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Introduction

IGNACIO AYESTARAN and MIREN ONAINDIA
The University of the Basque Country (UPV/EHU)

In 1987, the World Commission on Environment and Development (bet-
ter known as the Brundtland Commission) published its famous report Our
Common Future, in which, for the first time, the concept of sustainable devel-
opment was internationally defined as development that meets the needs of
the present without compromising the ability of future generations to meet
their own needs. In 2007, the United Nations Environment Programme
(UNEP) published the assessment report Global Environment Outlook: Envi-
ronment for Development (GEO-4), to determine how our planet had changed
after two decades of concern over sustainable development. According to the
UNEDP, the world has radically changed on a social, economic, and environ-
mental scale since 1987: the world population grew from 5 billion to 7 billion
people, trade is nearly three times greater, and the average per capita income
increased by almost 40 percent. But it did so unequally and with broad mar-
gins of environmental degradation of ecosystems within several indicators
(water management; loss of biodiversity; urban development and popula-
tion; climate change of anthropogenic origin; agrarian, livestock, and fishing
overexploitation; among others). The degradation of ecosystem services may
considerably worsen on the planet during the first half of this century, accord-
ing to the United Nations’ reports on Millennium Ecosystem Assessment. This
would be a major obstacle in achieving the Millennium Development Goals
of reducing poverty, hunger, and diseases, for which environmental sustain-
ability is fundamental.

On the global scale, changes have clearly accelerated across the entire
planet. From a global point of view, ecological and social sustainability are
two facets of the same changing reality. On the one hand, social sustainabil-
ity depends on ecological sustainability: If we continue degrading nature’s
capacity to produce the ecosystems’ services (water filtration, climate stabili-
zation, etc.) and resources (food, materials), both individuals and nations will
be affected by growing pressures and increasing conflicts, as well as by threats
to public health and personal safety. On the other hand, ecological sustain-
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ability depends on social sustainability: With a growing population living in
a social system that does not make the fulfillment of its needs possible, it is
increasingly difficult to protect the natural environment. The forests are felled
for agriculture, the pastures are overexploited, the aquifers degraded, the riv-
ers and seas overused, although some of nature may be conserved in small
reserve areas or natural parks. In addition, human behavior and the social
dynamic often lie at the heart of social and ecological problems. It must be,
therefore, assumed that there will not be sustainable development if sustain-
able societies do not first exist.

A sustainable society has the challenge of developing human capital in
the areas of education, health, job creation, and innovation. This process has
ethical implications both in the areas of transgenerational solidarity (with
future generations) and intragenerational solidarity (with current genera-
tions from the most disadvantaged places), as well as on issues related to gen-
der equality and opportunities in a complex and global world.

It is within this context that the present text is meant to be a contri-
bution toward sustainability, integrating different thematic issues related to
sustainable development in its threefold consideration (economic, social,
and environmental). Because reality always appears to us as a complex and
transdisciplinary connection, the present effort is part of a multidisciplinary
approach that includes methodology, knowledge and the complexity of
values.
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An Evaluation of Ecosystem Services as a Base for
the Sustainable Management of a Region

MIREN ONAINDIA and GLORIA RODRIGUEZ-LOINAZ
The University of the Basque Country (UPV/EHU)

Ecosystems constitute a natural capital that needs to be conserved to ensure
that different services are available, such as climate control, carbon fixing, land
fertility, pollination, filtration of pollutants, clean water provisions, flood con-
trols, recreation, and aesthetic and spiritual values (Daily 1997). These eco-
system services have direct consequences on the prosperity of human society
not only in terms of its economy, but also in relation to health, social relations,
freedom, and safety (Millennium Ecosystem Assessment 2005, v).

Many ecosystem services are considered to be free and unlimited. How-
ever, the noncommercialized benefits are generally higher and sometimes of
greater worth than the commercial ones. When ecosystem services are taken
into account, the value of natural and sustainably managed ecosystems is
frequently greater than that of converted or intensively managed systems.
For example, a comprehensive study that examined the marketed and non-
marketed economic values associated with forests in eight Mediterranean
countries found that timber and fuelwood generally accounted for less than
a third of the total economic value of the forests in each country. Values
associated with nonwood forest products (recreation, watershed protec-
tion, carbon sequestration, etc.), accounted for between 25 percent and 96
percent of the total economic value of the forests (Millennium Ecosystem
Assessment 2005, 6). In different places across the world, natural ecosys-
tems provide societies with great benefits, as is the case with the mangrove
swamps (Barbier 2007).

* We would like to thank the following bodies for the funding provided to carry out this research:
the Ministry of Science and Innovation, project CGL2008-05579-C02-01/BOS and the Departament
of Education, Universities and Research of the Basque Government (funding for research groups,
2009 funding round).
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The degradation of ecosystem services represents a loss of natural capi-
tal, even though this is not reflected in the conventional indices for measuring
income. For example, a country may chop down all of its forests and put an
end to fishing and still increase its gross domestic product (Perrings 2005).

Conservation policies and those related to the management of natural
resources have generally been based on strategies aimed at planning in a
specific sector without consideration of the potential overall effects on the
environment and society. For example, maximizing agricultural production
may lead to the degradation of water quality in rivers and aquifers (Tallis and
Polasky 2009, 265).

The sustainable management of a region requires the integration of eco-
logical, social, economic, and institutional perspectives, based on the recog-
nition of the important interdependence that exists between them (Pikitch et
al. 2004, 346). The paradigm underpinning any ecosystem approach to man-
agement policies requires a total interrelation between human and ecological
well-being in such a way that sustainability is only possible if both aspects are
considered simultaneously. This theoretical approach enables managers to
obtain a wider perspective of the multiple consequences that can result from
specific decisions (Christensen et al. 1996, 681).

Over recent years, large-scale changes to ecosystems, such as the con-
version of natural systems into single-crop agricultural systems, has led to
an increase in the provision of certain services (e.g., food production), at
the expense of different ecosystem regulatory services and cultural services
(Vitousek et al. 1997). As a result, awareness of the distribution of these
services is very useful and informative when making decisions about man-
agement issues. It is also necessary to share experiences in the study and
application of ecosystem services and to define priorities for future work
(Daily and Matson 2008, 9455), since the relevant areas for the provision
of ecosystem services should be managed in a sustainable way to ensure the
present provisions as well as guarantee the future provision of these services
(Egoh et al. 2007, 718-19).

Based on the conceptual framework proposed, the objective of this study
is to evaluate the distribution of specific ecosystem services as a basis for the
sustainable management of a region. To do this, the ecosystem services and
their distribution across the region are evaluated by identifying the areas with
the greatest value in maintaining specific natural and cultural values of the
ecosystems. Thus, four ecosystem services have been selected: biodiversity
(support services); regulation of the hydrological cycle; storage of carbon
both in soil and vegetation (both regulatory services); and recreational use
(cultural services) (de Groot, Wilson, and Boumans 2002, 396-97).



An Evaluation of Ecosystem Services 11

The relationship between the distribution of services—especially between
biodiversity and the other services studied—is analyzed to determine whether
it could be a target parameter (Sarkar et al. 2005, 816) for the evaluation of
the other services. On the one hand, the distribution of the vegetation growth
rate has been analyzed as a measure of production to test its capacity as a
means of evaluating the synthesis of ecosystem services.

Methodology
Area of Study

The area of this study is centered on the Urdaibai Biosphere Reserve in the
province of Bizkaia (Vizcaya), and follows a particular kind of sustainable
development. This is an area of great value, both in terms of its landscapes
and its ecological diversity, which is in a fairly urbanized area not far from
the metropolitan region of Bilbao (with more than 1 million inhabitants).
Urdaibai covers an area of 22,041 hectares, including twenty two municipali-
ties, and comprises approximately 10 percent of the surface of Bizkaia, and
3 percent of the Comunidad Auténoma del Pais Vasco-Euskal Autonomia
Erkidegoa (CAPV-EAE, Autonomous Community of the Basque Country).
The most important municipalities are Gernika (Guernica) inland and Ber-
meo on the coast (figure 1.1). A great diversity of ecosystems and habitats
can be found in this region (dunes, Cantabrian holm oak groves, marshlands,
Atlantic countryside, forestry, agricultural crops, etc.), which encourages the
existence of a high level of biodiversity, particularly in relation to birds (IKT
and the Governing Committee of the Urdaibai Reserve, 2006). On the other
hand, the population of the municipality is close to forty-five thousand inhab-
itants, whose economic activity is based on the metallurgical and primary
sectors (fishing, agriculture, livestock, and forestry). Moreover, the landscape
of the reserve is a highly valued resource. Its location generates significant
conflicts of interest in terms of land use, making it an area of particular inter-
est for the application of a natural resource management strategy based on
ecosystem services.

Mapping and Evaluating Ecosystem Services

The cartography of the ecosystem services is based on an analysis of habitat,
inclinations, altitude, and lithology maps. The database used for the analysis
has been obtained from orthophotos with a scale of 1:10,000 that were pro-
vided by the cartography service of the Provincial Council of Bizkaia. The
information has been completed with field sampling according to the habitat
classes defined in the EUNIS Habitat classification (Rodriguez et al. 2007).
Areas altered by human activity (cities, roads, parks) and water masses are not
taken into account in this particular study.
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Figure 1.1. Location of the study area.

The assessment of the different aspects covered is carried out on a rela-
tive scale of four levels, ranging from one to four (One representing a very
low value and 4 representing the highest attainable score within the ranges of
this study). The highest value of a specific service is considered a “hotspot,”
indicating an area whose management is of utmost importance for the service
in question (Egoh et al. 2008, 136). The evaluation of biodiversity is carried
out by calculating wealth—which refers to the total number of vegetable spe-
cies found on the land (vascular plants)—by way of the field sampling of the
environmental units specified (Rodriguez et al. 2007).
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The capacity to regulate hydrological flow is directly proportional to
the volume of water retained or stored in the soil and vegetation. To a large
extent, the regulation of the hydrological cycle depends on plant coverage,
the permeability of the geological substratum, the state of the soil, the state of
the river basin (the area at the top or bottom of the valley), and the incline.
Therefore, in addition to vegetation maps, for this evaluation lithology, alti-
tude, and incline maps were also used.

For the calculation of carbon storage, the data obtained in a report car-
ried out by the Basque Institute for Agricultural Research and Development,
Neiker (2004) has been used. In this section, the carbon stock in biomass and
in soil has been assessed separately. For the calculation of the growth rate,
the rates corresponding to the dominant species in each environmental unit
have been used, and these are expressed in Gr ha'year!. The data has been
obtained from the IPCC (2004).

The evaluation of the importance of environmental units as recreational
areas is carried out by consulting different groups who are asked to score the
environmental units on a scale of 1 to 4 according to their preferences. Fifty
surveys have been carried out for this aspect. The final score for each unit was
obtained by calculating the average value of the scores of the different groups
for said unit (Casado, Palacios, and Onaindia 2010).

Once the services have been evaluated, the distribution of these services
is represented cartographically in the space provided and any overlaps in the
distribution of the services studied are calculated (Egoh et al. 2008, 137) using
a referenced geographical information system (GIS).

Results

An Evaluation of the Ecosystem Services

The greatest wealth is present in natural hardwood forests, whether decidu-
ous or evergreen, as well as gallery forests. The wealth of species is gradually
diminishing in plantations as a result of the management they are subjected
to, particularly in the case of conifer plantations, thus preventing the devel-
opment of nemoral species. As a result, natural and gallery forests score 4,
mature hardwood forests score 3, and conifer plantations score just 2. Euca-
lyptus plantations, which are planted in dense populations, receive a score of 1
because they exclude all other species. A score of 1 has been given to all young
forest plantations, whether hardwood or conifer, due to the low number of
species found in them. Meadows score 4, as they present a great wealth of
plant diversity (table 1.1).

In terms of the regulation of the hydrological cycle, areas with a highly
permeable substratum (e.g., karst outcrops), act as huge sponges for the
recharge of aquifers, and therefore score particularly well. Natural forest
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Table 1.1. Environmental units defined and their scores for the different ecosystem
services studied. Synthetic areas and water masses are not taken into account in this

assessment.
Assessment
Support Regulatory Cultural
systems systems systems
Biodiversity | Carbonstock | Recreational | Growth rate
(biomass/
soil)

Natural vegetation of

marshlandi 2 3 2 !
Invasive vegetation of

marshlandf ! 2(012) ! 2
Coastal sandbanks 2 1 2 1
Coastal cliffs 2 1 2 1
Reedbeds 1 2 2 1
Meadows 4 2(0/2) 3 1
Fern vegetation 2 2(0/2) 2 1
Bushes 3 3(1/2) 2 1
Riverside forests 4 4(2/2) 3 4
Cantabrian holm oak groves 4 3(1/2) 4 1
Mature deciduous forests 4 4(2/2) 4 1
Young deciduous forests 4 2(1/1) 3 3
Mature hardwood plantations 3 4(2/2) 3 2
Young hardwood plantations 1 2(1/1) 2 3
Eucalyptus plantations 1 3(1/2) 1 4
Mature conifer plantations 2 4(2/2) 2 2
Young conifer plantations 1 2(1/1) 1 4

formations in zones at the head of and on elevated inclines also score well
because they play an important role in protecting the river basin. Forests in
general are highly valued because they reduce water runoft and encourage
infiltration. Nevertheless, intensive forest plantations score lower because
they are normally associated with the use of machinery that leads to soil com-
paction. Finally, the lowest score is given to areas at the bottom of valleys with
little incline, given that there is no problem of surface runoff in these areas,
meaning that this service is not created (table 1.2).

With regard to carbon storage, forest ecosystems play a vital role in the
carbon cycle, constituting one of the largest reserves and sinks of carbon. As
a general rule, species that grow quickly, such as pine and eucalyptus, tend to
fix carbon more quickly, which also occurs with young specimens as opposed
to old ones. When they grow, plant species extract carbon from the atmo-
sphere through photosynthesis and accumulate it in their tissues, thereby fix-
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Table 1.2. Assessment of the regulatory service of the hydrological cycle of the

different areas.
Assessment
Regulation of
hydrological cycle
Karst outcrop areas (regardless of the kind of plant coverage) 4
Semi-natural forests and hardwood plantations 3
Headwater areas Conifer and eucalyptus plantations and bushes 2
(above 150 m) -
Meadows and fern vegetation 1
Areas at the bottom of valleys (under 150 m) (regardless of the plant ]
coverage)

ing it. The quantity of carbon fixed in mature forests is greater than that in
young ones (table 1.1).

In terms of the assessment of recreational use, the results show that soci-
ety values highly mature hardwood forests, with natural forests receiving a
score of 4, and plantations a score of 3. Conifer plantations are less valued,
with a score of 2 (table 1.1).

Spatial Distribution of Ecosystem Services

The spatial distribution of ecosystem services in the area of the Urdaibai
Reserve is extensive for all the services studied, given that at least one of the
services is provided in 90 percent of the region. The highest values of bio-
diversity (the support services of the ecosystems) represent 34.7 percent of
the total surface, with the highest values being 4.4 percent, the average value
being 33 percent, and the lowest value being 21 percent. With regards to rec-
reational use (the cultural services of the ecosystems), the areas with very high
values represent 10.6 percent of the surface area, the next highest values 26.2
percent, the average 36.7 percent, and the lowest 19.6 percent. The region’s
highest values of carbon storage (the regulatory services of the ecosystems)
represent 36.7 percent of the surface area, with the highest values being 17.7
percent, the average value being 38.3 percent, and the lowest value being 0.4
percent. The regulatory services of the hydrological cycle (the regulatory ser-
vices of the ecosystems) have a very high value across 11 percent of the surface
area, with high values of 8.5 percent, averages of 44.2 percent, and low scores
of 29.4 percent. The growth rate scores are distributed as follows: very high
scores in 19.7 percent of the region, high scores in 5.5 percent, average scores
in 32.7 percent, and low scores in 35.2 percent.

The most significant overlap in the spatial distribution of the hotspots
is evident between biodiversity and recreational use, which amounts to 98
percent. In other words, 98 percent of the hotspot area for recreational use is
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found within the highest scoring area for biodiversity. The overlap between
biodiversity and the regulation of the hydrological cycle is also very high,
standing at 70.3 percent, and also relatively significant in terms of carbon
storage (13 percent). However, the overlap between the distribution areas
of the maximum scores for growth rate are very low for all of the services
studied: 0 percent overlap in relation to recreational use, 1.5 percent with
biodiversity, 6 percent with the regulation of the hydrological cycle, and 1.7
percent with carbon storage (table 1.3).

Discussion

From the results obtained, it can be deduced that most parts of the surface
area of the reserve (close to 90 percent) are significant in terms of generat-
ing ecosystem services. Moreover, the hotspot areas also make up a high per-
centage of the surface area of the biosphere reserve, standing at 35 percent of
the region in the case of biodiversity and carbon storage, values that are high
compared to other regions (Egoh et al. 2008).

These results should be complemented by the value that these services pro-
vide society with beneficiaries, as well as more awareness of their distribution
among beneficiaries so that managers’ decisions may lead to situations charac-
terized by greater social justice (Tallis and Polasky 2009, 266-67). Itis important
to consider how people, who are frequently excluded from analyses in regional
planning, assess such aspects (Alessa, Kliskey, and Brown 2008; Raymond et
al. 2009, 1302). In various cases, the Millennium Ecosystem Assessment study
highlighted the conflict of interests among users who used the provision of eco-
system services (food, wood, etc.) as opposed to the conservation of other regu-
latory and cultural services. A framework of analysis that evaluates biodiversity
alongside other ecosystem services could help to identify strategies and situa-
tions that would result in a win-win outcome (Tallis and Polasky 2009, 271).

The relationship between biodiversity and the distribution of ecosystem
services varies depending on the characteristics of the area. As a result, the
whole range of services cannot be planned solely on the basis of the distribu-
tion of just one of them (Chan et al. 2006). However, there is a high overlap
in the region studied between regions of greatest biodiversity and areas with
a high value of ecosystem services: the regulation of the hydrological cycle,
cultural services, and carbon fixing.

The high spatial correlation between the services studied shows that biodi-
versity can be applied in this zone as a target parameter of ecosystem services.
This has significant implications for the management of the region because it
suggests a need to conserve the areas with the greatest biodiversity to preserve
hydrological control, the accumulation of carbon in biomass and soil, and the
recreational use of the region. These results could lead to a restriction of cer-
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tain activities in areas identified as priority areas for ecosystem services, as well
as to the establishment of measures for ecological mitigation and regeneration.
By contrast, with regard to the growth rate as a measure of primary productiv-
ity, this cannot be used as an indicator of ecosystem services in general as its
distribution is different from the other services studied.

Ecosystem services contribute to quality of life in numerous ways, both
directly and indirectly. Therefore, as argued in various international forums,
methodologies based on approaches that encourage a holistic understanding
of the values of the region need to be applied to put sustainable planning into
practice in the region (Kumar 2010).
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Human beings are closely interrelated with nature and with the environment.
Nature provides for the needs of human beings through the functions and
services of ecosystems through water, food, energy, and materials. In addition
to these and other direct contributions, natural ecosystems provide different
cultural services (recreational, educational, spiritual) and regulating services
(regulating climate, floods, disease, water quality, water cycles, carbon cap-
ture) (Millennium Ecosystem Assessment 2005a, v), which are indirect con-
tributions to human well-being. This concept of ecosystem services, originally
proposed by John Holdren (Daily 1997, 3) and analyzed in depth in the Mil-
lennium Ecosystem Assessment and its successive phases (MA Follow-up),
grew out of the paradigm that society should better understand and value
ecosystems because human beings depend on them (Onaindia 2007, 41).
The United Nations (UN) launched the Millennium Ecosystem Assessment
(MA) in 2001. Its objective was to contribute to the achievement of the Millen-
nium Development Goals through better knowledge and valuation of ecosys-
tems. The MA was carried out between 2001 and 2005 to assess the consequence
of ecosystem changes on human well-being by bringing the best available infor-

* We wish to thank the Provincial Government of Bizkaia, particularly the Department of the
Environment and all of the technical experts who participated in this project; the Basque Govern-
ment Department of Education, Universities and Research that financed Izaskun Casado-Arzuaga’s
Research Fellowship; Pilar Barraqueta and Gurutxe Santos from the EKOS company for their work
on the Huella Ecolégica (Ecological Footprint) study; the team at Prospektiker company for its sup-
port of the scenario workshops; Carlos Montes, Berta Martin-Lopez, the Social-Ecological Systems
Laboratory from the Autonomous University of Madrid; UNESCO Etxea and all of the people who
participated in the project whether by responding to the survey or as participants in the various work-
shops that were conducted.
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mation and knowledge on ecosystem services to bear on policy and management
decisions. Thus, the MA established the scientific basis for the action needed to
enhance the conservation and sustainable use of ecosystems and for understand-
ing how ecosystems contribute to human well-being (Ash et al. 2010).

Despite the efforts of various social sectors to promote nature conser-
vation, especially during the 1970s (e.g., Meadows et. al. 1972), environmen-
tal deterioration and biodiversity loss are increasing. According to the MA
report Ecosystems and Human Well-being: Current State and Trends (2005b),
60 percent of ecosystem services are being degraded or used in unsustainable
ways, including freshwater resources, capture fisheries, air and water purifi-
cation, local and regional climate regulation. Changes in the ecosystems are
also increasing the likelihood of nonlinear and potentially sudden changes
that carry significant consequences for human well-being such as natural risks
and epidemics. The report concludes that global pressures on ecosystems will
increase in the coming decades, unless human attitudes and actions change.

A report from the World Wildlife Fund, the Zoological Society of Lon-
don, and Global Footprint Network (2008, 2) affirms that humanity’s ecologi-
cal footprint' has more than doubled since 1961, and is now exceeding the
planet’s capacity to regenerate in almost 30 percent of the cases. These findings
prove that the messages used thus far in favor of nature conservation and sus-
tainability have not made a sufficient impression on the vast majority of soci-
ety nor, consequently, on the majority of its leaders. Thus, a new method of
understanding the social-environmental problems is necessary, so that we can
stop ignoring the obvious and begin to focus on and think about that which
affects our lives and our well-being: ecosystems,? natural capital,’ and our way
of relating to each other and the environment that surrounds us.

Conceptual Framework and the Importance of the Millennium
Ecosystem Assessment

The MA incorporates a systemic and noncompartmentalized view of the sus-
tainability concept. It departs from the current, moreadvanced views of sustain-

1. A sustainability index has been developed to estimate humankind’s impact on the planet and
is defined by its authors as: “the area of ecologically productive land (and water) in various classes—
cropland, forests, pasture, etc.—that would be required on a continuous basis (a) to provide all the
energy/material resources consumed, and (b) to absorb all the waste discharged by that population
with prevailing technology, wherever on Earth that land is located” (Wackernagel and Rees 1996,
51-52)

2. An ecosystem is a complex dynamic of plant, animal, and microorganism communities and the
nonliving environment interacting as a functional unit. Humans are an integral part of ecosystems
(Millennium Ecosystem Assessment 2005, 25).

3. Natural capital refers to those systems that have the capacity to exert functions and therefore
provide services to society (Martin-Lopez et al. 2009, 263).
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ability, which regard nature and human beings as a complex social-ecological
system (Berkes, Colding, and Folke 2003). That is, the human system forms
part of the biophysical system and, therefore, the planets biophysical limits
cannot be ignored because society and its economy depend on the functions
and services of their natural ecosystems. From this perspective, the economy
cannot be understood or managed outside of the social and institutional
relationships that surround it, nor be extended beyond the biophysical lim-
its imposed by ecological systems (Gonzélez et al. 2008, 60). Therefore, the
human system is not sustainable unless the biosphere’s regeneration and load
capacity are taken into account. To put it another way, the planet’s biophysical
limits must not be exceeded.*

The conceptual framework for the MA places human well-being as the
central focus for assessment, while also recognizing that biodiversity and eco-
systems have intrinsic value (Millennium Ecosystem Assessment 2003 and
2005b, chap. 1). Thus, the MA closely examines the concepts of ecosystem
functions and services,” including their relationship with the components of
human well-being (figure 2.1), given that changes in ecosystem services affect
well-being in many ways. Figure 2.1 depicts the strength of linkages between
categories of ecosystem services and components of human well-being that
are commonly encountered and includes indications of the extent to which
it is possible for socioeconomic factors to mediate the linkage. The strength
of the linkages and the potential for mediation differs in various ecosystems
and regions. In addition to the influence of ecosystem services on human
well-being depicted here, other factors—including other environmental fac-
tors as well as economic, social, technological, and cultural factors—influence
human well-being, and ecosystems are in turn affected by changes in human
well-being (Millennium Ecosystem Assessment 2005a, 2005b).

We are often unaware of this relationship until adverse effects are pro-
duced that show how the loss of the ecosystems health is closely related to
decreased human well-being. The negative impacts of water, soil and air con-
tamination on human health are clearly among the adverse effects caused by
environmental degradation and poor waste management practices. In addi-
tion, agriculture suffers due to soil degradation, which results in nutritional
problems for a large part of the world’s population that relies on subsistence

4. For more information on the planet’s limits, see Meadows et al. (1972); Meadows, Randers, and
Meadows (2004).

5. “Ecosystem functions” are defined as the capacity of the processes and structure of the ecosys-
tems to generate services that create human well-being (de Groot 1992). “Ecosystem services” are the
benefits provided by ecosystems that contribute to making human life both possible and worth living
(Diaz et al. 2006, box 1), worthy of being lived. Therefore, an ecosystem function may or may not
become an ecosystem service, depending on whether it contributes (directly or indirectly) to human
well-being.
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Figure 2.1. Linkages between ecosystem services and human well-being.
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agriculture. Furthermore, the environment’s shifts and imbalances involve
major social changes and problems because they affect every type of social
activity and reduce the quality of life for a large percentage of the world’s pop-
ulation. On that point, however, the social consequences of an environmen-
tal change vary according to the specific characteristics of different societies
(Duarte et al. 2006, 105), human attitudes and actions, and the capacity of
societies to anticipate and make changes. This is because while well-managed
ecosystems reduce risks and vulnerability, poorly managed systems can exac-
erbate problems by increasing risks of flood, drought, crop failure, or dis-
ease (Millennium Ecosystem Assessment 2005b, 27). For this reason, the MA
underscored the need for coordinated efforts between different government
sectors, researchers, companies, citizens’ groups, international institutions,
and other agents involved in directing the policies as well as the individual
and collective actions taken to better protect natural capital.

The theoretical framework for ecosystem functions and services establish
abridge between scientific knowledge and political decision making. Through
the new terminology and philosophy underlying the MA, the existing dichot-
omy between conservation and development has been overcome and they
have ceased to be seen as two remote and conflicting issues. The importance
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of sustainability for well-being has begun to be seen, where conservation and
the appropriate use of ecosystems have become essential elements for sus-
tainable human development and, consequently, for human well-being.

Importance of the Sub-Global Assessments in “Developed Countries”

In the case of the most industrialized, urbanized, and technologically advanced
countries, it is more difficult to see the existing relationship between society
and nature a priori because there are various spatial and/or temporal scalar
decouplings among the place and/or moments in which the capacity to pro-
vide a service (function) is generated and in which the service of the ecosys-
tems is taken advantage of, utilized, or enjoyed.” That is, residents in a large
city can use services produced in distant ecosystems (e.g., food produced
thousands of miles away) or in the past (e.g., in the case of oil), without the
citizens being aware of the origins of those services.

However, these same societies are the ones that make greater use of the
services or benefits that humans obtain from the ecosystems and from their
associated functions. In Euskadi’s (the Basque Country’s) case, for example,
the annual electricity consumption is 6,346.33 kWh./resident (Eustat, Udal-
map), the annual trash production is 552kg/person, and nonhazardous waste
created in the Bizkaia province is 1,728,941 tons/year (Eustat). On this point
it is important to remember that environmental consumption not only marks
the relationship between human beings and nature, but also the relationship
among humans themselves (Sachs and Santarius 2007, 28).

For this reason, it is vitally important to use indicators that permit soci-
ety and decision makers to see how industrialized and urbanized societies
really use ecosystem services, near and far. To do so, a highly utilized sustain-
ability indicator of great value in visualizing our impact on the planet and
possessing a highly educative character due to its graphic overview was called
for. This is the ecological “footprint,” which measures “humanity’s demand
on the biosphere in terms of the area of biologically productive land and sea
required to provide the resources we use and to absorb our waste” (World
Wildlife Fund, Zoological Society of London Living Conservation, and the
Global Footprint Network 2008, 14). In other words, the ecological footprint
measures the required amount of useful soil that human activities consume

6. Human well-being is defined as: freedom of choice and action, in terms of meeting the needs
for: (1) basic material for a good life, (2) health, (3) good social relation, and (4) security (Millennium
Ecosystem Assessment 2003). The constituents of well-being, as experienced and perceived by people,
are situation dependent, reflecting local geography, culture, and ecological circumstances (Millen-
nium Ecosystem Assessment 2005b, chap. 1).

7. For more information on scalar decouplings, see Fisher, Turner, and Morling (2009).
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and compares it with the surface area at our disposal. In spite of being an index
that does not examine many of the environmental impacts that human beings
are creating, it is sufficient to reveal that the biocapacity, or load capacity, of
the planet is being exceeded. Through this and other indicators, it is easy to
see how much the current societies mistakenly called “developed™ depend on
nature and the ecosystems services. Furthermore, analyzing trends derived
from these indicators over time can help track change, which is linked to
certain adopted decisions, strategies, and policies that favor or harm sustain-
ability achievements.

Thanks to these types of indicators, it is possible to recognize the impacts
that the society of a particular region can create both on that region’s eco-
systems as well as on distant ecosystems, and thus on other geographically
remote communities, are recognized. The tools to evaluate the changes cre-
ated by new ways of doing things will greatly aid both local and global strat-
egies for reducing environmental impacts, while addressing poverty, and
increasing human well-being.

Millennium Ecosystem Assessment Follow-up

Given the MAs dynamic and transformative character, it is currently con-
ducting the follow-up to the Millennium Ecosystem Assessment through a
wide range of sub-global assessments (SGAs) that are coordinated by the Sub-
Global Working Group to promote the implementation of the findings and
recommendations of the MA .°

This program covers three main objectives:

1. Building and Maintaining the Knowledge Base—to continue to
build and improve the knowledge base on the links between bio-
diversity, ecosystem functioning, ecosystem services, and human
well-being and to develop tools for mainstreaming ecosystem ser-
vices into development and economic decision making.

2. Policy Implementation—to strengthen country capacities to oper-
ationalize methods and tools for integrating the MA approach
and its findings and recommendations in national development

8. Calling some societies “developed” implies that other societies are “underdeveloped.” Given that
there are very diverse ways of developing, and that the currently predominate development model
has proven to be unsustainable, different terminology is recommended. In particular, the terminol-
ogy proposed by Marcellesi and Palacios (2008, 9) is noteworthy due to its considerable potential for
change. Based on this terminology, on one hand there would be industrialized countries working
toward sustainable development, and on the other hand there would be countries that were not as
industrialized with the potential to move directly toward sustainable human development.

9. See www.MAweb.org for further details on the MA and the various follow-up activities currently
under way. See also http://devnew.gpa.nl.eu.org/ma_followup/index.php for specific information on
the MA Implementation Process.
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planning and policy implementation processes, including Millen-
nium Development Goals and poverty reduction strategies at the
national level.

