, 14

	15t16
	Food, Beverages and Tobacco
	15, 16

	17t18
	Textiles and Textile Products
	17, 18

	19
	Leather, Leather and Footwear
	19

	20
	Wood and Products of Wood and Cork
	20

	21t22
	Pulp, Paper, Paper , Printing and Publishing
	21, 22

	23
	Coke, Refined Petroleum and Nuclear Fuel
	23

	24
	Chemicals and Chemical Products
	24

	25
	Rubber and Plastics
	25

	26
	Other Non-Metallic Mineral
	26

	27t28
	Basic Metals and Fabricated Metal
	27, 28

	29
	Machinery, Nec
	29

	30t33
	Electrical and Optical Equipment
	30, 31, 32, 33

	34t35
	Transport Equipment
	34, 35

	36t37
	Manufacturing, Nec; Recycling
	36, 37

	E
	Electricity, Gas and Water Supply
	40, 41

	F
	Construction
	45

	50
	Sale, Maintenance and Repair of Motor Vehicles and Motorcycles; Retail Sale of Fuel
	50

	51
	Wholesale Trade and Commission Trade, Except of Motor Vehicles and Motorcycles
	51

	52
	Retail Trade, Except of Motor Vehicles and Motorcycles; Repair of Household Goods
	52

	H
	Hotels and Restaurants
	55

	60
	Other Inland Transport
	60

	61
	Other Water Transport
	61

	62
	Other Air Transport
	62

	63
	Other Supporting and Auxiliary Transport Activities; Activities of Travel Agencies
	63

	64
	Post and Telecommunications
	64

	J
	Financial Intermediation
	65, 66, 67

	70
	Real Estate Activities
	70

	71t74
	Renting of M&Eq and Other Business Activities
	71, 72, 73, 74

	L
	Public Admin and Defence; Compulsory Social Security
	75

	M
	Education
	80

	N
	Health and Social Work
	85

	O
	Other Community, Social and Personal Services
	90, 91, 92, 93

	P
	Private Households with Employed Persons
	95

	HH
	Households
	HH


Annex 2: List of energy commodities included in the WIOD database
	WIOD Code
	IEA Code
	FLOW

	COAL
	
	

	
HCOAL
	ANTCOAL + BITCOAL + COKCOAL + PATFUEL + SUBCOAL
	Hard coal and derivatives

	
BCOAL
	BKB + CAOLTAR + LIGNITE + PEAT
	Lignite and derivatives

	
COKE
	GASCOKE + OVENCOKE 
	Coke

	CRUDE & FEEDSTOCKS
	
	

	   CRUDE
	CRUDEOIL + NGL + REFFEEDS + ADDITIVE + NONCRUDE
	Crude oil, NGL and feedstocks

	PETROLEUM PRODUCTS
	
	

	
DIESEL
	GASDIES(1)*
	Diesel oil for road transport

	
GASOLINE
	MOTORGAS
	Motor gasoline

	
JETFUEL
	AVGAS + JETGAS + JETKERO
	Jet fuel (kerosene and gasoline)

	
LFO
	GASDIES(2)*
	Light Fuel oil

	
HFO
	RESFUEL
	Heavy fuel oil

	
NAPHTA
	NAPHTA
	Naphtha

	
OTHPETRO
	BITUMEN + ETHANE + LPG + LUBRIC + ONONSPEC + OTHKERO + PARWAX + PETCOKE + REFINGAS + WHITESP
	Other petroleum products

	GASES
	
	

	
NATGAS
	NATGAS
	Natural gas

	
OTHGAS
	BLFURGS + COKEOVGS + GASWKSGS + MANGAS + OXYSTGS
	Derived gas

	RENEWABLES & WASTES
	
	

	
WASTE
	INDWASTE + MUNWASTEN + MUNWASTER
	Industrial and municipal waste

	
BIOGASOL
	BIOGASOL + OBIOLIQ
	Biogasoline also including hydrated ethanol

	
BIODIESEL
	BIODIESEL
	Biodiesel

	
BIOGAS
	GBIOMASS
	Biogas

	
OTHRENEW
	CHARCOAL + RENEWNS + SBIOMASS
	Other combustible renewables

	ELECTRICITY & HEAT
	
	

	
ELECTR
	ELECTR
	Electricity

	
HEATPROD
	HEAT + HEATNS
	Heat

	
NUCLEAR
	NUCLEAR
	Nuclear

	
HYDRO
	HYDRO
	Hydroelectric

	
GEOTHERM
	GEOTHERM
	Geothermal

	
SOLAR
	SOLARPV + SOLARTH
	Solar

	
WIND
	WIND
	Wind power

	
OTHSOURC
	BOILER + CHEMHEAT + HEATPUMP + OTHER + TIDE
	Other sources

	LOSSES
	
	

