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Summary
“Resource efficiency” means doing the same thing or more with less resource and less damages from resource use. The first aspect is generally referred as decoupling (of GDP from resource use) while the second aspect is by analogy named “second” decoupling (of GDP from environmental impacts). First decoupling indicators measure resource efficiency from the point of view of the economy, with the assumption that alleviation of pressures results in improvement of the environmental conditions. If this correlation can be accepted and guide policies, it doesn't mean that the “first decoupling” indicator is full and sufficient a measure of environmental degradation or improvement. A well-known reason is that the relative improvement of the ratio GDP/resource use can be upset by a faster increase of GDP and resulting finally in an increased burden on the environment. Even in the case of a reduction of resource use (a difficult target considering economic development and population growth), degradation may continue if thresholds have been bypassed as it is the case in several fisheries around the World. There is therefore the need for a second indicator of resource efficiency able to fully measure the decoupling of GDP from environmental impacts. This indicator will have to reflect both the relative and absolute performance of the economy regarding environmental degradation. The measurement of the ecosystem capacity to supply altogether biomass, freshwater and regulating and socio-cultural services in one single currency called ECU for ‘Ecosystem Capital Unit’, and of its degradation is the second decoupling indicator. When “first decoupling” indicators rely for their implementation on two decades of research and statistical work on material flow accounting, “second decoupling” indicators can be implemented to day on the basis of the development of ecosystem capital accounts and the measurement of ecosystem degradation. In practice, both indicators have to be considered together, the most consistent accounting balance between economic sectors and ecosystems being achieved for carbon.
Keywords: resource efficiency; ecosystem accounts; decoupling.
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“resource efficiency” means doing the same thing or more with less resource and less damages from resource use. The first aspect is generally referred as decoupling (of GDP from resource use) while the second aspect is by analogy named “second” decoupling (of GDP from environmental impacts). First decoupling indicators measure resource efficiency from the point of view of the economy, with the assumption that alleviation of pressures result in improvement of the environmental conditions. If this correlation can be accepted and guide policies, it doesn't mean that the “first decoupling” indicator is a measure of environmental degradation or improvement. 
A first and well known reason is that the relative improvement of the ratio GDP/resource use can be upset by a faster increase of GDP and resulting finally in an increase burden on the environment. Even in the case of a reduction of resource use (a difficult target considering economic development and population growth), degradation may continue if thresholds have been bypassed as it is the case in several fisheries around the World. 
There is therefore the need of a second indicator of resource efficiency able to measure the “second decoupling” of GDP from environmental impacts. This indicator will have to reflect both the relative and absolute performance of the economy regarding environmental degradation. When “first decoupling” indicators rely for their implementation on two decades of research and statistical work on material flow accounting, “second decoupling” indicators can be implemented today on the basis of the development of ecosystem capital accounts and the measurement of ecosystem degradation. In practice, both indicators have to be considered together.
1. Measuring the “first decoupling”: how to do the best use of DMC or DMI
Material flows analysis and accounting (MFA) is a well established discipline where coexist approaches by sectors, products balances and life cycle analysis as well as economy-wide aggregates summarising the material efficiency of the society. Because of this capacity, indicators such as TMR, TMI, DMI, or DMC are commonly used
. 

DMC, the Direct Material Consumption is measured by a number of industrial countries. From the “first decoupling” perspective resource efficiency is expressed by the improvement of ratios such as DMC/ GDP (called Material Intensity or Material Productivity) or GDP/DMC (called Resource Productivity or Material Efficiency) or DMC/capita.  Because of the overarching importance of such type of indicator, its format needs to be examined carefully in order to avoid distortions and wrong messages regarding trends and international comparability – an important issue in the European context where GDP/DMC has been chosen as the headline indicator of the flagship initiative for a resource-efficient Europe under the Europe 2020 strategy
. 
As long as the ideal indicator will confront measurement of the economic performance and of resource use, the consistency of the two terms of the ratio has to be assessed.
Natural resources in the SNA
:

In the SNA2008 (the international manual of national accounting), natural resources are defined as:

Land (and soil), Mineral and energy reserves, Non-cultivated biological resources, Water resources and Other natural resources (radio spectra). These are the natural assets used by the economy for achieving its performance measured (inter alias) by the GDP. Ideally, a resource efficiency indicator should cover at least this range of assets. 
Natural resources in Material Flows Accounts

The scope of material flows is described by a famous scheme of Steurer and Radermacher.

