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Abstract

We analyse natural resource use dynamics in the Mexican economy during the last
three decades. Despite low and uneven economic growth, the extraction and use of
materials in the Mexican economy has continuously increased during the last 30 years.
In this period, population growth rather than economic growth was the main driving
force for biophysical growth. In addition, fundamental changes have taken place in the
primary sectors, in manufacturing, and in household consumption and these are
reflected in an increasing emphasis on the use of fossil fuels and construction
materials. Mexico’s economy has been strongly influenced by international trade since
the country commenced competing in international markets. In the 1970s, Mexico
mainly exported primary resources. This pattern has changed and manufactured goods
now have a much greater importance due to a boom in assembling industries. In
contrast with other Latin American countries, Mexico has achieved a diversification of
production, moving towards technology-intensive products and a better mix in its export
portfolio. However, crude oil exports still represent the single most important export
good. Mexico’'s material consumption is still well below the OECD average but is
growing fast and the current resource use patterns may well present serious social and
environmental problems to the medium and long term sustainability of Mexico’s
economy and community. Information on natural resource use and resource
productivity could provide valuable guidance for economic policy planning in Mexico.

Keywords: Natural resources, resource use patterns and dynamics, physical
accounting, material flows, resource use efficiency, Mexico
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Introduction

Most of the existing work devoted to the analysis of sustainable development in
developing countries, and particularly those in Latin America, has been based either on
monetary measures or indices’, while hardly any emphasis has been given to the
development of resource use indicators to evaluate the resource requirements and
related environmental impacts of economic activities. This paper contributes to a
biophysical understanding of the economic process by providing a material flow
accounts (MFA) for the Mexican Economy. By accounting for the material inputs into an
economy, the material accumulation within the economy, and outputs to other
economies or back to nature, material flow accounting provides an empirical
assessment of the physical dimension of an economic system, usually expressed in

tonnes or joules.

Material flow indicators are measures of pressure, and express a potential for
environmental impact rather than environmental impact as such. Although there is
always an environmental impact associated with the extraction and consumption of
materials, the actual impact depends on the physical quantity and the impact factor per
a unit of physical material flows. The indicators we present refer to ‘generic impacts’
(Bringezu et al., 2003) and focus on material input and consumption rather than waste
and emissions. Material flow analysis studies emphasise natural resource extraction
activities as an important area of negative environmental impacts (Giljum et al., 2005)
For example, the considerable environmental impacts of mining on landscapes, water
use and biodiversity are well documented and have been the source of important social
conflicts in Latin American countries such as e.g. Peru (Muradian et al., 2003).
Extensive agriculture and livestock industries have been the main cause of forest
degradation and of massive changes in habitat and biodiversity loss in the Amazon
area (Martinez-Alier, 2002). In Mexico, oil exploration and extraction, in addition to
depleting a non-renewable natural resource, also have led to important environmental
and social consequences as they conflict with existing property rights, force relocations
and lead to hazardous living conditions (due to soil and water pollution), mobilise large
amounts of material and require considerable amounts of infrastructure (Epstein and
Selver, 2002). In addition, oil extraction requires ever higher amounts of energy
(energy costs) to obtain the new fuel because production increasingly extends from

shallow waters to more deepwater environments (Gately, 2007).

! For an extensive review on progress on sustainability indicators in Mexico and in Latin America in
general see Quiroga (2005).



Accounting for physical flows is conceptually based on the notion of social metabolism
and has a long intellectual history (Fischer-Kowalski, 1998). The empirical work gained
momentum in the early 1990 when a number of national case studies were published
(see Fischer-Kowalski and Huettler, 1998) and international agreement on
methodological standards was reached by bringing together experiences from several
industrialized countries (Adriaanse et al., 1997; Matthews et al. 2000; Weisz et al.,
2006). A major breakthrough in developing harmonized accounting standards was
been achieved within the OECD working group on environmental information and
outlooks material flow and resource productivity work (for a review see Moriguchi,
2007). More recently, material flow accounting has been applied to Latin American
economies including Chile, Colombia and Ecuador (Giljum, 2004; Pérez-Rincén, 2006;
Vallejo, 2006) and has allowed for the first comparative studies of Latin American

resource use patterns (Amann et al., 2002; Russi et al., forthcoming).

In this paper, we provide a biophysical perspective of the Mexican economy by
accounting for its material inputs during the period 1970 to 2003. Over these three
decades, the Mexican economy experienced important transformations. Mexico’s
productive structure was modified, as a result of the implementation of radical
economic reforms whose main objectives were stabilisation and growth, to be achieved
through the liberalisation of the economy. The economic effects as well as the social
impacts of these reforms have been thoughtfully analysed by economists (Dussel,
2002; Guillén, 2006; Chavez, 2006) but environmental impacts and implications for
natural resource use have hardly been addressed. While there is a common sense that
economic growth leads to increases in resource use and impacts, a number of
questions have not been addressed adequately. What has been the magnitude of
changes in resource use? How has resource use changed in qualitative terms? How
have economic reforms affected the structure of physical trade? Was there an overall
increase or decrease in resource use efficiency in the Mexican economy over recent

decades?