3. Outreach—to disseminate the findings of the MA and its concep-
tual framework, tools, and methodologies to relevant stakehold-
ers through the development of media strategies and educational
tools.

The multidisciplinary character of the program is reinforced in the MA’s
implementation process, which, as with the global assessment, promotes the
interconnection among the sub-global, local, national, and regional assess-
ments through working groups, publications, and other work tools that help
in the implementation of the assessments and favor the systemization of
methodologies (see, for example, Ash et al. 2010).

The follow-up program attempts to learn from the possible mistakes and
successes of MA’s first phase, and, above all, strengthen the weak areas identi-
fied and enable the continuous improvement of successive assessments. To do
so, common issues of SGAs concerning credibility, relevance, and legitimacy
were analyzed at the annual meeting of the sub-global assessments in Bali
(Indonesia) in 2010. Among others, the importance of the following aspects
were highlighted: (1) stakeholder engagement and participation in the pro-
cess; (2) outreach and communication; and (3) institutional strengthening by
involvement in the assessment process both by “policy makers” and “policy
shapers.” The participation and involvement of the policy makers was impor-
tant as well as that of the administration’s technical experts who, on the one
hand, generally remained at their job posts longer and who, on the other hand,
influenced the policy makers. The need for local studies was also emphasized
because case studies that could serve as examples for other regions were lack-
ing, especially for those regions with similar characteristics.

The case study that follows is for the Bizkaia province, which is located
in the northern Iberian Peninsula (43°07°N, 2°51’W) in the Basque Coun-
try. Bizkaia’s assessment began in 2008 under the name Evaluacion de los
Ecosistemas del Milenio en Bizkaia (EEMBizkaia; Millennium Ecosystem
Assessment in Bizkaia) and was officially accepted as an SGA for the MA
implementation process on December 1, 2009, by the co-chairs of Sub-Global
Working Group.

Bizkaia, which occupies a strip between the coastline and the watershed
that separates the Atlantic Ocean and the Mediterranean Sea, has an expanse
of 2,217 km” and a population of 1,151,113 people (density of 519 people/
km?) (Eustat). Its territory as a whole displays a very humanized landscape.
The industrial activity, urban settlements distributed throughout all of the
territory, infrastructures that link them to and provide them with other com-
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munity services, and intensive productive uses established in the rural envi-
ronment during the last few decades have deeply transformed the original
landscape.'?

The economic development of Bizkaia in the first stages of the twenti-
eth century was based on the extraction of iron, which led to an iron-based
industry (from mining to shipyards) that characterized the social and eco-
nomic development of the province until the 1980s and 1990s. This left the
territory with a high population density in the industrialized river estuaries,
especially concentrated in the Greater Bilbao metropolitan area (with a den-
sity of 2,198 people/km?) (Eustat).

Bizkaia is very heterogeneous and includes some zones of great ecologi-
cal interest, such as the Gorbea and Urkiola Natural Parks. Following the
economic crisis that Spain suffered at the beginning of the 1990s, the Basque
Country (particularly Bizkaia) submerged itself into a deep process of trans-
forming its secondary production sector (mainly metallurgy) into its tertiary,
with Basque institutions pledging to strengthen the environment and work
toward sustainability.

Bizkaia is thus a very interesting research area due to its industrial past
as well as its potential for moving toward greater sustainability. Furthermore,
it is noteworthy that a large amount of social, economic, and environmental
information exists in both Bizkaia and the Basque Country that facilitates
assessment work, which aims to collect, synthesize, and interpret the existing
documentation.

The Bizkaia Case Study: Research Project Methodology and
Relevant Characteristics

EEMBizkaia is sponsored by the Provincial Council of Bizkaia and scientifi-
cally coordinated by the UNESCO Chair on Sustainable Development and
Environmental Education of the Universidad del Pais Vasco/Euskal Herriko
Unibertsitatea (UPV/EHU, University of the Basque Country). The Social-
Ecological Systems Laboratory from the Autonomous University of Madrid
and the UNESCO Etxea Center of the Basque Country are also active par-
ticipants. Data collection participation, however, is not limited to these enti-
ties. The interaction and involvement of all agents that work in the territory’s
macro-ecosystem is also sought.

One of EEMBizkaia’s most emphasized characteristics, which dis-
tinguishes it from many other SGAs, is the strong involvement from the

10. Forest plantations currently make up 44.86 percent of the territory, with the great majority
being Pinus radiata plantations (Gobierno Vasco 2005), which have replaced crops, meadows, and
indigenous leafy hardwood forests 1995).
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beginning of policy makers, managers, and technical experts from the local
administration, which as the project advances manages to involve a greater
number of policy makers and policy shapers. Indeed, the Provincial Council
of Bizkaia is very conscious of the importance of forging ties between science
and management. And so with the objective of equipping themselves with
management tools based on better knowledge of the natural values of the his-
torical Bizkaia region and the social environment, they decided to promote
and get involved with this project.

This research project, which applies the MA developed methodology,
works in a multidisciplinary and participatory way toward improving envi-
ronmental knowledge and integration, while at the same time insisting on
public environmental awareness and education. Its overall objective is to cre-
ate applicable scientific knowledge for the public and private sectors regard-
ing the possible consequences that changes in the Bizkaian ecosystems might
have for society and its population’s well-being, as well as to present possible
response options. This is all supported in the studies and participatory pro-
cesses that gather the perceptions, concerns, and contributions of the various
social agents involved.

Also of note is the pursuit of stakeholder involvement in the project
through participatory processes (see Ash et al. 2010, chap. 2). Thus, EEM-
Bizkaia, through a combination of several participatory methods—surveys,
in-depth interviews, and workshops—obtains information of a different type
that enriches the investigation and allows the Bizkaian social-ecological sys-
tems to come together. The methods integrate the ecological, sociocultural,
and economic perspectives of the human being in nature (Anderies, Janssen,
and Ostrom 2004).

The workshops acquire special relevance within the participatory meth-
odologies because they are meeting spaces for key actors and experts from
very diverse areas (public administration, universities, research centers, social
groups, business groups, etc.). The first of these participatory workshops was
held in 2009. The central idea that emerged from the scenarios was to exam-
ine multiple possible futures and to allow their main differences to illustrate
to society and to decision makers the consequences for ecosystem services
and the consequences of choosing different paths on human well-being (Mil-
lennium Ecosystem Assessment 2005c).

EEMBizkaia Framework and Methodology

The study is being carried out on two distinct spatial scales: a general scale for
Bizkaia and a more specific scale for different types of ecosystems and land-
scapes. In addition, the Bizkaia project and that of the Spanish assessment
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(EME)'" are interconnected in such a way that work is conducted jointly for
the unification of methodologies and criteria. Furthermore, the Bizkaia SGA
will be incorporated into the state assessment as a case study. Finally, the proj-
ect forms part of the MA implementation process and as such it emphasizes
the multiscale character of the project.

With regard to the scale for Bizkaia, the project studied the province’s
ecological footprint in 2007 based on the different ecosystems and/or types of
existing surfaces in the territory. Forest masses were also studied: their con-
dition, socio-environmental effect, and the functions and services associated
with them.

On the local scale, four zones were selected within Bizkaia for the pilot
study with the intention of encompassing the greatest variability possible
based on the following criteria:

e Diversity of ecosystems and variety of ecosystem services

e Comparison of urban areas of high demographic pressure with
rural areas

e Comparison of original, recuperated, and degraded zones

e Acknowledgment of a distribution in the entire Bizkaia territory

One of the selected areas was the greenbelt of metropolitan Bilbao, which
includes Bilbao and twenty-eight other municipalities that are in the Bilbao
(or Abra) Estuary (figure 2.2). These studies have been carried out through
analyses of various information sources (Eustat, Udalmap, geographic infor-
mation databases, earlier scientific studies, and many more) for both the
Basque Country and the Bizkaia province; comprehensive background docu-
ments and scientific articles; geographic information systems; specific field
studies (i.e., 450 surveys and in-depth interviews conducted in the greenbelt
of metropolitan Bilbao); and contrasting participatory processes (work-
shops), among others.

Principal Results of the Project

The following sections discuss the principal results obtained from both the
ecological footprint studies for all of Bizkaia (e.g., those gathered in the met-
ropolitan Bilbao green belt pilot zone) and from the forest systems, as well
as their interrelationship with the results from the various participatory pro-
cesses carried out in the project’s framework.

11. For more information on the MA in Spain, see www.ecomilenio.org.
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Figure 2.2. Study area location. Position of Bilbao in relation to Europe and Euskadi,
and the location of the pilot study area of metropolitan Bilbao inside of Bizkaia.

Ecological Footprint

In the principal results obtained from the ecological footprint study from
Bizkaia in 2007, which is expected to have continued analysis in subsequent
years, it was noted that the current way of life of Bilbaos population requires
4.84 ha/person, which is 3.83 ha/person more than what is available or 3.80
times more than what the territory can provide.

Of all the factors that determine a region’s ecological footprint, the
absorption area of CO, (determined by the production and consumption of
energy, consumption of goods, and area needed for waste recovery by recy-
cling) was the main contributor to Bizkaia’s ecological footprint (4.29 ha/
person). The production and consumption of energy, especially the energy
incorporated into consumer goods importation, caused the most emissions
and, thus, required the most area for its absorption.

Therefore, to achieve a more sustainable Bizkaia, its ecological footprint
must be reduced, starting with the emissions associated with the import of
consumer goods. When forming guidelines to achieve the desired future for
Bizkaia, the participants in different workshop groups proposed the pro-
motion of direct consumption, cutting out intermediaries, and minimizing
transport, all of which, along with other proposed actions, would help to
reduce Bizkaia’s ecological footprint.

Forest Systems of Bizkaia

Bizkaia’s forest systems were analyzed through a study of diverse aspects,
including: environmental assessment reinforced by a characterization study;
assessment of the forest landscape; socioeconomic and cultural valuation;
study of the functions and services; and SWOT analysis (strengths, limita-
tions, opportunities, threats).
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In the characterization of the current forest landscape in Bizkaia it was
observed that the total forest area was 57 percent of the region, of which only
12 percent corresponded to natural forests, with conifer plantations as the
principal component of the landscape (representing 86,734 ha, or 69 percent
forest cover). Private ownership of the total forest area was 62 percent. Oak
wood ecosystems, despite making up the majority of the region’s potential
vegetation, actually formed an area of less than 7 percent of the total area and
presented a high degree of fragmentation. In the forest landscape assessment
study of the last ten years, a mixed oak forest recovery trend was observed as
a result of ecological succession from scrubland. Furthermore, slight trend
changes were noted in the intense forestry activity characteristic of the region,
with a decline in the conifer plantations’ surface area and an increase in the
surface area of eucalyptus plantations, which replaced the conifer plantations
and unforested zones.

In the study of the functions and services of the Bizkaia forest systems,
the importance of the systems” potential functions and regulating services
was observed. This point was reinforced in the workshops on forest systems,
during which the participants identified many more regulating services for
these systems than cultural or provisioning services. Importance was also
given to the appropriate management of the forest systems so that they could
maintain a high potential of offering regulating services.

For its part, the socioeconomic study clearly shows the forest sector’s
complicated economic situation: in the last decade the economic value of the
Basque forest sector’s end production suffered a 57 percent decrease, mak-
ing it currently less than 0.6 percent of the Bizkaia’s gross national product
(Eustat).

Despite the great potential in promoting other types of activities, to date
timber extraction has been the main use of the Bizkaian forests. The work-
shop participants recommended that the economic valuation of the forests
should not only take production into account, but also other aspects, such
as the tourism value that was also generating income. To achieve this, the
workshop participants emphasized the need to promote and give priority to
other uses of the forests besides production, through public administrations
and other types of initiatives.

With the SWOT analysis, which was developed after analyzing the pre-
vious studies and reworked by the forest workshop participants, trade-off
analyses acquired special relevance due to competing interests in the forest’s
socio-ecological systems. This fact, in turn, was confirmed in the scenarios
workshops that subsequently took place, during which the forest systems
were given great importance for the future of Bizkaia.
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Greenbelt of Metropolitan Bilbao

The most noteworthy results and conclusions from the case study of the
greenbelt of metropolitan Bilbao were as follows:
e The value attributed to ecosystem services depended on the groups

of people who would benefit from them. The individual respondents’
knowledge of the areas and their environmental behavior influenced
their responses. The people with greater knowledge and pro-environ-
mental behavior were those who most valued the services provided.
o Thelocal population perceived the importance of ecosystem services
for their well being.
e The people surveyed did not identify provisioning services as impor-

tant ecosystem services for the region because they did not associate
those services with themselves. This was because the agricultural and
livestock sector was underrepresented in the region; provisioning ser-
vices came from outside. This point was reinforced as part of the par-
ticipation workshop, during which it was confirmed that the order of
preference of ecosystem services that the participants perceived coin-
cided with the respondents. It was of great importance that the results
obtained by two differentiated participatory methods coincided.

Furthermore, users of the metropolitan Bilbao greenbelt seemed to know
that provisioning services were obtained from other ecosystems, whether near
or far, demonstrating that society could sense the existing scalar decoupling.
This, along with the ecological footprint results, affirmed the importance of
conveying the results from these types of research projects to society to make
clear that which they seemed to sense a priori.

Conclusions

It is important to analyze the stakeholders’ perceptions of the ecosystems that
they make use of, as well as to create ties between research, management, and
the citizens through participatory processes that aid in broadening knowledge
and improving the management of the social-ecological systems. In cases
where conflicts of interest could occur, a deeper examination of the studies and
a search for common workspaces that encourage consensus and creativity is
recommended, in the pursuit of new paths toward sustainability.
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Climate Change: Activities of the EOLO Group at
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World population growth has continued to explode since the start of the
industrial revolution. As such, massive scale emissions of atmospheric gases
and particles from combined human activities have been unceasing and
humankind has now left a noticeable mark on the chemical composition of
the atmosphere. The current concentration of carbon dioxide on the planet is
the highest it has been in at least 650,000 years and primarily comes from the
burning of fossil fuels carried out by man.

This imbalance is the result of a systemic increase in per person lifetime
average energy consumption as well as the continual increase of the world’s
population and average life expectancy. Given the inefficiency of modern
technologies, the demand for increasing amounts of energy implies that the
natural environment that surrounds us will be contaminated. As the number
of individuals benefiting from the improvements inherent to a technological
civilization continually rises, the contamination will increase daily. It should
be obvious to us that the particular contamination we produce comes from
the specific processes we employ to create the goods we use and the energy
we consume.

There is no scientific debate whatsoever on this issue. In order to fuel
the ongoing industrialization process that began at the end of the eighteenth
century, humans have injected enormous amounts of carbon dioxide into the
atmosphere, thus overexploiting fossil fuels that are now used daily and on a
massive scale. The composition of the atmosphere is currently changing at an
extremely fast rate due to the consumption levels of developed countries and
the arrival of emerging industrial powers such as India, Brazil, and China,
where over half of the human population exists. Within a few years, we will
find ourselves on a planet with more than 9 billion people, nearly half of
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whom will be living in industrial areas and large cities and consuming enor-
mous amounts of energy. Without the development of currently unknown
technologies, energy consumption will continue to come specifically from the
burning of fossil fuels.

Many have foreseen and given warning to humankind’s movement
toward an industrialization of the entire planet. This scenario has been asso-
ciated with damaging effects on the environment and mankind itself. At the
same time, this problem has become a political issue whose primary emissar-
ies in recent history have been environmental movements. In this regard, in
any report on the history of modern environmental thinking, it is well docu-
mented that the 1972 United Nations (UN) Conference held in Stockholm,
Sweden, marked the first expression of global concern for the environment.
Since then, environmentalism has gradually come to form part of a citizen
consciousness and is now a reality that cannot be left out of political discourse
or discourse within the business world.

Climate Change: Science and Politics

Within the general debate, in the last few years a discussion has begun regard-
ing the possibility of climate change associated with the industrialization pro-
cess. Some of the substances generated by human activity that are emitted
into the atmosphere have the special characteristic of being able to produce
what is known as the greenhouse effect. This effect, which occurs naturally
in the environment, is when certain gases absorb considerable amounts of
thermal radiation from the planetary surface and then return it back toward
the surface. Therefore, humankind’s footprint on the planet becomes notice-
able as the population and its prosperity increase. This not only produces an
imbalance in the natural geochemistry of the atmosphere, but also a change
in its radiant energy flux.

Because meteorological phenomena and climate are nothing more than
expressions of the thermal processes they produce in the atmosphere, it can
be deduced that local and global meteorology and planetary climatology are
affected by the presence of humankind. This assertion is not a catastrophic
speculation, but rather a fact derived from observation of the chemical com-
position of the atmosphere and the fact that humans are modifying that com-
position in a very real and specific manner.

This is not a new or particularly surprising conclusion. For example, all
scientists accept as fact that the proliferation of plants and other beings capa-
ble of photosynthesis on the planet has modified the chemical composition
of the atmosphere and, as a result, the global climate. It is also a fact that in
today’s cities there is an obvious local climate change occurring that is found
to be more acute when a city has a higher population. Based on the exist-
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ing fossil record, we know that the climate has varied since the beginning of
earth’s existence. All of these facts have been extensively analyzed in current
climatology studies.

Given the importance of this issue, for several decades the global sci-
entific community has been committed to researching the potential direc-
tion that human-produced climate change may take. Throughout the world,
groups of specialists in meteorological observation and measurement as well
as those who model atmospheric, oceanic, and biochemical phenomena have
been working to attempt to answer the question of the potential direction of
human-produced climate change. Given the importance of this issue, these
studies have been sponsored and coordinated by the UN under the wing of
the Intergovernmental Panel on Climate Change (IPCC).

The results of these studies show that climate change caused by humans
involves an increase in the average temperature of Earth’s atmosphere and
possibly an intensification of some meteorological phenomena in various
regions, including, for example, precipitation and heat waves. These changes
must be compared to the natural probability of their occurrence without the
presence of —and we have already seen— an increasingly polluting human
population. Obviously, it cannot be proven that every heat wave is the result of
climate change. But it can be stated that there is a higher probability that this
type of phenomena will occur.

In such a context, there are no scientists who doubt that the presence
of varying amounts of carbon dioxide gas in the atmosphere has exerted a
deep influence on climatic variation, along with other factors, including con-
tinental drift and orbital variation, among others. The gas affects the climate
because it absorbs thermal infrared radiation emitted by Earth and therefore
warms the atmosphere where it is found. The atmosphere then re-emits infra-
red radiation, thereby increasing the planet’s surface temperature.

It has taken scientists nearly a century to determine with a margin of
confidence that an increase in the concentration of carbon dioxide can pro-
duce a warming of the planetary surface. Beginning with the first studies
completed by Joseph Louis Fourier and John Tyndall in the middle of the
nineteenth century until the Fourth Assessment Report by the IPCC (2007),
experimental techniques have been refined and have even led to the develop-
ment of remote measurement techniques using artificial satellites.

Experiments in measurement and observation in conjunction with
emerging technologies have allowed more complex computational systems
to be constructed, thus allowing: simulation of the physical mechanisms
implied in the climate’s response to external anthropogenic forces; weather
prediction; and determination of the potential condition of an ocean in any
part of the world.
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Policy makers have supported studies of the earth that require mutli-
disciplinary and multinational collaboration in order to measure the effects
of advancing globalization. Beginning with the first International Geophysi-
cal Year (1957) and continuing through the more recent International Polar
Year (2007-2009), various experiments have been designed and coordinated
on a global level.

In some ways, the work of the IPCC has been nothing more than the
natural consequence of fundamental developments in scientific knowledge
produced in physics, mathematics, and technology in the past 150 years.
Therefore, a majority of scientists and politicians accept that the work of
the IPCC constitutes the best estimates available concerning the problem of
global warming.

There is, obviously, a level of uncertainty in the results obtained. How-
ever, the most significant uncertainties are not related to the physical or
chemical processes involved in the problem. The specific results for desired
future modifications will change according to the hypotheses implemented
in their procurement, hypotheses that affect the IPCC’s scenarios. These sce-
narios are a combination of demographic assessments, economic develop-
ment, and potential and likely future human energy sources. The emissions
scenarios simply attempt to provide a margin of error between more or less
consumerist hypotheses (cleaner or more obsolete technologies) or more or
less controlled demographics. Therefore, these projections for the future are
simply ranges that attempt to define future situations regarding greenhouse
gas emissions. Apart from these issues, a majority of the scientific community
agrees on the most common elements presented in the results offered by the
different working groups.

There are, however, individuals who have voiced disagreements with
some of the specific results that the IPCC researchers have obtained. This
does not imply that the studies performed by the numerous scientists who
have been working on this problem for many years have been manipulated in
any way. In order to advance, science needs skeptical critics because they are
sometimes able to point out inconsistencies in certain reasoning and certain
observation and calculation procedures. The group of critics who deny the
existence of anthropogenic climate change is growing smaller. Members of
this remaining group have not been able to provide convincing evidence that
human actions are not altering the climate.

Nevertheless, in recent years this problem has been approached in a
markedly partisan manner, most likely due to the financial interests at stake.
If a scientist maintains that the IPCC’s conclusions (including uncertain-
ties) are reasonable, that balance of current knowledge, that scientist runs
the serious risk of being accused in certain media circles of being an irre-
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sponsible environmentalist. Thus, a false public debate issue has been cre-
ated about something that is simply the result of the efforts of hundreds of
scientists around the world working for almost a century in ongoing research
investigations.

We find ourselves faced with a situation similar to the one that occurred
with tobacco consumption. Now, as at that time, the media and journalists are
very quick to question scientific results. These critiques come from obvious
stakeholders or simply from a position of complete lack of knowledge on the
issue. However, these opinions are common, given the urgent obligation to say
something about the topic in the media. What is certain is that some isolated
errors detected in the reports issued by IPCC Working Groups 2 and 3 have
not helped to create a fair perception of the quality of scientific study per-
formed overall. Neither has the idea that “the Earth is warming,” an expression
that in no way describes the average statistical trend predicted for the specific
and determined future through particular socioeconomic scenarios.

In any case, very important decisions are being made based upon the
current widespread ecological thinking among young people and adults. For
example, Spain’s most recent governments have upheld a popular nuclear
moratorium and support alternative energy production with tax subsidies for
wind and solar power.

In other words, even if there were no anthropogenic climate change,
the idea of full-out development based on continued consumption of fos-
sil fuels would not be well received by the general public who, by means of
their votes, sustain the politicians who govern them. For a majority of peo-
ple, environmentalism now forms part of their thinking. As such, in devel-
oped countries no one is prepared to imagine that we are living on a planet
where nature is shrinking around us and is being devoured by uncontrolled
industrial advance. Within this scenario of global environmentalism, climate
change is another truth added to the rest of the problems affecting citizens.
This truth is inconvenient but, unfortunately, it is also real. In facing this fact,
some professional critics from the media have reacted thoughtlessly, trying
to shoot the messenger who bears the message. In other words, they reject
reports from scientists who, based on observed facts and the outcomes of
the theories that explain them, have informed us that Earth's climate is being
altered by human activities.

Climate Change: Situation in the Basque Country

Because the topic of discussion here is climate and climate change, the gen-
eral characteristics that determine the Basque Country’s climatology may be
interesting to consider. Latitude is probably the geographical factor that most
determines the climate of the Basque Country, which is also called Euskadi
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(in the Basque language, Euskara). The inclination of the sun’s rays during dif-
ferent seasons of the year depends on latitude. The Basque Country’s latitude,
between 42° and 43.5" north of the equator, places the country within what
has been called the temperate zone.

Another important element that affects the Basque Country’s climatol-
ogy is the Gulf Stream. Because of this oceanic current, the coasts of Europe
enjoy a much more mild winter than would correspond to their latitude. If
not for this system of ocean currents from the Atlantic, Euskadi’s winter cli-
mate would be quite different: much colder and, most likely, with much less
precipitation. Other oceanic influences that hold certain importance in the
Basque climate are those coming from the Mediterranean Sea and also the
Cantabrian Sea, which has a direct and significant influence on the climate in
the northern slope of the Basque Country.

The landforms of the Basque Country create notable differences in the
climatic parameters of its various orographic zones. The Iberian Peninsula’s
land relief also influences the general characteristics of the Basque climate.
The hilly nature of the peninsula, which has a significant average altitude (660
m) and multiple mountainous obstacles, causes the Atlantic southeast flows
to arrive at Euskadi with characteristics that have been significantly altered
by the Fohn effect (a type of dry down-slope wind that occurs in the lee or
downwind side of a mountain range).

The Basque Country’s climate is divided into different regional micro
climates due to the effects of mountain ranges. Valleys in the north—in Biz-
kaia, Gipuzkoa (Guipuzcoa), and the Ayala Valley in Araba (Alava)—are
characterized by a predominating oceanic climate with constant humidity
and moderate temperatures. The average annual precipitation is close to 1200
mm, with the heaviest rains occurring from October to December. Tempera-
tures vary between 25°C and 14°C in summer and do not drop below 5°C in
winter.

Central and southern regions have a Continental Mediterranean climate
but are also influenced by the Northern Oceanic. This creates warm, dry sum-
mers and cold winters with snowfall. Rainfall is scarce and irregular. Precipi-
tation tends to reach its peak in spring and fall, while the annual average can
be as low as 300 mm in some regions. In winter the temperature hovers at
around 4 C amidst days when it may fall as low as -9.5 C. Summers have an
average temperature of 20°C with highs up to 35 C.

Finally, possible fluctuations in the Basque Country’s climate due to the
greenhouse effect are linked to those observed in the climate of the Iberian
Peninsula. Their primary causes are basically determined based on its geo-
graphical position in the extreme southeast of the Euro-Asian continent.
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This unavoidably links these fluctuations to the changes that may occur in
the positioning of the Polar Jet Stream (Ulbrich et al. 1999; Sdenz, Zubillaga,
and Rodriguez-Puebla 2001); the permanent Azores Anticyclone (Sdenz et al.
2001); and the Mediterranean Front.

Studies on the climate change trends occurring in the Basque Country
indicate that this phenomenon is just beginning to be felt. An increase in
temperatures higher than the average global mean has become clear, although
part of this trend is attributable to climate variability in the Atlantic region
(Rodriguez-Puebla et al. 2010). In fact, the increase of the Basque Country’s
average temperature could reach 0.8°C in 2020 and 1.3°C in 2050.

Climate Change: How Do the Models Operate on a Global Scale?

Our research group, named EOLO (www.echu.es/eolo/index_en.html), is
comprised of scientists and professors from the UPV/EHU. Our research is
focused on climate, meteorology, and the environment. EOLO has developed
applied research on problems of climate change, and one of the most recent
projects (Errasti et al. 2010) is a study of the validity of the different climate
models used by the IPCC for the Iberian Peninsula region. These types of
studies are fundamental when deciding which models should be used to pre-
dict future climate behaviors for a specific region. Additionally, in collabora-
tion with other Spanish research groups, EOLO has also carried out studies
on the possible strategies for regional analysis and the influence of natural
variations in climate change processes.

Global climate models (GCMs) used by the IPCC are sophisticated
numeric tools designed to simulate the climate and require powerful com-
puters to be executed. Only a small number of research organizations in the
world have developed these models and have integrated them in support of
the IPCC’s activities. However, the numeric models are not perfect and pro-
duce results with certain indeterminacies. As a result, and prior to utilization
of the IPCC model results to establish future climate scenarios, the accuracy
of these numeric models must first be evaluated. Specifically, when the cli-
mate models will be used as tools for managing future impacts, performance
of an evaluation is a necessary first step.

Several scholarly articles address this issue (Ahlfeld 2006; Lucarini et al.
2007; Maxino et al. 2007; Nieto and Rodriguez-Puebla 2006; Reichler and
Kim 2008; and Tebaldi et al. 2006). All of these authors study the operation
of the different climate models, measuring their ability to describe today’s
climate on various levels, from global to regional. The results of these stud-
ies indicate that not all of the IPCC models are able to describe the present
climate with the same accuracy and that the best models for a region may not
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be as good when applied to other regions. Furthermore, their accuracy varies
when different meteorological variables are examined.

Climate Change: Which Model Can Best Predict Future Climate?

A model’s ability to adequately reproduce current climate capacity does not
necessarily guarantee the quality of its predictions for the future. But despite
this consideration, it is generally accepted that the quality of the models’ ability
to reproduce current observations is the only way for them to be proven cred-
ible, under the assumption that a model that describes current climate with
accuracy will perform a better future projection than a model that does not
correctly reproduce today’s climate for a specific region. The primary objec-
tive of the research that the EOLO team carried out (summarized below), was
to try and select the AR4 models that would most accurately reproduce the
climate in the Iberian Peninsula during the period of 1979-1998.

Nieto and Rodriguez Puebla (2006) previously performed a study that
focused on validating the accuracy of nine climate models for the Iberian
Peninsula. These authors tested the ability of nine AR4 models to describe the
natural variability of winter and summer precipitation for the geographical
area. Their study was based on an evaluation of the seasonal cycles through
use of Empirical Orthogonal Function (EOF) along with Fourier spectral
analysis methods.

Our work attempted to move this type of study for the Iberian Penin-
sula one step further by evaluating the ability of the majority of the IPCC
models to describe the Iberian climate today. Thus, the study that we carried
out analyzed the meteorological variables of twenty-four models developed
by sixteen institutions worldwide. The data used was extracted from the data
archives of the Program for Climate Model Diagnostics and Intercomparison
(PCMDI). Some of these models have produced only one execution (run),
while other models have up to nine different runs.

The final determined ranking would be beneficial to the community of
scientists who study climate and its evolution in Spain and would allow for a
more precise description of future climate scenarios for our area of interest.
In our analysis, our focus was on the variables that are most typically used in
downscaling exercises: sea-level air pressure, precipitation, and temperature.

Our assessment work followed a strategy different than that used by
other researchers. The most deterministic part of any climatic element for a
mid-latitude area of Earth is its seasonal cycle. Therefore, the models’ ability
to measure this portion of the climate indicators was considered. Its capac-
ity to describe the statistical climate characteristics through a comparison of
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probability density functions (PDFs), a common instrument for evaluating
the results from climate models, was also considered.

To assess the simulations obtained with the IPCC AR4 models for
the period of comparison, their data was compared with the following real
observed baseline data for the current climate:

a. Sea-level pressure (SLP) data, surface air temperature (TAS) at 10
meters, and precipitation (PR) from the ERA40 reanalysis project
by the European Centre for Medium-Range Weather Forecasts, or
ECMWEF (Simmons and Gibson 2000; Uppala et al. 2005).

b. The combined precipitation (PR) from the Global Precipitation
Climate Project (GPCP), developed by George J. Huffman et al.
(1995).

To acquire a coherent comparison between the models and observed
data, a common and uniform 2.5° x 2.5° latitude-longitude grid was used.
Therefore, the data from the models and from the observations were prepro-
cessed using a bilinear interpolation and were projected onto the same spatial
grid. The spatial window used in performing our study was [10° E - 2.5° W,
35° - 45° NJ. Within this window, when the observations and data from the
climate models were ultimately compared, the Iberian Peninsula was covered
by a total of 30 grid points. The seasonal rate chosen for the comparison was
the rate of the monthly averages.