Figure 1: A stylised map of materials of particular importance for accounting

[image: image1.emf]
Source : Steurer A. and Radermacher, W., 1996
Considering natural resources, the first immediate remark is that land is absent from material flow accounting, because of the choice of tons as common numeraire. Efficient use of the land resource is however an important policy challenge.
Secondly, the figure presents interestingly groups of materials according to their quantities, to the impacts of their use and to policy issues. 

Starting from the bottom-right of the oval, a first group of materials are rather harmful, despite their modest amount in tons. They range from hazardous to more common chemicals and to metals. They are the subject of life cycle analysis and other detailed material balances. Obviously, they will not amount for much in an overall aggregate of tons of materials – they will be mostly out of the headline story.

On top-left is water – which importance for irrigation, hydroelectricity or human consumption is not to be highlighted. It is covered by water accounts. However, because “The flows of water would be so large that data on all other materials would be of negligible size and not appropriate for analytical purposes” (Eurostat, Statistics in focus, 9/2011), water is excluded from material flow accounts.
In the middle of the oval the materials which make 99% of the total flow coexist such as fossil fuels and carbon, biomass products and sand and gravel. All are for sure basic inputs to production. It is not so sure that their simple aggregation is fully justified. In fact, the consumption of fossil fuels and biomass product results ultimately in combustion (and CO2) when sand and gravel are moved from one place (e.g. quarry) to be incorporated into durable infrastructures (e.g. buildings). Fossil fuels and biomass products are internationally traded when sand and gravel are mostly of local use. Both types of materials are certainly consumed, but differently nature and their addition in one single aggregate can lead to ambiguities and mis-interpretations. The issue is the more serious as current statistics show that sand and gravel (often named “non-metallic minerals”) represent in Europe circa 50% of the domestic material flow. 
In the same way as water has been set aside from the material balance for readability reasons, a split between these two categories when making DMC would improve the overall significance. 

Indeed, the group of carbon products, fossil and biological have common significance. Technically, they can all be measured in tons of carbon or in joules. There are significant trade-offs in their use, as the biofuels issue shows is clearly – or the use of gas ovens to prevent deforestation. Energy and food are major issues in economic development. Consumption of fossil and biological carbon products result in green house gases. Carbon/energy circulates in the whole economy as well as in all life on Earth and biomass excessive use is an importance stress on the ecosystem (as emphasised by the HANPP indicator). Therefore, carbon balances could be an important link in the connection between the “first” and the “second” decoupling indicators. 
So the solution could well be to have a small number of DMC indicators:

· DMC Carbon, being pivotal and taken as the best proxy in the short term

· DMC Sand-and-gravel, used for specific applications regarding urban sprawl and infrastructure development (in conjunction with land accounts)

· DMC Water used as well for specific applications regarding irrigation, hydroelectricity and human consumption... 

DMCC could be related to the ecosystem capital accounts carbon balances. It could be related to GHG inventories. It could be related to Trade Balances of “biomass and energy carriers” and in addition to balances of carbon embedded into traded commodities.

Necessary adjustment of the DMC format

If DMC/DMCC is to be used jointly with GDP for producing a headline indicator of resource productivity, its coherence with GDP needs to be improved. DMC, as its name tells it is an indicator of consumption and should be combined only to the consumption or demand aggregates of the national accounts or, as a proxy, to population (DMC/capita). The issue is not anecdotic regarding European policies and the need to have comparable data (on GDP, debts etc...).  

DMC = Domestic Extraction Used (DEU) + Imports – Exports 
or DMC = DMI – Exports
Two issues in this definition are noted in the Norwegian report of 2006 to Eurostat, both related to the treatment of Exports. 

