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Abstract

Economic indicators have been used in the macroeconomic field in Latin America for the interpretation and application of sustainability studies. However, recent reseach has examined the Latin American reality based on concepts such as social metabolism and through the use of physical indicators. This paper  furthers the subject. The contrast between monetary indicators and physical material flows is useful for analyzing the evolution of Ecuadorian macroeconomics and environmental sustainability between 1990 and 2009. The transition from a phase described as neoliberal (starting in the early 90’s) to a post-liberal proposal (from January 2007) makes the period under study significant.
This document is divided into four parts. The first section presents the core elements and the metric required for building a green economy. The second section analyzes the evolution of the Ecuadorian economy between 1990 and 2009. The third section presents the results. Limitations on the interpretation of the use of monetary indicators are examined, for which the genuine savings promoted by the World Bank are used as an example. Likewise, the potentialities for interpretation of indicators and indexes associated with social metabolism and strong sustainability are set out, such as material flows and environmental pressure (along with an initial application of the IPAT formula to the Ecuadorian case). The conclusions are presented in the fourth section.
1. Introduction

Achieving green macroeconomics presupposes the understanding of the relationship between ecosystems and economic systems, recognizing local and global socio-environmental conflicts caused by the kind of economic growth that disregards biophysical limitations and analyzing the economy as a system open to the input of solar energy and the output of dissipated heat. Economic growth has a negative impact on the natural system and is, therefore, incompatible with environmental sustainability (Martínez Alier, 2009).
The purpose of this paper is to compare monetary indicators against physical indicators, in order to analyze the evolution of Ecuadorian macroeconomics and sustainability between 1990 and 2009. The transition from a phase described as neoliberal (dating from the early 90’s) to a post-liberal approach (as of January 2007) makes the period under study particularly relevant. This study of Ecuadorian society is carried out from different angles, establishing a close link between allocative and distributional aspects and the scale; in other words, the environmental pressure caused by the kind of economic growth that disregards biophysical limitations.
By disregarding Nature as if it were a closed system, economics  makes an impossible assumption (i.e. infinite natural resources and a planet with an unlimited capability to assimilate); this goes against the laws of thermodynamics, especially entropy. This holds despite the fact that authors such as Kenneth Boulding (1967, 1972) have already observed that we need to consider the “earth as a space ship”, that is, to visualize the economic process within the context of a small, closed, and limited planet; and that Georgescu-Roegen, in The Entropy Law and the Economic Process (1971) has already spelled out the consequences within economic processes of the second law of thermodynamics (i.e. energy constantly degrades). By accepting these physical realities, an economic decline, or economic degrowth, was proposed during the seventies (Georgescu-Roegen, 1975), as well as the option of a steady state economy (Daly, 1991). 
Reality has now overtaken the aforementioned fruitful debate of ideas to such a degree that new approaches of interpretation are needed. The planet’s physical conditions have been so affected that mankind’s survival is now in jeopardy.  We are faced with a rupture of civilization: growing uncertainty and the magnitude of today's problems have reached a critical point, making it essential and urgent to discuss the creation of new paradigms which are more suitable for addressing unresolved issues. The required approach might be post-normal science, as per the terminology coined by Funtowicz and Ravetz (1997) and Funtowicz et al., (1999). If facts are uncertain, values are under dispute and decisions are urgent, “normal science” – according to the meaning given by T. Kuhn (1962) – fails to grasp mankind’s emerging problems, which must be understood and addressed through the use of a new concept of the quality of knowledge (i.e. the decision making process is just as important as its results) and a more active participation of those involved (Funtowicz and Ravetz call this the “extended community of evaluators”).

The conceptual challenge presented by post-normal science is also applicable to the conceptualization and measurement of sustainability. A green economy requires A metric other than monetary reductionism, and must be articulated through the notion of post-normal science, not as a denial of logical positivism (which extols scientific knowledge and debases other forms of knowledge), but rather as its dimensions need to be extended in response to reality’s post-normality. How much of what we already have is useful for this is a topic for discussion in terms of the destruction of scientific baggage versus the assimilation and refunctionalization of the concepts and metric used in the macroeconomic tradition of neoclassic synthesis. In other words, for some epistemologists, a change in paradigm means the destruction of knowledge, while for others the evolution of knowledge is more of  a continuous process of assimilation and re-assimilation, as put forward by Mankiw (1990).
Metrics related to well-being and sustainability have evolved through several non-sequential moments. See table 1. In the first phase, development was equated with high rates of economic growth, by associating an increase in GDP with the same in well-being. Later, metric were associated with a broader definition  of development, which included income allocation (distribution and redistribution) and capacity building, but overlooked scale, i.e., the implications of the said growth and allocation – manifestations of the economic system – for the natural systems within a biosphere which is subject to physical limitations. At a later time, when growth implications for  natural systems were included, the metric of sustainability acquired two aspects: a weak aspect (“natural capital” and economic capital are substitutes) and a strong aspect (complementarity between capitals and incommensurability), each having their own indicators and limitations (Falconí, 2002), which shall be examined below.
Table 1