To compare the seasonal cycles, the correlation coeflicient (r) and the
root-mean-square error (rms) obtained were used as a metric to compare the
modeled seasonal cycles with the observed seasonal cycles. To compare the
PDFs (PDFs for modeled data against PDFs for observations) at each point in
the Iberian Peninsula, the “s” parameter (called a skill score), previously used
by Claire C. Maxino et al. (2007), was used. This parameter provides a simple
but useful measurement of similarity between two PDFs.

The results of the comparison based on the seasonal cycle showed that
both the analysis of the correlation coefficient “r” and the “rms” generate very
similar classifications between the models. However, it could be observed that
the “rms” test was more selective than the “r” test.

The study of the comparison of the PDFs ranked the IPCC models in
a manner similar to the first statistical results previously obtained, with the
exception that in some cases the skill score provided a better classification
than the comparison of the seasonal cycles. In other words, although the sta-
tistical distribution of some models reproduces current observations, that
fact does not guarantee that the seasonal cycle will be exactly reproduced.
This result indicates the importance of analyzing the seasonal cycles when
validating climate models. In addition, it was also observed that the models
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with good results in describing a specific meteorological variable at times did
not reach the same level of operation for other variables.

Through a combination of the different classifications performed, as a
definitive result, the following were shown to be the best climate models to
be used in the Iberian Peninsula: MIROC3.2-HIRES, GFDL-CM2.1, UKMO-
HADGEM1, MIROC3.2-MEDRES, and MPI-ECHAMS5.

Finally, the rankings found in this study are significant from the perspec-
tive of the area studied and the variables analyzed (sea-level pressure, tem-
perature, and precipitation). An extension of the conclusions from this study
to a general classification of the models in other areas or diagnostics could be
misleading and should absolutely be avoided.

Climate Change: The Role of Natural Variations

Notwithstanding what has been mentioned regarding the fact that some
trends are already evident in the seasonal cycles of elements of the Basque
Country’s climate, it is true that part of the variability of these cycles is due
to low-frequency climatic oscillations, also known as teleconnections. Thus,
it is known that the primary factor underlying the cause of the fluctuations
in the winter temperature cycles above the zone is associated with variations
in the patterns of the eastern Atlantic, something that has been identified (at
least in the winter cycle) in various studies on the evolution of said winter
temperature.

Thus, the fraction of total variance of the winter temperature above the
area that can be explained based on changes to the enthalpy density flows
due to seasonal circulations is greater than that corresponding to the north
Atlantic oscillation (NAO), which is due to the position of the maximum
gradient of anomalies associated to this pattern over the zone of study (Sdenz
et al. 2001). This is not an isolated fact, given that the eastern Atlantic pat-
tern also appears as an important influence on humidity flows in the Medi-
terranean basin (Ferndndez, Sdenz, and Zorita 2003); seasonal probability of
the temperature above the Iberian Peninsula (Frias et al. 2005); and anchovy
recruitment in the Bay of Biscay (Borja et al. 2008). Studies performed to date
indicate that there are various physical mechanisms involved in changing dif-
ferent variables. We hope that similar future studies can further develop this
progress.

Regionalization Strategies

In recent years, the development of future climate scenarios with a spatial
resolution high enough so that these studies can be useful for the existing
working communities in the area of impacts has been a priority of climatol-
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ogy research in advanced countries. In general, these increased scale studies
can be classified in two approaches. The first involves integrating a regional
climate model nested into the grid of a general circulation model, a tech-
nique called downscaling. EOLO has participated in these types of studies in
collaboration with other groups (Fernandez et al. 2007) using the dynamic
Weather Research and Forecast model (WRF). These studies are currently
being extended to the creation of a regional reanalysis using 3DVAR assimila-
tion of observations, work that has been developed with computational sup-
port through a special ECMWFE project.

The second approach uses statistical downscaling models to obtain
regional climate scenarios. EOLA’s experience with this approach is quite
varied. This is due to the development of methods inherent to regionaliza-
tion that allow not only the predictand fields to be included in the process,
and also the predictor fields (Fernandez and Sdenz 2003); these studies have
recently expanded to the development of systems for predicting precipitation
in the very short term (nowcasting). Both a deterministic model (Fernandez-
Ferrero et al. 2009) and a probabilistic model have been developed for this
(Fernandez-Ferrero, Sdenz, and Ibarra-Berastegi 2010) based on different
Bayesian methods.

Conclusion

The climate change problem, or, more generally, the problem of adequately
managing our future in environmental terms, is currently a challenge on
both a political and an investigative level because most recent observations
indicate the presence of an intense anthropogenic effect that, on a global and
local scale, is changing the natural balances of meteorology and the climate
as well as the balance of many land and marine ecosystems. Uncertainties on
these issues, while they do exist, do not affect the problem’s fundamental core,
which is the simple fact that human activity has now reached a level where its
effects are felt around the planet and not just in certain regions.

Faced with this situation, society as a whole must know how to react
before we find ourselves past the point of no return. To do so, however, a
close collaboration must be developed between political groups, economic
groups, the media, civil society, and scientists. This collaboration cannot be
initiated without an honest and ongoing dialogue between all parties who
can and must participate in the solution of this problem. But above all else,
it seems clear that the work of scientists who are dedicated to this purpose
must be kept in mind; the rate of their work must be respected, and their
results must be taken into consideration. There should be no doubt that all
scientists working on this issue are doing so with honesty and that scientific
investigation is the only possible route to follow in finding solutions that will
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mitigate the effects observed and those predicted as possible. This does not
imply acceptance without replication of those scientific results obtained up
to now. Science is also constructed through debate, but it must be a calm and
rational debate with the goal of always eliminating the scientific uncertainties
or contradictions that may be detected in the conclusions obtained.
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Eyes only see what they look at, and they only look at what
they already know. We might add that if they do not find
what they are seeking, they say there is nothing.

—Telesforo de Aranzadi

Environmental values can be understood as a combination of qualities that
define a specific natural environment, including the characteristics of the live,
inert, and cultural components. One of these values is landscape, a product
of the interaction between the various factors (abiotic, biotic, and anthropo-
genic) that are present and that are reflected visually in the space. Although
these three pillars comprise the study of landscape, there is still a well-known
deficit in the knowledge about the abiotic (geologic) factors that form the
landscape, its age, and its origin. The ultimate objective of our study is to
interpret the landscape of the Urdaibai Biosphere Reserve, located 40 km
northeast of Bilbao (figure 4.1), from a geological perspective and to examine
its evolution during the Quaternary period.

A biosphere reserve is a geographical place that is representative of the
planet’s different habitats, including both land and marine ecosystems. An

* This study is part of the Research Project, “Paleoenvironmental Evolution of the Urdaibai Region
in the Pleistocene Based on Karstic Fills: Preliminary Study” (05/025), underwritten by the Unesco
Chair of the Basque Government. Special thanks to the Gernika speleological group ADES and to
Christophe Falgueres and his group for the dating provided. This is the third contribution to the
Geo-Q Center’s research activities.
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ecosystem is defined as a natural system formed by a combination of live
organisms (biocenosis) and the physical environment where they interact
(landscape and geology). Considering that the Urdaibai Biosphere Reserve is
located in a mountainous region and is essentially carbonate, the Quaternary
evolution of the abiotic landscape is, at least in part (or essentially), collected
in the karstic systems.

Figure 4.1. Geographical location of the Urdaibai Biosphere Reserve area.

Oviedo *
Saniander giibao * Urdaibai
\ Pontevedra

Completion of this project has had a dual focus: a broad examination of
the Urdaibai Biosphere Reserve area, looking at both the physical relief and
cavities, and a study of several representative examples. Of all of the 233 caves
described by the ADES Speleological Group in the calcareous zone that rep-
resents 10 percent of the reserve’s total area, 3 have been studied in relation
to the spot height of the entrance, inactivity, detrital/chemical sediment, and
proximality/ distality to the coast.

In addition to the geological, archaeological, and anthropological values
that the karst landforms hold in their interior, their sociocultural and eco-
nomic interest is also worth noting. Ultimately, the caves allow us to travel
several million years back in time, inviting us to imagine how they were
formed, the pervading climate, the type of landscape that existed, and the role
that many of them could have had for various human cultures. In addition,
the caves offer a very different environment than the one we live in, one dis-
tinguished by absolute darkness, the sounds of falling droplets over silence,
and the formation of mineral structures that, when illuminated, transform
into true works of art. Successful tourism at caves that are open to the public
demonstrates that they continue to hold interest for society. However, the
information we have about their origin, formation age, and the evolution of
the karstic system itself is very limited.
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Karst Landscape and Caves

Karst topography is an area with inherent hydrological characteristics and
geomorphological features generated as a result of the combination of a solu-
ble geological layer (limestone, gypsum, etc.), and a well-developed second-
ary porosity (galleries, sinks, caves, etc.).

The term karst comes from a region in Slovenia characterized by the
presence of limestone and soluble bedrocks (not always carbonates) where
water drainage occurs through extremely ramiform subterranean cavities.
The interior water flow through the karstic system can be identified by tracers
(colorants, isotopes, floating items, etc.) that are poured into the subterranean
watercourse and then observed upon their exit. The geomorphology of karst
areas is very unusual in that it is dominated by dissolution structures such as
dolines, poljes, sinks, lapies, tunnels, and caves, all of which are formed by the
action of the water.

Urdaibai is distinguished by the development of enormous dolines
and caves. The caves are natural cavities formed in a rocky body. They are
connected to the surface and present a variety of dimensions and unequal
development, from a few meters up to several kilometers. Dissolution is the
primary mechanism in the formation of the cavities. There are several factors
that intervene in and control said process. The presence of soil with plant
matter and the mechanical characteristics of the affected rock are among the
most important.

When water passes through organic soil, it incorporates the carbon
dioxide (CO,) from the decomposition of the organic material, forming a
mild acid called carbonic acid:

H,O (water) + CO, (carbon dioxide) > H,CO, (carbonic acid)

When the water, now acidified after passing through the organic soil,
arrives at the weak surface, comprised of fractures or planes in the limestone,
the carbonic acid reacts with the limestone, increasing the size of the fracture
or initial discontinuity, and thus begins the formation of the cavities:

H,CO, (carbonic acid) + CaCO, (calcite) > Ca*™ (calcium ion) +
2 HCO?*- (bicarbonate)

Limestone that crops out in Urdaibai is primarily from the Jurassic and
Cretaceous periods, and presents lithologies primarily formed by calcite, a
carbonate mineral composed of calcium carbonate (CaCO,). Karstic cavities
provide a favorable sedimentary medium for depositing various types of sedi-
ments, including detrital, chemical, and organic.

The detrital sediments (figure 4.2a) are composed of particles resulting
from the erosion, transport, and sedimentation of other rocks or pre-existing
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deposits, or by soil dismantling. In the cave deposits, detritial sediments may
be transported to the karstic system from the cave’s exterior (allochthons),
or they may be the product of an alteration in the rock that hosts the karstic
system (autochthons).

The various precipitate minerals that give the dark caves light and color
are simply secondary precipitates (chemical sediments, or speleothems) that
are formed from saturated water droplets or flow and are found primarily in
the vadose zone (unsaturated) of the karstic system. The carbonate needed
for precipitation of speleothems comes from the dissolution of the limestone
itself during the formation of the cavities. The acidic water, loaded with CO,,
dissolves the limestone while it infiltrates the rocky massif. When the water
arrives at the roofs of the cavities, the pressure conditions vary and the excess
of CO, is released, depositing a small amount of calcium carbonate in the
mineral form of calcite or aragonite onto the substratum. The slower the
deposit process, the more perfectly the crystal is formed (figure 4.2b).

Figure 4.2. (a) Example of detrital sedimentary fills in the Aretxalde Cave (Urdaibai).
(b) Speleothems from the interior of a cavity in Urdaibai. (c) Organic fills formed by
osseous remains. Source: Images provided by the ADES Speleological Society.

In the various cave-fill deposits, the organic component is directly related
to the presence of bat or bird colonies (especially in coastal areas) or animal
or human occupancy of the caves. Thus, there is a greater organic accumula-
tion in the entrance zone of the caves or shelters that is less commonly found
toward the interior of the caves (unless it is redeposited or in a secondary
position). This organic contribution is provided in the form of accumulations
of excrement or guano (bats and birds); accumulations of bones from bezoars
of large nocturnal birds (e.g., Eurasian Eagle-Owl); accumulations of food
remains from carnivores (animals and hominids); or the skeletons of animals
and hominids that lived in or occupied the cavities (figure 4.2c).

In this regard, it is important to point out the extensive occupation of
certain cavities in the Urdaibai environment by hominids in prehistoric peri-
ods, as shown in archaeological sites such as Antolifia and Santimamifie. In
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the cave-fill sediment of those sites, there is an abundance of food remains
such as shells and large herbivore bones along with tools for hunting or food
handling.

It is also common to find in the cave sediments accumulations of pollen
remains from the plants that currently and formerly surrounded the karstic
environment, perhaps carried by the wind or water. Pollen analysis is a very
useful tool for identifying the ecosystems and thus the climate that predomi-
nated in the past.

Geomorphology and the Urdaibai Landscape

The geomorphological features that dominate in the Urdaibai Biosphere
Reserve are of a karstic nature as opposed to coastal (platform) or fluvial (val-
ley and terrace erosion). On the coastline, relict structures predominate, such
as elevated abrasion platforms (“rasas”) that are indicators of tectono-eustatic
restructuration that occurred throughout the Cenozoic era, along with estu-
aries, or river valleys flooded by the sea and converted into rias that have an
estuary circulation after the last climate change (11,500 years ago).

Karstic modeling primarily affects Urgonian limestone (Aptian-Albian).
It is characterized by large, irregular dolines (Basondo, Ondobakozulo,
Aldekorta, Iruskieta, Matxibarre, etc.) formed from an erosion surface and
leaves relict reliefs that are pinnacle, conical, or even hemispherical in shape;
more or less isolated; and of a similar spot height. It could be defined as a
“polygonal karst” typical of humid temperate and tropical regions (Williams
1971, 1971). Seen from the air, it resembles an egg box-like topography, gen-
erated by dissolution from specific surfaces that, in the case of Urdaibai, are
found at 400 m to the south and 300 m along the coast (“fundamental sur-
face”). These surfaces, possibly erosive in nature and therefore able to generate
an exokarst model because of descending dissolution, extend from the cur-
rent coast following the river valley 12 km inland. The Bermeo and Mundaka
horizontal platform and perhaps also the Asnarre promontory, located at
altitudes around 50-60 m and 20 m, respectively, have emerged marine or
(paleo) tidal platform erosion surfaces and their spot height concurs with the
platforms described as Uribe-Kosta and Castro Uriales.

The pinnacle landform that can be seen in Urdaibai corresponds to
the evolution of a modeling, perhaps pre-Quaternary (decidedly upper pre-
Paleolithic - 40 ka), that was modified by the introduction of the Quaternary
river network. In the interior of the Iberian Peninsula, it is common to find
karst platforms above altitudes of 1000 m. However, as we move closer to
the coastline, the carbonate platforms begin to decrease in spot height and a
leveling of altitude can be detected that corresponds to specific spot heights
and occurs at levels close to 500 m, a bit above 300 m, and between 100-150
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m (Mediterranean coast). The fundamental karst platform or surface of Ere-
fozar, without overlooking the tectonic, corresponds with the intermediate
spot height.

On alesser scale, the exokarst is characterized by lapiés, which are essen-
tially penetrative and clearly observable in Antolifia or in the vicinity of Atxe-
rre. Despite being currently almost entirely covered by the Cantabrian Holm
Oak forest, it is possible to distinguish lapiés generated in favor of planar het-
erogeneities, such as joints and stratification surfaces, and channelized shapes
parallel to the maximum gradeability line that are as a result of the direct dis-
solution of rainwater (not related to rock heterogeneities).

Karstic Cavities in Urdaibai

Pursuant to the studies performed, we can conclude that the karstic cavities
in Urdaibai demonstrate a control that is strongly structural (e.g., Laga or
Asnarre paleokarst) or stratigraphic (e.g., Aretxaga and Antolifia).

In Erenozarre, considering the different spot heights of the cave
entrances, the karstic cavities are grouped into set spot heights that are not
random: at altitudes of 40 m, 60 m, around 180 m, and between 270 and 300
m (heights that coincide with the “fundamental surfaces”). The mouths of
the caves are just the intersection of the karstic system with the slope, in this
case, created by the incision of the doline and/or the river valley. And given
that the cavities studied are of a phreatic nature, developed in the saturated
zone, they may indicate the position of the different base levels along the
engagement of the river valley. For that reason they have been identified as
the fossil caves with the highest spot heights (Antolifia, Aretxaga) and the
lowest (Laga, 20 m).

Cavity Fills

All of the cavities studied show one or several fill sequences comprised first of
a detrital sedimentary fill and then accompanied by a phase of chemical pre-
cipitate (speleothems). The detrital sediments are, for the most part, allogenic,
not related to the karst massif and, therefore, come from the exterior (alloch-
thons). The abundance of very rounded clasts is important, as it provides
evidence of water transport and siliciclastic (sandstone, white quartzite, and
lutites corresponding to the lithostratigraphic units of the Supraurgonian), as
well as igneous (ophitic) environments. Particles formed in soils, however, are
also abundant (e.g., limonites). In the Antolifia cave, river sediments have not
been observed. In contrast, at the cave entrance, allochthon sediments trans-
ported by gravity as well as anthropogenic and organic (phosphate) sediments
predominate.
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Asnarre Paleokarsts

The Asnarre Promontory is located in the northeast part of the Urdaibai Bio-
sphere Reserve, at the end of the sand on Laga beach and at the foot of the
Ogoiio cape (figure 4.3). It is formed by the Otoio Cliff Formation (Agirreza-
bala 1996), a carbonated unit of limestone with rudists (caprotinid) (figure
4.4) from the upper Aptian-lower Albian period. The promontory features
a north-south position and subvertical dip and is limited at the base by sili-
ciclastic units and at the roof by marl units. The limestone in the formation
reaches a stratigraphic thickness of 55 m. (Agirrezabala 1996).

Figure 4.3. (a) Aerial photo of Laga beach. (b) Side view of the Asnarre Promontory
and Cape Ogoiio from Laga beach.

Figure 4.4. Carbonated rock in the Otoio Cliff Formation that comprises the Asnarre
Promontory. Ru: Cross-section of caprotinid rudists (extinct bivalve mollusks); Ch:
Chondrodonta sp. shells (extinct bivalve mollusks); Mt: Micritic matrix of the rock.

Differential erosion and gravitational collapse have allowed the paleokarst
created in the interior of the limestone massif, which is now found to be inac-
tive, to be exposed along an approximately 50-m escarpment (figure 4.5A
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and B). The karstic dissolution of Asnarre continues to be a clearly structural
directrix. The strong diaclase created along directions N60°E (56/150) and
N70°E (50/340), perpendicular to the stratification (85/90), limited develop-
ment of water infiltration lines and gallery formation in the areas of diaclase
intersection.

Along the escarpment, two levels of sub-horizontal galleries can be dis-
tinguished that have metric dimensions, are phreatic, and are positioned
east-west (parallel to the coastline). These galleries have a minimum horizon-
tal development of 50 m and are located at 5 m and 20 m above current sea
level (figure 4.5a and b). The galleries at the highest level (20 m) are the ones
that most crop out. These phreatic levels are separated vertically by vadose
flows generated in favor of the dissolution of diaclases.

Figure 4.5. Asnarre karst: (a) and (b) phreatic karst galleries; (c) and (d) fissure fills.

Asnarre’s Paleokarst Fills

The sedimentary fill of the paleokarst is dual in nature: detrital (siliciclastic)
and chemical (calcite). In the more developed cavities, the detrital fill is con-
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fined to the basal parts, while the chemical precipitate fills the cavities and
fissures. This sedimentary sequence may be repeated up to five times in the
vertical, demonstrating a polyphasic fill of the cavities (figure 4.5c and d).

Detrital sediments are comprised of polymictic orthoconglomerates
with a sand matrix and some angular fragments of limestone produced by
the wall’s gravitational fall. The levels appear with a sub-horizontal disposi-
tion and are cemented by calcite. The average diameter of the clasts is 20
cm. (although they vary between 3 cm and 50 cm). Very rounded cylindri-
cal formations predominate and are siliciclastic (primarily quartzarenites,
limonites, quartzites, and ophites) (figure 4.6a). The allochthonous nature
of the detrital sediments, their presence exclusively in phreatic galleries,
and the absence of marine fossils in the sand matrix that holds them imply
that their deposit is of a fluvial-karstic origin (allogenic karst) (Lauritzen
1990).

Figure 4.6. Sedimentary fills of the Asnarre paleokarst: (a) allochthonous detrital
sediments; (b) column; (c) detrital clasts fossilized by speleothem that is laminar;
(d) cross-section of stalagmites.
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Chemical sediments mark the cessation of the detrital traction supports.
Various types of speleothems are distinguishable (figure 4.6b), such as flow-
stones, stalagmites, stalactites, and columns, although the detrital sediments
are always fossilized by flowstones that cement the underlying sediments,
forming a laminate deposit (figure 4.6c), sometimes with internal erosive
scars that adapt to the clasts. The formation of flowstones is followed by drip
formations such as stalactites and stalagmites (figure 4.6d).

Uranium/Thorium (U/Th) dating performed on the Asnarre spele-
othems at the Prehistory Department, Muséum National D’Histoire Naturelle
in Paris, France, reflect an average formation age for the vadose phase of the
first sequence (figure 4.6) to be around 300 ka (table 4.1).

Table 4.1. First vadose sequence speleothem dating of the Asnarre Promontory karst

cavity fills.
Laga | Mineral | Uppm | U»YU»8 Th20/Th?2 | Th»0/U?* Age ka
LAG0701 | Calcite 0.07 1.222 £ 0.032 53 0.983 £0.032 | 292 +65/-40
LAG0702 | Calcite 0.08 1.340 + 0.044 29 1.037 £0.044 | 339 +166 / —66

Conclusions

The karstic cavities of the Asnarre Promontory present an elongation parallel
to the coast and limited development of the phreatic sub-horizontal galler-
ies toward the continent. This could be evidence of the influence of a mix of
freshwater and saltwater in the formation of the cavities, in the same man-
ner described by Alfred Bogli (1980) as well as John E. Mylroie and James L.
Carew (1990). This mix of water could have occurred during the elevation of
the Asnarre marine erosion platform (rasa).

The phreatic cavities show a repetitive-fill sedimentary sequence that
marks a decreasing energy trend from siliciclastic fluvial gravel related to
periods of high transportability (rain and strong water flow), to the forma-
tion of flowstone speleothems created by laminate water flows, and ending
with the filling of the cavities with drip speleothems corresponding to the
low (relative) water flow periods and/or decrease in the active phreatic level
(base level). Meanwhile, the vadose cavities present solely laminate (flow)
or drip (straws and stalactites) speleothem formations. Based on compari-
son with the Pindal Cave model (Jiménez-Sanchez et al. 2006), the Asnarre
paleokarst may correlate with the elevated marine platform that bears the
same name and that today is located at 50 m to 60 m along the Asturian
coast. The U/Th dating obtained for the speleothems indicates that the
elevation of the Asnarre Promontory’s tidal platform and the beginning of
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the dissolution of the karstic conduits therein took place before the middle
Pleistocene (+300 ka).
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Recent Environmental Transformation of the Bilbao
Estuary: Natural and Anthropogenic Processes
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The Bilbao Estuary is located on the northern coast of Spain (43°23’°-43°14'N,
3°07’-2°55'W; figure 5.1). Originally Spain’s most extensive estuarine area
(Hazera 1968), the modern estuary is 15 km long and an average of 100 m
wide, and its channel depth ranges from 2 m in the upper estuary to 9 m at the
mouth. It is formed by the tidal part of the Nervion River, although four other
rivers (Kadagua, Asua, Galindo, and Gobelas) discharge into the main course
(figure 5.1). Tides range between 4.6 m (spring tides) to 1.2 m (neap tides).
The estuary is partially mixed and the annual average freshwater inflow is 25
m® s (Garcia-Barcina, Gonzalez-Oreja, and de la Sota 2006), compared with
a sea water input of approximately 230 m? s (Urrutia 1986). The metropoli-
tan area of Bilbao and its surroundings are located along the axis of the Bilbao
Estuary with more than 1 million inhabitants and 2,700 industrial facilities
(Borja et al. 2002; Garcia-Barcina, Oteiza, and de la Sota 2002).

Historically, the natural features of the Bilbao Estuary have been drama-
tically modified by urban, industrial, and port developments. The exploitation
of abundant local iron ore led to the early industrial development of Bilbao
in the mid-nineteenth century. The original estuary was rapidly reduced in
size through land reclamation to form a tidal channel (completed by 1885)
as a navigable watercourse from the city to the open sea (Junta de Obras del
Puerto de Bilbao 1910). The first iron and steel industry was opened on the
middle estuary over reclaimed marshes as early as 1854 (Garcia-Merino1987).
Since this time, the Bilbao Estuary has received waste from many sources

* This work constitutes a summary of previously published papers by the authors on the Bilbao
Estuary and has been partially funded by the IT365-10 project (Harea-Coastal Geology Group, Bas-
que Government). It represents Contribution #2 of the Geo-Q Research Unit (Joaquin Gémez de
Llarena Laboratory).



62 Sustainable Development, Ecological Complexity

Figure 5.1. Geographical location of the Bilbao Estuary, position of the boreholes,
and localities referred to in the chapter. Black dots indicate boreholes studied in
Leorri and Cearreta (2004). White dots indicate boreholes previously studied in
Cearreta (1998). Gray dots indicate other boreholes drilled during the geological

study for the Bilbao Metropolitan Subway. Dashed lines represent the original extent
of Holocene estuarine domains. Mid-gray shaded surfaces are urban areas (modified
from Leorri and Cearreta, 2004).

(mineral sluicing, industrial waste, and urban effluents) that have signifi-
cantly degraded its environmental quality. As a consequence, its water and
sediments have had extremely low concentrations of dissolved oxygen, and a
high content of organic matter and heavy metals (Irabien 1993; Saiz-Salinas,
Francés-Zubillaga, and Imaz-Eizaguirre 1996). However, there has been a
significant decrease in the flux of organic matter and heavy metal contami-
nants in recent decades due to the implementation of environmental protec-
tion policies, an improvement in waste-treatment systems, and the closure
of some major factories (Gorostiaga and Diez 1996). A sewerage scheme was
implemented in 1984 comprising a combined sewer network that conveys
sewage to a central wastewater treatment plant (WWTP). Since 2001-2002,
the plant has had a biological treatment capacity (Garcia-Barcina, Gonzalez-
Oreja, and de la Sota 2006).

Today, the Bilbao Estuary is a largely artificial system that bears little
resemblance to the original estuary. It has been calculated that the total
amount of the original estuarine surface lost through human activity is
approximately 1,000 ha (Rivas and Cendrero 1991).
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Formation of the Original Bilbao Estuary

Numerous geotechnical studies carried out during the period 1879-1995 by
the Bilbao Port Authority (Puertos del Estado 1997) show that the average
thickness of the Quaternary sequence in the Bilbao Estuary varies greatly from
10 m in the upper, 20 m in the middle, and 30 m in the lower-estuarine areas,
with basal sandy gravels of possible fluviatile origin along the central axis of
the original pre-industrial estuary. Furthermore, within the same estuarine
area, basement can be found at extremely variable depths even among very
closely drilled boreholes. Alejandro Cearreta (1998) and Eduardo Leorri and
Cearreta (2004) reconstruct the palaeoenvironmental changes in this mar-
ginal marine environment since its formation following the postglacial rise
of sea level. They analyze the microfossil (benthic foraminifera) content of
numerous boreholes taken in reclaimed areas along the estuary (figure 5.1).
Integration of those results with similar data from previously studied bore-
holes allows us to reconstruct the environmental development of the Bilbao
Estuary during the Holocene. This environmental development has been orga-
nized into different systems tracts following a sequence stratigraphic interpre-
tation (Allen and Posamentier 1993). Radiocarbon dating help to locate in
time the different palaeoenvironments and depositional episodes identified
in the boreholes.

Figure 5.2 shows the sequence stratigraphic interpretation of the Bil-
bao Estuary fill based on microfossil assemblages present in the boreholes
drilled on the right bank of the estuary (figure 5.1). The sequence bound-
ary (SB) is defined by the location of unconsolidated Quaternary gravels and
sands over Cretaceous basement. This boundary is overlain by a deposit of
fluviatile gravel and coarse sand that corresponds to the basal interval in the
upper- and middle-estuarine areas. These fluvial deposits, barren of foramin-
ifera, are interpreted as the low-stand systems tract (LST). Due to the lack
of carbonaceous material, this LST has not been radiocarbon dated, but its
stratigraphic position underlying lower-Holocene estuarine deposits suggests
a late-Glacial and lowermost-Holocene age. In the lower-estuarine area these
coarse sediments were reworked during the Holocene marine transgression
and, consequently, were included in the following systems tract.

Accumulation of estuarine sediments containing abundant foraminifera
over fluviatile coarse deposits clearly suggests a marine transgression within
the former fluvial valley. Different intervals were deposited during this trans-
gressive episode, all of them exhibiting increasing numbers of foraminifera
and, consequently, indicating an upward increase in open-marine influence
as transgression progressed with time. These intervals comprise the trans-
gressive systems tract (TST) bounded by distinct stratigraphic surfaces. A
transgressive surface (TS) can be defined at the base of these estuarine depos-



64 Sustainable Development, Ecological Complexity

Figure 5.2. Sequence-stratigraphic interpretation of the Bilbao Estuary Holocene
deposits. Vertical lines indicate borehole locations on the right bank of the estuary
drilled during the geological study for the Bilbao Metropolitan Subway. LST:
low-stand systems tract; TST: transgressive systems tract; HST: high-stand systems
tract. Depth with reference to local ordnance datum (modified from Leorri and
Cearreta 2004).
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its separating them from the coarse LST material. As the transgression con-
tinued, the estuarine materials were overlain by sediments from the inner
shelf (containing dominant marine foraminifera) that increased near-marine
conditions within the estuary. Radiocarbon dates obtained in this TST range
from 8520 to 2685 cal years BP.

Different curves from the Bay of Biscay show that sea level reached
approximately its present position at about 3000 cal years BP (Pirazzoli 1991).
The sedimentary response to this stabilization of sea level was the turnaround
from eustatic transgression to relative regression, with deposition of estuarine
materials similar to those of the underlying TST, but containing brackish and
shallower foraminiferal indicators. The uppermost intervals in the boreholes
comprise this high-stand systems tract (HST). The surface between the HST
and the TST represents the maximum flooding surface (MFS). Radiocarbon
dates obtained from HST materials were younger than 2810 cal years BP.

In summary, sediments that comprise the original estuarine infill range
from fluviatile through brackish estuarine to near-marine and even supratidal
materials. Analysis of sedimentological and micropalaeontological data indi-
cates that, in general, boreholes exhibit fining-upward sequences ranging
from gravelly materials at the base, more sandy sediments in the middle, and
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more muddy materials on the top. At the same time, basal coarse materials
are barren of foraminifera; middle-sandy sediments show abundant, diverse,
and near-marine foraminiferal assemblages; and the upper-muddy deposits
contain abundant, low-diversity, and brackish foraminiferal assemblages.
Micropalaeontological interpretation together with radiocarbon dates sug-
gest that basal coarse materials are late-Glacial and lowermost-Holocene
fluvial deposits that are followed upward by lower- and middle-Holocene
transgressive materials, with upper-Holocene regressive sediments on top.
The sedimentary and microfaunal features of this general sequence are vari-
able depending on its palaeogeographic setting: increasing muddy sediments
and absence of open-marine elements are characteristic of the upper estu-
ary, whereas increasing sandy sediments and reworking of the basal fluviatile
materials are typical of the lower estuary.