The first difficulty is that the GDP is partly paid by the exports. The figure comparing Norwegian Exports and Imports is explicit on that point. Comparing DMC and GDP is meaningless as long as GDP has been made for a large part by the oil material extracted. Two solutions are possible in that case: 
· either Exports of DEU (mostly oil) are not subtracted 
· or, if DMC is kept unchanged, oil production (and Exports as a consequence) should be measured Net of any oil rent. 
[image: image2.png]Figure 7.1 Exports and imports according to type.
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The second issue relates to Trade. In the national accounts, the consumption of trade activity is made of what is necessary for the activity itself (electricity, paper or plastic bags, rental of buildings...), not of the commodities purchased for resale. The figure below is explicit: DMC data are not comparable in that way and not coherent with GDP where only trade margins are recorded. 
[image: image3.png]Figure 10.3 DMI (by DEU and imports) and DMC patterns for Norway, the Netherlands and
Belgium/Luxembourg. 1999. 1 000 tonnes.
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“The existence of major shipping hubs (Antwerp in Belgium and Rotterdam in the Netherlands) explains why there is a clear gap between DMI and DMC in Belgium/Luxembourg and in the Netherlands, since goods are first imported through these ports and then exported to other countries in Europe.”
So, the solution is likely to define for resource efficiency measuring an Adjusted DMI net of re-exported imports only:  
DMI Adj = Domestic Extraction Used (DEU) + Imports – Re-exported goods
The correct indicator of “first” decoupling would therefore be: DMI Adj/Carbon. 
2. Second decoupling: efficiency = maintenance of the ecosystem capital

In the case of the “second” decoupling, nature is considered as a capital which has to be maintained in order to secure future services. Direct and indirect impacts of resource use are the focus. The framework of such assessment is commonly called “ecosystem” and should be understood in a broad sense, including human activities, equivalent to the concepts of “socio-ecological systems” or of “socio-ecological production landscapes” (the Japanese “satoyama” concept). In this ecosystem capital approach, the core efficiency indicator is Ecosystem Degradation (ED). It is important to note that degradation encompasses resource depletion but is broader and relates to the potential of multi-functional ecosystems to deliver the full range of their services in a sustained way. Depletion of a renewable resource (timber, fish stocks…) is an index of degradation but the latter may take place even though no depletion is observed. This may be due to time lags, delayed effects (progressive loss of soil fertility, loss of resilience in over-managed forests, change in age structure of fish stocks etc…), interactions and feedbacks. Ecosystem Degradation has therefore to be assessed per se, on the basis of a multi-criteria diagnosis combining altogether quantitative measurements and observed symptoms of distress. 

The multi-criteria diagnosis of ecosystem degradation can be efficiently carried out with a small number of indicators (sub-indicators or indexes) capturing the main facets of ecosystem “good state”: 

· Net Ecosystem Carbon Balance (NECB): results from the difference between the Net Primary Production of biomass (which can be measured in carbon units) and the withdrawals by agriculture and forestry; low NECB reflects soil degradation and negative conditions for fauna and flora. 
· Water Index (WI): summarises the effects of river basins status regarding water quantity and quality. It is composed of 3 indexes related to rivers, aquifers and soil water.

· Landscape Ecosystem Potential (LEP): reflects the effects of ecosystem land use in terms of naturalness and integrity.

· Biodiversity Index (BI): is calculated on the basis of scientific monitoring and official reporting to the Habitats Directive; for a given ecosystem type, a lower or declining BI is a symptom of loss of resilience. 
Each sub-indicator or index can be subdivided or refined according to scales (down to the local) and/or to harshness of particular issues (with more investigation on hotspots). At the global/continental scale, a simple set of indexes can support overall diagnosis, in the way annual check-ups do it in preventive medicine. 
Measuring ecosystem capital degradation

To be compared to the headline economic indicator, ecosystem capital degradation has to be expressed by a single number. Basic material flow indicator – used for measuring the first decoupling are not sufficient at this stage; quality matters as much as quantity, interactions, synergies, feedbacks and conflicts of use must be reflected in the same way that economic values reflect quantities and qualities altogether. 