Evolution of Metrics in Relation to Well-being and Sustainability
	Dimension
	Relevant indicators
	Description
	Limitation
	Preparation

	Economic growth
	Gross Domestic Product (GDP)
	 Amount of goods and services produced during a given time period, measured in monetary terms (current or constant).
	This is a measurement of flows which precludes assets being exhausted. Essentially, it only takes into account market transactions. Social or environmental damage is not subtracted, nor free environmental services obtained from nature added.

	The GDP is one of the critical results of the System of National Accounts (SNA) created by the United Nations. Most multilateral organizations support its development and updates. 

	Development
	Human Development Index (HDI)
	Summary of life expectancy at birth, education, and GDP per inhabitant.
	This does not take the physical environment in which development occurs into account.  
	United Nations Development Program (UNDP)

	Sustainability

	Weak
	Green GDP, satellite and asset accounts, use cost method, depreciation method, genuine savings, Index of Sustainable Economic Welfare (ISEW).
	Correction of the GDP, including the wear on and the exhaustion of “natural capital” and of negative externalities.
	Monetary quantification.
	United Nations, World Bank.

	Strong
	Energy accounting, material flows, ecological footprint, hydro footprint.
	The social metabolism concept applies.
	Aggregated indexes that in some cases do not include the intensity of environmental impacts.
	Eurostat, OECD.