Industrial Transformation of the Bilbao Estuary

Heavy metals and organic contaminants discharged into the coastal environ-
ments may admix or interact with fine-suspended sediments and accumu-
lation of contaminated sediments in salt marshes, and inter- and sub-tidal
mudflats can cause these contaminants to be trapped within estuaries. Heavy
metals are not necessarily fixed permanently in the sediment, however, and
may be released to the water column by physical reworking (e.g., dredging)
and early-diagenetic processes, even when the untreated discharges have
stopped (Beno and Gibbs 1990). Thus these contaminants may continue to
have significant environmental impacts even after discharge limits and clean-
up procedures have been implemented.

Records of environmental change are often preserved in sediment from
sub-tidal and inter-tidal mudflats and salt marshes, the study of which allows
one to assess the scale of pollutant inputs from past development (Valette-
Silver 1993; Croudace and Cundy 1995; Cundy et al. 1997). Such studies aid
evaluation of effluent cleanup and environmental remediation measures. By
concurrently analyzing microfaunal remains, the historical impacts of pol-
lutants on estuarine ecosystems can be assessed. While selective preserva-
tion of organisms limits the extent to which ecosystem-wide changes can be
assessed, pollution-induced changes have successfully been examined using
organisms that have good preservation potential, such as foraminifera (Alve
1991; Sharifi, Croudace, and Austin 1991).

Cearreta et al. (2000; 2002) used an integrated chemical-microfaunal
approach to examine the recent history of pollution in the Bilbao Estuary,
offering geochemical data and benthic foraminifera from sediment cores (up
to 10 m long) collected from the highly polluted intertidal flats. Determina-
tions of the deposition rates of °Pb and !*’Cs were also undertaken to pro-
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vide a chronology for pollutant inputs and ecological changes in the Bilbao
Estuary.

Within the sedimentary record matching the industrial period (contai-
ning high concentrations of metals), it was possible to differentiate two zones
(figure 5.3): an older industrial zone characterized by the coexistence of an
abundant foraminiferal assemblage with high levels of metals, and a younger
industrial zone with extremely high levels of metals and barren of estuarine
foraminifera.

Figure 5.3. Environmental interpretation of the Bilbao Estuary industrial cores
based on the combination of microfaunal and geochemical data. Depth with
reference to local ordnance datum (modified from Cearreta et al. 2002).
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In the percussion cores in which the pre-industrial zone is followed
upward by the older industrial zone, their respective foraminiferal assem-
blages are similar in terms of species dominance. However, the older indus-
trial assemblage shows a reduced number of individuals and species than the
pre-industrial assemblage. The relatively erratic distribution of radionuclides
reported by Cearreta et al. (2000) makes it impossible to date these mate-
rials and, consequently, to determine if both zones are continuous in time
or if they are separated by time lags provoked by dredging carried out along
the estuary since the nineteenth century. This older industrial zone clearly
indicates that at one pint a normal foraminiferal assemblage could live and
reproduce in a moderately polluted estuarine environment, probably during
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initial industrial development of the area (1850-1950), as can be deduced
from written historical records (Garcia-Merino 1987).

On the other hand, the younger industrial zone is present as a mantle
covering the uppermost part of every core, although the thickness of this
heavily polluted zone varies greatly along the estuary. The highest volumes
of the “polluted mantle” are found in the middle-estuary area where dred-
ging has been historically more intense (figure 5.3). This zone represents
later-industrial development in the Bilbao Estuary (1950-2000) with major
urban and industrial discharges that resulted in minimum oxygen levels and
extremely high organic matter and metal concentrations. As a consequence,
complete defaunation followed in the estuary under degraded environmental
conditions that persisted during many years.

The high concentrations of heavy metals and arsenic found in the stu-
died cores reflect the substantial degradation of the Bilbao Estuary. However,
the data obtained exhibit considerable spatial variability. The lowest levels of
metal enrichment were found in the upper estuary, while the highest values
appear in the middle part. This heterogeneous distribution reflects the proxi-
mity-to-point sources of pollution, which discharge directly into the estuary
or into the lower reaches of the four main tributaries. Similarly, abundant
foraminiferal assemblages coexisted with very high metal concentrations
in the older industrial zone of the middle-estuarine area, whereas they had
disappeared in the younger industrial zone of the upper-estuarine area under
lower levels of metal pollution. This supports the idea that oxygen limitation
is the key factor in explaining the complete defaunation of the Bilbao Estuary
as reflected in the newer industrial zone, although high levels of pollutants
also contributed to the severe historical degradation of this environment
(Sdiz-Salinas, Francés-Zubillaga, and Imaz-Eizaguirre 1996; Cearreta et al.
2000).

The variations of metal concentrations by depth within the studied cores
may be a consequence of changing anthropogenic inputs, early diagene-
tic reactions, and physical reworking of sediments. Unfortunately, we lack
detailed historical archives that document temporal trends in anthropogenic
fluxes into the Bilbao Estuary. However, the vertical distribution of metals
in the studied sediment cores suggests that, historically, concentrations of
zing, lead, and copper (and probably arsenic) started to increase earlier in the
estuary, followed by chromium and nickel.

Modern Environmental Regeneration of the Bilbao Estuary

As noted, there has been a significant decrease in the flux of organic matter
and heavy metal contaminants in recent years. Furthermore, estuarine regen-
eration is currently being undertaken as part of a strategic revitalization plan
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that includes: a) preventive measures, such as a sewerage scheme involving
a network of interceptor and collector sewers with major wastewater treat-
ment plants; and, more recently, b) remedial action involving dredging of
heavily contaminated surficial sediments, construction of safe and controlled
disposal sites for dredged material, and, possibly, the implementation of sedi-
ment decontamination treatments. Despite these improvements, however, the
unremoved contaminated sediments from the inter-tidal areas may act as a
long-term source of heavy metals to the aquatic environment through sedi-
ment mechanical reworking (e.g., dredging and shipping) and oxidation of
anoxic sediments.

The European Water Framework Directive (WFD; Directive 200/60/EC
2000), considered the most significant piece of legislation regarding water
quality (Andersen, Conley, and Hedal 2004), provides national and local
authorities with a legislative basis for maintaining and recovering water qual-
ity to achieve a good ecological and chemical status for all surface waters
(Borja 2005). Although there is a lack of reference to sediments in the WED,
it contains potential implications for managing these materials. Under the
WED the purpose of analyzing the levels of priority substances in sediment
might be to monitor the progressive reduction in the contamination of prior-
ity substances and phasing out of priority hazardous substances as well as to
demonstrate conditions of “no deterioration” in sediment quality (Stronk-
horst et al. 2004).

The combination of living organisms and geochemical data provides a
multi-proxy approach that can show any improvement of the sediment qual-
ity while also allowing assessment of this improvement in relation to the ben-
thic biota. Sediment quality studies have usually relied on the use of different
indices, yet the low values of abundance and diversity of biota in the Bilbao
Estuary make any statistical approach irrelevant. Furthermore, biotic indices
such as the AMBI (Borja, Franco, and Pérez 2000) do not indicate the almost
abiotic nature of a heavily polluted area such as this and, therefore, raise some
doubt regarding the applicability and/or relability of these indices (Quintino,
Elliott, and Rodrigues 2006).

The only published monitoring program in the Bilbao Estuary that ana-
lyzes data since at least the 1990s deals with water quality (Garcia-Barcina,
Gonzalez-Oreja, and de la Sota 2006). However, low residence times, low
freshwater flows compared with volumes of sea water, current velocities, and
tidal influence might give values of water parameters that are not representa-
tive of the environmental status and are subject to sudden changes (Bald et al.
2005). In contrast, sediment geochemistry and biota integrate environmental
conditions and their variations occurred through time in a very effective way
(Salas et al. 2006).
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Leorri et al. (2008) reflect the results of the regular monitoring of fora-
miniferal contents and heavy metal concentrations in surficial sediments from
the highly polluted inter-tidal flats of the Bilbao Estuary from 1997 to 2006,
when significant reductions in contaminant sources and improvements in
waste treatment were implemented. Current conditions were assessed using
reference pre-industrial conditions obtained from cores recovered previously
from the same estuary. In discussing spatial distributions and temporal trends
in contamination, they offer a critical measure of “environmental health” for
this estuarine area.

Monitoring the Bilbao Estuary started in October 1997. At that time,
severe hypoxia from the lower estuary upward and anoxic conditions in
the entire upper estuary dominated the bottom waters (Saiz-Salinas 1997;
Uriarte and Villate 2004). Sediments were completely anoxic up to the water
interface (Saiz-Salinas and Gonzalez-Oreja 1998). In 1997, dissolved oxygen
values were almost 50 percent in surface waters and less than 60 percent in
bottom waters (Garcia-Barcina, Gonzéalez-Oreja, and de la Sota 2006). The
estuarine channel was heavily polluted, with organic matter values double
those found in the nearby estuaries while labile compounds were four times
higher (Cotano and Villate 2006). Dissolved oxygen seemed to be the main
reason for this (Saiz-Salinas 1997; Gonzalez-Oreja and Saiz-Salinas 1999).
Not only did this adverse situation affect the estuary, but also the polluted
waters eventually reached the sea and caused environmental damages up to
17 km away from the estuary (Diez, Santolaria, and Gorostiaga 2003). Fur-
thermore, faecal coliform concentration exceeded guideline values 95 percent
of the time during the bathing season at the beaches of the inner bay (Garcia-
Barcina, Oteiza, and de la Sota 2002).

In line with these results, initial sampling recorded no living foramini-
fera in the upper estuary with very low numbers elsewhere (figure 5.4). This
distribution was related to the tidal transport of living individuals within the
estuary (Cearreta et al. 2000). Heavy metal values were especially high for
copper, lead, zinc, and the metalloid arsenic. The highly variable distribution
of the different elements resulted from local sources of industrial pollution
(Landajo et al. 2004). Despite the fact that these values were extremely high
in surficial sediments, previous works document elevated levels of metals
and arsenic in cored samples from the middle estuary, which are in general
even higher than those reported for surficial materials (Cearreta et al. 2000,
2002).

Environmental conditions in the Bilbao Estuary began to improve with
the economic recession and the closure of the mineral washeries (Goros-
tiaga and Diez 1996). This improvement has been more noticeable since the
construction of the Galindo central WWTP. Physico-chemical treatment
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Figure 5.4. Temporal evolution of foraminiferal standing crops in the spring
sampling periods (1997-2009) along the Bilbao Estuary. Note the logarithmic scale.
Reference conditions correspond to the mean +1 S.D. values found in the Santofia
estuary by Cearreta (1988) (modified from Leorri et al. 2008).
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began in 1991 and ten years later biological treatment was initiated (Bald et
al. 2005). This plant discharges a considerably higher water flux than the river
flow into the Galindo River, especially during the summertime. Domestic
sewage discharge is an important source of metal contamination (Ruiz and
Séiz-Salinas 2000), and the WWTP releases almost 50 percent of the inputs of
chromium, lead, nickel, and cadmium, while for manganese it is as high as 77
percent (Landajo et al. 2004). Furthermore, during periods of intense rainfall,
the Bilbao metropolitan area sewer system will mainly overflow through the
WWTP outlet (Garcia-Barcina, Oteiza, and de la Sota 2002).

Although the amount of pollutants discharged into the estuary has been
decreasing gradually, this is not directly reflected in the sediments. In fact,
José Maria Garcia-Barcina, José Antonio Gonzélez-Oreja, and Alejandro de
la Sota (2006) show a significant reduction during 2000. However, no signi-
ficant change was found in the period 1997-2000, either in the heavy metal
content or in the foraminiferal assemblages. The remobilization of the sedi-
ments resulting from the intense dredging activities as part of the regenera-
tion scheme reported by M= Jests Irabien et al. (2001) resuspended pollutants
stored in the sediments during the last 150 years. Furthermore, intense oxy-
gen depletion occurred during that year in the estuary (Garcia-Barcina,
Gonzalez-Oreja, and de la Sota 2006). Dredged sediments in 2001 from the
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lower-estuarine channel and the inner bay were considered as probably toxic
while the outer bay sediments showed intermediate levels of contamination
(Casado-Martinez et al. 2006).

As a response to the biological treatment started in 2001, by 2003 water-
dissolved oxygen had significantly increased, although the rise in the bot-
tom waters was less pronounced (Garcia-Barcina, Gonzalez-Oreja, and de
la Sota 2006). Additionally, heavy metal values and arsenic decreased up to
85 percent for some elements, this reduction was more intense for copper,
chromium, lead, and zinc, and no samples exceed the ERMs (Effect Range-
Median, proposed by Long et al. 1995) in the upper estuary, while only 25
percent of samples elsewhere failed more than two ERM values (figure 5.5).
The substantial reduction of metal pollution observed from 2000 to 2003 is
likely to be related to the implementation of biological treatment in 2001. The
WWTP treats most of the urban sewage and the industrial effluents dischar-
ged into the estuary, reducing the average pollution loads. Since this plant
came into operation, a significant improvement in water quality (Garcia-Bar-
cina, Gonzalez-Oreja, and de la Sota 2006) and benthic recolonization (Borja
et al. 2006) has been observed. Although this reduction is significant, we have
to consider the potential environmental threat of the sediments as demons-
trated by what happened in 2000. In fact, dredged sediments in 2003 from the
lower estuary and the inner bay were still considered potentially dangerous
(Casado-Martinez et al. 2006), reminding us that sediments below the surface
still store huge amounts of contaminants. Bartolomé et al. (2006) report a
similar improving trend between 1998 and 2003 for mercury. However, fora-
miniferal assemblages did not show significant changes. This is to be expected
because colonization (faunal recovery process) can take from one to several
years, and recently reoxygenated or severely contaminated sediments may
delay this colonization (Alve 1999). Therefore, the closure of the major fac-
tories and the pollution abatement measures taken by local authorities seem
to have resulted in a clear improvement in the geochemical quality of the
accumulating sediments.

Finally, and contrary to expectations, in 2006 the number of samples
classified in the medium-high priority category increased (figure 5.5). One
plausible explanation for these significant perturbations in the overall reduc-
tion trend may be related to the remobilization of sediments by local dred-
ging. Although the authorities have ruled out extensive dredging in sediment
cleanup, focusing their efforts on reducing polluting loads and promoting
natural regeneration, previous work seems to have led contaminated sedi-
ments to be removed and mixed upward into newly deposited cleaner mate-
rials. Activities such as dredging may resuspend fine materials into the water
column and render pollutants to be bioavailable to biota (Nayar et al. 2003).
In addition to the mechanical and biological effects, derived changes in redox



72 Sustainable Development, Ecological Complexity

Figure 5.5. Proportion of surface samples classified in different categories based
on the Effect Range-Median (ERM) quotients in the Bilbao Estuary through time
(modified from Leorri et al. 2008).
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conditions may also affect metal mobility (Liang and Wong 2003). Unfortu-
nately, there is no reliable information about the mechanisms of metals fixa-
tion in sediments from this estuary. Some authors (Irabien 1993; Sdiz-Salinas,
Francés-Zubillaga, and Imaz-Eizaguirre 1996) suggest that precipitation of
sulfides under anoxic conditions could be responsible, to some extent, for the
scavenging of metals, but no geochemical evidence has been found (Cearreta
et al. 2002). On the other hand, the inner bay area and lowermost estuarine
samples show a significant quality improvement regarding foraminiferal ana-
lysis. In fact, an increase of two orders of magnitude was reached (figure 5.4),
presenting similar values to those found in the Santofa Estuary (40 km to the
west of Bilbao) with semi-natural conditions (Cearreta 1988). Furthermore,
the assemblages resembled those recorded in pre-anthropogenic materials
from Bilbao (Cearreta et al. 2002; Leorri and Cearreta 2004). This is probably
a result of the tidal influence diluting the pollutants and increasing the levels
of dissolved oxygen.

As a consequence of the severe degradation in the estuary during the
last 150 years, its environmental regeneration is one of the major concerns
of the local government. In 1993 the local water authority had envisaged a
recovery of its native wildlife by the year 2002 (Consorcio de Aguas del Gran
Bilbao 1993; Sdiz-Salinas 1997). Unfortunately, this has not been the case.
In fact, water quality is not complying with the guideline values of the Euro-
pean Directive on Bathing Waters in the inner bay beaches (Garcia-Barcina,
Oteiza, and de la Sota 2002), and sediments might not achieve the quality sta-
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tus by the year 2015 as required by the European Water Framework Directive
(Muxika, Borja, and Bald 2007).

The results obtained here imply a slow environmental recovery of the
Bilbao Estuary in a similar way to that of the Mersey Estuary in Liverpool,
England, where recovery has taken more than forty years since the worst
pollution period. Indeed, here there are still problems in which the accumu-
lation of heavy metals and persistent organics in animals such as fish are a
potential human health problem (McCauley, DeGraeve, and Linton 2000).
At this point, the central WWTP and the sediments that still contain pol-
lutants should be a major concern as pollution sources. In order to assess
the potential recovery of the Bilbao Estuary and provide sound data, long-
term series based on heavy metals and foraminifera have been proven to be
suitable. Recovery predictions are difficult to make, but establishing adequate
reference conditions and continuous monitoring will provide the necessary
temporal trend to anticipate future change and provide data to undertake
remedial actions. As is the case with the Bilbao Estuary, frequent spills from
the WWTP and, more important, sediment resuspension have to be remedi-
ated if water and sediment quality objectives are to be met.

Conclusions

The original structure of the Bilbao Estuary sedimentary infill started under
late-Glacial, low sea level conditions, with the deposition of fluviatile grav-
els and coarse sands. During marine transgression (8500-3000 cal years BP),
these coarse sediments were trapped in the upper- and middle-estuarine areas
by the landward migrating estuarine deposits, whereas in the lower estuary
former fluviatile materials were reworked and included into this transgressive
interval. Great volumes of mainly near-marine sediments were deposited in
the lower estuary, alternating brackish and near-marine sediments were accu-
mulated in the middle estuary, and brackish materials were sedimented in
the upper estuary. The final part of the transgressive interval was represented
by open-marine sediments limited above by the maximum flooding surface.
The high-stand interval deposited during the upper Holocene (3000 cal years
BP-nineteenth century human reclamation) represented brackish inter-tidal
and supra-tidal conditions as the sedimentary infill was taking place under
stabilized sea level.

However, since the mid-nineteenth century large-scale reclamation of
inter-tidal areas has reduced the original estuary to a simple tidal channel.
The discharge of significant quantities of untreated industrial and domestic
effluents directly into the estuary led to the disappearance of the estuarine
microfauna and to the significant pollution of the sediments. Three different
zones could be identified in the recent sedimentary record, reflecting initially
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the pre-industrial estuarine conditions with abundant and diverse fora-
miniferal assemblages and baseline levels of metals, followed by the indus-
trial period sedimentary record, when high concentrations of metals in the
estuarine environment allowed the development of abundant foraminiferal
assemblages in the older industrial zone (1850-1950) that disappeared in the
newer industrial zone (1950-2000) due to complete defaunation of the Bilbao
Estuary caused by minimum oxygen levels during this period. Obtained data
provide important information in planning the definitive regeneration of the
Bilbao Estuary, because sediments have proven to be an important storage
reservoir for pollutants and microfossils.

Combined geochemical and microfaunal monitoring programs adequa-
tely reflect sediment quality in heavily polluted environments, making them
suitable for assessing remediation schemes in estuarine systems. The signi-
ficant reduction in contaminant sources and improvements in wastewater
treatment have decreased pollutant disposal to the estuarine ecosystem, most
notably since the WWTP implemented biological treatment in 2001. Metal
concentrations and foraminiferal contents in surficial sediments reflect this
improvement in the general environmental quality. However, there has been
a significant delay in recovery as regards the expectations of the local water
authority. In 2006, elevated pollutant concentrations remained widespread
throughout the middle and lower estuary and the present day pollution status
of this area is still cause for concern. Once the anthropogenic inputs drama-
tically decreased, pollutants accumulated in the sediments became a major
problem. In fact, the environmental recovery of the Bilbao Estuary is strongly
affected by the resuspension of the high concentration of pollutants stored
in the sediments below the surface and, although less significantly, frequent
spills from the WWTP.
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The Landscape of the Autonomous Community
of the Basque Country: The Evolution of Forest
Systems
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In recent decades, landscapes have been changing at an unprecedented rate.
The main agent of the change is anthropogenic in origin (Winged et al. 2004;
Seto and Fragkias 2005; Plieninger 2006), leading to drastic changes that are
in many cases difficult to reverse (Rutledge and Lepczyk 2002). The speed of
change depends mainly on the intensity and frequency of disturbances (Liu
and Taylor 2002). Often, landscapes form a mosaic that reflects the alteration
of natural forests, forest plantations, pastures, crops, shrubs, and urban areas
(Rigueiro 1999). The spatial distribution of the tiles (the “puzzle pieces” that
form this mosaic) in the landscape is critical for the regulation of flows of
matter and energy, such as for the dispersal of plant and animal species, as
well as the functioning of its ecosystems (Johnson et al. 1992; Forman 1995;
McGarigal and Marks 1995; Rutledge and Lepczyk 2002; Onaindia et al. 2004;
Rodriguez et al. 2005; Martinez, Mokady, and Wool 2005).

One of the most important environmental problems today is the loss of
biodiversity, due mainly to changes in land use (Vitousek et al. 1997; Sala et
al. 2000; Rodriguez et al. 2005) and competition brought by invasive species
(Whigham 2004). Urbanization, deforestation, industrialization, and inten-
sive agriculture have resulted in rapidly changing landscapes (Forman 1995;
Gurrutxaga 2004; Crow 2005). Historically, damage occurring to valued cul-
tural landscape has resulted in the losses of ecological capacities within the
ecosystem, in diversity, and in scenic beauty. Changes in the use of land have
resulted primarily in habitat loss and increased isolation within the forest

* The following organizations that funded this research: the Spanish Ministry of Science and Inno-
vation (project/grant CGL2008-05579-C02-01/BOS), and the Basque Department of Education, Uni-
versities, and Research (funding of research groups convening in 2009).
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mosaic (Henle et al. 2004). In much of Europe (and also in the Middle East,
the Mediterranean, and northern Africa) most of this transformation has
occurred only in the last century (Wilcove, McLellan, and Dobson 1986).

Fragmentation of ecosystems is one of the spatial processes that generate
further changes in the structure of landscapes in temperate zones. Moreover,
it is probably one of the greatest threats to biodiversity (Turner et al. 1996;
Harrison and Bruna 1999; Telleria and Santos 2000; Altamirano, Echeverria
and Lara 2007). The fragmentation of the ecosystem is commonly associated
with a reduction of the surface of a tile (Larsson 2001; Lopez-Barrera 2004);
increased isolation (Forman 1995; Onaindia et al. 2000); and an accentuation
of borders, or the edge effect (Andrén 1994; Telleria and Santos 2000; Larsson
2001; Gurrutxaga 2003, Fahrig 2003), which may adversely affect the biota
that live there (Saunders, Hobbs, and Margules 1991; Murcia 1995; Yanez
et al. 1999; Burel and Baudry 2003). The edge effect can be defined as the
result of the interaction of two adjacent ecosystems (Murcia 1995; Lopez-
Barrera 2004). The susceptibility of forest fragments to harmful effects at its
borders is one of the most obvious consequences of the fragmentation of for-
est ecosystems (Forman 1995; Lopez-Barrera 2004; Rodriguez 2007). This is
because of the higher degree of contrast between two habitats, specifically the
lower the biological flows (movement of organisms between habitats) and the
increased physical flows (lateral light penetration into the forest) (Weathers,
Cadenasso, and Pickett 2001; Lopez-Barrera 2004).

Another important consequence of fragmentation is the isolation of for-
est tile, which interferes with the movement of individual species between
adjacent ecosystems of differing quality. Before fragmentation occurs, species
maintain certain populations due to the contribution of individuals within
that species and seeds from the most dense and highest quality populations.
Nevertheless, after the fragmentation occurs, these inputs end and the difficul-
ties in getting these seeds increase and may cause a cascade of local extinctions
in suboptimal fragments. In reality, high connectivity can favor local popula-
tions through immigration, as explained in the theory of metapopulations.

Although today it is believed that Mediterranean and tropical areas are
more vulnerable to the effects of mild fragmentation (Henle et al. 2004), its
negative consequences are evident in forest ecosystems within temperate
zones that have been altered in both contemporary and historical contexts
(Whitcomb et al. 1981; Harris 1984; Wilcove, McLellan, and Dobson 1986;
Santos, Telleria and Virgos 1999; Santos, Telleria, and Carbonell 2002; Lin-
denmayer and Franklin 2002; Garcia et al. 2005). A clear example of this is
the changing landscape in the CAPV-EAE. For centuries, the landscape of the
CAPV-EAE underwent a traditional agroforestry-livestock model of cultiva-
tion in which in the village hamlet played a very important role. That is, its
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main purpose was self-sufficient consumption, which supported a wide vari-
ety of crops and harvests that made for a high-diversity landscape (Michel
2003; Rodriguez 2007). However, in the late-nineteenth and early-twentieth
centuries the growth of industry in the Cantabrian slope of the CAPV-EAE
(i.e., in the provinces of Bizkaia and Gipuzkoa) led to the relocation of most
rural people to urban centers. Consequently, the progressive abandonment
of iron works significantly reduced the demand for charcoal. It was at this
juncture that the CAPV-EAE reached its historical minimum of forested
area, due to the by then uncontrolled consumption of forest ecosystems for
their supply of charcoal. In fact, the situation in Bizkaia and Gipuzkoa was
so untenable that both provincial councils established a forest service, whose
first mission was repopulation (Groome 1990).

The introduction of Pinus radiata (the Monterey pine from California
in the United States) in the late-nineteenth century by Mario Adan Ayarza
created great expectations regarding the recovery of forests for the future
through the establishment of native vegetation (e.g., mixed forest Quercur
robur, Castanea sativa, etc.) (Michel 2003). However, high profit was gleaned
from this exotic species and a subsidy policy ensued. Moreover, in Bizkaia
and Gipuzkoa, most forestland belonged to private owners who favored the
establishment of this species. This repopulation, which replaced both crop
and forests with native hardwood species, began to cover forest areas, form-
ing artificial landscapes that were a result of the fact that these plantations
were geared exclusively toward production and private profit. This repopu-
lation effort diminished, however, with the frost of 1956, which destroyed
much of the young plantations of Pinus radiata in Gipuzkoa (Michel 2003,
157-58). This led to the diversification of other introduced species, such as
larch, Corsican pine, and Douglas fir.

The Mediterranean side of the CAPV-EAE suffered less deforestation.
On the one hand, this was because there was a lower population density and,
therefore, less industrial development. On the other, a higher proportion of
common land or public forestland existed that was better maintained. In 1984
in the CAPV-EAE, 93.7 percent of production was pine and only 2 percent
was oak, beech, and chestnut. Ten years later, the production of oak, beech,
and chestnut rose to 8.51 percent (versus 91.48 percent of pine). Between
1984 and 1993, the timber market suffered a major crisis: the importation of
very cheap wood from other countries such as the United States, Chile, and
Russia. This crisis was coupled with a paper-mill crisis, with mills being the
main consumers of wood produced in the CAPV-EAE. The paper-mill crisis
led to the closure of many mills as the demand for pine dropped considerably
(Michel 2003, 215-16). At present, conifers provide 63 percent of the total
volume of wood, compared to 67 percent nine years before.
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In the 1990s, the CAPV-EAE became more aware of environmental
problems. This is evident in the Basque Government’s Forest Plan for 1994 to
2030, which states:

The protection of soil and water resources, the conservation of biodiversity
(and of those sites where human activities possess an undeniable cultural
value), the natural architecture of the landscape, the enhancement of unused
resources, and the necessary supply of material goods must be integrated
into an equation that meets the physical and human conditions of the terri-
tory (Nd, 119).

Given the importance of analyzing the evolution of the landscape in land
management and in the assessment of the Forest Plan, this study seeks to eval-
uate the effects of forest change in the current landscape structure, especially
in potential vegetation dynamics (i.e., natural forests) between 1996 and 2005.
This analysis is practicable for assessing the impact of environmental legisla-
tion and management to facilitate, as required, new strategies both in law and
management.

Methodology

The databases used for analysis were obtained from digitized forest maps of
the CAPV-EAE in 1996 and 2005 and made available by the Basque Gov-
ernment’s IKT (Nekazal Ikerketa eta Teknologia [Agricultural Research and
Technology Institute]). These databases have been managed using geographic
information systems (GIS). The landscape of the CAPV-EAE was classified
into three major land uses, within which other uses include nonforested areas
consisting of grasslands, crops, and shrubs, as well as plantations comprised
of conifers, eucalyptus, and hardwoods. Also included are natural forests
comprised of oak (including cork oak, Quercus suber), gall, mixed-forest oak,
beech, and birch, as well as Pyrenean oak (including Quercus pyrenaica and
Quercus pubescens), riparian, and cliff forests. The discussion that follows
begins with the databases developed through the vLATE (vector-based land-
scape analysis tools extension) program (Lang and Tiede 2003).!

Average Distance to the Nearest Tile Index

An ADNT index (average distance to nearest tile) shows the average distance
in meters from the edge of a tile to the edge of the nearest tile that has the

1. These data were then inserted into ArcGIS 9.0, and using the formulation proposed in the
program FRAGSTATS (McGarigal et al. 2002) to calculate landscape rates of change (Santos, Telleria,
and Virgos 2002; Garcia et al. 2005; Watson, Whittaker, and Freudenberger 2005).
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same land usage, which gives an idea of the degree of isolation that the tile is
exposed to.

Fragmentation Index

A fragmentation index (F) is a mapping measure that shows the degree of
spatial aggregation of the tile habitat under study. It uses a level inversely pro-
portional to the degree of fragmentation. An increase in the index value is
related to the degree of fragmentation and vice versa. Therefore, increasing
the fragmentation means a decrease in the total area, as well as an increase in
the number and dispersion of the same tile (Gurrutxaga 2003).

Fragmentation indices were calculated at the level for each tile, at the
level of vegetation, and at the landscape level. In order to get a complete pic-
ture of the change in the landscape, it is important to examine the rates of
change of the landscape at different levels. Equally important, these indices
have calculated the area and the number of tiles, in addition to the percentage
of the landscape’s area with respect to total area and average size (Terradas
et al. 2004; Watson, Whittaker, and Dawson 2004; Rodriguez 2007). Kurtis
Trzcinski, Lenore Fahrig, and Merriam Gray (1999) show that independent
measures of fragmentation can be derived using both the number of tiles in
the landscape, as well as their size.

Statistical Treatment

In order to study the evolution of the landscape between 1996 and 2005 (in
addition to the calculation of landscape indices), both the ADNT and F indi-
ces were compared between the two years of study for the different types of
tile that form the landscape of the CAPV-EAE, as well as for the different
types of natural forests via the nonparametric Mann-Whitney U test (after
verifying that the data were not normal and could not be normalized).