Ecosystem capital measurement cannot be founded principally on the market based equivalence function prevailing in the SNA. Ecosystem capital and services can be marketed or free, private and/or public goods. Valuation in money of ecosystem assets and flows reflects preferences as stated by the market: existing market prices or shadow prices estimated in reference to market values. Values far from the market because they express collective preferences for ethical principles, intergenerational responsibility and the longer term future of the planet are poorly or misleadingly measured in money, if measurable at all in the economic currency. More, those ecosystem functions that the economy considers external because no payment is requested for their use are internal to the ecosystem. The economic price of a resource reflects (incomplete) production costs, normal profit and possible rents on the supply side and quality from a user perspective, on the demand side. It ignores direct effects impacts of resource excessive use as well as indirect effects on ecosystem functioning (often called ‘qualitative’) which matter as much as ‘quantitative’ resource appropriation, both being entangled. 

There is therefore the need of defining a universal equivalent unit for the ecosystem, which can play the role of money in the economic system. Such physical currency should measure the ecosystem capital capability to deliver ecosystem services which relates altogether to their natural annual productivity and to the other aspects of their health or condition that determine the sustainability of their services. The ecosystem capital accounts produced by the European Environment Agency define a single currency called ECU for Ecosystem Capability Unit.
The single currency needed to account for ecosystem capital degradation/development and ecological new debts/new credits has several properties. It is: 

· Able to capture the effects of resource use intensity on the overall ecosystem state and capability. Clearly connected to the basic accounts of ecosystem resources, stocks, supply and use. 

· Able to capture all change in ecosystem condition, resulting directly from resource use and indirectly from other anthropogenic causes.

· Able to measure the accessible ecosystem resource which is the resource which can be used without degrading the ecosystem.

· Based on best scientific knowledge and monitoring technology. 

· Transparent and verifiable: as long as the ECU is based on a convention, it has to be transparent and verifiable so that it can be trusted and used by all with maximum confidence.

A measurement in ECU will tell in one single number what the capability of a given ecosystem regarding all provisioning (biomass and water), regulating and socio-cultural services is. 

As it is not possible to add up carbon and water and hectares (or other components), even though they are converted into ECU, a choice has to be made of a pivot account. In theory, all options are possible as long as the account is general enough. The specific stress indexes of the other components will be reflected on its own value in ECU. The choice done for the first ecosystem capital accounts in Europe is to take biomass/carbon as surrogate of the ecosystem capital capability. 

With the ECU, the measurement of ecosystem degradation provides the second decoupling indicator.  
Connecting the two decoupling in one single diagnosis
The connection between the DMI Carbon indicator (or better, DMI Adj...) and the ecosystem capital accounts are first of all in the bio-carbon account which balances the flows between the economic sectors and the ecosystems. 
Economic statistics of crops, livestock, grazing, forestry, fishery are in the ecosystem capital account distributed according to the places of origin, so-called socio-ecological landscape units. The assessment for each of these units of its productivity and health allows characterising the conditions of the supply of carbon based ecosystem services. 

Integrating in one single balance the fossil carbon and biomass used by the economy, the accessible biomass supplied by the ecosystem under sustainable conditions including access to fresh water, landscape integrity and species biodiversity and the emissions of to the atmosphere and the ocean will provide a first overall vision of the interaction between economy and nature. 
� TMR: Total Material Requirement; TMI: Total Material Input; DMI: Direct Material Input; DMC: Direct Material Consumption.


� “The flagship initiative for a resource-efficient Europe provides a long-term framework for actions in many policy areas, supporting policy agendas for climate change, energy, transport, industry, raw materials, agriculture, fisheries, biodiversity and regional development. This is to increase certainty for investment and innovation and to ensure that all relevant policies factor in resource efficiency in a balanced manner.” � HYPERLINK "http://ec.europa.eu/resource-efficient-europe/" �http://ec.europa.eu/resource-efficient-europe/�


� UN System of National Accounts