These queries regarding the use of standard macroeconomic accounting and the Gross Domestic Product (GDP) as indicators of well-being are not new. The GDP, which in an accounting and financial sense is a monetary flow, calculates income obtained from non-renewable resources (such as oil and minerals) as added value, when in reality these operations cause the depletion of assets. Social or environmental damage caused by the extraction process of these resources is not subtracted in the calculation of GDP.  Neither does the GDP add in the free environmental services provided by Nature. Nature gives us nutrients, fixes carbon from the atmosphere and provides aesthetic and cultural values which are not tradable on the market and therefore do not form part of the GDP; neither do the household and care economy, nor the subsistence economy form part of it. The GDP does not take social inequalities into account, nor does it add in the value of unpaid household and voluntary work. If unpaid work hours were taken into account in the economy, the national product would be much higher. This fact was already observed by feminist economists 30 years ago, but the conventional economy continues to measure market production while disregarding the assessment of social, ecological and cultural reproduction. Stiglitz et al. (2009) repeatedly expressed the limitations of using the GDP as an indicator of economic development and social progress.
This questioning has prompted the creation of more comprehensive indicators, such as the Human Development Index (a compound measure of life expectancy at birth, education and GDP per capita). Several countries have created environmental and asset-based financial accounts. However, even though the United Nations’ 2003 system of integrated environmental and economic accounting (SIEEA – 2003) links economic and environmental processes and results, and makes progress in the creation of national accounts underlying physical data, it still retains the monetary valuation and modification of economic indicators (Bartelmus, 2006). For such reasons, Repetto (2006) acknowledged that the national accounts system is still essentially unclear and inconsistent, and this introduces error in economic policy making, particularly in countries where growth depends on natural resources.
There is a wide range of indicators and indexes that correct the depletion or the depreciation of natural resources (El Serafy 1989, 1991, 1997; Repetto et al. 1989, 1992) and also the contamination of production processes. Sustainability standards (Hueting, 1980), the Index of Sustainable Economic Welfare (ISEW) from Daly and Cobb (1989), genuine savings, and the wealth measurements – which constitute “natural capital”, and human and repeatable capital – (Arrow et al., 2010) are also included in this category. 
In Latin America, papers relating to the indicators and indexes of sustainability have focused on monetary indicators (Quiroga, 2005). These propositions reinforce the current market paradigm. The indicators cause mistakes to be made in the interpretation and articulation – in the efficiency, distribution and scale levels – of public policies. 
The economy cannot function without natural resources (oil, gas, coal, iron and copper, among others). The production, transformation and consumption of these resources generates waste which in some cases is highly toxic, and is in many cases impossible to recycle because it is  not biodegradable or it takes a long time to break down (several thousand years in the case of certain plastics and nuclear waste). Every economic activity affects Nature in one way or another; technology and efficiency (i.e. producing with fewer resources and materials) both face limitations, which must be reflected in sustainability indexes or indicators. 
At microeconomic level, several eco-efficiency measurements have been developed for products or services which fall under the MIPS (material input per unit of service) concept set out by the German Wuppertal Institute. The idea is to reduce the amount of material required to produce a certain product or to provide a service. It has been said (Weizsäcker et al., 1997) that the same product unit or service unit could be produced with four times less material and energy. Reduction goals for industrialized countries have even been set,  with an excess of enthusiasm, at up to 10 times less.
At the macro level, the controversy concerning efficiency has been transferred to the “dematerialization” of economy, or a reduction in the amount of materials and energy required for each product unit. The improved efficiency of the Northern countries, which increasingly use less and less energy per GDP unit, could be taken as evidence of this dematerialization. However, in absolute terms, these countries actually use more energy.
 This is known as the “Jevons paradox”. Jevons (1865), one of the forerunners of orthodox economics, predicted – in 1865 – that any shift towards more efficient energies  achieved through technological advances, would in fact lead society towards a greater use of the said energy.
This type of relationship between material and energy flows and socio-economic activities, opened the door to concepts such as “industrial metabolism” (Ayres, 1989) and “social metabolism” drawing an analogy with the human body and its digestive and excretive functions (Adriaanse, 1997; Fischer-Kowalski and Haberl 2007). Fischer-Kowalski (1998, 1999) and Martínez-Alier (1987) represent the developments and main papers on social metabolism.
Ecological Economics, or the science of sustainability (or lack thereof), has proposed indicators and indexes such as energy accounting, materials flows, appropriation of the environmental ecospace and human appropriation of the products of photosynthesis (humans appropriate 40% of energy from the planet’s entire photosynthesis processes, which means they leave the remaining 60% to be used by approximately 10 to 20 million species which coexist with them) according to Vitousek et al., (1986). Rees and Wackernagel (1996) proposed the concept of an “ecological footprint”. If some societies are wealthier than others, their “ecological footprint”, that is  the trail left in the environment due to human beings’ consumption and waste, differs from one place to another. Goldfinger, Steven et al. (2009) establish a reductio ad absurdum: if the demand for energy and materials continues at the current rate, by 2030 the capacity of two planet Earths would be needed.  
Material flows analysis consists of material flows accounts for the whole economy and material outputs to other economies or to the environment. Fischer-Kowalski and Haberl (2007) describe the close relationship between stocks (for example, human population, infrastructure, territory) and flows (lifespan, energy input/output, materials input/output, the appropriation of net primary production, the use of water).
The methodology for  physical flow of materials was standardized in a guide published by Eurostat (2001).  The European Parliament has advocated the use of environmental accounts
 since 2007 and the OECD (2008) has also promoted their use.
Within Latin America, several papers show the relevance of these developments.  Eisenmenger et. al (2007), Gonzalez (2007), Perez-Rincon (2006a,b), Russi et al. (2008), Vallejo et al. (2011), and Gonzalez and Schandl (2008) have carried out a detailed review of these studies. In Mexico, commercial flows grew notably over the period 1970-2003 in terms of weight. Annual imports increased from 8.5 to 185 million tons and exports rose from 14 to 243 million tons, with annual growth rates of 9.8% and 9.05% respectively (Gonzalez and Schandl, 2008). Applications on energy and carbon embodied in Brazil’s international trade were performed by Machado et al. 2001 (those energy products exported from the South are more energy and coal intensive than their imports). Vallejo (2006, 2010) examined the physical flows of banana and carried out a survey of the biophysical structure of the Ecuadorian economy for the period 1970-2007. Quito’s Metropolitan District Municipality carried out an analysis and calculations of the city’s ecological footprint (Moore and Stechbart, 2010).
2. Short Summary of the Ecuadorian Reality