Results

The Landscape Evolution of the CAPV-EAE between the Years 1996 and
2005

Between 1996 and 2005, the landscape structure of the CAPV-EAE saw a
change in land use on 139,440 ha, which is equivalent to 19.3 percent of its
total surface (table 6.1). New nonforested areas (derived from the processing
of 3,809 ha of mixed oak forest and 20,003 ha of conifers) comprise 23.7 per-
cent (33,056 ha) of the surface change. Thirty percent (41,631 ha) is new forest
plantations (i.e., pine, eucalyptus, and hardwoods mainly from nonforested
areas). The rest are new areas occupied by natural forests (46.3 percent), of
which 26,540 ha is new surface occupied by mixed oak forest (which comes
mainly from old plantations of conifers and old shrubs), 6,802 ha of gall, and
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5,765 ha of oak. In addition, an important fact to note is that the urban area
has increased currently by 32 percent since 1996. Thus, the CAPV-EAEs pres-
ent surface area is approximately 42,000 ha.

Table 6.1. Value of total area and its percentage in respect to the total area and the
forest area occupied for each of the land uses that form part of the 2-year study

within the CAPV-EAE.
Area (ha) % Total area % Forest area

1996 2005 1996 2005 1996 2005
Nonforested areas 361,677 | 338,696 50.04 46.87
Conifer plantations 203,068 | 193,367 28.10 26.76 56.24 50.37
Eucalyptus plantations 9,088 11,498 1.26 1.59 2.52 2.99
Hardwood plantations 3,709 4,440 0.51 0.61 1.03 1.16
Riparian forests 3,167 4,790 0.44 0.66 0.88 1.25
Oak 24,694 28,845 342 3.99 6.84 7.51
Gall 20,413 24,604 2.82 3.40 5.65 6.41
Mixed oak forests 34,248 48,896 4.74 6.77 9.48 12.74
Beech 50,647 54,759 7.01 7.58 14.03 14.26
Birch 114 122 0.02 0.02 0.03 0.03
Pyrenean oak 11,539 12,331 1.60 1.71 3.20 3.21
Cliff forests 418 247 0.06 0.03 0.12 0.06

The landscape, as seen in the number of tiles present in the area, has
remained more or less constant, declining only by 0.4 percent (from 10,060
tiles in 1996 to 10,017 tiles in 2005). However, the average sizes of the tiles
were significantly lower in 2005. This did not include an increase in isolation of
tiles (table 6.2). As for the isolation of the tiles, it is generally observed that the
average distance to the nearest tile of same usage has not changed significantly.
Together with the fragmentation index, the ADNT measure has remained fairly
constant in recent years and suggests that the fragmentation of the CAPV-EAE
landscape, in general, has not changed over the period observed. However, it is
necessary to analyze whether this fragmentation has been maintained between
all uses of the landscape or has changed due to certain applications.

Evolution of Different Land Uses

In the case of natural forests, there is an increase of 20.2 percent in the area
covered by forest ecosystems (from occupying a surface of 145,240 ha in 1996
to occupying an area of 174,595 ha in 2005). This contrasts with what occurs
in both nonforested areas and forest plantations, which suffer a decline in their
surfaces of 6.35 percent and 3.04 percent, respectively (table 6.3 and figure
6.1a). Despite these surface decreases, the number of tiles of each type of usage
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Table 6.2. Calculated index values (Average + SE) for all of the tiles that make up
the landscape of the BAC (within the two-year study), and the degree of significance
for the nonparametric Mann-Whitney U. The abbreviations correspond to AT:
average size of the tiles; ADNT: average distance to the nearest tile of same usage; F:
fragmentation index; p: level of significance.

Year AT (ha) ADNT (m) F
1996 71.85 +25.86 344.26 £ 10.72 271.17
2005 52.34 £5.820 349.84 £ 9.850 274.94
P 0.000** 0.250
*p<0.05
*p <001
0 p <0.001

has not increased or decreased proportionately. Thus, only natural forests have
increased by 8 tiles, from 4,816 in 1996 to 4,824 tiles in 2005. Nonforested areas
have decreased by 119 tiles, which is equivalent to a decrease of 1.1 percent of
the total area. Forest plantations have increased by 68 tiles, which represents an
increase of 1 percent the total area (table 6.3 and figure 6.1b).

Table 6.3. A representation of the total area occupied by each of the types of land
uses that have been classified within the tiles that make up the landscape of the
CAPV-EAE (and the number of tiles that correspond to each within the two-year

study).
Area (ha) Number of tiles
1996 2005 1996 2005
Nonforested areas 361,677 338,696 2.085 1.966
Forest plantations 215,861 209,305 3.159 3.227
Natural forests 145,240 174,595 4.816 4.824

Figure 6.1. A representation of the percentages of the area occupied by each type of
use where the classified tiles that shape the landscape of the CAPV-EAE
(and the percentage of same tiles present within the two years of study).

(a) Surface percentage occupied by each use type (b) Percentage of tiles occupied by each use type
w 60
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The landscape-level analysis shows that differences (i.e., diverse types of
uses) within the classified tiles are significant in all cases, except for the aver-
age distance to the nearest tile of the same usage. This is significantly higher
only among forest plantations (p < 0.001) (table 6.4). Thus, forest plantations are
more isolated in 2005 than in 1996, as its tiles are more distant from each other.

As for the average size of the tiles (including natural forests tiles), there
was a significant increase (p < 0.001), from an average size of 30 ha in 1996,
to 36 ha in 2005. This contrasts to what happens with nonforested areas and
forest plantations, which have suffered a significant decline of 0.7 percent and
5.1 percent in their average size, respectively (p < 0.05) (table 6.4). However,
with respect to the degree of fragmentation, there was an increase among
forest plantations and a slight decline among nonforested areas and natural
forests, which are consistent with the values obtained for the nearest distance
to the tile of the same usage (table 6.4).

Table 6.4. Calculated index values (Average + SE) for the different land uses that
have been classified within the tiles that make up the landscape of the CAPV-EAE
within the 2-year study (and the degree of significance for the nonparametric
Mann-Whitney U). The abbreviations correspond to AT: average size of the tile;
ADNT: average distance to the nearest tile of same usage; F: fragmentation index;
p: level of significance.

Nonforested areas

Year AT (ha) A-SHAPE ADNT (m) F
1996 173.5+£123.2 1.883 £0.034 131.58 £ 3.12 717.88
2005 172.3 £101.5 2.138 £0.039 136.68 = 3.76 727.73

p 0.002** 0.000** 0.201

Plantations

Year AT (ha) A-SHAPE ADNT (m) F
1996 68.33 + 12.41 1.82 £0.02 289.53 £11.94 132.83
2005 64.86 + 12.74 1.90 £ 0.02 342.53 +12.45 116.94

p 0.024* 0.000** 0.000**

Natural forests

Year AT (ha) A-SHAPE ADNT (m) F
1996 30.16 +2.61 2.035+0.012 472.2 +20.7 15.06
2005 36.19 £ 3.46 2.383 +£0.017 441.4 +18.47 19.29

P 0.000%* 0.000%* 0.122

*p <0.05

Evolution of Natural Forests Tiles

All natural forests (except cliff forests, whose initial surface area decreased
by 41 percent), have had surface increases since 1996. The largest increases
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are among the riparian forest, with a 51.3 percent surface increase in 1996.
This is followed by the mixed oak forest (42.8 percent increase), and then gall
(20.5 percent increase) (table 6.1). Regarding the number of tiles, it should
be noted that only riparian forests and oak forests have seen an increase in
number since 1996, whereas the rest of the natural forests saw a reduction
(table 6.5).

Table 6.5. Number of tiles occupied by different types of natural forests in the
CAPV-EAE within the two-year of study. and the values of the percentages they
occupy with respect to the total of the tiles and the tiles that make up the landscape
of the CAPV-EAE. The represented values for beech are in blue.

Number of tiles (NT) % NT totals % NT forested

1996 2005 1996 2005 1996 2005
Riparian forests 351 389 3.49 3.88 4.40 4.83
Oak 522 519 5.19 5.18 6.55 6.45
Gall 663 628 6.59 6.27 831 7.80
Mixed oak forests 2.238 2.345 22.25 23.41 28.06 29.13
Beech 781 734 7.76 7.33 9.79 9.12
Birch 16 14 0.16 0.14 0.20 0.17
Pyrenean oak 214 177 2.13 1.77 2.68 2.20
Cliff forests 31 18 0.31 0.18 0.39 0.22

At the landscape level, all types of natural forests have increased their
average size from 1996 to 2005 by greater than 20 percent, except the oaks,
which barely reach 18 percent, and cliff forests, which had the lowest recorded
increase of 1.2 percent. However, these differences are significant only for
riparian forests, mixed oak forests, and beech. In the case of isolation, ripar-
ian and oak forests are also unique because they reduced their distance to the
nearest tile of the same usage. In the cliff forests, this distance increased sig-
nificantly in 2005, indicating that these forests are further away in distance.

Table 6.6. Calcuated index values at the landscape level (Average + SE) for the
different types of natural forests that are part of the CAPV-EAE within the two-
year study (and their degree of significance for the nonparametric Mann-Whitney
U). The abbreviations correspond to AT: average size of the tiles; ADNT: average
distance to the nearest tile of same usage; p: level of significance.

1996 2005
Indices Average + SE Average = SE p
Riparian forests AT (ha) 9.020 + 0.560 12.31+0.710 0.000**
ADNT (m) 1.199+77.13 877.2 £52.81 0.015*
0Oak AT (ha) 4731+11.84 55.58 +12.84 0.057
ADNT (m) 569.3 +51.10 529.2 + 44.53 0.871
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1996 2005
Indices Average + SE Average + SE P
Gall AT (ha) 30.79 +2.820 39.18 +4.430 0.275
ADNT (m) 276.6 + 25.06 287.8 +17.79 0.684
Mixed oak forests AT (ha) 15.30 + 0.610 20.85 + 0.800 0.000**
ADNT (m) 306.9 +15.54 278.6 £10.95 0.001**
Beech AT (ha) 64.85 + 12.65 74.60 + 19.76 0.019*
ADNT (m) 347.7 £26.95 419.6 + 34.63 0.073
Birch AT (ha) 7.140 £ 0.860 8.730 + 1.420 0.473
ADNT (m) 7.273 £ 3000 9.837 +3.381 0.400
Pyrenean oak AT (ha) 53.92 +18.07 69.67 + 18.89 0.417
ADNT (m) 938.9 +224.5 551.0 + 71.09 0.787
Cliff forests AT (ha) 13.49 +2.050 13.72 + 3.880 0.619
ADNT (m) 3.131 £955.8 7.571 +1.813 0.015*
“p <0.05
#p<0.01

In general, fragmentation decreases in all types of natural forests, except
for cliff forests (table 6.7). This decrease is by more than 25 percent in all for-
ests studied, except in beech and birch forests. In the territory of the CAPV-
EAE, Pyrenean forests were the least fragmented, while riparian and oak
forests were the most.

Table 6.7. Fragmentation index (F) calculated for the different types of natural
forests that are part of the CAPV_EAE (within the two-year study).

F

1996 2005
Riparian forests 24.34 40.96
Oak 180.7 229.7
Gall 190.6 246.1
Mixed oak forests 25.30 36.23
Beech 2712 274.9
Birch 69.62 71.94
Pyrenean oak 304.7 810.9
Cliff forests 157.8 1143

Discussion

In general, landscapes are constantly changing, often due to the growing
influence of human beings. This is true in the case of the CAPV-EAE, where it
was observed that 19.3 percent of the total land area has changed its land use.
Although the territory of forest area has remained roughly constant, many
of the tiles have changed in usage. For example, much of the area occupied
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by conifer plantations in 1996 has been cleared for logging. After being har-
vested, a lot of land has been abandoned, becoming thicket. Thus, the area
once occupied by conifer plantations in 1996 was classified as nonforested
areas in 2005, and, vice versa, conifer plantations now occupy much of the
area classified in 1996 as nonforested areas. In the case of new tiles of mixed
oak forest, they are derived primarily from old thicket and old conifer planta-
tions. Thus, the substitution of nonforested areas of natural forest indicates a
secondary succession, a pinnacle state compatible with its potential vegeta-
tion. In the CAPV-EAE, the typical potential vegetation in zones of higher
elevation is populated by beech, whereas a descent in altitude leads to strips
of mixed oak-dominated forests.

There has been an increase in artificial surface area in recent years due to
urban development. Specifically, a large number of houses have been built and
industry now occupies a significant part of the land. In fact, in 2000 residential
homes accounted for 39 percent of the total floor area, economic activities 18
percent, and transport infrastructure 43 percent (Basque Government 2004).
As urban areas expand, transform, and envelop the surrounding landscape,
they adversely affect the natural environment at multiple spatial and tempo-
ral scales. This impact on the environment is changing weather conditions
and the microclimate, causing habitat loss and fragmentation of biodiversity,
due to the increased demand for natural resources (Seto and Fragkias 2005).

Evolution of Different Land Uses

Forest plantations showed less of an increase in their surface compared to
natural forests. There has been a diversification of plantations. For example,
eucalyptus and hardwood plantations now occupy part of the area occupied
in 1996 by conifer plantations. This is the result of intensive forestry through-
out the country, especially in Bizkaia and Gipuzkoa. Although this essay has
not differentiated between the various species of conifers, according to the lat-
est Forest Inventory of the Basque Government in 2006, there is a downward
trend of the species Pinus radiata and an increase in other conifer species,
such as the Douglas fir (Pseudotsuga menziesii).

In the case of hardwood plantations, repopulation generally occurs in
publicly owned forests (Basque Government 2007). The species that is most
introduced is the American oak (Quercus rubra), which has a short turn-
around time of about sixty years (Association of Owners Gipuzkoa Forest
2003). Compared to the fast-growing species, the hardwood plantations pro-
vide environmental benefits such as contributing to soil stabilization and the
development of wildlife communities, as well as increased biodiversity and
landscape improvements. Yet, their proliferation has been limited so far, due
to the lack of public policy support, relevant services, and subsidies. Since
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these kinds of plantations are concentrated mainly on public land, their
development brings an economic burden to private landowners who do not
have governmental support or subsidies.

Further, the numbers of Pinus radiata were reduced in favor of eucalyp-
tus plantations. Pinus radiata mainly occupies land in Bizkaia, accounting
for 56 percent of the forested area of this region, which is usually privately
owned and represents 81 percent of the area occupied by this species (Basque
Government 2006). Landowners use this pine because it has a shorter turn-
around time, and thus a higher profitability (Forest Owners Association of
Gipuzkoa 2003). Yet, in Bizkaia, after forest fires burned over 17,000 ha in
1989 (Galley and Saenz 1990), the species then most used in the reforestation
was eucalyptus. This tree has a high growth rate and a high capacity to regrow
after cutting or fire. In Gipuzkoa, however, the Douglas fir was most utilized
(Michel 2006, 222).

Nonetheless, the upward trend of eucalyptus forests is troubling because
it is an exotic species with a very short turnaround—even shorter than the
thirty- to thirty-five-year turnaround of Pinus radiata (Forest Owners Asso-
ciation of Gipuzkoa 2003). Consequently, there is a strong imbalance between
the nutrient extraction involved in logging (timber harvested and erosion
losses) and the nutrient inputs; that is, the soil quality is becoming poorer. In
addition, its high growth rate and transpiration significantly influence sur-
face runoff in large areas, which decreases the regional water supply.

Therefore, reforestation planning should incorporate native species or oth-
erwise use species with longer turnaround times (the estimated optional rota-
tion age is tree trunks over 45 years old). Furthermore, it should favor the use
of polycultures versus monocultures, as many experts advise (Sedjo and Botkin
1997; Donald et al. 1998; Stanley and Montagnini 1999; Hartley 2002). These
arguments represent sustainable measures as reflected in the Basque Country’s
rural development program of 2007 to 2013. Such measures would conserve
and regenerate forests with indigenous trees. They also seek to limit deforesta-
tion (caused by species with short-rotation shifts under thirty-five years) and
potentiate the growth of species with medium- to low-rotation shifts.

In general, natural forests were the biggest benefactors during the period
0f 1996 to 2005, showing a broad tendency to increase in total area and aver-
age tile size. Thus, at a landscape level their fragmentation has decreased. This
is gradually reflected in better quality vegetation patches, which promote
their conservation and maintenance. The decrease of forest plantations at a
landscape level is actually a positive factor, given the issues with exotic trees
having short-rotation shifts. In general, the trees with longer shifts are more
beneficial to the CAPV-EAE. In turn, the soil and water would have an eco-
logical benefit as well as an equally positive impact on ecological services.
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Evolution of Natural Forests Tiles

In general, every type of natural forest area studied increased as compared
to 1996, except for cliff forests. These forests are usually found in various cli-
mates where soil conditions and climate are not optimal for the species of tree
that make up this type of forest ecosystems (Aseginolaza et al. 1988). The oak
forests in this area are composed of one variant of mixed hardwoods and are
limited and constrained in development by the scarcity of land and poor soil.
The only variant of beech found in this woodland is Petrano calcicolous.

Furthermore, oak forests have had a small recuperation. They have
increased in surface and average tile size, while also reducing in isolation and
degree of fragmentation. Oak and beech forests have the highest potential
impact on vegetation in the CAPV-EAE. Oak, which is found at lower alti-
tudes than the beech, is used less often in agriculture (Garcia et al. 2005) and
forestry in the north mainly due to its accessibility (GESPLAN 2002). How-
ever, at present, it constitutes a breed of small-sized trees that are expanding
(after the abandonment of agricultural land and the felling of ancient pines),
despite suboptimal conditions.

Similar to oak forests, riparian forests have had a small recuperation.
They have also increased in surface and average tile size, while reducing in
isolation and degree of fragmentation. Yet, both of these forest ecosystems,
despite their ecological importance and despite legislation, have been heavily
impacted by the growth of far-ranging meadows, forest plantations, and crop
planting that yields higher profits.

Conclusion

The landscape of the CAPV-EAE, in general, has experienced detectable
changes due to land use. The changes have been manifest in decreases in
the average size of tiles and increases in fragmentation. However, if exam-
ined more closely, these changes—contrary to the general trend—have actu-
ally decreased the fragmentation and increased the size of native vegetation
tiles. These positive changes have been detected mainly in the tiles of oak and
riparian forests, thereby encouraging their conservation and maintenance
and enhancing their overarching importance to the landscape. Although oak
remains the most fragmented vegetation, it could potentially dominate the
landscape of the CAPV-EAE. Therefore, although current forestry policies
seem to favor the recovery of native vegetation (given its benefits to society),
it should not be forgotten that future conservation strategies for natural eco-
systems should continue to be geared toward reducing the average distance
between tiles of the same usage through the creation and recovery of ecologi-
cal methodologies.
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Critical Theories of Sustainable Development
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Throughout the history of economic thought, critical analytical traditions
have existed that have brought to light the ecological damage occasioned
by capitalism (Martinez-Alier 1997). The history of debates about nature is
marked by a series of problems posed by a “predatory economy” questioned
by both classical liberals and socialists: the forest question, at the forefront of
attention in the eighteenth century, preceded the coal question, which Wil-
liam Stanley Jevons was interested in during the nineteenth century. These
issues stand at some remove from the problem of sustainable development.
After having disappeared behind the economic and social consequences of
the crisis of 1929 and the two world wars, the idea of a destructive economy
returned with a certain degree of force starting in the late 1960s. Numerous
economists were concerned about the environmental consequences of the
post-war economic miracle. At the same time, they took into consideration
the specificity of these phenomena, which cannot be reduced to the logic of
the market, with the aim of articulating the fundamentals of the economy
and the environment and thereby creating an ecological economics. Despite
the fact that the creation of a new discipline that would integrate the knowl-
edge contained in the disciplines of economics and ecology continues to be
little more than a proposal, it has the potential to lead to two major political
options. The first consists of creating public institutions capable of imposing
limits on the exploitation of nature, and the second is forcefully expressed in
the field of industrial ecology.

Ecological Economics

Ecological economics is a relatively diverse current of thought, the objective
of which is to reflect on the conditions for a possible shared evolution among
ecosystems and economic systems. If some authors take the ecological dimen-
sions of natural resources into consideration, others insist more strongly on
the institutional issues posed by their regulation.
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A Distinction between Growth and Development

One way of thinking about economics makes an almost mechanical associa-
tion between growth and development, to the point of conflating the two. On
the other hand, numerous economists, following in the footsteps of Joseph
Schumpeter, try to distinguish them. Growth corresponds to a quantitative
increase in available goods and services, measured in monetary and physical
terms. Development, for its part, is a measure of qualitative improvement in
living conditions. If these objectives differ, they are not necessarily linked,
since there is no reason for growth to be a synonym of development. Conse-
quently, the relationship between the two is complex and the source of contro-
versy, and the appearance of the concept of sustainable development has only
given new impetus to the debate.

Along these lines, if Wilfred Beckerman (1994) denies any interest in the
expression “sustainable development,” because he believes that it does not
contribute anything pertinent to the analysis, Herman E. Daly (1996) and the
supporters of ecological economics denounce as meaningless the idea of “sus-
tainable growth,” which is a contradiction in terms. Supporters of ecological
economics privilege the analysis of sustainable development as the central
focus of ecological economics (Costanza 1991). Beyond the different ways of
translating this objective, all of these authors share the idea that from now on,
the environment will be the limiting factor in economic development, while
for along period it was capital that played that role. Up to the present, this has
had the consequence of focusing the economic calculus on the conditions for
the reproduction of capital, which are not the same as those that ensure the
reproduction of natural and human resources.

The Biophysical Dimensions of Economic Activity

Ecological economists use thermodynamics to develop a critical analysis
of wealth production. If the aim is to evaluate its environmental impact, an
evaluation on the basis of prices may be sufficient, without resorting to the
concept of utility, which comes from the domain of psychology and does not
correspond to any objective measure. Likewise, in most cases, the neoclassi-
cal theory of production does not reflect biophysical reality. The constructive
logic of this treatment of production is based on the properties of the math-
ematical functions used and not on their aptitude for representing reality. At
best, a rule for the distribution of rent across different social categories can
be found (Robinson 1964). Scholars in this field are reactivating an older tra-
dition of thought. Nicholas Georgescu-Roegen (1975), one of the pioneers
of mathematical economics, compared the principles of standard economic
theory to those of thermodynamics, a mixture, according to him, of physics
and economics. This exercise led him to condemn the neoclassical analyti-
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cal representation that depicts perpetual movement and describes the pro-
cess of production from the perspective of viewing it as a world-transforming
activity.

Thermodynamics is precisely the physical science interested in processes
of transformation as they relate to energy. The first principle of thermody-
namics stipulates that energy is conserved, and the second claims that energy
degrades when a process of energy transformation takes place. Energy then
takes on forms that are increasingly less available and useful to individuals.
In order to avoid the trap of the “energy myth,” Georgescu-Roegen (1975)
insisted on the need to extend these properties to matter, to the point of des-
ignating material entropy as the fourth law of thermodynamics. To return
to one of these examples, the particles of rubber left on the asphalt by car
tires have not disappeared, but they have become useless for society. The
recovery and reuse of this material that has been dispersed into the natural
world demand an undetermined amount of time and a considerable amount
of energy. As a result, an endowment of energy is not sufficient to be able to
produce goods and services. Economic activity is based on the exploitation
of two “low-entropy” sources, the material and energetic resources thanks to
which it produces goods and services, as well as “high-entropy” elements in
the form of waste. The problems of natural resource depletion and pollution
originate in the entropic nature of the economic process. However, the law
of entropy does not tell us the speed at which and the manner in which this
energetic and material deterioration comes about. Human activity is situated
precisely in the space marked out by this indeterminacy.

A Necessary Complementarity

From this perspective, the scarcity combated by economic activity is rooted
in sources of low material and energetic entropy. According to ecological
economists, this is an absolute scarcity, associated with the name of Thomas
Robert Malthus. This conceptual framework has repercussions for analyzing
the conditions for economic growth. Accumulated through the use of matter
and energy, technical capital also needs matter and energy to function. As a
result, it is inconceivable that this kind of capital could completely replace
natural capital. These economists emphasize the idea of complementarity
between natural capital and the other productive factors that play a role in the
processes of production because they are themselves based on low-entropy
initial resources. In this analytical framework, the objective of sustainability
is defined as the nondecrease over time of the stock of natural capital (Pearce
and Turner 1990, 48), enabling the production of a constant flow of wealth
in the form of assets and economic and environmental services, such as the
purification and recycling capabilities offered by natural systems. Even if eco-
logical economists are only moderately optimistic about technology, they
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need to take into account the partial replacement possibilities that will arise
as a consequence of improvements in the efficiency with which the material
and energy flows that play a role in human activities are transformed (Fau-
cheux and O’Connor 1999). This is why some authors prefer to discuss the
maintenance over time of a stock of “critical natural capital,” to be understood
as a number of elements provided by that natural world that is necessary to
future generations. This coercion is sometimes characterized as a condition
for strong sustainability.

Bioeconomic Models

The instrumental option privileged by ecological economists to achieve such
an objective, without neglecting action on prices, consists of establishing quan-
titative limits with regard to the resources exploited and the waste expelled in
nature. They thereby manifest their skepticism of neoclassical analysis with
regard to the internalization of externalities. The concept of externality over-
looks the fact that the situations they characterize are abnormal, while the
logic of economic activity itself is to transform nature and give rise to interde-
pendent relationships among actors. Another reason for doubt arises from the
fact that the procedure of internalizing externalities refers to harm—that is, to
pollution that has an impact on economic actors’ objective functions. The act
of taking damage to the environment into account may come too late because
businesspeople are scarcely beginning to perceive a decline in their well-being
at the point that some ecological thresholds have been exceeded.

Breaking with the idea of integrating into the economic sphere what was
initially outside it (the ecological conditions), on the model of René Passet’s
scheme of three spheres (1979, 11), ecological economists conceptualize the
economy as a subsystem of a global system constituted by the sum total of
human activities. This is part of a broader system constituted by the biosphere.
In this case, the problem lies in creating nested relationships among the dif-
ferent systems: inserting economic matters into social activities, knowing that
these, in their turn, should be integrated into the biosphere. The models to
which ecological economists explicitly refer (Costanza and Daly 1992, 40) to
define the ecological limits on human activity are those of forest or fishing
economies. In these bioeconomic models, a biological resource is considered
as a kind of natural capital, the management of which should be optimized
over the long term.

One of the objectives to be attained is that of maximum sustainable yield,
or the maximum amount of resources that can be exploited in each period
without putting their regenerative capacity into question. Another inter-
esting aspect of these areas of activity consists in the fact that, very quickly,
they have been forced to reflect on the regulatory institutions in a position to
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respond to these resources’ particular characteristics: free access and a repro-
duction time that far exceeds the usual horizon of economic calculation. The
problem is that these models’ results are obtained in a static framework, with
a hypothesis of perfect knowledge of the stock of resources available, some-
thing that is rarely the case in reality.

Starting in the 1980s, the thinking about natural resources management
began to take a new form with the rise of global ecology and the recogni-
tion of global environmental problems. The fight against pollution and the
management of natural resources had henceforward to be considered on
the planetary scale. Despite the great acquisition of knowledge related to the
environment, it must be acknowledged that the science of the biosphere is
in its early stages. In view of the absence of reliable indicators, it is difficult
to give operational content to a global bioeconomy. As a result, the aim is to
define the optimal magnitude of human activity on the planet, consequently
determining the optimal amount of capital created by human beings and the
optimal amount of natural capital to be maintained as such. These limits can
only be evaluated with reference to the standard of living and the size of the
human population considered appropriate.

In reality, the adoption of such a global and monolithic approach is in
no one’s interest. In fact, natural capital is not a homogeneous whole, since
it is made up of a set of resources and environments that differ from one
another in their ecological characteristics, their repertories of actors, and,
where applicable, the existing regulatory components. As a consequence,
it is useful to define specific rules for the different types of natural capital
(Pearce and Turner 1990, 43). These principles should be understood as min-
imum standards of prudence: (1) the rates of extraction of renewable natural
resources should be equal to their rates of regeneration; (2) the rates of waste
emission should be equal to the assimilation and recycling capacities of the
environments in which that waste is expelled; and (3) the exploitation of
nonrenewable natural resources should take place in a rhythm equal to that
of their replacement by renewable natural resources. These proposals draw
on certain ideas formulated in their time by American conservation econo-
mists. Daly (1979, 87) refers, for example, to the work of John Ise (1925).
Concerned about the depletion of energy and forest resources, Ise advocated
for governments to raise prices through taxes, with the aim of influencing,
in the case of renewable resources, the demand for these resources and cov-
ering their cost of reproduction and, in the case of nonrenewable resources,
covering their cost of replacement by other resources. Other conservation-
ists recommended setting up a permit system for the exploitation of natural
resources.
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Defining Environmental Standards

From this same institutional perspective, Daly proposes the establishment of
various bodies to regulate world population, wealth inequality, and the man-
agement of natural resources. These proposals resemble the recommenda-
tions made by J.H. Dales (1968) with regard to the establishment of a system
of transferable quotas to regulate the pollution of large Canadian lakes. In
this case, the government initially determines a global quantity of pollutants
that is not to be exceeded and subsequently has the right to distribute those
pollutants among the economic actors concerned under certain conditions
and in the form of permits with expiration dates. Since population and eco-
nomic activities increase, if the supply of permits is stable, prices will go up,
thereby motivating businesspeople to implement techniques to reduce pollu-
tion. Dales insistently observes that such a mechanism is an administrative
tool that has little to do with a market. It is a planning process associated with
a system of quota exchanges that enables firms to adapt as well as possible to
this policy. The government does not establish rights equivalent to property
rights over land, but it does issue a provisional authorization to expel pol-
lutants. It acts as a broker and a regulator: the public authorities record all
transactions and, if they wish, influence permit prices by buying unexpired
rights or selling rights kept in reserve. The public authorities have the right
to reevaluate the overall amount of pollution authorized at the end of each
period during which the rights are valid.

Other supporters of ecological economics (Faucheux and O’Connor
1999) have returned to the concept of “minimal protection standards” for
ecological systems, standards that should be the object of negotiations among
the different parties involved. In every case, it is a matter of establishing
“regulatory management in a framework of coercion,” or setting limits to the
exploitation of natural resources, defining the most equitable possible condi-
tions for distributing this coercion within society, and specifying the institu-
tions that will enable economic actors to make optimal decisions. In reality,
this approach conflicts with the socio-epistemological characteristics of the
context in which the negotiations aimed at defining the coercive measures
take place.

Environmental Accords

Environmental problems are characterized by their location in “controversial”
universes (Hourcade, Salles, and Théry 1992) that make it difficult to define a
set of management standards. Uncertainty reigns at all levels of expert opinion
and decision making. Even if sufficient scientific knowledge is available about
the significance of the challenges posed, fundamental questions remain with
respect to the causes, consequences, and responsibilities such that uncertainty
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is appropriate to invoke in this regard. Moreover, environmental damage is
not directly perceived by actors, and certain interests concerned are absent
from the negotiations or have contradictory spokespeople. Some economic
actors, who approach the problem using an inverse-risk strategy (Roqueplo
1988), try to use science strategically to impact the negotiations. The problem
is thus framed by a set of actors who jumble together scientific controversies,
industrial interests, political logics, and media effects.