To address these questions we structure the paper in five parts: Part | provides the
economic background for Mexico, summarising the major macro-economic reforms. In
part Il, we outline the methodology we applied to measure material flows and to arrive
at material flow indicators. In part Il we analyse the pressures that economic activities
exert on the natural resource endowment of Mexico by analysing the levels and trends
of domestic materials extraction. Part IV describes changes in the economy’s physical

trade patterns as a result of the structural changes that the Mexican economy has



undergone since the 1980’s. Finally, part V analyses material input and material
consumption patterns in Mexico. To do this, material flows are related to
macroeconomic and social indicators in order to analyse the interface between the
physical and economic dimensions. From there, we provide a first take on resource

constraints and possible problems posed by current resource use patterns.

Economic development in Mexico

Since the 1940s and until the second half of the 1970s, economic development in
Mexico was based on import substitution® and state-driven industrialisation. During this
period, Mexico experienced its most dynamic economic period ever. Real GDP per
capita grew at an average annual rate of 3.1%. Growth in the 1970s was based on high
government investment and import substitution, and since the second half of the

decade it was boosted by the oil boom.

Despite the dynamic performance of the Mexican economy during the 1970s, the
economy went through a hyperinflation process and multiple crises in 1982 (debt crisis)
and in 1986-1987 (oil crisis). The main factor leading to the economic collapse was the
deterioration of the productive structure caused by a drastic rise in the income
generated during the oil boom, a phenomenon described in the literature as the Dutch
disease.® High external debt and a high dependence on petroleum exports further
contributed to the vulnerability of the economy to external shocks. During the 1980s,

the economy did not grow and per capita income decreased by about 15%.

As a reaction to the crisis and in order to stabilise the economy, a neo-liberal economic
programme was adopted in 1988 based on fiscal and monetary restrictive policies,
multiple currency devaluations, an opening of the economy and an increasing reliance
on market forces instead of government planning. In 1986, Mexico inaugurated a set of

policies aiming at stimulating free trade by joining the General Agreement on Tariffs

2 The imports substitution policy regime focused on the provision of trade protection measures to domestic
manufacturing. Under this regime, industrial policy operated through sector-specific programs, with the aim
of building up a manufacturing sector capable of producing capital goods and intermediate products. This
policy was complemented by strong state intervention to carry out investment projects to supply strategic
or basic intermediate products. In addition, public enterprises were created for security reasons or to avert
bankruptcies and maintain employment (Moreno-Brid et al., 2005).

® The core of the Dutch disease argument is that resource abundance in general, or resource booms in
particular shift resources away from sectors of the economy that have positive externalities in growth
(Sachs and Warner, 1999. p. 48). In Mexico, the drastic rise in income due to the oil boom deteriorated the
overall productive structure. This development in Mexico is explained by Cardenas in detail (1998, p. 112):
more income, more demand for national products and imports pushing internal prices upwards. The
domestic industry sees their input prices abruptly increasing (labour, energy, construction) faster than the
price of their products, thus driving profits downwards. As a result, Mexico’s domestic industry was unable
to compete against imported goods.



and Trade (GATT) as one of the first Latin American economies to do so. By the end of
1988, the trade liberalisation of Mexico’s domestic market for manufacturers was

almost completed (Ten Kate and De Mateo, 1989).

Since then, Mexico has signed 12 trade agreements with 43 nations putting 90% of its
trade under free trade regulations. It has also joined the OECD and the WTO. The
most important trade agreement has been established with the United States and
Canada (NAFTA), allowing trade to triple in monetary terms since NAFTA was ratified
in 1994. Today, almost 85% of Mexico's exports are delivered to the United States,
making the Mexican economy dependent on economic cycles in the US. Foreign
Direct Investment (FDI) inflows have increased and helped to trigger export-oriented
manufacturing, transforming Mexico’s position in the world market (Moreno-Brid et al,
2005). During the period 1982-2003, Mexico went from being merely an oil-exporting

country, to a significant exporter of manufactured goods.

Nevertheless, these economic reforms did not spare the economy from a new collapse.
In 1994-1995, a financial crisis caused a 7% reduction in overall economic activity.
Since then, the economy has not regained the dynamism observed in the 1970s and
has been unable to create enough jobs to satisfy the growing supply of labour. From
1995 to 2003, average real GDP growth was 2.5%. As a result of the economic
reforms, the economic structure was modified during the last three decades, resulting
in a dominance of the services sector. In 2003, service activities accounted for 67% of
the national product, while the industrial activities produced only 27% and the primary

sector accounted for an insignificant 6% (INEGI, 2006).