In Ocampo’s (2008) opinion, Latin America’s evolution has gone through three stages: the exports of the 19th century and into the first decades of the 20th century; industrialization run by the State up until the 1980’s of the last century; and market reforms, in the final part of the 20th century and first years of the 21st century. In the “lost decade” of the 1980’s, almost all Latin American countries applied neoliberal policies with greater or lesser intensity, with proposals focused on adjusting and recovering macroeconomic balance. 
Recent history tells us that the neoclassic counteroffensive has –with very little basis— considered as a failure the structuralism strategy promoted in the early 1950’s of last century by Raúl Prebisch and the school of the Latin American and Caribbean Economic Commission (CEPAL  by its Spanish acronym ), commonly known as industrialization by substitution of imports (ISI). The fact is that from the 1980’s, most Latin American and Caribbean countries—among them Ecuador — started using adjustment policies to counteract macroeconomic imbalances (particularly fiscal and external ones, and its more pressing symptom: inflation). Attention was focused on markets in order to correct price distortions and allocate resources in an efficient manner, with the objective of boosting economic growth; and international commerce should have been governed by the comparative cost theory.  Criticism of these policies was directed at their meager results with regards to poverty reduction and the correction of social inequities, as well as the recovery of economic growth.  Not surprisingly, this time became known as the “lost decade”.    
In Ecuador, following the administrations of Rodrigo Borja (1988-1992) and Sixto Durán Ballén (1992-1996), political instability, institutional weakness and lack of governance prevailed. In just one decade, six presidents ruled, not counting those who were self-proclaimed. Abdalá Bucaram held office for less than six months between 1996 and 1997 and was then overthrown; he was succeeded by the president of the National Congress, Fabián Alarcón. Jamil Mahuad was elected in 1998 and was overthrown in the year 2000; he was succeeded by his vice-president, Gustavo Noboa. Lucio Gutierrez won the 2003 elections, and was then overthrown in April 2005; he was succeeded by his vice-president, Alfredo Palacio.
An Ecuadorian-style neoliberal policy was applied: flexibility of labor, privatization, deregulation, the liberalization of commercial and financial accounts, and a reduction in the size of the State (Falconí and Oleas, 2004). In other words, it was implemented by the economic and political rentist elite, opposed to competitive markets and used to being able to manipulate public policy, which left  the State impoverished. The structural adjustment policies they tried to implement were eventually changed due to social pressure.  Thus, the adjustment policy and economics implemented by Oswaldo Hurtado (1981-1984), León Febres Cordero (1984-1988) and Rodrigo Borja, followed a “twisted path” (Thoumi and Grindle, 1992): changes were usually implemented successfully, but they were concurrently undermined by changes in response to a variety of political and economic pressures and, in some cases, due to external shocks or natural disasters. While the economic elite exerted pressure for change in their favor, pressure groups, political parties and mass protests struggled to find ways to undo them.  
The greatest adjustments were carried out during the Durán-Ballén administration, between 1992 and 1996. The proposed government plan was considered neoliberal in every sense:  privatization, macroeconomic adjustment through exchange and interest rates, financial deregulation, and economic liberalization (already initiated by Borja’s administration at the end of the previous decade). This initiative was successful for two years (1993 and 1994), but the 1995 armed conflict with Peru put an end to such fiscal discipline. Bucarám held office for a short and chaotic term, which was a mere prelude to the financial crisis that took place during the Mahuad administration (1998-1999), who rose to power through a Constitution (1998) of liberal character. The successive Presidents, Noboa, Gutierrez, and Palacio, continued with this neoliberal ideology, in a cycle of rising commodity prices, though one lacking in monetary and exchange policies (in January 2000, Ecuador’s economy was unilaterally dollarized). 
The results of implementing neoliberalism were meager at both economic and institutional levels. Inequality in the distribution of assets, income, and consumption was intensified by neoliberalism.
 The State was systematically weakened, thus losing its capacity to plan, regulate and distribute.
President Rafael Correa was sworn into office in January 2007 in the midst of a process that was transforming the political scene, which reached its climax during the constitutional debates and the passing of a new Constitution with 64% of the vote on September 28, 2008. 
The Ecuadorian Constitution considers Nature to have rights. This means that in Ecuador, Nature is implicitly entitled to have its existence respected, as well as its vital cycles, structure, functions and evolutionary processes maintained and regenerated. The passing of the “greenest” Constitution on the planet has enabled Ecuador to launch environmental proposals with global reach, such as the Daly Correa tax
 or the Yasuní – ITT initiative
.
Once the Constitution had been passed, Rafael Correa was re-elected for a second four-year term by an absolute majority (51.99%) in the first round of elections held on April 26, 2009. The achievement of equity was the main objective of the National Development Plan and the National Plan for Good Living (Senplades 2007, 2009). The Ecuadorian government has been implementing a schedule of public policies proposed as post-neoliberal (Senplades, 2009: 83), with the option to achieve its own endogenous development. This change in priorities is evidenced through an increase in public investment.  Average public investment for the period 2000-2006 was 7.8% of GDP, while for the period 2007-2010 it was 16.4%. In order to achieve post-neoliberalism, Senplades (2009) has proposed a transition in segmented and progressive phases (for example: selective substitution of imports, diversification and substitution of exports, even biotechnological research and industry),  with an increased focus on planning, regulation, distribution and redistribution of the State.
The development of the population, the Gross Domestic Product (GDP) – in constant terms – and the final energy consumption are the starting points for understanding the factors underpinning the Ecuadorian process between 1990 and 2009 (see graph 1 and table 2). In 2009, the final energy consumption increased by 107% compared to 1990, and amounted to 75.7 million barrels of oil equivalent (BOE), while the GDP increased by 82.3%, and the population by 46.5%. Energy intensity (energy requirement per GDP unit measured in constant terms) rose (by 13.4% compared to 1990), which means more inefficient processes or limited measures for saving the use of final energy. 
From an objective viewpoint, Ecuador has a limited bearing on the international scene: compared to other countries, its geographic extension, population, production, trade, and reserves of natural resources are small (see table 3). Proven Ecuadorian reserves and oil extraction are marginal in an international context, since they barely represent 0.5% and 0.2%, respectively, of the planet’s totals (OPEC, 2011)  
Between 1990 and 2009, Ecuador achieved moderate, if highly volatile, increases in its GDP per capita, and a moderate reduction in poverty measured by income. Poverty reached its highest point during the 1998-1999 economic and financial crisis, affecting 63.5% of the population (see graph 2). Over the last two decades of economic recovery, similarly to a phenomenon that took place in Latin America, additional resources were not used to improve the quality of life of the population, and, despite its decline in 2007 and 2008
, inequality has been a distinctive characteristic
. 
The Ecuadorian economy has been through a reprimarization (i.e. a higher contribution of primary exports in the total in monetary terms), encouraged by the rise in international commodity prices recorded during the final decade of the last century, which peaked in 2008. Meanwhile, in 1990, primary exports reached 86% of the total, and in 2000 they reached 75%. By 2009, primary exports represented 76% of total external sales (Central Bank of Ecuador, 2011). Oil accounted for 45% and just five products (oil, banana, shrimp, flowers and cacao beans) constituted 71% of total foreign sales. Over the period 1990-2009, the monetary trade balance (exports minus imports) was in surplus, except in the year 1998, during the period 2001-2003, and in 2009. However, the non-oil trade balance showed a deficit value during the entire period under study, except in 1999. This tendency grew worse after the dollarization in January 2000. The surplus or deficit of the non-oil trade balance went from 10% in 1990 to 9% in 2000, and to -0,4% in 2009, in comparison with the GDP. It should be highlighted that Ecuadorian imports are inelastic, while exports may contract depending on the conditions of world demand. 
3. Results and Discussion