Since it is impossible to have perfect knowledge of the problem posed in
order to implement a policy capable of responding to it, the decision-making
process little by little becomes autonomous from the scientific controversy.
An environmental accord ends up being elaborated, constituting an agree-
ment on the diagnosis of the problem and on the objectives to be attained,
as well as institutional solutions or techniques to be implemented. These are
normative frameworks created over the course of history and of the negoti-
ating process, frameworks put forward as proposals that enable the actors
to make decisions. Although a pronounced tendency to refer to property-
rights systems can be observed, there are no general rules in this area, and
different negotiations are conducted for matters concerning different natu-
ral resources or environments. Some environmental accords, such as those
concerning certain fishing areas, already have a long history and evolve over
time. Others related to climate change or to the erosion of biodiversity are in
the drafting phase. As the example of acid rain demonstrates, nothing guar-
antees that the response made by an environmental accord will be able to
satisfactorily resolve the problem initially posed.

Industrial Ecology

Taking into consideration the biophysical basis of socioeconomic systems,
industrial ecology offers another path for reconciling economics and ecology
and working toward the advent of a sustainable form of development. The
idea of considering the “metabolism” of economic activities, especially agri-
cultural ones, is very old (Fischer-Kowalski 2003). It is also found in Marx’s
Capital, which took inspiration from the first studies conducted by Justus von
Liebig on biogeochemical cycles. It also conceptualizes humanity as a true
biogeochemical force and draws up eco-energetic calculations. The 1970s,
with the oil crisis, saw the spread of analyses of this kind. Allen V. Kneese,
Robert U. Ayres, and Ralph C. d’Arge (1970) used the principle of the con-
servation of matter to model the relationship between the economy and the
environment, inaugurating a series of studies on “industrial metabolism” that
have not ceased to multiply, in a trend that has occupied a significant place in
ecological economics ever since.
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At the same time, industrial ecology germinated within the United
Nations Environment Programme, which was founded in 1972 with Mau-
rice Strong as director. Fifteen years later, Robert A. Frosch and Nicholas E.
Gallopoulos (1989) published a fundamental work on industrial ecology, just
after the publication of the Brundtland Report (1987) and before the lead up
to the Rio conference (1992). These authors, who worked for General Motors
at the time, proposed involving the industrial system in a profound reform of
its environmental practices. Once again, the automobile sector showed itself
to be on the cutting edge in developing models for the organization of work
and production. The spread and institutionalization of industrial ecology took
place rapidly in the course of the 1990s, thanks especially to the importance of
private consultants. Simultaneously, the business world has come together to
publicize its interpretation of sustainable development. Industrial ecology is
an element of this conception. This perspective is addressed to the countries
of the South (Erkman and Ramaswamy 2003), which find themselves facing
heavy pressures in terms of the availability of natural and financial resources,
and are inspired by Western models of production and consumption, with
their advantages and disadvantages.

Copying Nature

Industrial ecology presents itself as an approach concerned with giving oper-
ational content to the idea of sustainable development (Adoue and Ansart
2003), making it possible to escape the sterile debate in which economics and
ecology are on opposite sides. The same is true of the members of B4E (Busi-
ness for the Environment), which calls for ecology and not ideology. It looks to
the objective dimension of ecological science in order to rethink the processes
of production and consumption. This idea of considering the human and nat-
ural economies in a unified way has a certain history. From its origin, ther-
modynamics has always been a science constructed from the starting point of
general reflections that encompass living and technological systems. Beyond
the observable differences between these two types of objects, thermodynam-
ics urges a conceptualization of machines as living organisms and vice versa.
This same circulation of metaphors and models has accompanied the devel-
opment of ecosystem ecology since World War II. A spaceship constructed for
along voyage is a good example of an ecosystem (Odum 1971, 64). As a result,
it is unsurprising that this line of thought “considers the industrial system as
a particular case of an ecosystem” (Erkman 1998, 9).

An additional step has been taken in this approach to systems analysis
due to the evolutionary perspective sketched out by some industrial ecologists.
If life is “a lasting success,” this has not always been the case: “Life has existed
on the earth for 3.5 billion years. It did not achieve a sustainable balance . . .
until about half that time—nearly 2 billion years—had already passed” (Ayres
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1989, 364). These authors retrace the evolution toward the sustainability of life
through several major stages. Originally, a type-one ecosystem developed in a
low-coercion environment, in which it could choose its resources and expel
its waste without cause for concern. Under evolutionary pressure, a type-two
ecosystem, more efficient than the previous one, made its appearance, with
internal flows of matter and energy more significant than its external ones.
Nevertheless, the need to take in some elements from its environment and
expel others meant that, after a certain point, the system came up against
the limits of its development. Evolution led to the appearance of a type-three
ecosystem, the elements of which are continually recycled, because energy
continues to be the only external input into the system. The industrial system
should follow this same dialectical evolution: “today’s industrial ecosystem,
based on fossil fuels, resembles the first stages of biological evolution, when
the most primitive organisms procured their energy from a stock of organic
molecules accumulated during the prebiotic period” (Erkman 1998, 37-38).

An Ecological Approach to Engineering

An ecosystem is a complex ecological system that evolves thanks to the inter-
action of two components: a biotope and a biocenosis. The biotope is the set
of abiotic physical and chemical factors that constitute the environment for
life within which animal and vegetable species develop. The biocenosis is the
totality of species associated with an environment for life, developing a net-
work of interdependent relationships through, among other aspects, a food
chain. One way to describe this system is by translating these components
and their relationships into amounts of energy. By measuring the energy flows
that enter and leave the system, it is possible to describe the system’s metabo-
lism and the efficiency of the energy transformations that are the basis for the
ecosystem’s food chain. This is precisely the principle of ecoenergetics. Indus-
trial ecology takes a similar approach to studying the industrial metabolism of
socioeconomic systems. Once this is known, four objectives are formulated:
(1) optimizing the use of energy and raw materials; (2) minimizing the emis-
sion of pollutants and closing the flows that circulate within productive sys-
tems; (3) dematerializing economic activities; and (4) reducing dependence
on nonrenewable energy sources.

Beyond the study of industrial metabolism, the aim is to construct a
type-three ecosystem, or at least get as close to one as possible. The best illus-
tration of this objective is the Kalundborg industrial symbiosis (in reference
to the Kalundborg Eco-industrial Park in Denmark), where a refinery a) uses
the waste heat from a power plant and b) sells the sulfur extracted from the
petroleum it processes to a chemical plant. The refinery also offers calcium
sulfate to a producer of wall plaques c) to replace the plaster it usually buys.
The excess steam from the power plant likewise d) heats the water used by a
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fish farm, as well as e) by greenhouses and residences. In the same way that
organisms in an ecosystem feed on the waste and remains of other species, the
byproducts and waste from one firm serve as raw materials for other firms’
products. This set of exchanges of energy and materials linking the leading
firms in the Kalundborg industrial zone makes it possible to save resources
and produce less ultimate waste. Instead of focusing on the end product, the
aim is to avoid producing and emitting new waste.

The Green Invisible Hand

Industrial ecologists so often cite the example of Kalundborg because it can
serve as the launching pad for a political message. Commentators on this
experience emphasize that these characteristics only entered general aware-
ness in 1989, after thirty years of existence. In other words, this industrial
organization is believed to have started spontaneously. If self-organization
is one of the properties of an ecosystem, it is also symbolized by the invis-
ible hand. Consequently, industrial ecology is situated in the tradition of the
internalization of externalities, leaving the actors to spontaneously negotiate
the management of the environment among themselves, on the basis of the
cost-benefit calculations they make. Suren Erkman (1998, 26) insists that the
exchanges of byproducts and waste that unspool among the different firms in
the Kalundborg symbiosis obey the laws of the market.

These entities understand how to create a “win-win” situation, by
reducing the environmental impact of their production processes and mak-
ing money. This doubly beneficial strategy is sometimes called the “Porter
hypothesis,” which states that strict environmental regulations can induce
efficiency and encourage innovations that help improve commercial com-
petitiveness. In all cases, the market is called on to play a role in regulat-
ing sustainable development. According to Stephan Schmidheiny (1992, 14),
“The cornerstone of sustainable development is a system of open, competitive
markets in which prices are made to reflect the costs of environmental as well
as other resources.”

Management Standards for Self-Regulation

The literature of environmental management puts the emphasis on the man-
ager’s role in evolutionary changes. The manager is a providential figure who
knows, decides, and convinces others about the changes in orientation to be
made. A discourse is also generated relative to the state’s role, since it deter-
mines the institutional context within which firms act. The environmental
policy called for by industrial ecologists is one that privileges financial incen-
tives and reviews standards: “regulations must become more flexible so as
not to unduly hinder recycling and other strategies for waste minimization”
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(Frosch and Gallopoulos 1989, 151). A set of technical and management
standards should certify these eco-efficient practices and make it possible to
send signals of quality to consumers and shareholders. Labels are designed
to inform the first group, and environmental reports and other management
standards the second.

Today, widely disparate practices exist among firms committed to these
reporting activities. Several bodies propose different lists of indicators, among
which firms choose as they see fit. The quality of these reports and the ways
they are validated by rating experts and auditing firms are also highly vari-
able: some refer to their data-collection practices and calculation methods,
while others focus on the environmental impact. In the majority of cases, the
investigations concern procedures. In this case, these are voluntary commit-
ments by firms, in that they themselves define the environmental objectives
they want to attain, taking into account that the establishment of standards
testifies to the implementation of appropriate procedures to that end.

The firms’ discourse is about a change in their attitude toward environ-
mental issues. The problem of sustainable development is translated at the
level of the firm into the problems of social responsibility and responsible
investment, which aim to conciliate business activities with the values of soci-
ety as a whole, responding to the expectations of stakeholders who are not
limited to the firm’s shareholders and customers.

Self-regulation is considered much more effective than public coer-
cion, since it entails voluntary adhesion by firms and ensures the transpar-
ency of the procedures implemented. It is above all a matter of implementing
new environmental policies that take into account the interests of the firms
responsible. This aspiration is based on a distorted analysis of the policies
implemented since the 1970s.

Conclusion

Instead of trying to integrate the environment into the economic sphere, eco-
logical economics aims to define the conditions for inserting economic activ-
ity into the biosphere, through a set of socio-environmental standards. For
that purpose, however, it is not sufficient to get an approximate idea of some
economic and environmental data. The environmental accords that are drawn
up confront scientific unknowns and a lack of political will. An additional dif-
ficulty lies in the absence of separation between science and politics in setting
these standards. On the contrary, the interaction between these two worlds
is notable and governs the trajectory of the negotiations, with no certainty
as to whether they will respond to the proposed problems. Other difficul-
ties relate to establishing the list of accords necessary in order to take critical
natural capital into consideration and to ensure that the different regulatory
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modes that address phenomena that interact with one another are themselves
coherent.

Beyond these practical problems, it is appropriate to emphasize the
ambiguity in this current of thought, characterized by a great diversity of
viewpoints and political positions. Even if ecological economics opposes
the reductionism of neoclassical theory, it does refer to economic rational-
ity. Likewise, reference to bioeconomic models is not specific to ecological
economics. The use of the concept of natural capital leads to a highly econo-
mistic and instrumental vision of nature. Likewise, if ecological economics
poses the question of the transmission of our resource stock, that should lead
us to reflect on the concept of natural patrimony, which offers an alterna-
tive to standard economic reference points. It equally leads to new issues,
because patrimonialization is a complex phenomenon that brings into play
the formation of human communities around certain objects for the purpose
of inscribing themselves in a particular way in time (Barthélemy, Nieddu, and
Vivien 2004).

The ambiguity is even greater when industrial ecology is considered.
This approach can be recovered by the business world that aims to incarnate
sustainable development in the future. The road to a form of eco-capitalism is
open. Nevertheless, the problem of the establishment of global limits remains
relevant, since a decrease in individual consumption of energy and materials
may be balanced out by a global increase in the consumption of products.
For example, new vehicles consume less gasoline, despite an increase in auto-
mobile traffic. The issue also arises of the alternate sources of authority based
on voluntary commitments and partnerships with NGOs, given that critical
attitudes toward capitalism have softened over time.
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In general, pre-capitalist societies demonstrated a high level of equilibrium
with the environment. It is interesting, however, that the physiocratic school
of economics, which appeared at the dawn of capitalism, sought to construct
a sustainable economy in complex societies. In facing the nonsustainability of
industrial civilization, solutions from the system of power have focused only
on technological change. Although in order to move toward sustainability
we must replace the majority of dominant technologies with others that are
environmentally respectful, this option is insufficient among other reasons
because of the Jevons Paradox; the notion that technological progress that
increases the efficiency with which a resource is used tends to increase (rather
than decrease) the rate of consumption of that resource (Polimeni et al. 2008).
Structural transformations are necessary and, by looking to nature, we can
infer the principles of a sustainable economy. The objective of this chapter is
to specifically understand the operation of natural systems in order to estab-
lish these principles.

Sustainability and Economy

Up until the seventeenth century, an organicist and religious view of the world
predominated, according to what was granted life. Human beings could not
substantially alter the creation of wealth, but could act within the natural
order to maximize physical production. Although for the duration of this
long period the norm was as described, there were also notable exceptions
that in many cases caused collapses.! However, there were also societies that

1. On Easter Island, the competition between the Polynesian colonists to construct giant effigies
led to the destruction of the local ecosystem, and the population was reduced from ten thousand to
just a few hundred. Those remaining were left in a very precarious state with permanent war between
them. The Anazari constructed large settlements with multi-floored housing. When the colonists
arrived, the settlements were empty because essential natural resources had been exhausted.
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corrected their nonsustainable dynamic and they survived. We also find cases
that included a spectacular correction of nonsustainable behaviors.>

Physiocrats departed from the religious concept of economics but main-
tained the organicist theory and concern for the physical-natural foundation
it is based on. They believed that human beings were capable of increasing
and willfully controlling production through work, with the help of science.
Thinkers in the seventeenth and eighteenth centuries stayed within the land-
labor binomial, with variation only in the influence given to each of the two
elements. Thus nature placed limits on work, and only by respecting that
principle could they guarantee unlimited reproduction of economic activity.
Physiocrats were concerned about the utilitarian nature of production and
reasoned in monetary terms. Money was their only means of measurement
and that led to criticism from classical economists (Naredo 1987, 104). Thus,
at the end of the eighteenth century, with Adam Smith the foundations of
the prevailing classical economic system were established, based on monetary
reduction.

However, classical economists considered an economy with perpetual
economic growth to be impossible. For David Ricardo, a population explo-
sion would cease once the maximum production of food was reached; the
economy would then stagnate. He proposed that this structural trend could
only be overcome through intervention by the state, thus giving rise to the
neo-Ricardian or Keynesian school. Marx would subsequently criticize capi-
talism’s exploitation of the earth. However, John Stuart Mill proposed a sus-
tainable economic vision by advocating a steady state economy, or one that
evolved and was improved but that did not grow physically. In the twenti-
eth century, the prestigious mathematician and economist Rumano Nicho-
las Georgescu-Roegen, considered to be the father of ecological economics
(which he called bioeconomics), established the foundations for a sustainable
economy. According to him, the very mechanism of orthodox economics
is what makes it incapable of providing adequate answers for a reality it is
unable to explain. Georgescu-Roegen’s belief was that economic growth is
impossible because it leads to a depletion of energy sources, given that it is
dispersed through use based on the second law of thermodynamics, which
shows that usable energy is dispersed and cannot be used again. On this
basis, he became a defender of evolution and transdisciplinarity because the
bioeconomy could not be constructed from the economy (Carpintero 2006,

2. The Polynesian colonists who occupied the South Pacific island of Tikopia 3000 years BP were
destroying the local ecosystem in order to feed a population that had been expanding over 15,000
years. Faced with the nonsustainability of the process, they developed an agricultural production sys-
tem similar to what is now called permaculture, creating a highly productive ecosystem of trees and a
wide variety of plants. Furthermore, they stabilized the population (Gowdy 2006).
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103-5). Herman E. Daly (1974), a follower of Georgescu-Roegen and the
modern leader of ecological economics, reclaims and deepens Mill’s vision of
the steady state. His principles include population constancy and constructed
capital (infrastructures, buildings, machinery, etc.), as well as reducing utili-
zation of nonrenewable energy and materials as much as possible.

Alfred Marshall, the great founder of the neoclassical school, considered
that biology offered a paradigm that was more relevant for economics. Wassily
Leontief also asked that other sciences help to remove dominant economics
from the “splendid isolation in which it is found” (Hall and Klitgaard 2006),
a vision also defended by the Nobel Prize winners Trygve Haavelmo and Jan
Tinbergen. Likewise, the manifest from a noteworthy group of several scien-
tists (led by another Nobel Prize winner, Kenneth Arrow) also warns of the
rapid destruction of the natural resources base: “This resource base is finite,”
although it describes the possibility that the economy and population will
grow “at least for some period of time,” but to do so, “we need to ensure that
the ecological systems on which our economies depend are resilient” (Arrow
etal. 1995). Therefore, as Janine Benyus reminds us, “we don’t need to invent
a sustainable world—that’s been done already” (cited in Hawken, Lovins, and
Lovins 1999, 73).

Natural Systems as Complex Adaptive Systems

Although linear thinking is one of the distinctive features of the dominant
paradigm, it is paradoxical that complex systems are proliferate in the natural
world. According to Robert Costanza et al. (1993, 545), a complex system
is characterized by strong (usually nonlinear) interactions between parts,
complex feedback loops that make it difficult to distinguish cause from effect,
and significant time and space lags, discontinuities, thresholds, and limits,
all of which result in scientists’ inability to simply add up or aggregate small-
scale behavior to arrive at large-scale results. Everything is connected, which
therefore ascertains that when an element suffers a direct impact, the remain-
ing elements are affected. And a small disturbance can trigger changes that
are disproportionately large. When these systems have the capacity to adapt
to changes in the environment, they are defined as complex adaptive sys-
tems (CAS) (Holling 1978; Gunderson 1999; Gunderson and Holling 2002).
Through nonlinear interactions between their components, CASs organize
hierarchically into structures that determine and are reinforced by flows of
individuals, materials, energy, and information. CASs are open and dissipa-
tive. They need exterior contributions because they are continually sending
materials and, above all, energy into their environment. Natural CASs do not
lose materials other than those dissipated, and said flow tends to decrease
as they mature. The following are examples of a CAS: a cell, the brain, the



114 Sustainable Development, Ecological Complexity

immune system, an organism, social insect colonies, ecosystems, the bio-
sphere, an economy, and a society (Matutinovic 2002, 422; Nielsen 2007, 6, 9,
16). Natural CASs are characterized by their stability.” Ecosystems are the first
basic unit capable of being autonomous. They also constitute the lowest level
capable of closing flows of materials and the best structure for capturing and
utilizing energy (Hall and Klitgaard 2006).

Ecosystems have many compartments, with many connections. In fact,
in nature, “everything is linked to everything” (Nielsen 2007, 6). The flows
are of nutrients, water, toxins, energy, individuals, and information. Thus,
the ecosystems integrate all biotic parts and some abiotic ones. They control
flows of materials and energy and have defined limits. The species or systems
that form them are highly interdependent and are strongly tied to feedback
and coevolution with the environment. As a natural system matures, its sta-
bilizing mechanisms become more sophisticated. The rates of change for spe-
cies are very different and are faster than the rates of change for ecosystems.
Therefore, the different rates of activity for the components of an ecosystem
act as its balancing mechanism. In turn, an ecosystem forms part of another
larger one that gives it stability and exercises its hierarchy over the systems
that comprise it. In nature, the hierarchy is determined by each species’ level
of contribution to the continuance of the ecosystems. However, an ecosystem
is formed by subsystems that develop faster than it does and, therefore, they
are the origin of the ecosystem’s adaptive changes.

Therefore, successful development of a system is determined by two
complementary elements: growing differentiation and diversity and its inte-
gration into an increasingly more complex hierarchical structure. These char-
acteristics provide high stability because they make it possible for the system
to maintain functionality in the face of disruptive processes (droughts, fires,
plagues, etc.) (Levin 2000, 14, 15).

The Principles of Sustainability for Socioeconomic Systems

Life on Earth is preserved and developed because ecosystems carry out three
fundamental abiotic functions: closing material flows; utilizing solar energy;
and intervening on the abiotic or inert environment to maintain its physi-
cal-chemical properties within an interval suitable for preservation of life.
To guarantee abiotic functions, ecosystems show some typical characteristics:
evolution, diversity, hierarchical structures, self-sufficiency, decentralization,
competency, and, last and foremost, cooperation. Finally, nature has “eco-

3. Its important to distinguish this concept from the theory of general equilibrium proposed by
neoclassical economics and upon which the orthodox branch of environmental economics has been
founded (see Faber, Manstetten, and Proops 1996).
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nomic” structures in that it produces materials through photosynthesis and
consumption occurs along the food chain, which produces an exchange of
“assets” Therefore, the human economy can be nothing more than a subsys-
tem of this general economy of materials and energy, which is the nonliving
component (abiotic) of ecology because a subsystem cannot transgress the
rules of the system it belongs to.

Thus the human economy will only be sustainable when it imitates
nature and respects the limits established therein. The concept of biomim-
icry involves converting abiotic behaviors into abiotic principles. And biotic
behaviors give rise to biotic principles that, in essence, are summarized in the
ecosystemic behavior: evolution, diversity, self-sufficiency, decentralization,
natural hierarchy, and the predominance of cooperation over competition.

Abiotic Principles

Of the large number of simple organic elements and compounds in nature,
only some are essential for life, specifically those called biogenic substances or
nutrients. As ecosystems develop, they tend to increase their levels of coop-
eration and self-sufficiency, recycling of materials, and the period required for
their renewal and accumulation. Waste is converted into the primary source
of nourishment, thereby also reducing abiotic contributions from the exterior.
Nature tends to maintain old niches and to create new ones, and this prolif-
eration of niches is one of the functional mechanisms that explain the closure
of the material cycles.

Contrary to natural systems, socioeconomic systems (SSs) produce enor-
mous and diverse amounts of waste that is deposited into nature. On a plan-
etary scale, 57,643 million tons (mt) of materials (known as direct materials)
are used annually, broken down into: 18,024 mt of biomass; 11,602 mt of
fossil fuels; and 28,017 mt of minerals (broken down into: 16,728 mt of con-
struction minerals, 4,862 mt of industrial materials, and 6,427 mt of metals).
However, to be able to obtain these materials, others must be excavated, using
large amounts of oxygen and water along with causing massive soil erosion in
areas of industrial agriculture. These materials constitute the hidden flows in
the productive processes, and their dimensions are enormous: 27,544,293 mt
(www.materialflows.net).

The materials cycle and, ultimately, the life cycle cannot be maintained
without intake of a permanent flow of energy that, by demand, must be
renewable. Fixed energy is passed to other organisms through food chains
in a cascading process and works to produce food and create new individu-
als, dissipating what remains in the form of low-temperature heat. This flow
moves in only one direction and is not reversible because the energy dissi-
pates with use. Therefore, solar energy must flow permanently.
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On the contrary, SSs are characterized by their behavior in opposition
to mature ecosystems. They almost exclusively use nonrenewable energy
resources. Consumption of fossil fuels represents over 80 percent of all global
commercial energy and, with the inclusion of nuclear energy, more than 90
percent of energy used is nonsustainable. Added to that, our energy system
is highly inefficient. Generation of electricity from fuels does not achieve 50
percent performance, and combustion engine performance is around 20 per-
cent. However, wind, photovoltaic, and solar-thermal power production are
growing at annual rates of 30-60 percent.

The biotic (live) environment is acting upon the inert (abiotic) environ-
ment so that it can maintain some physical-chemical characteristics that sup-
port life. This means that the two environments have coevolved over time
in order to form a complex and self-regulated system (Levin 2000, 28). The
elements that are physiologically controlled include: “surface temperature,
atmospheric composition of reactive gases, including oxygen, and pH or
acidity-alkalinity” and preservation of the high level of salinity of the oceans
(Margulis 1998, 121, 123). But there are other considerations involved. The
composition of gases that make up the atmosphere is not completely stable
because some react among themselves (especially oxygen and methane). How-
ever, an extraordinarily stable composition has been maintained over time
because the biosphere has been emitting gases and absorbing others (espe-
cially carbon dioxide [CO,]) in amounts needed to maintain an equilibrium.
The earth has a natural tendency to increase its level of acidity, and the large
majority of live organisms can only withstand a certain level of acidity. Due to
the action of nitrifying microorganisms, the biotic environment is able to pro-
duce an adequate amount of ammonia (NH,) to prevent the acidification pro-
cess. Nature also purifies the air and water, detoxifies waste, controls diseases,
and creates an ozone layer that provides protection from damaging levels of
ultraviolet radiation (Odum and Sarmiento 1998, 72; IETC 2003, 21).

The Gaia theory, designed by James Lovelock and developed by Lynn
Margulis, describes harnessing the planetary ecosystem’s ability to keep the
physical-chemical characteristics of the abiotic environment stable. From this
perspective, the biosphere can be defined as “a super ecosystem (but not a
super organism, because its development is not genetically controlled . . . it is
the series of interacting ecosystems that compose a single huge ecosystem at
the Earth’s surface [that] behaves as a physiological system in certain limited
ways” (Margulis 1998, 120-23). This vision concurs with the prevailing think-
ing of pre-capitalist societies and from the greater part of the eighteenth cen-
tury, where nature was seen as a self-organized and self-regulated system.

Our civilization is acting in opposition to the Gaian dynamic. The
human species is altering biogeochemical cycles. Nitrous and sulfur oxides
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are acidifying the soil and water and the increase in CO, concentrations in the
ocean is becoming the primary factor. However, we can regenerate degraded
or destroyed natural spaces, transforming the current technosphere into one
that is in harmony with nature, following the example of rural communities
that increased biodiversity in their environments and improved the quality
of their land.

Biotic Principles

The permanence of abiotic functions can only be guaranteed if biotic commu-
nities organize into ecosystems, but their characteristics can only be under-
stood from a systemic perspective (integrated or interrelated).

The Darwinian point of view presents evolution that is the result of the
accumulation of numerous small changes due to competition between spe-
cies. On the contrary, the emerging point of view shows evolution based on
the occurrence of general leaps. Thus ecosystems grow until reaching matu-
rity and then they evolve according to an unstable equilibrium process, and
this evolution is the result of multiple processes that interact on different
scales (Rammel, Stagl, and Wilfing 2007). On one hand, the groups of organ-
isms coevolve. On the other, biotic evolution depends on the evolution of the
abiotic environment. Biophysical processes develop on enormously varying
scales of time and space.

SSs also evolve, but almost always do so based on subjective criteria, such
as consumer preferences, market mechanisms, politics, or the interests of
large transnational companies (Nielsen 2007, 8). Evolution according to sub-
jective criteria implies unlimited economic product growth and uncontrolled
population growth. Based on the industrialization process principle, the
human species begins to grow meteorically. Along with that, the market eco-
nomic system must also grow without limit. While ecosystems tend to reach
a state of maturity, the current economic system is not capable of reaching
maturity, “as the time scales of evolution of new techniques and technologies
are shorter than the time it takes to establish a stabilized situation” (Nielsen
2007, 15). The market economic system needs to grow because it is driven by
three factors: capitalization of investments, easing tensions caused by a polar-
ization of wealth, and defraying costs of increasingly complex social struc-
tures (health, education, social security, and so on) (Matutinovic 2006, 3). On
the contrary, in the last few decades, noted economists have been defending
a steady state economy and even a decrease in “developed” countries (Daly
1974, 1992; Latouche 2008).

Along with evolution, the idea of cooperation over competition is one of
the characteristic features of biotic communities. There are six major types of
interactions between two or more species: competition, predation, parasitism,
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commensalism, cooperation, and mutualism. With competition, the result of
the interaction is negative for the species involved. Predation is positive for
the predator and negative for the prey. Parasitism is negative for the host and
positive for the parasite. Commensalism is a simple form of positive interac-
tion where one species benefits and the other appears unaffected. Coopera-
tion is when species mutually benefit, although the benefit is not critical for
any of them. Mutualism is a relationship that is vital or extremely necessary
for the survival of the species involved.

The Darwinian theory of “survival of the fittest” is a simplification of
reality because it exclusively focuses on negative interactions (competition,
predation, and parasitism) (Levin 2000, 20). Meanwhile, competition plays a
lesser role in evolution and, on the contrary, mutualism explains the constant
growth of biodiversity. If competition were dominant, a strong force would
be produced, causing a reduction of species and an evolution toward more
simplified and specialized ecosystems. The fact that biodiversity is increasing
indicates that the selection mechanism is “weak at best” (Levin 2000, 185) or
imperfect. For many authors, “the maintenance of variability and diversity
is believed to be mainly a passive process due to imperfection of diversity-
reducing principles like selection and competition” (Rammel and Staudinger
2002, 303).

The idea of competition over cooperation is one of the primary causes
of the nonsustainability of SSs. For orthodox economics, “free competition”
is the only mechanism capable of achieving an efficient economy and effi-
ciency means “cost minimization, factor endowments and the exclusion of
‘weak’ performers” (Rammel and van den Bergh 2003, 128). Furthermore,
this concept rests on the premise that efficient action by each agent gives rise
to an improved economic system (a linear approach, not systemic). On the
contrary, it overlooks that the pursuit of improved efficiency by companies
causes systemic inefficiencies. The most employed mechanism is a systemic
reduction of costs and, in particular, of staff, which results in high rates of
structural unemployment.

Frequently, whatever the companies have saved they then have to pay to
society in the form of unemployment subsidies. In the event that competition
causes a crisis for major companies, governments frequently invest in bail-
ing them out. This policy has reached its pinnacle in the recurring crises that
the market economy system has suffered. In the 2008-2009 global economic
crisis, governments gave billions of dollars to banks and major companies,
which constitutes a flagrant infringement of free market principles. In sum-
mary, the market economic system is highly inefficient.

However, we must also analyze dynamic efficiency or the capacity to
maintain the identity of a system when facing environmental impacts and the
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capacity to avoid processes that are self-destructive due to their intrinsic non-
sustainability. The fact that historically periodic crises have occurred shows
that this is a structural feature of the system, as Marx demonstrated. On the
contrary, dynamic efficiency implies maintaining “the greatest potential for
future development of a system.” And this leads to a high level of diversity,
high cooperation, and a high level of systemic competence understood to be
the “implied capability to understand the superiority of the systemic view-
point without giving up individual interest” (Schiitz 1999, 26-28).

Diversity has been naturally increasing over some 4 billion years, despite
the occurrence of five mass extinctions. Biodiversity reinforces the stability
of ecosystems. High biodiversity results in a high level of redundancy, which
increases stability.

In addition, although the economic system continually creates new tech-
nologies and products, the system trends toward uniformity. Globalization
implies the creation of global productive structures and universal technologi-
cal systems. The resulting head-on competition becomes the only mechanism
for selection, leading to growing specialization and uniformity, “and therefore
areduction of diversity, ethnic diversity, cultural diversity, language diversity,
and diversity of tastes, preferences, and values” (Joung et al. 2006, 311). This
fact and the erosion of social cohesion deserve special attention because they
are the supports that societies are built upon in the long term (Schiitz 1999,
25, 26; Rihani 2002, 109). The greater part of innovation is incremental and
“dominated by economic efliciency, short-term optimization and increasing
returns” (Rammel and Staudinger 2004, 16).