In addition, the structural reforms have not led to poverty alleviation and have not
improved income distribution. In 2000, 24% of the Mexican population remained in
extreme poverty?, the same level that had been observed in 1968, over thirty years
earlier (Szekely, 2005). The Gini index was 0.48 in 2000, almost the same as in 1977
(0.49) and today, the top 20% of income earners receive 55% of total income in the
country (WB, 2006). On the other hand, when compared with most other Latin America
economies, Mexico still has a privileged position despite economic instability. In 2003,
Mexico had the highest per capita GDP in the Latin American region ($6,770 in current

US dollars in 2003) and was considered a middle- income country by the World Bank.

* The notion of extreme poverty used here refers to poverty measured as incapacity to obtain food. In the
same year, 53.7% of the population were unable to establish their own family (Szekely, 2003) which is
another indicator for lack of means.



Physical accounting methodology

Material flow accounting has become the standard approach in environmental
accounting and reporting on the flow of materials related to economic activities. By
establishing a satellite account to the national accounts reporting on material flows,
MFA complements the system of national accounts for resource use caused by and

enabling economic activity.

Applying MF accounting methodology for the input side means that all material inputs
of a national economy are accounted for, apart from water and air, which are not
directly embodied in material inputs. In order to make the data set for Mexico
internationally comparable, the standard EUROSTAT methodology for economy-wide
MFA (EUROSTAT, 2001) was applied. Only direct flows (i.e. inflows with an economic
value, namely used flows) were accounted for, ignoring all unused and indirect flows,
i.e. those flows that are not directly exchanged on the market but are associated with
the extraction of raw materials (e.g. overburden from mining processes) as well as
materials required to produce imported goods. The main material sub-categories we
looked at in our accounts were biomass, fossil fuels and minerals. Biomass comprises
the subcategories of food, fodder, living animals, timber and other biomass. Fossil fuels
comprise coal, oil, natural gas and other fossils while the category Minerals includes

industrial minerals, metal ores and construction minerals.

Similar to traditional National Accounts, MFA aggregated indicators are derived from
material flow data sets. The macro indicators from physical accounting presented in
this analysis are all input, consumption and balance indicators focussing mainly on the
input side of the economy. Table 1 provides an overview of the aggregated indicators
we used for our analysis. For a detailed description of the methods applied and data

sources used in the compilation of the data set see Gonzalez-Martinez (2007).



Table 1. Material categories and MFA indicators calculated in this study

Material Indicators Description
categories
Domestic Material Raw materials and biomass
Extraction extracted within national borders
DE
Direct Material Input DMI comprises all materials that
(DMI) enter the economy for further use,
Biomass either for production or consumption
DMI = DE + imports processes
Domestic Material DMC provides information on the
Consumption (DMC) quantity of the materials that remain
Fossil fuels within the national territory
DMC= DMI — exports
Imports All imports from raw materials to final

goods, expressed in tonnes of traded
flows when they cross the national
Minerals boundary

Exports All exports from raw materials to final
goods, expressed in tonnes of traded
flows when they cross the national
boundary

Physical Trade Balance |PTB is accounted for by deducting

PTB exports from imports. Thus, PTB is
the reverse of the monetary trade
balance. A positive figure for PTB
would refer to a net importer while a
negative figure would indicate a net
exporter of materials.

Source: Adapted from Weisz et al., 2006.
Extraction of materials in Mexico

The first biophysical indicator we calculated, namely Domestic Material Extraction (DE)
counts the amount of materials extracted within the borders of the economy. Thus, it is
a straightforward indicator of pressure exerted on the domestic environment. The level
of DE depends to large extent on the spatial distribution and regional availability of
resources (EUROSTAT, 2002). Mexico is a big country (1.9 million km?) with diverse
climatic conditions, ranging from tropical forest in the South to dry deserts in the North,

suggesting a big potential for resource extraction.

Unperturbed by the ups and downs of the economy, domestic extraction of materials in
Mexico consistently increased over the last three decades. In those thirty years,
domestic extraction tripled from 349 million tonnes in 1970 to 1,148 million tonnes in

2003. In per capita terms, it increased from 7.4 to 11.2 tonnes between 1970 and 2003,



a considerable amount if we take into account that average global resource extraction

was 8.2 tonnes per capita in 1999 (Eisenmenger and Schandl, 2006).