Two indicators are used in this section to give a  better understanding of Ecuadorian reality during  the period 1990 – 2009: genuine savings and material flows.
Adjusted net savings (ANS) or genuine savings. In the macroeconomic field, sustainability would be achieved when genuine savings are positive (ANS > 0). The term ANS, created by the World Bank, starts from gross savings (GS), which expresses the difference between the GDP and the total consumption in public and private sectors. Fixed capital depreciation (consumption) is deducted from gross savings in order to obtain net savings (NS). Education expenses are added to NS. ANS are obtained by subtracting the use of natural resources (energy, minerals and forests), and the damage caused by carbon dioxide (CO2) and particle emission (ANS are presented in monetary terms or as a percentage of the gross national income). ANS is associated with wealth and well-being, and it is even being presented as a sustainability indicator (World Bank, 2006: 36). ANS has been assessed by Arrow et al. (2003, 2010) and Stiglitz et al. (2010: 253).
In the macroeconomic field, negative genuine savings express a combination of insufficient monetary saving, constant decapitalization due to the depletion of natural resources and multiple damage caused by emissions and particles. Ecuador went through three distinct phases between 1990 and 2010. The first phase began in the nineties with the greatest trade liberalization and deregulation of the economy, and lasted until 1997. During this period, genuine savings went from -12.57 (GNI %) in 1990 to a high of 6.4 (GNI %) in 1997. A negative value represents actual decapitalization and a positive one sustainability. The second phase extends from 1998 through to 2006: genuine savings are seen to drop during the 1998-2000 crisis, then the situation improves during the initial two years following dollarization, then it declines and comes to a halt at almost zero. During the third phase, genuine savings increase again, rising to 4.4 (GNI %) in 2009. A positive drive is introduced during President Correa’s administration (2007-2009) (although there is still insufficient data available to confirm the existence of a new trend).  See graph 3. 
The measurement of genuine savings poses several problems. On the one hand, the monetary valuation of natural resources being used up and environmental contamination is very difficult. In the case of forests, for example, the loss of environmental functions and services due to deforestation is not taken into account. The environment and environmental services: the production of goods and services; climate as well as the essential regulation of hydrological and biochemical cycles provided by ecosystems for the reproduction of human life have all been valued by several studies (Hein et al., 2006; Millennium Ecosystem Assessment, 2003). According to FAO (2009), over the period 1990-2005 in Ecuador, the forested surface area decreased by 198 thousand hectares per year. When comparing the periods 1990-2000 and 2000-2005, the annual increase in lost forested area rose from 1.5% to 1.7%. Deforestation brought about the loss of uncatalogued biodiversity, as well as those services and functions provided by the ecosystems.
The damage caused by carbon emissions is estimated at US$20 per ton of carbon multiplied by the tons of carbon emitted. This is a linear and arbitrary calculation which excludes the potential damage caused by climate change. One of the impacts of economic growth is the fast disappearance of biodiversity due to  aggressive extractive activities in tropical forests as well as livestock and monoculture plantations (when carried out in fragile ecosystems) and the rapid trend towards climate change. The increase in carbon dioxide concentration at a rate of 2.1 parts per million (ppm) per year,
 cannot be assessed in a linear manner, disregarding the complexity of forest systems..
On the other hand, the effects of international commerce are not taken into account. Rich countries import petroleum, minerals and timber; they therefore exhaust natural resources from other parts of the planet. The consumption of natural resources speeds up the rate of use of non-renewable commodity stocks (petroleum, carbon, etc.) and reduces the capacity of renewable ones to regenerate (water, forests, etc.) The foundations of the post-industrial society (science, technology, information and knowledge) allow the countries in the Northern hemisphere to be more efficient or to achieve a relative "dematerialization" of their production processes. However, this is not consistent with the actual growth in their need for commodities and fuel produced in the Southern countries..
Higher income countries have also significant ANS (gross savings, fixed capital consumption and investment in education), compared to lower income countries. Poor countries, particularly those with a supply of natural resources, deplete their natural resources at a faster rate  and, even in proportional terms (such as percentage of GNI), they suffer greater harm from carbon and particle emissions. The European Union and Japan, both of which are energy importers, registered positive genuine savings of 8% and 12%, respectively in relation to their GNI for the year 2009. The World Bank (2006) presents the ANS as a sustainability measure; therefore, the conclusion would seem to be that richer countries are more sustainable than poorer countries, and that the world was sustainable during 2009 (genuine savings were positive:: 6.4%).