Thus the free trade dynamic reduces the capacity to take advantage of
the human and natural resources in the local environment and their inno-
vative potential. And as diversity decreases, the potential for responding to
disturbances and creating innovative combinations also decreases. Therefore,
many authors (Folke et al. 2005; Joung et al. 2006) claim there is the need
for polycentric government systems on an institutional level, which could be
known as multilevel governing (see Paavola 2007).

Along with increased differentiation and diversity, successful develop-
ment of a system is determined by its integration into an increasingly com-
plex hierarchical structure (Schiitz 1999, 108-9). The natural hierarchy is
scalar, self-organizing, embedded, inclusive, and complex. Each natural sub-
system is subject to the hierarchy of the system of which it is a part and sub-
ject to the parts that form it. However, this subordination between levels is
always incomplete and each level has its own behavioral rules and its own
relationships.

The natural hierarchy is embedded because it is determined by its depen-
dency on the system that contains it. The hierarchy of the highest levels is
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because it establishes limiting conditions for behavior at the lower levels,
although the natural hierarchy is not exclusive. In existing ecosystems, there
is a hierarchy of species because the functions they perform have an unequal
importance. However, this hierarchy changes with various circumstances.
Therefore, two complementary aspects determine the successful development
of an ecosystem: its increasing differentiation and diversity, and its integra-
tion into an increasingly complex hierarchical structure.

SSs are also organized hierarchically, but “there are huge differences
in the character of the hierarchies” between them and the natural systems
(Nielsen 2007, 14). The primary difference is that, while natural hierarchies
are predominately scalar, SSs have a control hierarchy. In SSs, the hierarchies
have much fewer levels than in natural systems, they are not self-organizing or
embedded, and they are exclusive (Nielsen 2007, 14). The hierarchical struc-
ture is not embedded because it is predetermined by the decision-making
structure (the level of existing democracy, channels of communication and
participation, existence of groups of power apart from any political repre-
sentation, etc.), not by the structure of the system. It is exclusive because the
power is highly centralized, and consequently very few individuals truly exer-
cise control. This hierarchical structure makes SSs especially vulnerable and
very prone to collapse.*

Finally, as ecosystems evolve, they become more self-sufficient, reducing
their dependency on forces out of their control. Ecosystems have natural lim-
its due to changes in environmental conditions or the self-organization of the
system itself. Spatial limits favor increased internal efficiency of the system
and represent the existence of natural growth limits (Ring 1997, 242).

A globalized market eliminates spatial distinctions and produces an
enormous flow of resources from poor countries to rich ones, giving the false
sensation that the resources are unlimited and using them efficiently is not
a concern. The fact that the resources are becoming depleted and that their
extraction has given rise to enormous environmental impacts is unknown
to the majority of the consumers of these resources. In fact, when a commu-
nity uses its own resources and develops its own self-regulating institution,
it tends to be concerned about their depletion and about the environmental
impact of their extraction and collection.

A decentralized model is the most efficient and democratic way to satisfy a
population’s vital needs. Decentralization makes it possible to create multiple
social systems adapted to the conditions of their environments by developing
organizational models and institutions that are adapted to local characteris-

4. For more information about the relevance of institutional diversity in the sustainable manage-
ment of natural resources, see Ostrom (1990, 2009) and Dietz, Ostrom, and Stern (2003).
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tics; by developing local technologies or global technologies adapted to uti-
lize local resources; and by accumulating experience in the sustainable use of
local resources. Decentralization is the only viable way to achieve a cyclical
materials economy because the consequences of extraction, transformation,
and consumption are very closely linked. Solar energy, for example, is decen-
tralized and therefore so is its capture. To live on solar energy implies no
longer depending on a few countries that hold the majority of fossil fuels that
are now running out (Joung et al. 2006, 310).

The idea of self-sufficiency is not new and has been championed from
Keynes (1933) to the 1992 Rio Declaration by the United Nations and the
European Commission’s Aalborg Charter (1994). Movement by societies that
are facing an energy emergency (the “transition towns” movement represents
a noteworthy example because of its growth) implies a qualitative leap in this
direction, motivated by the developing energy crisis.’

Conclusions

Physiocrats were very aware that natural resources needed to be preserved.
Classical economists reclaimed essential elements of physiocratic principles
and thought that natural resources (the earth) and work were the foundations
of wealth and would transform resources into assets, although productivity
was improved with capital contribution. Thus their theory was macroeco-
nomic (Gowdy 2006; Hall and Klitgaard 2006).

This macroeconomic vision was shunted by the so-called neo-classicist
or marginalist revolution that began in the 1970s and was replaced by one
centered on microeconomic analysis (the company in its market) by which
any limitation on natural resources was banished. That this occured in the
1970s was not coincidental because the economy at that time was based on
then-abundant carbon, and with oil just beginning to be introduced, all of
its enormous reserves were available. In addition, the microeconomic focus
developed in aggregate at a point when the general economic system had
reached a “general equilibrium,” due to the play of forces acting in a free
market. In this context, the new economic driver became “technology,” an
abstraction that frequently has little to do with the physical realities of pro-
duction and that is attributed nearly magical properties, such as being able to
eliminate any shortage of natural resources (Gowdy 2006).

Placing the neoclassicist economy into the monetary universe was objec-
tively constituted within an autonomous field of knowledge unqualified by
other sciences. The hegemony of the neoclassical economy and, ultimately,
the belief in perpetual growth, have been based on the existence of enormous

5. For more information, see www.postcarboncities.net.
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fossil fuel resources that have great calorific power per unit of weight, a wide
range of uses, and that have been easily accessible. But these resources have
now clearly entered into a depletion process (Bermejo 2008; Kerschner, Ber-
mejo, and Arto 2009). Moreover, exploiting these resources has not resulted
in the resolution of very pressing problems, such as the polarization of wealth
and hunger.

Therefore, the neoclassical economy must make way for another that
will meet the principles of a sustainable economy. To do so will require an
epistemological revolution. In this context, transdisciplinary approaches that
make an “orchestration” of sciences possible or that integrate multiple disci-
plines acquire special relevance (Neurath 1973; Max-Neef 2005). This would
allow a break from the isolation and hegemony of the neoclassical economy
and would subject the analysis of economic behavior to the laws that govern
other disciplines. Along these lines, environmentalism must play a key role,
considering that it is a “super science,” or a unified science.

An epistemological revolution would also involve foregoing the dis-
torted ideas of key concepts such as production, development, wealth, and
so forth. Production is understood as an increase in monetary wealth and
is characterized as entirely positive, independent of the depletion of natural
resources that it causes and the resulting environmental and oftentimes social
impacts. This is not only applicable to the production of goods, but also to
the extraction of natural resources, which is a fallacy. Aligned with this idea,
the concept of development is defined as the volume of revenue per capita,
and that figure is defined as wealth (Naredo 2006, 66, 67, 177-82). This does
not take other types of wealth into consideration, such as full satisfaction of
needs, high social cohesion, high levels of democracy, availability of water
and healthy food, or the absence of contamination. Neither is the destruction
of the environment included in the definition of wealth.

Sustainability requires also that the neoclassical economy suffer another
epistemological revolution: to use physical calculations in addition to mon-
etary ones. Use of money is absolutely necessary to organize the economies
of complex societies, but monetary value is a veil that covers the biophysical
reality. To be able to design a sustainable economy, there must be a departure
from the knowledge of resources and rates of consumption (and therefore of
depletion) of materials (abiotic and biotic) and energy (fossil fuels and renew-
able). To construct a solar economy, for example, the potential of various
renewable energy sources and the status of the technologies used for capture
must be identified. To maintain or improve services that give us ecosystems,
we must know their conditions and evolution. Based on them, the physical
economy must study the metabolism of our societies through calculations of
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the flow of materials (energy and nonenergy), as a way to determine strategies
to close materials flows and live from solar energy.

Lastly, industrial economies are especially nonsustainable and therefore
there is a greater urgency and obligation to transform them. They have far
exceeded safe limits and must transform in order to decrease environmental
risk. Countries with less industrialized economies must continue their devel-
opment process by using sustainable models so that they do not exceed a safe
limit and so that they can instead reach a level of productive maturity through
sustainable means. They can then achieve the same type of sustainable econ-
omy as industrialized countries that have gone through a transformation.
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Techno-Scientific Innovations and Planetary Limits

The world has become interconnected at an accelerated pace in the last few
centuries, and still more so in the last few decades. In the early-sixteenth cen-
tury, Magellan and Elcano needed three years to circumnavigate the world. In
the late-twentieth century, a jet could make that same planetary tour by air in
only twenty-four hours. In the early-twenty-first century, a spacecraft makes
one revolution around the planet approximately every hour and a half.

An entire sequence of technological and scientific innovations has
shaped the global interconnection of our world, in six successive waves
from the Industrial Revolution of the eighteenth century to the present. The
first wave of techno-industrial innovation proceeded from ironworking,
hydraulic machinery, the mechanization of the textile industry, and the great
development of commerce associated with these inventions between the late-
eighteenth and mid-nineteenth centuries. The second wave was driven by the
steam engine, the railroad, steelmaking, and the cotton industry in the second
half of the nineteenth century. At the beginning of the twentieth century and
over the course of half a century came the wave of electricity, chemistry, and
the internal-combustion engine. In the mid-twentieth century, petrochemis-
try, electronics, aviation, and the conquest of space initiated the next wave of
innovation. The fifth wave culminated in the late-twentieth century with digi-
tal networks, biotechnology, computer science, and information and com-
munications technologies. Now in the early-twenty-first century, the sixth
wave is making its appearance as the option for a new world based on sustain-
able production and technologies, system design, biomimesis, green chemis-
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try, industrial ecology, renewable energy, and green nanotechnology, among
other innovations visible on this century’s horizon.

These technological and industrial changes and innovations have trans-
formed the indexes and factors relevant to the earth’s ecosystems on a global
scale. Johan Rockstrom and a broad interdisciplinary team of scientists have
detected Earth’s limits and critical thresholds that humanity should respect
in order not to destabilize essential terrestrial systems. Such disruptions
could generate abrupt nonlinear changes. They have identified the follow-
ing new key processes in the planet’s dynamics (Rockstrom et al. 2009, 473):
climate change, rate of biodiversity loss, interference with the global nitrogen
and phosphorous cycles, stratospheric ozone depletion, ocean acidification,
global freshwater use, changes in land use, chemical pollution, and atmo-
spheric aerosol loading.

Three of these processes have already transgressed their boundaries:
climate change, rate of biodiversity loss, and interference with the nitrogen
cycle. Four others are also close to doing so: global freshwater use, change in
land use, ocean acidification, and interference with the phosphorous cycle.
The resulting changes have had such an impact on the planet’s limits that
some scientists go so far as to affirm that we have altered the geological chro-
nology of the Quaternary Period and that the Holocene has been transformed
into a new epoch, the Anthropocene, in which humanity has emerged as a
global geological force capable of modifying Earth’s surface and atmosphere
(Steffen, Crutzen, and McNeill 2007; Ayestaran 2008).

Complex Environmental Problems and Postnormal Science: Soft
Facts and Hard Values

The assumptions that go into these limits show the difficulties of research to
develop robust methodologies in response to global change. While science
was previously represented as a continuous progress toward certainty and
control over our natural world, it now has to deal with many uncertainties
in public-policy issues related to risks and the environment. The analytical,
reductionist, and mechanistic paradigm that divides social and ecological
systems into ever-smaller parts is being replaced by a systemic approach that
integrates reflexive complexity. It is now recognized that natural systems are
complex and dynamic, and likewise that those associated with human beings
are emergent.

The knowledge appropriate to these new conditions will be based on
assumptions of unpredictability, incomplete control, and a plurality of legiti-
mate perspectives extending beyond the laboratory science of Thomas S.
Kuhn, who defined the paradigm of “normal science” in terms of three con-
ditions situated in the realm between empiricism and theory: determining
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the significant facts, matching the facts to the theory, and articulating the
theory (1970, 24). Nevertheless, experimentation today is no longer limited
to the laboratory because the impacts of complex and global environmental
problems affect citizens in multiple ways. For this reason, it is useful to turn
to the scenario of postnormal science (Ayestaran and Funtowicz 2010).

In order to characterize the model of postnormal science as applied to
problem-solving strategies in response to complex environmental risks, it
must be kept in mind that the facts are uncertain, the values in dispute are
high, and the decisions are urgent. As a result, a simple linear methodology
based on “pure” laboratory science is probably not going to provide a secure
guide. This does not imply denigrating the contributions of traditional sci-
ence, but it does entail a new scientific and methodological strategy that can
be graphically represented along two axes (Funtowicz and Ravetz 1993) (fig-
ure 9.1). The diagram of postnormal science reveals three distinctive charac-
teristics depicted in terms of two axes. The first presupposes an innovation
in scientific methodology and shows the interaction of the epistemic (knowl-
edge) and axiological (values) aspects of scientific problems. These aspects
are positioned as axes of the diagram, respectively representing the degree of
uncertainty and the scale of the decision stakes in play. The second innova-
tive characteristic is that the uncertainty and the decision stakes in play are
the opposites of the attributes that have traditionally characterized science,
namely its certainty and value neutrality. Finally, the third distinctive char-
acteristic is reflected in the fact that each of these dimensions is depicted as
encompassing three discrete intervals (applied science, professional consul-
tancy, and postnormal science), with three zones that represent and charac-
terize the same number of types of problem-solving strategies.

Figure 9.1. Diagram of post-normal science.
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Figure 9.1’s two axes are the systems’ uncertainties and the decision
stakes in play. The axis representing the level of systems uncertainties com-
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municates the principle that the problem is not the discovery of a particular
fact, but rather the comprehension or management of a reality about which
our knowledge is inherently complex. The axis of the decision stakes in play
includes all of the various costs, benefits, and value commitments that the
problem involves through the various people who intervene and are at risk in
the decisions. A small, darkened area has been left at the intersection of the
two axes to represent that place that would be occupied by Kuhn’s normal
laboratory science.

Science has changed its approach to uncertainty in contexts of complex-
ity that outstrip the test tubes of the traditional experimental lab. The condi-
tions of absolute stability and control fundamental to basic scientific research
are partially exceeded in applied science, although the level of uncertainty
can still be managed at a technical level through standard routines and pro-
cedures, statistical tools, and data-processing packages. When uncertainty
cannot be managed in this way, personal judgments dependent on high-level
skills are required, and uncertainty appears on a methodological level in the
midst of increasingly high stakes decision making. At this point, it becomes
necessary to appeal to professional consultancy, because greater creativity as
well as a readiness to grasp new and unexpected situations and take respon-
sibility for the results are demanded, delimiting the sphere of the design and
engineering professions.

Professional consultancy represents an additional step in knowledge.
Pure and applied science are characterized by reproducibility and predict-
ability, because they operate in isolated and controlled natural systems. Pro-
fessional activities, by contrast, deal with unique situations. Professional
consultancy is part of the dynamic of expertise and counter-expertise, with
a single opinion being insufficient. In these circumstances, the judgments of
experts are as important as experimental or field data. In this way, if in pure
and applied science the focus of evaluation is the product, it now extends to
the product, the process, and the people (triple “p” cubed), because objective
and simple criteria or processes for quality assurance are impossible.

Finally, in the most open part of the diagram we find the interval of
postnormal science, where professional tasks or applied research exercises
can no longer dominate the decision-making process. In this phase, com-
plex uncertainties, new criteria for quality, and sociopolitical commitments
arise. The methodological, social, and ethical considerations exceed the tradi-
tional framework of the scientific enterprise. The normal processes for proj-
ect review by evaluators and the academic weighing of articles are no longer
sufficient, because the community of researchers has expanded to include
administrators, users, affected individuals, and citizens in general. The exten-
sion of the community of evaluators may come to encompass scientists from
a variety of disciplines, including lawyers, journalists, consumers, and pres-
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sure groups that intervene in politics marked by complex contexts and high
levels of uncertainty, because the decision stakes are prolonged in space and
time. The problems of environmental and social risk introduce new demands
that a simplistic and reductionist vision of scientific practice cannot address.

In postnormal science, the search for quality has the consequence that
axiological and epistemological neutrality cannot be presupposed. On the
contrary, it is necessary to express and make explicit the values and uncer-
tainties that play a role in decisions in order for those decisions to be effec-
tive and reasonable. In dialogue about a problem of postnormal science, the
primary guide is the quality of the stakeholders and not the truth of only one
of the parties involved. Likewise, the unity of postnormal science does not
derive so much from a shared knowledge base as from a shared commitment
by the parties and their various methodologies and techniques of knowledge.
Research tools in the postnormal phase include processes for discussion (e.g.,
focus groups and expert panels) and for deliberation (e.g., mediation, juries,
or citizen parliaments and consensus meetings), without excluding debates
and publicity in the communications media and making use of information
technology. Postnormal evaluation thus achieves various objectives from
the starting point of the different stakeholders involved, including quality of
the results, legitimacy of the processes, approval by public opinion, and the
spread of good citizenship and democracy.

This postnormal science has the paradoxical characteristic that in its
problem-solving activity it inverts the traditional dominance of “hard facts”
over “soft values,” as well as the division between “hard sciences” and “soft
sciences,” and technical versus nonexpert knowledge. Traditional scientific
inputs have become “soft” in the complex context of “hard” value commit-
ments. The traditional and neo-positivist division between “facts” and “val-
ues” is inverted because the two categories cannot realistically be separated.
The uncertainties go beyond the systems to include ethics and politics. In
global environmental risks, there are no longer factors external to the techno-
scientific enterprise, but rather an expansion of the evaluative community in
response to potential risks. When problems do not have clear solutions, when
their environmental and ethical aspects are fundamental, when the phenom-
ena themselves are ambiguous, and when all research techniques are open to
methodological criticism, then excluding the entire world other than official
experts and specialized researchers with academic or administrative posts
does not intensify debates about quality.

In this way, research activity more closely resembles the functioning of
a democratic society, characterized by expanded participation and a marked
tolerance for diversity. From the perspective of postnormal science, recogni-
tion of global environmental risks demonstrates that the appropriate frame-
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work for problem solving is not that of universal rationality, but rather of
“glocal” (simultaneously global and local) reasonableness, bringing together
diverse methodologies (axiology, epistemology, and politics) that entail dif-
ferent areas and registers (table 9.1)

Table 9.1. Postnormal science: from universal rationality to glocal reasonableness.

Methodologies Axiology Epistemology Politics
Areas involved Decision stakes Systems uncertainties Vulnerability scenarios
Registers Values evaluated | Expanded participation | Associated risks

This new paradigm of postnormal science presents itself as a possible
governance model for risk at the convergence of three axes: axiology (decision
stakes), politics (vulnerability scenarios), and epistemology (systems uncer-
tainties). Figure 9.2 charts the evolution of synergies in knowledge through
a new social contract for science and technology (Ayestaran and Funtowicz
2010).

Figure 9.2. Evolution of synergies in knowledge.
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Sustainability Science: The Post-Kuhnian Paradigm of
Sustainability

In parallel to the methodologies of postnormal science, there has been an
effort by various scientists in recent years to constitute an interdisciplinary
field under the name of sustainability science, with the aim of overcoming
the limited efforts situated between global uncertainty and global knowledge.
Along these lines, in 2001 scientists from more than 100 countries adopted
the Amsterdam Declaration on Global Change, which formally established
the Earth System Science Partnership. This declaration acknowledged a con-
sensus around five points (Moore III et al. 2002):
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1. The Earth System behaves as a single, self-regulating system, with
physical, chemical, biological, and human components.

2. Human activities are significantly influencing Earth’s environment
in many ways, in addition to greenhouse gas emissions and climate
change.

3. Global change cannot be understood in terms of a simple cause-
effect paradigm.

4. Earth System dynamics are characterized by critical thresholds and
abrupt changes. Human activities could inadvertently trigger such
changes with severe consequences for Earth’s environment and
inhabitants.

5. In terms of some key environmental parameters, the Earth System
has moved well outside the range of the natural variability exhib-
ited over the last half million years at least.

On this foundation, the declaration sought unanimity on two demands: (1)
an ethical framework for global stewardship and strategies for Earth System
management are urgently needed, and (2) a new system of global environ-
mental science is required.

Following this declaration, the aim was to consolidate a program that
would evaluate the methodological issues related to the emerging paradigm
of Earth System science. Since then, this scientific community has developed
its own “Hilbertian program” (Clark, Crutzen, and Schellnhuber 2004, 8-14;
Costanza, Graumlich, and Steffen 2007, 420). Nevertheless, the new sustain-
ability science implies a post-Kuhnian paradigm model and one that belongs
to postnormal science. Kuhn (1970, 176) specifies that a paradigm is what is
shared by the members of a scientific community, and, conversely, a scientific
community is made up of people who share a paradigm. Appealing to the
communitarian structure of science, he notes two different senses of para-
digm: (1) the constellation of beliefs, values, techniques, and other elements
shared by the members of a given community, and (2) the concrete solutions
to puzzles that, used as models or examples, can substitute for explicit rules
as a basis for solving the remaining puzzles of normal science. This method-
ological strategy leads Kuhn to maintain the thesis that paradigms are disci-
plinary matrices. The paradigmatic elements of a disciplinary matrix are as
follow (Kuhn 1970, 182-87):

1. Symbolic generalizations: the formal or formalizable components,
symbols, and words that the members of a group deploy without
dissent. They may be in the form of natural laws or definitions.

2. Metaphysical models: the shared commitments to and beliefs in par-
ticular models, analogies, and metaphors that function as heuristic
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models. The metaphysical components provide the heuristics and
ontology (of the phenomena and objects) of a disciplinary matrix.
Values: values about predictions, the evaluation of theories, and the
social utility of science (Kuhn would subsequently reformulate his
list of values in different terms).

. Exemplars: the examples shared by the group of scientists in solv-

ing problems, ranging from the examples learned by a student in
his or her scientific education to the examples found in specialized
periodicals. Exemplars provide “the fine structure of science” and
are for Kuhn the predominant element in a disciplinary matrix.

Following this scheme, the transition to the disciplinary matrix of a sustain-
ability-science paradigm could be characterized as follows:

1. Symbolic generalizations: the epistemic principles accepted by pop-

ulation ecology, the (neo-)Darwinian evolutionary synthesis, and
the laws of thermodynamics, in addition to other generalizations
originating in economics and the social sciences. The Hilbertian
program of Earth System science would also be an epistemic foun-
dation for this part of the matrix.

. Metaphysical models: the concept of “system” functions as an

ontological and heuristic commitment, seeking a functional and
dynamic unity among interrelated parts that will structure research
about the natural and social components under examination.
Values: the predominant value is system resilience along the three
dimensions of society, the economy, and the environment in the
interaction between natural and human systems. Other ethical and
social values also exist, such as those advocated in the Amsterdam
Declaration.

. Exemplars: the study of abrupt anthropogenic climate change func-

tions as an overarching exemplar of sustainability science, although
it appears together with other exemplars (exploitation of hydro-
logic systems and desertification, loss of biodiversity, land manage-
ment, and urban and demographic planning, among others).

The specific characteristics of sustainability science fit globally into Kuhn’s
proposed framework for paradigm matrices; nevertheless, divergences also
exist on the following points.

Kuhn’s model of a disciplinary matrix refers to an established model of

“normal science,” while sustainability science is more appropriately located in
the realm of “trans-science” (Weinberg 1972), the space where science poses
questions that science alone cannot answer, as in the model of “postnormal
science” proposed by Funtowicz and Ravetz.
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The matrix of normal science in Kuhn’s model seeks the solution to prob-
lems conceived as puzzles (Kuhn 1970, 35-42), while sustainability science
aims to manage problems and risks, taking as its guiding principle quality of
life and not only problem-solving efficiency, in the form of a new heuristic.

Kuhn conceives of normal science as a model for a restricted scientific
community, while in postnormal sustainability science this model is expanded
to an extended peer community with an epistemic gradient of different levels
of knowledge, uncertainty, and decision stakes.

Revolutions in normal science, in Kuhn'’s view, are entirely distinct from
political ones, while sustainability science is equally a scientific revolution
and a techno-political one, with a new axiology about the social value of sci-
ence, progress, and our coevolving environment.

Kuhnian normal science has a disciplinary matrix, while the expanded
knowledge of sustainability science is transdisciplinary. The structure of
scientific revolutions was initially conceived for the disciplinary science of
the classical natural sciences, while the silent revolution of sustainability sci-
ence presupposes a hybrid transdisciplinarity between the natural and social
sciences.

In the Kuhnian model of normal science, the publication and dissemina-
tion of scientific studies takes places through classical basic sources: scientific
textbooks, popularizing works, and the philosophy of science. In the post-
Kuhnian model of sustainability science, the communication and publication
of scientific studies expands the methods of normal science, employing new
hybrid forums of participation, new mass-media possibilities, and new infor-
mation and communications technologies.

In summary, the rise of sustainability science constitutes a new para-
digm. It is born as a hybrid of other older paradigms, as well as one that still
needs to seek a language of its own in relation to the concept of “sustainabil-
ity” (Norton 2005). This clearly exceeds the frameworks of normal science
in the direction of other postnormal models in epistemology, axiology, and
political activity.

The Complexity of Inverse Problems and Wicked Problems

The motive for postnormal science to bring to light the need to expand knowl-
edge in the context of uncertainty that surrounds complex environmental
problems and to demand a paradigm shift in the approach to sustainability
lies in its formulation, from an epistemological perspective, of inverse prob-
lems. According to Mario Bunge (2003, 203-6), in managing and investigating
problems, we face two classes of problems, direct and inverse, and it is useful
to distinguish the one from the other. Direct problems run downstream, from
premises to conclusions or from causes to effects. Inverse problems, on the
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other hand, entail an inversion of the usual logical or causal chain. For this
reason, a peculiarity of inverse problems is that they may have multiple solu-
tions or several plausible scenarios for their resolution.

In resolving a direct problem, we seek to discover its behavior, given a
system’s composition, context, and structure. To resolve the corresponding
inverse problem, we rely on inference to surmise its composition, context, and
structure. In addition, inverse problems are much more difficult to resolve,
because it may be the case that different internal mechanisms produce the
same behavior or the same apparent effect.

The resolution of a direct problem involves analysis or progressive rea-
soning, whether from premises to conclusions or from causes to effects. The
resolution of an inverse problem, by contrast, involves synthesis or regres-
sive reasoning, either from conclusions to premises or from effects to causes.
In general, direct problems can be resolved, even if only approximately.
Inverse problems, on the other hand, rarely have a single, clear, and definitive
solution.

Generally, when a direct problem is posed, the raw material or cause
(input) is given, and the product or effect (output) is the subject of investiga-
tion. In the inverse case, the product or effect is given, and the raw material
or cause is what is being sought. In both cases, hypotheses that relate causes
to effects are used or developed, but the direction of research alters the degree
of solution, especially in cases of diagnosis. From this perspective, direct and
inverse problems might be represented as follows:

1. Direct problem: given C - E and C, find E, where - symbolizes the
causal relationship. For example, find the effect on behavior of the
ingestion of a pharmaceutical (or a chemical product) adminis-
tered (or emitted) in a specific dose.

2. Inverse problem: given a clinical (or ecological-environmental)
datum E and the plausible causal hypotheses C, > E, C,> E, ..., C,
> E, find cause number ‘i’ that has played a role.

Many inverse problems are diagnostic problems that arise in the search for
solutions. The problems of global sustainability commonly appear in the form
of inverse problems in at least two respects: in their detection and in their
solution. First, their detection leaves room for several plausible scenarios as
causes or inputs. In this way, for example, anthropogenic climate change will
always be a topic for debate, despite the detected increase in temperatures,
since we have to work backward to possible previous scenarios, about which
complete information is by definition lacking. Second, an inverse problem
almost always appears in the search for solutions to problems of nonsustain-
ability, since they are going to correspond to different management frame-
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works with different possible solutions, which will generate new problems in
their turn in the future. There will never be a single definitive solution that can
be subjected to an algorithm or mechanical rule, just as what happened with
the paradigm of postnormal science.

In the early 1970s, it was realized that in urban and social planning there
are two classes of problems (Rittel and Webber 1973): one group of “tame”
or “benign problems” and another group of “wicked problems.” This sec-
ond group is made up of problems characterized as “wicked” (in contrast to
“benign”), “vicious” (as in a “vicious circle”), “tricky” (like a trickster spirit),
and “aggressive” (like a lion, in contrast to a lamb’s docility). Benign and
tameable problems occur more frequently in the natural and exact sciences.
Examples are a mathematician faced with a problem that can be solved with
an equation, or a chess player who can force checkmate in five moves, where
the problems can be defined and isolated and can have localizable solutions.
Tangled and twisted problems, in contrast, are difficult to define, isolate, or
delimit and are ubiquitous or of difficult localization, as is the case in the
majority of problems in public or social planning (e.g., the problems faced
by planners and managers in building a new highway). Benign and tameable
problems are solved, while twisted and perverse problems are resolved but
not dissolved (for which reason they have to be re-solved again and again).

Expanding the planning perspective on wicked problems (Rittel 1972,
Rittel and Weber 1973), we can identify 10 fundamental characteristics of this

class of complex problems:
e Unlike a tamable problem, a twisted or preverse problem has no

definitive formulation; even the definition and scope of the problem
are controversial, because each question depends on the state of its
solution at a given time, and the next step cannot be foreseen.

e Incontrasttotameable problems, wicked problems lack a defini-tive
solution. In a tameable problem in chess or mathematics, the
stopping point is known. For example, checkmate can be achieved
in three moves, and the correct combination is then known. Or we
can also know that if something like “x = y” is reached in a particu-
lar equation, then we know that we have gotten it right. In a per-
verse problem, we generally stop because we are out of time, money,
patience, or all three.

e Thesolutiontowicked problemsare not true or false, with mis-
takes and errors marked on a truth table. An urban plan is not right
or wrong, but good or bad, appropriate or inappropriate, to differ-
ent degrees and in the eyes of interested parties. As a consequence,
a perverse or twisted problem is not susceptible of solution by the
usual epistemic criterion of true/false, but rather presupposes a
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plurality of approaches, capabilities, and values. The more complete
this approach is for the involved and interested parties, the better the
solutions reached will be, although they will never be definitive.
Not coincidentally, there is no immediate or final or definitive proof
of a solution to a wicked problem, since each action taken to coun-
teract it will have consequences over time (next month, next year,
or next decade). There may always be additional potential conse-
quences, and for that reason, there is no final corroboration that
declares the problem closed.

In a tamable problem, there is room for several tries:a chess prob-
lem can be played again and again, and a mathematical equation
can be attempted over and over. Once a tameable problem has been
solved, it has been solved generally and will be a prototypical solu-
tion. Nevertheless, every attempt to solve a twisted or perverse prob-
lem is unique, since the results cannot easily be undone, nor can they
be repeated at another time and place, so that no clear opportunity
exists to learn by trial and error, unless new problems and scenarios
are generated.

Wicked problems do not have a clear set of potential solutions, nor
does there exist a well-described series of permissible operations
that could be incorporated into the plan. For this reason, they are
not reducible to a mechanical rule or to an algorithm, something
that always introduces uncertainty about whether action is being
taken on the right scale and in the direction appropriate to the prob-
lem. Ethical values and imagination will necessarily enter into play,
because no exhaustive list enumerating permitted operations exists.
In contrast to tamable problems,which are frequently general and
routine, every twisted or perverse problem is essentially unique, with
the consequence that past experience can only be taken advantage of
in the future in a limited way. The old solution may not be effective
in the future, depending on opportunity and context.