Figure 1. Domestic extraction of materials in Mexico 1970-2003, in million tonnes
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As Figure 1 shows, the composition of domestic material extraction also underwent an
important change between 1970 and 2003. The most pronounced feature is the
considerable rise in the quantity of minerals and fossil fuels domestically extracted
since 1970. The categories increased by a factor 5 and 6, respectively, during the three
decades. As a consequence, the relative importance of biomass extraction dropped
from 54% to 26%, marking an important change in Mexico’s resource base, away from
traditional, land based resources to new industrial resources. During this period, fossil
fuels increased from an 11% share to a 20% share. By 2003, the largest portion, by far,
of domestic materials extraction was minerals, and in particular construction minerals,
with a proportion of 54% and 45% respectively. The ongoing industrialization and
urbanization of the Mexican economy and a growing population went hand-in-hand with
infrastructure and housing requirements (reflected by the large amounts of building

materials) and energy demand (increasing extraction of fossil fuels).

In Mexico, government institutions played an important role for financing the
construction of dwellings. In the 1970s, public credit institutions were created
(INFONAVIT and FOVISSTE) to increase private house ownership. The year's 1970



t01980 were the most dynamic period in house building. Dwellings increased from 8
million to 12 million during this decade (4.6% annual growth rate). The following two
decades were less dynamic because of economic slowdown and crisis. The annual
growth rate for new buildings during 1980-1990 was 3.3% and 3.4% in the period 1990-
2000 (INEGI; 2008). In the years of economic crises, credits for housing and other
construction activities were constrained; for instance, GDP in the construction sector
decreased by 23.5% during the economic crisis in 1994-1995 (INEGI, 2006).
Investments in infrastructure construction followed a cyclic pattern as well. Government
expenditure decreased during the economic crises. For instance in 1995, expenditure

in infrastructure decreased by 33%.

Nevertheless, according to material flow indicators, the general growth trend for
construction minerals seemed to be unaffected by economic fluctuation, although in
critical years such as 1982 and 1994-1995, extraction of construction minerals
decreased along with the contracting economy. This only partly confirms the findings of
other case studies (Giljum et al. 2005; Weisz et al., 2006), that the absolute level of
building materials extraction would be determined by GDP/capita levels and the more
an economy grows, the more infrastructure it needs and therefore it would demand
more building materials. It needs further investigation to disaggregate the overall trend
found into its components, to identify the impact of construction activities for dwellings

and infrastructure, on overall demand for construction minerals.

Mexico’s Trade patterns and their physical consequences

Besides of the considerable growth dynamics observed for the extraction of natural
resources, the integration of Mexico into global markets, as expressed by the amount
of materials traded, has been impressive. Trade flows have shown a dramatic rise in
terms of weight during the period under study. Annual imports have grown from 8.5 to
185 million tonnes and exports have grown from 14 to 243 million tonnes, resulting in a

yearly growth rate of 9.8% and 9.05% respectively.

As Figure 2 shows, the development of trade should be split in two main periods with
different characteristics. The first period, from 1970 to 1986, was characterised by fast
growing exports boosted mainly by the oil boom while imports remained fairly constant,
because Mexico’s main trade policy was focussed on import substitution. The second
period, from 1987 onwards, was characterised by fast growing imports, caused by

reduced trade barriers and more international trading agreements. In this phase



exports grew at a much slower pace. As a consequence, the physical trade balance
(PTB) obtained by deducting exports from imports also underwent change in the late
1980s, from a negative balance (net exports) to a positive balance (net imports), except
for the years 1994 and 1995 (when the Mexican economy experienced a financial
crisis) and for the year 2003.However, the monetary trade balance (MTB) was negative
for most of the period, apart from some critical years such as 1982-1989 and 1995-
1996 when imports were constrained due to contractions of domestic demand
(Moreno-Brid et al., 2005). Interestingly, during the 1970s physical exports where
higher than imports while the value of exports was lower than that for imports, resulting
in a negative monetary balance and a negative physical balance, indicating the

unfavourable position of the Mexican economy in the World market in the 1970s.

Figure 2. Physical Imports, Exports and Physical Trade Balance (PTB) of Mexico
1970-2003, in million tonnes
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This imbalance becomes more evident when analysing the unit prices of imports and
exports. Figure 3 shows the price of imports and exports for Mexican trade from 1970-
2003. During the 1970s and even the 1980s, the price per tonne of imports was
considerably higher than the price per tonne for exports. This difference decreased

markedly from 1982 on when the unit price of exports increased faster than the price of

10



imports (from $86/tonne, to $1,046/tonne in 2000 and $676/tonne in 2003). In the
1970s, Mexico was mainly an extractive economy, selling raw materials cheaply to the
world market but relying on imports of expensive finished products. The overall effect of
this unfavourable position was alleviated by an import substitution policy but
nevertheless could not ease the social and economic consequences of resource
exports. Such an economic pattern is resource and pollution intensive, results in a lack
of sufficient infrastructure development and insufficient incomes for communities and
households, and is highly vulnerable to market fluctuations (Bunker, 2007). For
comparative purposes, note that in the EU-15 the average price for an imported tonne
was $1,559 in 2000, about one third of the price for an exported tonne ($5,306), both
numbers being significantly higher than those for Mexico (EUROSTAT, 2002).