Physical material flows and the environmental pressure statement. The I=P*A*T formula, disseminated in a pioneer article by Ehrlich & Holdren (1971), shows the prevalent role of humankind and technology in environmental impact. This statement expresses that every impact (I) on the environment depends on the population (P), the affluence (A), or the consumption of resources by inhabitants and technology (T). 
This calculation starts by identifying the DMC (Domestic Material Consumption). For this, the DMI (Direct Material Input) or the materials used directly in a given economy (production and consumption) must be estimated, excluding indirect flows. The DMI is equal to the domestic extraction carried out plus imports. The DMC corresponds to the DIM minus exports (Eurostat, 2001: 35-36).
A variant of the formula above, including the DMC, may be expressed as follows (Eurostat, 2002: 45):
DMC = Population* PIB/ Population * DMC/ PIB

Where, DMC is a proxy measure of environmental pressure (I). P is the total population, A is the GDP per inhabitant, and T is the amount of materials required to produce one unit of GDP (DMC/GDP) during any given period. This equation assumes the form of a mathematical identity. 
In the case of the European Union, a 3% increase in DMC was observed between 1980 - 2000 due to a 6% increase in population, a 47% increase in the GDP per capita  and a 34% efficiency gain (DMC/GDP) (Eurostat, 2002). There is a noteworthy contrast between the 34% efficiency increase and the strong increase in the GDP growth per inhabitant, and to a lesser extent that of the population (6%).. González and Schandl (2008) applied this measure to the Mexican economy and found that during the period 1970–2003, the DMC increased by 194%, due to a 102% increase in population, a 62% GDP increase per capita, and a 10% efficiency gain.
In Ecuador, the physical imbalance of trade (PIT), or imports less exports in volume grew from 10.7 to 16.3 million tons between 1990 and 2000. In 2009, the physical imbalance of trade rose to 22.6 million tons. Over the last decade, the rise in international commodity prices (to the last quarter of 2008) influenced a higher physical imbalance of trade. The growing physical imbalance of trade, though not reflected in the monetary flows of foreign trade nor genuine savings, is essential for understanding the relationship between economy and environment (see graph 4). The nation’s specialization as provider of commodities causes a physical imbalance of trade while fostering an unequal ecological exchange (Bunker, 1984; Martínez-Alier, 1992), because asymmetrical power relations prevent the internalization of all the commodity production costs in international prices. 
The amount of material used directly in the Ecuadorian economy (DMI less exports) has risen consistently, and according to calculations it increased by 37% between 1990 and 2009.
 This means that the pressure on the environment by economic activities (primary extraction of commodities, processing of commodities into products, and the final disposal of waste) is growing (see graph 5). Table 4 shows the distribution of environmental pressure components.
The 37% increase in DMC between 1990 and 2009 was due to a 46% population increase, a 24% expansion in GDP per capita, and a 25% efficiency gain, as expressed in the DMC per constant dollar GDP (US$ 2000). The effect of greater efficiency in the use of materials (25%) contrasts with the insignificant growth in income per inhabitant and the significant increase in population. The DMC per inhabitant has remained at between 5-6 MT during the period examined, with a significant dip during the years of the 1998-2000 economic crisis.
Physical flows are not exempt from questioning. Because these are measurements in volume (MT), they do not include the environmental intensity of extractive or productive processes (the weight of exporting a MT of shrimp is not equal to exporting a MT of flowers or minerals); therefore, these need to be complemented with other methodologies (for example, the cycle of materials). Similarly, although they incorporate other sustainability dimensions, in this case physical, the IPAT formula uses the GDP (with all the aforementioned distortions of this indicator).
4. Conclusions