	   LOSS
	DISTLOSS
	Distribution losses


(1) Includes only GASDIES for road transport

(2) Includes all GASDIES except GASDIES for road transport

* GASDIES [IEA] = DIESEL + LFO [WIOD]; GASDIES includes diesel oil for diesel compression ignition (cars, trucks, marine, etc.), light fuel oil for heating purpose, and other gas oil used as petrochemical feedstock.
Annex 3: List of materials, land and water types covered in the WIOD database

	WIOD Code
	FLOW

	MATERIALS TYPE
	

	Biomass
	

	   Biomass_animals_Used
	Animal biomass (used)

	   Biomass_animals_Unused
	Animal biomass (unused)

	   Biomass_feed_Used
	Feed biomass (used)

	   Biomass_feed_Unused
	Feed biomass (unused)

	   Biomass_food_Used
	Food biomass (used)

	   Biomass_food_Unused
	Food biomass (unused)

	   Biomass_forestry_Used
	Forestry biomass (used)

	   Biomass_forestry_Unused
	Forestry biomass (unused)

	   Biomass_other_Used
	Other biomass (used)

	   Biomass_other_Unused
	Other biomass (unused)

	Fossil fuels
	

	   Fossil_coal_Used
	Coal (used)

	   Fossil_coal_Unused
	Coal (unused)

	   Fossil_gas_Used
	Natural gas (used)

	   Fossil_gas_Unused
	Natural gas (unused)

	   Fossil_oil_Used
	Crude oil (used)

	   Fossil_oil_Unused
	Crude oil (unused)

	   Fossil_other_Used
	Other fossil fuels (used)

	   Fossil_other_Unused
	Other fossil fuels (unused)

	Other materials
	

	   Minerals_construction_Used
	Non-metallic minerals for construction (used)

	   Minerals_construction_Unused
	Non-metallic minerals for construction (unused)

	   Minerals_industrial_Used
	Other non-metallic minerals (used)

	   Minerals_industrial_Unused
	Other non-metallic minerals (unused)

	   Minerals_metals_Used
	Metals (used)

	   Minerals_metals_Unused
	Metals (unused)

	LAND TYPE
	

	Arable_area
	Arable land

	PermanentCrops_area
	Permanent crops

	Pastures_area
	Permanent meadows and pastures

	Forest_area
	Productive forest area

	WATER TYPE
	

	Water_blue
	Blue water

	Water_green
	Green water

	Water_gray
	Gray water


extensions








� The International Energy Agency, founded in response to the 1973-74 oil crisis, collects as a core mission authoritative and unbiased worldwide energy statistics. Data are available at: � HYPERLINK "http://www.iea.org/stats/index.asp" ��http://www.iea.org/stats/index.asp�


� The United Nations Framework Convention on Climate Change (1994), signed by 193 countries, sets an overall framework for intergovernmental efforts to tackle climate change. Data are reported to UN and are available at: �HYPERLINK "http://unfccc.int/2860.php"��http://unfccc.int/2860.php�


� The case of CO2 is in this respect easier because CO2 combustion emissions are strictly determined by the carbon content of the fuel, which is actually fairly constant across countries and years being determined by variations in fuel quality. Adding CO2 process-based (non-energy) emissions then allows building the full emission matrix. The estimation of other pollutant emissions, conversely, requires (much) additional specific information regarding fuel quality, combustion technologies and abatement technologies. For instance, SOx emissions depend on the Sulphur content of the fuel and on the desulphurisation technology; NOx emissions depend on combustion technology (flame temperature, air-fuel ratio) and abatement techniques; etc.


� Note that some secondary air pollutants usually considered when computing the global warming potential (e.g. SF6, CFCs and HFCs) are not covered in WIOD due to severe data gaps for allocating the emissions to specific industries. However, these secondary pollutants play a minor role in the global warming results.


� Government consumption records expenditure for services provided (CPA75 for public administration services, CPA80 for education, CPA85 for health, etc.), while the use of inputs such as fuels is not in the government consumption but in the input structure of the sectors NACE75 (sector L), NACE80 (sector M), NACE85 (sector N), etc.


� Note that forestry land use is not covered as such.


� Note that the CAP 40 supply represents not only the sale of surplus electricity to the grid from those establishments but also the supply of electricity within the same firm, as long as the production of electricity occurs in a different establishment (belonging to the same firm) than the one consuming electricity, and as long as the statistical authority applies consistently this accounting convention; in practice it is common, however, that empirical hurdles cause part of these flows to be unrecorded. In order to circumvent the statistical volatility of the non diagonal elements regarding electricity supply, the supply tables were averaged along the whole WIOD time series.


� For road transport sectors, the composite fuel price is simply equal to diesel price as it is assumed that these sectors only own diesel transport equipment (assumption by and large verified in the NAMEA-energy data available from NSIs).


� This water refers to the water evaporated from manmade reservoirs to produce electric energy.


� 68 m3/GJ
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