Figure 3. Unitary price of imports and exports in Mexico 1970-2003, in US dollars
(2000 prices) per tonne
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The reason for this marked change in Mexico’s trade can be found in the composition
of traded goods, caused by structural changes in the Mexican economy. Apart from the
overall growth experienced in Mexican trade, the composition of imports and exports,
measured in tonnes, has also undergone important changes in the period under study.
In the early 1970s, minerals (comprising raw materials, semi-manufactured products

and final products) dominated imports (37%). In particular, semi-manufactured metal
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products and raw metals were the dominating fractions contributing three quarters of

total mineral imports. The second most important import-flow was fossil fuels (36%).

By 2003, minerals increased their importance to account for 64% of all imports.
However, the composition of raw materials and final products in mineral imports has
changed markedly since the 1970s. Semi-manufactured products and finished products
accounted for 87% of total mineral imports, while raw minerals accounted for only 10%.
This shift to more processed goods in imports was the reason for increasing unit prices
of imports The fact that most of these products were used by the assembling industry
(‘maquila’)® as inputs is of great relevance in understanding these trends, as will be
explained later in this paper. Biomass was the second most important import (25%) in

2003, mainly because of an increasing reliance on imported food crops.

In 1970, the minerals category accounted for the biggest share of exports; in particular,
raw minerals represented 49% of total exports followed by fossil fuels, accounting for
27%. This pattern rapidly changed, and in 1978, fossil fuels accounted for 53% of total
exports due to the oil boom. Since then, fossil fuels have been the dominant fraction,
although their relative importance has decreased in recent years. In 2003, they
accounted for 50% of total export weight followed by minerals (43%) dominated now by
metal-based manufactures (34% of total exports). It is also evident in monetary terms
that Mexico, during the last two decades, has changed from being an oil-exporting
country to an exporter of manufactured goods. In 2003, the manufacturing industry
contributed 42% of all exports whereas in 1970 the share was only 10%. In addition,
from 1985 to 1994 Mexico ranked fifth among the countries with the largest increases
in their share of world manufactured exports (measured in monetary terms), but in the
period 1994-2001, Mexico moved into second place, just behind China (Moreno-Brid et
al. 2005).

What explains this non-oil exports boom? Apart from trade liberalisation policy and
foreign direct investment (FDI) inflows, a decline in internal demand forced firms to look
towards external markets. Nowadays, demand from abroad is the most dynamic
component of demand for Mexican products. Another key factor explaining the
impressive growth in non-oil trade is the assembling industry, especially since the

1990s when this type of industry obtained economic importance. According to Dussel

® The Mexican term ‘maquila’ is used to refer to the practice of subcontracting to produce or assemble

parts that will be used in other production processes.
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(2004), around 70% of Mexico’'s exports of manufactured goods are produced by
assembling industries using imported inputs. The components that cross Mexican
borders to be assembled in this industry are accounted for as imports, whereas the
final goods once assembled are directly sent abroad and therefore, they are accounted
for as exports. According to De la Garza (2005) 96-98% of the total inputs used in
these industries are imported. Assembling activities thus were responsible not only for
the remarkable increase in Mexican trade, but also for its change in composition.
According to foreign trade statistics (BANCOMEXT, 2004) exports from assembling
activities accounted for 47.7% of total Mexican exports and 35.3% of all Mexican
imports, in monetary terms. These activities are concentrated in the automobile, auto

parts and electronics industries (Dussel, 2004).

Whether the assembling industry has positive effects for the national economy has
been very controversial. Salaries prevailing in the assembling industry are low, there is
a serious disconnect between the assembling industry and the other domestic
industries, as most of their inputs are imported, and therefore, it has not had a spill over
effect on the rest of the economy. Its contribution to domestic value added is rather
limited. In addition, the environmental impacts of these activities can be high due to
their geographical location. The majority of the assembling plants are located in
Northern Mexico’s semi-arid border regions where the combination of meteorological
conditions and topological disadvantages, with dynamic industrialisation and population
growth, exert a growing pressure on the environment and natural resources; mainly on

water. Water scarcity is becoming a crucial issue (Stromberg, 2005).