The current form of social organization determines that Nature (its natural resources, its capacity to regenerate and its genetic information) is appropriated and reduced in response to market needs, and a unidirectional measurement focused on prices. The term “making the economy green” implies understanding the interrelationship between economic systems and environmental systems taking into consideration the fact that growth affects the biosphere and that a wider vision of sustainability is needed.
It is important to establish a clear differentiation between advances in metrics which constitute extensions within the same paradigm (as is the case of contributions in genuine savings from the World Bank) and advances in metrics that are responses to detected “anomalies” within the pertinent paradigm, which could lead concepts (and their metrics) towards a genuine post-normal science status. In this regard, the need arises to postulate that no metrics or mathematics are neutral, and that these are “forms” of knowledge that aim to validate the concepts of factual knowledge that generate them (e.g., National accounts are an expression of the macroeconomics produced by neoclassical synthesis)
The “making green” must start by accepting that macroeconomics should focus on achieving (economic, social, environmental) sustainability, just as Keynesian matrix macroeconomics focused on controlling unemployment and lessening crisis by driving growth. This does not mean promoting a trade-off between unemployment and sustainability, but rather suggests that in-depth examination is required into the singularities of capitalism and globalization at the present time.. Mankind is going through a historic moment that presents challenges which are sufficiently far-reaching so as to prompt the reformulation of the usual development paradigm (growth in economic terms and, at best, with distribution and redistribution). This requires macroeconomics to be responsible towards Nature and respectful of its rights, and metrics consistent with these challenges. In summary, the idea is to overcome the “original myth” criticized by Max-Neef (1986). This is a discussion of values (in the philosophical sense, and not in Von Böhm-Bawerk’s crematistic sense, 2002) that must honor humanity in order to correct excesses accrued during a chapter of its history, such as “Western civilization”.
Two ways of implementing sustainability are found in specialized literature. On the one hand, sustainability indicators and indexes in the weak sense of the term (“natural capital”) can be replaced by capital made by humans. In this case, GDP corrections are used to get closer to a green or environmentally adjusted GDP; for this, natural capital being exhausted, the use cost, or certain external factors such as the damage caused by carbon dioxide are considered in monetary terms. On the other hand, strong sustainability indicators are used (economic capital is complementary to “natural capital”) by means of physical indicators and indexes such as material flows.
In Latin America and in Ecuador, studies on sustainability have focused on monetary indicators, although it should be highlighted that research linked to the use of physical indicators has increased. Ecuador’s economic history between 1990 and 2009 shows two distinct moments: between 1990 and 2006, a phase marked by neoliberalism; and from 2007, a post-neoliberalism proposal (in the 2008 Constitution). Genuine savings, under the monetary reductionism assumption, are limited in explaining Ecuadorian reality. By applying the physical flows methodology, a constant environmental pressure of economic activity is appreciated over time. The increase in the physical imbalance of trade (exports less imports in volume) confirms the reprimarization process and the role of the country as international commodity supplier. 
International multilateral institutions have a predominant role in the metrics of sustainability. The institutional structure built by the United Nations may have been appropriate for the post-war era. There were forward steps such as the creation of the system of national accounts to unify methodological criteria and establish appropriate economic comparisons between countries. Nevertheless, these methodologies have become closed systems that can only tolerate internal corrections. The most notorious case is the genuine savings indicator proposed by the World Bank. This indicator grants a significant weight to the expansion of economic production: the more monetary saving capacity a country has (income greater than consumption), the more sustainable the country is. The establishment of new metrics requires a new institutional structure both internally, as well as at Latin American and worldwide levels, that promotes and standardizes strong sustainability indicators. 
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Weizsäcker, E. von,  Lovins, A. B. and L. H. Lovins (1997), Factor Four: Doubling Wealth, Halving Resource Use:  the new report to the Club of Rome. Earthscan, London.

World Bank (2006), Where is the Wealth of Nations? Measuring Capital in the 21st Century. The World Bank, Washington D.C.