With regard to physical trade patterns, the Mexican economy is different from other
Latin American economies such as, for instance, Ecuador and Colombia. While the
latter follow the typical pattern of ‘extractive economies’, Mexico's dependence on
natural resource exports decreased in monetary terms in the analyzed period even
though exports of raw materials increased in absolute values. This pattern places
Mexico between the profile of a typical Latin American economy (characterized by low
GDP and abundance of natural resources) and that of industrialized countries (based
on strong industrial and service sector and a high dependence on imports for mineral
ores, fossil fuels and other primary materials). The Mexican economy is at a
crossroads between being an ‘extractive economy’ (Bunker, 2007) as it keeps
extracting large quantities of crude oil for exporting, and a ‘productive economy’ as it
produces an increasing quantity of manufactured products destined mainly for

international markets. Whether Mexico will be able to consolidate an economy based
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on high value added processes and products, is thoughtfully debated by economists

(for a review see Dussel, 2003).

Material input and consumption patterns in the Mexican economy

Material flow analysis aims to create a full description of an economy, in physical
terms. The material flow-based-indicator Direct Material Input (DMI) is comprised of all
materials of economic value directly used for consumption or production purposes. The
indicator is calculated by adding imports to domestic extraction. In Figure 4, the
evolution of DMI in millions of tonnes clearly shows the increasing quantity of materials
entering the Mexican economy. DMI rose from 384 million to 1.3 billion tonnes in only
three decades, equal to an increase from 7.6 to 13 tonnes per capita. Although imports
are fast growing, domestic extraction of resources has been the main source of
material inputs. Imports only gained importance in the 1980s. In 1970, imported
materials represented only 2% of direct material input, but this increased to 14% by
2003.

Figure 4. Domestic extraction and imports in Mexico 1970-2003, in million tonnes
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Information about the evolution of resource use is of great relevance as it allows us to
complete the picture of the Mexican economy. If we based our analysis only on
economic data, we might wrongly conclude that as a result of the structural change,

resource use and related environmental impacts of the Mexican economy have

14



decreased due to the increasing importance of the service sector and the fact that
services need fewer resources than primary and industrial activities®. This
misconception disappears when we gain consistent information on the physical
economy, showing that despite the relative increase in services in the economy, the
underlying physical flows have increased dramatically. Services do not replace material
intensive production and consumption processes but add economic value on top of
these. Usually an increase in service sector jobs also increases domestic consumption,
due to increasing wages adding to the resource requirements of the whole economy.
Moreover, material flows in Mexico rose despite periods of uneven and weak economic
growth.

The growing quantity of material inputs extracted domestically coincided with the
decreasing economic importance of primary activities as a source of national income
and as a provider of jobs. In 1970, agriculture, forestry and fishing contributed 11.2% to
gross domestic product, while mining contributed another 2.6%. Today, agriculture has
decreased to 3.5% of added value, and mining to 1.2%, although they went up in
absolute terms allowing for increasing DE. With regard to the relative importance of
agriculture and mining in the economy, Mexico represents a typical developed,
industrialized pattern. Unlike Mexico, other Latin American countries specialising in
natural resource exports, such as Chile and Ecuador, show an increasing relative

importance of primary sectors activities (Giljum, 2004; Russi et al., forthcoming).

While DMI focuses on the inputs side, the indicator Domestic Material Consumption
(DMC) provides information on the quantity of the materials that remain within the
national territory. It is calculated by subtracting exports from DMI. DMC comprises of all
materials used (intermediate and final consumption) and has also been described as
an indicator for the waste and emissions potential of an economy (Weisz et al. 2006).
Because DMC includes intermediate consumption the indicator is higher when the
extraction sector and industry are of greater importance. Therefore, DMC is not an

indicator for final consumption.

® The environmental Kuznets curve (EKC) hypothesis wrongly assumes a reduction in materials use when
economies get richer. Whilst in the early stages of development, it is argued, incomes are low and so are
material requirements. Industrialization drives an increase in material demand, mainly for basic
infrastructure. As development continues, the need for infrastructure is met and consumer demand shifts
toward services, which are assumed to be less materials intensive (Cleveland and Ruth, 1999; Stern,
2001). While we may see stabilization for certain industrial economies, there is not a lot of evidence for
overall resource use decline (Weisz et al., 2006).
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Figure 5. Domestic material consumption of materials in Mexico 1970-2003, in
million tonnes)
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Material consumption in Mexico has also grown similarly to material input. In 1970, the
quantity of materials consumed was 370 million tonnes, and this increased to about 1
billion tonnes in 2003. In per capita terms, DMC increased from 7.3 to 10.7 tonnes.
Figure 5 shows material consumption with breakdowns by type of material flow. Mexico
has raised its material consumption mainly because of an increasing use of
construction minerals while consumption of fossil fuels and biomass went up at much
slower pace. In 2003, building minerals accounted for 47% of total materials (see table
2). The shares of other flow categories either slightly grew, as was the case for fossil
fuels (from10.8% in 1970 to 14% in 1980 and 12% in 2003), or decreased as did
biomass consumption (from 55% in 1970 to 30% in 2003).
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Table 2. Domestic material consumption by material categories (% share)