World Bank (2010), World Development Indicators. Databank. The World Bank, Washington D.C. Available on: http://data.worldbank.org/data-catalog/world-development-indicators
�Doctoral Program Coordinator for Economic Development of Latin American Faculty of Social Sciences (FLACSO)-Ecuador. The support of NWO (the Netherlands Organization for Scientific Research) to finance the stay at the International Institute of Social Studies (ISS) of Erasmus University is recognized.








� Between 1970 and 2008, on a worldwide scale, there were greater levels of energy efficiency or dematerialization (less energy requirements per gross domestic product unit measured in constant terms), with considerable improvements in all the countries measured by income. However, the planet’s energy consumption has increased, particularly in high income countries. The growth curve has a steeper  positive slope that is more pronounced in countries with average income. Similar tendencies can be seen in carbon dioxide emissions. World Bank (2010).


� Resolution # 1578/2007/CE of the European Parliament and Council, on December 11, 2007, relating to the EU community’s statistical program 2008-2012, refers to the need for high quality statistics and accounting on the environment. One step forward in this direction was the issuance of Regulation # 691/2011 of the European Parliament and Council, on July 6th, 2011, relating to European environmental economic accounts.


� Between 1995 and 2006, urban poverty scarcely declined by one percentage point (from 39.3% to 38.3%); meanwhile, the GINI coefficient (a number between 0 and 1, in which 0 corresponds to perfect equality and 1 corresponds to total inequality) rose 3 points (from 0.43 to 0.46), according to data from Statistics on Living Conditions (Encuestas de Condiciones de Vida), provided by the National Institute of Statistics and Census (INEC by its Spanish acronym).


� Daly (2007) proposed an environmental tax of 3% on the price of a barrel of oil that could be administered by member countries of the Organization of Petroleum Exporting Countries (OPEC). This eco-tax should be applied to other exported fuels, in proportion  to their environmental impact. Correa put forward this proposal within the OPEC, for which reason it is known as the Daly-Correa tax.


� The Yasuní ITT initiative consists of leaving 846 million barrels of heavy oil in the ITT block oil reserves (Isphingo, Tambococha and Tiputini) in the subsoil of the Yasuni National Park (PNY, by its Spanish acronym). By means of this decision, 407 million metric tons of carbon would be prevented from entering the atmosphere, as a result of the burning of the aforementioned fossil fuels; the initiative seeks to preserve the biological wealth of the Yasuni National Park (PNY); indigenous cultures and peoples in voluntary isolation (taromenanes and tagaeris) would be respected and an energy transition would be promoted.


� Central capitalism is still trying to recover from one of its worst crisis, the 2008-2009 crisis, only comparable to the Great Depression in the 1930s of the last century. This crisis directly affected the Ecuadorian economy in three different ways: a drop in international oil prices in the last quarter of 2008, a reduction of external finance sources and a decline in immigrant fund remittances. 


� Inequality is a defining feature in the history of Latin America and the Caribbean. According to the UNDP (2010), the Region is caught up in an “trap of inequality” of high and persistent inequality accompanied by low social mobility. The report points out that Latin America is the most unequal region on the planet. Inequality showed a constant decline in Central America, whilst increasing throughout the nineties in the Southern Cone and the Andean region, and it was only towards the middle of the following decade, that it began to show a decrease. Inequality levels in Bolivia, Ecuador, Haiti and Brazil, for example, were high because they reported having GINI coefficient values higher than 55 (based on data up to 2006).





� Carbon emissions show a growing trend over time. On a global level, annual growth rates were 3.3% during the seventies, 2% during the eighties, 1.2% during the nineties and 2.5% during the 2000’s (WDI, 2011). They showed a decrease in their growth rate over the period 1980-82, in year 1992, and during the economic crisis of 2008-2009. The CO2 ppm concentration in the atmosphere grew steadily over time. Between 1970 and 2010, the average worldwide concentration went from 325.68 to 389.78 ppm, i.e., it increased at a rate of 2.1 times or 0.6% per year, according to measurements conducted at the Mauna Loa Observatory, in Hawaii. See: �HYPERLINK "ftp://ftp.cmdl.noaa.gov/ccg/co2/trends/co2_annmean_mlo.txt"��ftp://ftp.cmdl.noaa.gov/ccg/co2/trends/co2_annmean_mlo.txt�. The Stern Report (2007) forecasts a 2-3º Centigrade increase in global temperatures over the next 50 years, compared to pre-industrial levels (1750-1850), if mitigating measures are not adopted.


� See:  http://www.un.org/esa/sustdev/natlinfo/indicators/methodology_sheets/econ_development/adjusted_net_saving.pdf


� The Ecuadorian DMC is built up through biomass production (primary crops, fish, animals and timber), minerals and fossil fuels (petroleum and natural gas). Imports are added and exports in volume are subtracted.