1970 1980 1990 2003
TOTAL 100.0 100.0 100.0 100.0
Biomass 54.9 38.7 36.9 30.0
Food crops 16.4 13.2 11.2 10.9
Fodder 33.7 215 17.9 15.2
Animals 0.1 0.2 1.4 0.3
Timber 4.3 3.3 5.9 3.0
Non edible biomass 0.4 0.5 0.4 0.5
Minerals 34.3 a7.7 50.5 58.3
Construction minerals - 39.8 435 46.9
Industrial minerals - 0.1 1.3 1.8
Ores - 7.9 5.7 9.6
Fossil Fuels 10.8 13.6 12.6 11.7
Coal and products - 0.3 0.5 1.3
Crude oil and products - 9.5 9.0 8.0
Natural gas and products - 3.8 3.1 2.4

Source: Gonzalez-Martinez (2007)

The marked increase in mineral use is linked to a prevalent urbanisation trend (Garza,
1999) and the growing importance of manufacturing and related built infrastructure.
The much slower increase in fossil fuels consumption compared to increase in
industrial output suggests a decline in energy intensity in the industrial sector. In fact,
energy intensity, measured in mega joules per unit of GDP, has been declining since
1988 (Aguayo and Gallagher, 2005). In addition, per capita household energy
consumption increased by only 13% over the last three decades, from 6,201 PJ to
7,055 PJ. Less than half of the total energy consumption of the residential sector,
namely 42%, stems from fossil fuels. Fuel wood is still an important factor in household
energy consumption, especially in rural areas, and accounts for 36% of residential
energy use (SENER, 2007). A study by Masera et al. (2005) suggests that 80% of the
energy demand in rural areas is supplied from fuel wood. Per capita fossil fuel
consumption in Mexico is similar to Chile (Giljum, 2004), which also has a similar per
capita GDP but lacks significant fossil fuel reserves. In the year 2000, fossil fuel
consumption in the EU-15 was three times higher than in Mexico and Chile, at 3.7

tonnes per capita (Eurostat, 2002).

Although there was a slight growth in biomass consumption in absolute terms, DMC
per capita for biomass decreased from 4 tons to 3.2 per capita over the period 1970 to
2003. This decrease was related to fodder for livestock. This flow is mainly comprised
of grass uptake by ruminants on permanent pastures, and it is affected by high
uncertainty as it has to be estimated indirectly. Direct fodder uptake is not usually

reported in agricultural statistics and, in the case of Mexico, it was estimated following
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the standard procedure used in Eurostat (2002) in order to narrow down the range of
uncertainty. The drop per capita should not be related to technological improvements
or a decrease in the land used for permanent pastures. In fact, between 1970 and
2003, permanent pastures slightly increased from 74,500 to 80,000 thousand hectares

a result of increases in livestock from 45 million to 54 million heads.

Relating DMC to indicators of economic performance such as GDP or GNP allows for
assessing the intensity of material use in an economy. The ratio DMC/GDP (material
intensity) indicates the quantity of materials used per unit of economic output. Figure 7
shows that material intensity in Mexico has been fairly stable during the last three
decades despite structural change and the increasing importance of manufacturing
industries in GDP. Material intensity fluctuated between 1.8 and 2.2 kg of materials per
USD. In addition, figure 6 provides evidence that dematerialisation has not happened.
In order to gain a complete picture of the overall material intensity, the indirect up-
stream flows related to imports would have to be appropriately measured and included

in the analysis.

Figure 6. Evolution of material flow indicators and GDP 1970-2003, in million

tonnes and billion US dollars, at 2000 prices
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The reasons why there has been little progress in material efficiency in the Mexican
economy is that, apart from a few privileged sectors oriented towards exports,
innovation has been rare. Only few sectors have been able to close the technological
gap, while the majority of the national industry has not solved the deeply-rooted
structural problems. The pressing problems are a lack of long-term financial resources
and insufficient investment to modernise industrial businesses. Indeed, during the
eighties, fixed domestic capital formation in machinery and equipment registered an
annual negative growth rate of 1%. By the end of the eighties, investment in machinery
and equipment recovered to a positive growth rate. From 1988 to 2003, the annual
average growth rate was 6.7%, still below the annual rate of 8% during the 1970s
(Banco de Mexico, 2007; INEGI, 2007). Although the Mexican economy has not
achieved a consistent delinking between resource use and economic growth, the
overall material efficiency is more favourable than in many other Latin American
countries such as Ecuador, Chile and Peru. Compared to these economies, Mexico is
more material-efficient (Russi et al.; forthcoming) but still by far below the EU-15
material-efficiency level, which was at 1.2 kg per USD in 1980 and further improved to
0.8 kg per USD in 2000 (EUROSTAT, 2002).

Figure 7. Material intensity of the Mexican economy 1970-2003, in kg per US
dollar

25

—e— total DMC/GDP
—o—total DMI/GDP

—a— Total DE/GDP
2.3

2.0 +

(kg per US$, 2000 prices)

1.8

15 T T T T T T
1970 1975 1980 1985 1990 1995 2000

years

Source: Gonzalez-Martinez (2007), World Bank (2005)

19



We apply the IPAT model (Holdren and Ehrlich, 1971) in order to analyse the main
socio-economic driving forces of material consumption. We interpret DMC as a proxy
for environmental impact (I) and use a mathematical formula with three variables:
population (P), GDP per capita to indicate affluence (A), and DMC/GDP as a
technology indicator (T). Our objective is to determine which of these three variables
explains the material consumption trends in Mexico. The IPAT equation using the

material consumption indicator has been formulated as follows (EUROSTAT, 2002):
DMC = (Population) * (GDP/population) * (DMC/GDP)

Table 3 shows the evolution of the relevant variables over different sub-periods. During

the whole period 1970-2003, domestic material consumption increased by 194%. This

growth was influenced by a population growth of 102%, a growth in affluence of 62%

and an efficiency gain of 10%.

Table 3. Evolution of main components of the IPAT equation

DMC POP GDP/POP DMC/GDP
1970-2003 2.94 2.02 1.62 0.90
1970-1980 1.76 1.34 143 0.92
1980-1990 1.28 1.23 0.97 1.10
1990-2003 1.30 1.23 1.16 0.91

Source: Gonzalez-Martinez (2007)

Population growth was the main driving force for material consumption over the whole
period. In the 1970s, per capita GDP was the fastest growing factor, supported by the
oil boom. The efficiency of resource use increased although at a lower pace (8%). In
the following two decades population growth was the main driving factor. In the 1980s,
when the economy was in recession, both per capita GDP and efficiency of resource
use decreased. In the most recent period (1990-2003), GDP grew slowly and resource

use improvements increased by 9%.

Conclusions

This study presents information on material inputs into the Mexican economy for the
first time and adds evidence to other studies done for the region of Latin America.
Information on the biophysical aspects of the Mexican economy have been gathered by
applying standard methods for material flow accounting, and results are therefore
internationally comparable. In particular, the MFA indicators obtained for Mexico are

helpful to analyse the pressure this economy exerts on its natural resource
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endowment. In this sense, our first finding is that the quantity of materials entering into
the economy constantly increased, despite structural change and modest economic
growth. Over the last three decades, population growth and export industries were the
main driving forces for the increasing use of natural resources in Mexico. Efficiency
gains were relatively small, and despite rapid growth in resource use, increases in the

material standard of living have been slower and unevenly distributed.

The economic reforms implemented in Mexico in the 1980s were based on an intensive
use of natural resources: firstly, domestic extraction of materials in Mexico tripled due
to a rapid increase of construction minerals and fossil fuels extraction. Secondly, the
amount of materials traded increased considerably from the late eighties when Mexico
drastically reduced all trade barriers: imports grew by a factor of 22 during the period
while exports increased by a factor of 17. The impressive growth of exports occurring in
the late 1970s was solely based on fossil fuels. From the late 1980s onwards this
pattern changed as manufactured products gained importance. Using MFA indicators,
it was noted that Mexico has moved away from being an oil-exporting country to
become an exporter of mainly manufactured goods. The assembly industry has played
a crucial role in this process. While the oil based boom was based on the exploitation
of a natural resource, the new export boom based on the assembling industries results
from comparably low labour costs in Mexico. In this sense, the Mexican economy
represents a different pattern when compared with other Latin American economies. Its
dependence on exports of bulk commodities in the monetary trade balance decreased
during the period analyzed, which situates Mexico between an ‘extractive’ and a

‘productive economy’ (Bunker, 2007).

Nevertheless, material intensity in Mexico has not improved during the last three
decades, despite structural change and the increasing importance of manufacturing
industries in the national product. The reason is that most national industries have not
improved production processes and technology, apart from a few sectors oriented

towards exports.

Despite efforts to diversify exports, crude oil exports still represent 50% of total exports
in weight. The fact that Mexico is still basing its economic growth to a large extent on
the depletion of a non-renewable natural resource, namely oil, will raise problems for

the mid and long term sustainability of the Mexican economy. Already, the weak
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environmental accounting literature” has extensively discussed how ephemeral
economic prosperity built on depletion of natural resources can be. The biophysical
analysis of the Mexican economy adds information on real amounts of resources used
in economic processes, about the efficiency of resource use and has a potential to

inform policy planning.
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