Every wicked problem can be considered as a symptom of another
problem, because it will frequently be associated with new problems.
For that reason, there is always room for doubt about the problem’s
degree of resolution and scale of management. In this way, yester-
day’s solutions are today’s problems, and today’s solutions will be
tomorrow’s problems. Solutions in one place may also generate
problems someplace else.

The existence of adiscrepancy representinga twisted or perverse
problem may have numerous explanations, and there is often no evi-
dence that can allow us to discover which explanation is best. Often,
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the direction taken by the solution depends in the first instance on
the explanation, and consequently, on how the diagnosis of the
problem was defined and initiated (“why does the problem exist, and
which is it?”).

e Unlike those who solve tamable problems, where the actors are not
directly culpable for their inability—someone can lose a chess game
without being blamed for it, or maintain a hypothesis that is refuted
by others without injury other than to personal pride—the plan-
ner managing perverse or twisted problems has no right to make
a mistake, because that person is responsible for what he or she is
doing and, as a consequence, there is no public tolerance for plan-
ning experiments that fail. In a democratic context, social and public
planning is not subject to trial and error.

This kind of complexity exists in the field of sustainability. Kuhn (1970) says
that in the paradigm of normal academic science, problems are solved in the
way that someone might solve a puzzle or play chess. Now, in problems such
as these examples (puzzles or chess), we have direct problems, not complex or
twisted or perverse ones, with the possibility of introducing algorithms and
stopping rules. Nevertheless, postnormal science has already pointed out that
complex environmental problems entail an expanded model of science and
a greater cognitive democratization in both the detection of problems and
their solution, since there will generally not be a single perspective. Likewise,
the problems associated with a lack of sustainability cannot be remedied by
simple solutions or recipes, since they present inverse diagnostic problems,
as well as wicked planning and management problems. This entails different
degrees of public deliberation and social management in contexts of demo-
cratic participation, or at least of open and plural participation, both on the
part of scientists and political actors and on that of affected individuals and
the body of citizens.

With regard to the wicked problems associated with sustainability,
Bryan G. Norton maintains that big environmental and social problems
have four inevitable characteristics (2005, 133-36): “problems with problem
formulation” are frequent; noncomputable solutions are common; environ-
mental problems are nonrepeatable; and the effects are open, variable, and
intertemporal.

The big problems of sustainability are triply perverse and twisted: first, in
their definition (always problematic); second, in their diagnosis (where there
are inverse problems with plausible scenarios); and, third, in their manage-
ment and solution (with multiple possibilities and undesired or unforeseen
effects over the short or long term). For this reason, they cannot be solved
unilaterally or in a limited way. The only path is deliberation, research, shared
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management, and the democratization of problems and their solutions. For
this purpose, it is an indispensable requirement to adopt a rational and meth-
odological pluralism, a greater integration of the interrelationships among
science, technology, and society, especially the full range of civil society, and,
finally, an ethics of the complexity associated with inevitable uncertainty that
can make us more effective and less arrogant.

Environmental Values in a Coevolutionary and Dynamic Context

In line with what has been discussed thus far, a comprehensive and dynamic
vision becomes necessary, bringing together knowledge, values, the environ-
ment, organizations, and technology. This vision has to be fundamentally
coevolutionary (Norgaard 1994; Kallis and Norgaard 2010), because it is the
one that can best respond to the interconnected dynamics of deliberate inno-
vation, chance discovery, and random change taking place among and within
social and ecological systems, as depicted in figure 9.3.

Figure 9.3. Interconnected dynamics.

VALUES

KNOWLEDGE ORGANIZATION

ENVIRONMENT €——» TECHNOLOGY

For this purpose, it is necessary to conciliate environmental values with
evaluative pluralism, leading us to some reflections about environmental val-
ues and their construction and public explication. It is useful to recall a prag-
matic analysis of environmental values (O’Neill, Holland, and Light 2008, 1):

e There is no such thing as the environment. The environment—sin-
gular—does not exist. In its basic sense, to talk of the environment
is to talk of the environs or surroundings of some person, being, or
community. In practice, to talk of the environment is at best a short-
hand way of referring to a variety of places, processes, and objects
that matter, for good or bad, to particular beings and communities:
forests, cities, seas, weather, houses, marshlands, beaches, moun-
tains, quarries, gardens, roads and rubbish heaps.

e There are no such things as values. Rather, here are the various

ways in which individuals, processes, and places matter, our various
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modes of relating to them, and the various considerations that enter
into our deliberations about action.

e Environments—plural—and their constituents good and bad,
matter to us in different ways.

We live from them: they are the means to our existence.
We live in them: they are our homes and familiar places in
which everyday life takes place and draws its meaning, and in
which personal and social histories are embodied.

e We live with them: our lives take against the backdrop of

a natural world that existed before us and will continue to exist
beyond the life of the last human, a world that we enter and for
which awe and wonder are appropriate responses.

Values are vectors of attention, decision, and realization that guide our knowl-
edge, habits, and behaviors in response to both social and natural environ-
ments, in varied matrices. We live from the world, we live in the world, and
we live with the world in coevolution. For this reason, there is not an isolated
nature from which environmental values emanate; rather, environmental val-
ues are found in these relationships with, in, and from our interaction with
social systems and ecosystems. This has the consequence that values are more
plural, but also that they are not exempt from contflict or debate. Axiological
pluralism, open deliberation as part of public decisions, and the new method-
ologies of complex problems are indispensable for this interdisciplinary debate
on global problems such as climate change. As a scientist on the Intergovern-
mental Panel on Climate Change used to tell the story, when that panel began
to meet, around twenty years ago now, an elderly Japanese scientist in the group
spoke up during one of the meetings and said: “We scientists have confirmed
that there is an emissions problem, but we can't solve it. Since CO, is produced
by machines, we will have to call in the engineers. They, in turn, will say that
the technology necessary to solve the problem exists, but that it costs money,
and so the economists will be called in. The economists will do their calcula-
tions and will say that, in order to achieve this, it will be necessary to change
our current social model based on transportation, on squandering energy—
and so the sociologists will be called in. They, in turn, will say that it’s a value-
scale problem that they can’t solve, and so the philosophers will be charged
with telling us what values we should emphasize and be interested in””
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The Genesis of the Concept of Sustainable Development

Since the United Nations (UN) Conference on the Human Environment in
Stockholm in 1972, the major conferences of the UN have been full of decla-
rations and intentions concerning the environment. Today, everyone (includ-
ing the major energy companies) talks about “sustainable development,” an
expression that has turned into an umbrella term that encompasses very dif-
ferent conceptions and that ought to be clarified in order to properly advance
any critical form of scientific and environmental education. The United
Nations World Commission on Environment and Development (1983-87),
chaired by Gro Harlem Bruntland, defines sustainable development as follows:
“A process of change in which the exploitation of resources, the direction of
investments, the orientation of technological development and institutional
change are all in harmony and enhance both current and future potential to
meet human needs and aspirations” (WCED 1987, 57).

A Review of the Concept of Sustainable Development Using
Gender as a Category of Analysis: A Holistic Concept

From a gender perspective, the First International Conference on Women was
held in 1975 in order to promote greater equality between men and women
and to put an end to the marginalization and oppression of the female major-
ity. Even before that year, the pioneering study carried out by Ester Boserup
(1970) challenged the development policies in vogue at the time by demon-
strating the importance of the economic participation of women and their
contribution to the development of “backward” societies. Her research not
only questioned the assumptions of traditional conceptions of development
(which ignored women’s participation), but also questioned the impact of the



144 Sustainable Development, Ecological Complexity

development policies implemented, given their failure to take these contri-
butions into account (Alvarez-Lires 2008). In the mid-1950s, the analytical
concept of gender became the most fundamental concept underpinning new
approaches to women and development. This perspective of gender and devel-
opment aimed to put an end to the limitations of previous approaches and to
valorize the role of women in development.

In spite of this, gender as a category of analysis is absent to a large extent
from the studies carried out in favor of sustainable development, even though
it has started to become more apparent in international organizations, thanks
to the tenacity of groups of women from the so-called Third World. For
example, the awarding of the Nobel Peace Prize to Wangari Maathai of Kenya
in 2004, in recognition of her struggle in support of the environment and
women, was decisive.

The question of gender represents a challenge on a global scale, but for
development NGOs, comprehensive development and sustainable develop-
ment are empty words in the context of inequality between human beings.
The study of this inequality has led to different perspectives of women within
the framework of development theories:

e Inthe 1950s and 1960s, women were still viewed as passive objects

¢ In the 1970s, women began to play a productive role.

e By the mid-1970s, women were considered pillars of economic

development

e In the 1980s, under a more holistic approach, the study of gender
relations begins—a study that takes into account not only women,
but also men—and women are viewed as subjects of change and
struggle as well as active agents of development.

Women in the Environmental Sciences

Women have been systematically discriminated against in the field of science.
Nevertheless, some areas of biological sciences have been less reluctant to
accept women and some of them have been able to make important scientific
contributions in biology, specifically in the field of environmental sciences.
Scientists from across the globe are noted for their work in this field, including
Lynn Margulis, Ellen Swallow Richards, Rachel Carson, Gro Harlem Brundt-
land, Wangari Mathaai, Vandana Shiva, Bina Agarwal, and Val Plumwood.
The contributions made by these scientists in the field of the environmental
sciences are presented and analyzed in the sections that follow.

The Origin of Life: Symbiogenesis and the Gaia Hypothesis
Lynn Alexander Margulis (1938-2011), Chicago, Illinois (USA)
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Around 1967, building on the studies of Kostantin Merezhovsky, which had
been rejected by official science of the day, Lynn Margulis formulated her the-
ory of serial endosymbiosis (or symbiogenesis). Initially criticized, it is now
accepted as a plausible theory that could offer a convincing explanation for
the evolution of eukaryotic cells. Margulis (1981) developed her theory on the
role played by symbiosis in the origin of the eukaryotic cell. She attempted to
explain how two living beings of two different species join together in order
to live together, thus resulting in a new species. This theory is based on two
biological concepts:

1. The most fundamental division of the organization of the living
world is that which exists between prokaryotes (organisms whose
cells do not have a nucleus) and eukaryotes (whose cells have a
nucleus)—that is, between bacteria (without nucleus) and other
organisms made up of nucleated cells (protoctista, plants, fungi,
and animals).

2. Some parts of eukaryotic cells emerge directly from the formation
of permanent associations between different organisms by symbio-
sis.

Unlike bacteria, the cells of plants and animals have a nucleus. They also con-
tain organelles, such as mitochondria and plastids whose distant ancestors
were bacteria. Thanks to the association of certain bacteria with other bac-
teria with which they initially established an intracellular symbiotic relation,
the first protoctista (eukaryotic organisms) were obtained, and from there the
other three kingdoms of eukaryotes emerged: fungi, plants, and animals. The
associations occurred over a long period of time and did not occur simultane-
ously, hence the term serial endosymbiosis.

Margulis was convinced that symbiogenesis is a process that occurs much
more frequently than is thought by those who support evolutionary theories
that continue in Darwin’s footsteps, a tradition that emphasizes competi-
tion much more than cooperation in the evolutionary process. According to
Margulis, these kinds of symbiotic “marriages” are the essence of the evolu-
tion of species on all levels. However, she stressed that cooperation is not the
same as symbiogenesis. Nobody wins or loses with symbiosis; rather, there is
a recombination and something new is made.

The significant contribution made by this scientist affected evolutionist
discourse. Margulis demonstrated that the nucleated or eukaryotic cells not
only descended from bacteria, but also were literally amalgams of different
bacterial cells. As she explained (Margulis 1998), there are four parts to the
symbiogenesis of a eukaryotic cell: the origin of the nucleocytoplasm; the cilia
(that are also centrioles); the mitochondrial part; and the plastids. The role
of each of these has since been proven and documented, except for the part
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concerning the cilia, which has not been proven entirely and is an aspect that
Margulis continued to work on in order to ensure it was duly researched.

While not breaking entirely with the postulates of Darwin and his suc-
cessors, Margulis managed to demonstrate the value of symbiosis as an evolu-
tionary mechanism. The speciation process is directly linked to the acquisition
of symbionts, and this theory, alongside original Darwinism, enables evolu-
tion to be explained much more thoroughly. Margulis (1986, with her son,
Dorion Sagan) developed her theory of symbiogenesis further and linked it
to the theory of evolution.

During the process of developing and verifying her theory, around 1972
she met the British chemist James E. Lovelock, a specialist in atmospheric
sciences. Three years earlier, Lovelock had put forward his hypothesis of the
earth as an auto-regulating system, more widely known as the Gaia hypoth-
esis. However, what Lovelock did not know was by which mechanism the
earth was able to control its temperature and the composition of its atmo-
sphere. He knew that the auto-regulatory processes had to involve live organ-
isms, but he did not know which. Margulis was studying the same processes
as Lovelock, researching the production and elimination of gases by differ-
ent organisms, including bacteria. The collaboration of both scientists was
ideal for this research. Together they unveiled a complex network of feedback
loops that were responsible for the auto-regulation of the planet. These loops
link live systems with nonlive ones. They demonstrated that a close relation-
ship exists between the living parts of the planet (plants, microorganisms, and
animals) and the nonliving ones (rocks, oceans, and the atmosphere).

The Gaia hypothesis considers the life of a systemic mode. Initially, the
scientific community rejected the hypothesis as being theological. However,
Margulis and Lovelock never claimed that planetary auto-regulation was
driven by a divine purpose. Journals such as Nature and Science rejected their
publication. Finally, Carl Sagan (her first husband) invited them to publish in
his journal, Icarius, in 1974 (Alvarez-Lires, Nufio, and Solsona 2003).

With the Gaia hypothesis, Margulis’s gaze lifted from the microscopic
level to a global one: the earth is an authentic living system, a breathing amal-
gam on a global scale of organisms and the inanimate physical world. Gaia is
the great ecosystem of which the planet’s biosphere is made up, the combina-
tion of all of Earth’s ecosystems. In short, according to Margulis life is not “a
thing,” but rather a continuous process.

In Five Kingdoms (1982, with Karlene Schwartz), Margulis describes
and illustrates all of the main groups of organisms that belong to the five
kingdoms (monera, protoctista, fungi, plants, and animals), as proposed by
Robert H. Whittaker in 1959. The author of more than 100 articles in inter-
national journals, Margulis also published around 60 books on science and
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research, both for secondary education as well as for university study, that
deal with the biogeochemical cycles of sulfur. Acquiring Genomes (2002) is
worthy of particular mention. Many of her ideas, now classics, are captured
in secondary education science books, even though Margulis does not appear
cited in the majority of these texts. Margulis continued her work researching
the world of bacteria in order to rewrite the history of the evolution of the
species on Earth through her theory of symbiogenesis, a task that she was
unable to complete due to her premature death.

Domestic Economy (Pioneer of Environmental Sciences)

Ellen Swallow Richards (1842-1911), Dunstable, Massachusetts (USA)

Ellen Richards was the first woman to be admitted into the Massachusetts
Institute of Technology (MIT), where she studied chemistry, although she was
not allowed to obtain a doctorate. She founded the science of domestic econ-
omy, a field of study that combined knowledge of cookery, nutrition, water
supply, hygiene, and health. Her objective was to understand the environmen-
tal dynamics of industrialization and to provide the community (especially
women) with the skills necessary to be able to control their own environment.
Richards was, in this respect, a pioneer of environmental sciences.

As a result of her efforts, the Women’s Education Association of Bos-
ton funded a laboratory for women at MIT, where she worked as assistant
director alongside professor John Ordway. Beginning in 1876, Richards was
a member of the Society to Encourage Studies at Home and was in charge of
the science section. She also cofounded in 1881 the American Association
of University Women (AAUW), where she worked to promote the training
and empowerment of women. From her post as assistant professor, Richards
introduced the teaching of biology at MIT and contributed to the foundation
of the Woods Hole Oceanographic Institution. She carried out research on
water pollution and designed safe systems for the supply of water. Richards
was part of the committee of the Naples Table Association for Promoting
Laboratory Research by Women, an association that awarded an annual prize
for women that consisted of funding a year’s research in biology laboratories,
such as the Zoological Station of Naples or Woods Hole. After her death, the
award became known as the Ellen Richards Prize.

From 1890, Richards focused her career on improving nutrition in the
working classes and was involved in the creation of economic restaurants,
which provided nutritional foods and instruction on how to prepare them,
as well as guidance to hospitals and schools on healthy diets. She advocated
the introduction of domestic economy courses in public centers and, in 1899,
designed the teaching and certification requirements for this new science. This
gave rise to the formation of the American Home Economics Association.
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Richards became the first President of the Association and founded the Jour-
nal of Home Economics. From 1910, she was part of the board of the National
Education Association and was responsible for supervising the teaching of
domestic economy in public centers. Richards received an honorary doctor-
ate of science from Smith College in 1910.

Although she has many innovative publications to her name (1886, 1896,
1900, 1911), Richards’s original and wide-ranging initiatives were not appre-
ciated by the scientific community of the time, which was rapidly separating
into different disciplines. Even less appreciated was her insistence on working
with women.

Silent Spring and the US Environmental Movement

Rachel Louise Carson (1907-1964), Springdale, Pennsylvania (USA)
Trained in marine biology and zoology, Rachel Carson worked as a zoologist
(1932-1935) at the Johns Hopkins University. She gave instruction and car-
ried out research on living marine organisms (1935-1940) through the U.S.
Bureau of Fisheries. She was one of the first two women contracted to under-
take a scientific post at the bureau.

In 1941, Carson published Under the Sea Wind, which was followed in
1951 by The Sea Around Us, in which she discusses and denounces the inter-
actions between humans and ocean beings, warning about the growing dan-
gers of large-scale marine pollution. Consequently, she was elected member
of the Royal Society of Literature (Great Britain), awarded the National Book
Award for works of nonfiction, and granted a Guggenheim fellowship. In
The Edge of the Sea (1955), Carson focuses on the delicate network of life and
shows the interdependence of all living creatures in seashore communities.
From 1936 to 1949, she worked as a marine biologist for the U.S. Fish and
Wildlife Service and held the post of editor-in-chief of publications for eleven
years (1940-1951). From 1952 until her premature death in 1964, Carson was
a member of the Marine Biological Laboratory Corporation.

Her most well-known book, Silent Spring (1962), provoked considerable
controversy and social impact. The book generated global awareness of the
dangers of environmental pollution as well as social concerns for the prob-
lems caused by modern synthetic pesticides (especially DDT) and their effects
on the food chain, particularly those of birds. Prior to the book’s publication,
few people realized that pesticides permeated the food chain, increasing their
concentration by moving from one trophic level to the next. Through her
book, Carson faced up to the chemical giants who manufactured pesticides
such as DDT as well as some agencies of the US government. Furthermore,
she questioned industrial society’s right to contaminate at will, without tak-
ing into account the effects on the environment (Alvarez-Lires, Nufio, and
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Solsona 2003). The multinationals invested fortunes trying to discredit her,
branding her as an alarmist, hysteric, fanatic, and even a Communist. In
the end, Carson’s book led to the regulation of the manufacture and use of
chemical pesticides, as well as the elimination of their waste, and the use of
DDT was finally prohibited in the 1970s and 1980s in most industrialized
countries.

In spite of the whole campaign unleashed against her, Carson received
recognition for Silent Spring during the same year that she was elected mem-
ber of the American Academy of Arts and Letters. In her last book, The Sense
of Wonder (published posthumously in 1965), she encourages adults to stim-
ulate children’s innate capacity to admire nature and marvel at it. In short,
her critique of scientific approaches to the natural world presaged the sub-
sequent critiques advanced by ecofeminists: “As man proceeds toward his
announced goal of the conquest of nature, he has written a depressing record
of destruction, directed not only against the earth he inhabits, but against the
life that shares it with him” (Carson 1962, 83).

Sustainable Development

Gro Harlem Brundtland (1939-) Oslo (Norway)

Gro Harlem Brundtland earned both a Master of Public Health (1965) and
Doctor in Medicine (1963). She was prime minister of Norway (1981, 1986-
89, and 1990-96), and Director of the World Health Organization (WHO)
(1998-2003). In the 1980s, she was appointed by the UN to form a commis-
sion in order to conduct research into environmental problems and the devel-
opment model in place at the time. Between 1984 and1987, the commission
prepared the so-called Brundtland Report (WCED 1987), in which the term
sustainable development was coined. In 2000, she was appointed general direc-
tor of the WHO. In her work, Brundtland has denounced the North-South
differences in preventing disease and death related to disease in developing
countries, and has shown how industrialized countries can contribute toward
ending them:

The prospects of intervening to prevent death in developing countries have
never been better. The evidence refutes those who doubt that the world’s
poorest communities can be protected from AIDS, tuberculosis (TB), ma-
laria, childhood diseases and maternal mortality. With a concerted effort
from the international community we can turn the promise of these success
stories into a reality in the coming years (WHO 2000).

In 2007, Brundtland was elected Special Envoy of the General Secretary of the
UN on climatic change.
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While Rachel Carson, Barbara Ward,1 and Gro Harlem Brundtland
were busy advancing ecological questions on the national and international
agenda in the North, other women, such as Wangari Maathai and Vandana
Shiva, were doing what Ellen Swallow Richards had imagined one hundred
years earlier: expressing their concerns about the ecological degradation of
their own communities (Mellor 1997).

The Role of Women in a Vital Change of Direction: Women’s
Networks

Different environmental movements that have emerged from women’s net-
works show how women have constructed a relationship with the natural
world, including the Green Belt movement in Kenya, the Chipko movement
in the remote villages of the Himalayas, the Love Channel campaign in the
United States, and the women’s camp at Greenham Common in Great Britain
(Mellor 1997). Two of these movements are analyzed in the sections that fol-
low through the biographies of the women who led them.

The Green Belt Movement

Wangari Maathai (1940-2011) Nyeri (Kenya)

The first woman in central and western Africa to obtain a doctorate (in biol-
ogy), Wangari Maathai was a professor of veterinary anatomy at the Univer-
sity of Nairobi, where she held virtually all teaching posts, was also the first
woman to head a department, and even managed to become the first dean in
1940. An environmental activist, in 1977 she founded the Green Belt Move-
ment, which planted over 20 million trees in an attempt to avoid deforesta-
tion and the resultant desertification. The movement concentrates its efforts
on environmental conservationism, reforestation, environmental education,
Pan-African training workshops on environmental issues aimed specifically
at women, and cycles of visits and tours (the so-called Green Belt Safaris). In
the main, the program is developed by women who, through receiving pay-
ment for their work planting trees, are then better prepared to look after their
children and to care for the future of the environment. In 1986, the movement
established the Pan-African Green Belt Network with 40 people who repli-
cated the program in their own countries or established similar programs. In
1991, Maathai was arrested, imprisoned, and then freed thanks to a campaign
carried out by Amnesty International. In 1999, she was attacked when plant-
ing trees in the public forest of Karura in Nairobi in protest against continued

1. Barbara Ward was a British academic who was a pioneer in the critique of Western technology.
Ward criticized the adverse effects on the South of the modernizing drive toward global economic
development (Ward and Dubos 1972).
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deforestation. As co-president of the Jubilee 2000 Africa Campaign, Maathai
extended her protests, playing a key role in the demand for the cancellation
of the debt of Third World countries. From January 2002, she occupied the
role of Visiting Fellow at the Global Institute of Sustainable Forestry at Yale
University. She was Deputy Minister of Environment, Natural Resources, and
Wildlife (2003-2005), received numerous prizes and mentions for her work,
such as the Woman of the Year award in 1983, and was considered by Earth
Times as one of the 100 people whose work was capable of making a difference
in the world in relation to the environment. Maathai was awarded the Nobel
Peace Prize in 2004 for her contribution to democracy, peace, and sustainable
development.

As M. Dolores Sanchez (2008) notes, the activities carried out by the
Green Belt Movement have a dual aim: to conserve the environment and to
increase women’s power so that they will have a better understanding of their
communities. This project aims to empower women, constituting a clear
example of community development and environmental protection. As well
as making a fundamental contribution to peace, the project offers a global
approach to the treatment of a complex problem and endeavors to find solu-
tions within the framework of sustainable development. Maathai’s manage-
ment of the movement and the wise advice she offered women has brought
about real changes. Solutions do not “come from outside,” but rather from
within the communities themselves. For Maathai, global protection of the
environment is directly related to ensuring peace:

The world needs a global ethic with values which give meaning to life experi-
ences . . . Mankind’s universal values of love, compassion, solidarity, caring
and tolerance should form the basis for this global ethic which should per-
meate culture, politics, trade, religion and philosophy. It should also perme-
ate the extended family of the United Nations (Maathai 1995).

Maathai was always at the forefront of the fight to promote a form of social,
economic, and cultural development that would ultimately prove ecologically
viable. Her vision of sustainable development was holistic and encapsulated
democracy, human rights, and, in particular, the rights of women. She thought
globally and acted locally.

The Chipko Movement

Vandana Shiva (1952-) Dehra Dun, Uttarakhand (India)

Vandana Shiva received a doctorate in quantum physics in 1978 through the
University of Western Ontario. A radical ecofeminist, she helped to redefine
perceptions of women in developing countries (Shiva, 1988). She is an eco-
logical leader and environmental activist campaigning in the areas of intellec-
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tual property, biodiversity, biotechnology, bioethics, and genetic engineering.
She cofounded the International Forum on Globalization with Ralph Nader
and Jeremy Rifkin. Currently she is Director of the Research Foundation
for Science, Technology and Ecology, an independent institute dedicated to
researching ecological and social issues.

In 1991, Shiva founded Navdanya, an Indian national movement aimed
at protecting the diversity and integrity of living resources, particularly
indigenous seeds. In 1993, she received the Right Livelihood prize for put-
ting women and ecology at the heart of contemporary discourses on devel-
opment, and has also received the Global 500 prize of the United Nations
Environment Programme. Shiva is the author of numerous publications of
note (Shiva 1991, 1993, 1997, 2000, 2001, 2002; Mies and Shiva 1993), as well
as assistant editor of The Ecologist.

For Shiva, as an ecofeminist in a Third World country, the exploitation
and destruction of the natural world is intrinsic to the dominant industrial
economic model of development that she defines as a colonial imposition
by the First World. Development that is based exclusively on technological
and economic growth has changed relationships between human beings and
nature (understood within Indian cosmology as Mother Earth) and locates
man above nature, endowing him with the capacity to control and dominate
nature, which is considered to be inert and passive. According to Shiva (1988,
xvii), “a science that does not respect nature’s needs and a development that
does not respect people’s needs inevitably threatens survival.” She concurs
with Carolyn Merchant (an American ecofeminist) that women and nature
share the experience of being oppressed by patriarchy, and that this shared
experience thus defines the connection between them both and establishes
this connection at an ideological and material level. Rural women of the
Third World obtain 60 to 80 percent of the food they need to live and to feed
their families from nature. The destruction of nature thus represents a threat
to their lives and the lives of their families.

On the basis of the study carried out by the nonviolent Chipko move-
ment in the state of Uttar Pradesh in the north of India, Shiva explains that
women of the Third World have a special dependency on nature and, at the
same time, specific knowledge of it. This knowledge, acquired through the
accumulation of experiences and their transmission from one generation of
women to the next, has been systematically marginalized by modern science
and the dominant model of development, both of which are patriarchal con-
structs that exclude women as experts as well as other types of knowledge
(which are more respectful of nature) from knowledge and science.

If we transfer the ecofeminist debate to Third World countries, there is
an increasing need to examine the relationship that women establish with
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the environment, in many cases understood as their very livelihood, at other
levels on the margins of ideology. Rural women of Third World countries
maintain a close relationship with nature—as users and managers of natural
resources, as producers of food and other goods to be consumed or sold, and
as administrators and consumers of goods.

Shiva’s work has been criticized by various Indian researchers, such as
Geeta Menon, Mira Burra, and Bina Agarwal, who present different interpre-
tations of women’s relationships with nature. She has also been criticized for
attributing the destruction of nature and the oppression of women to colo-
nialism and to the imposition of science and Western development, ignoring
the existence of the economic and social inequalities that perpetuated such
destruction and oppression prior to colonialism, since it cannot be claimed
that the society of pre-colonial India was a fair one or one that was entirely
ecologically respectful. In view of the deficiencies presented by ecofeminism
and Shiva’s position, which is interpreted as the ecofeminist voice of the Third
World, an alternative is presented in environmental feminism.

Ecofeminism: The Gender Perspective in Environmental
Awareness

Ecofeminism emerged out of the encounter between feminism and ecol-
ogy. Perhaps it is precisely because of this duality that it still remains a great
unknown for the two movements, even though, in its different strains, it opens
up a promising horizon for feminists and ecologists.

It is important to highlight that being an ecofeminist does not imply any
affirmation that women are innately more linked to nature and to life than
men. From a constructivist perspective of gendered subjectivity, the interest
that women have according to international studies in ecological matters is
not an automatic mechanism related to their sex. As with other aspects of
gendered identities, reality shows us great varieties of individuals, as well as
tendencies that are linked to socialization in certain tasks and attitudes. The
female collective, in general, has not had access to arms and has tradition-
ally been more responsible for the tasks of caring for the more vulnerable
members of society (children, the elderly, and the sick), and for maintaining
the infrastructure of the household (kitchen, clothes, etc.), developing, in sta-
tistical terms, a “relational” subjectivity that is mindful of others and tending
to be more emotionally expressive. When these characteristics are combined
with being accurately informed and having a healthy distrust of hegemonic
discourses, the conditions then become ripe for their interest in ecology to be
awakened (Puleo 2008, 47-48).

In 1974, Frangoise d’Eaubonne adopted the term ecoferminism for the first
time, highlighting the historical, biological, and social connections between
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nature and women and emphasizing that the exploitation and oppression of
them both is a consequence of the dominance of man and the patriarchal
order (Eaubonne 1974). Ecofeminism considers women as a unique category
without making distinctions based on class, cast, race, ethnic groups, or
age—a position that it maintained until the 1980s and that upheld a view of
matriarchal values and the implementation of a feminine culture.

At the beginning of the 1990s, when this concept was still accepted and
continued to grow in popularity, the first theoretical considerations emerged
from “environmental feminists,” bringing about new lines of thought on the
interactions between women, the environment, natural resources, and sustain-
able development. New tendencies emerged from the original ecofeminism,
all of them fueled by concerns and interests in changing the relationships
between people and the environment.

Environmental Feminism: A New Ethical and Political Project

Bina Agarwal (1951-) (India)

Feminist economist and an advocate of ecological feminism, Bina Agarwal
is professor of the Institute of Economic Growth, University Enclave, New
Delhi; is Vice President of the International Economic Association; and was
president of the International Association for Feminist Economists. She is Vis-
iting Professor of the Universities of Harvard, Michigan, and Minnesota, and
founder of the Indian Society for Ecological Economics. Agarwal has received
various prizes, including an honorary doctorate in 2007 and the Padma Shri
Award in 2008, for her contribution to the field of literature and education.
She has also published numerous books (Agarwal 1986, 1988, 1989, 1994,
2005; Folbre et al. 1991).

In Third World countries, poor rural women depend entirely on the
natural environment for their survival and for that of their families and com-
munities. As a result, this relationship is part of their most immediate and
palpable reality and not an ideological construct. The connection that these
women establish with nature forms the basis of what Agarwal calls ecologi-
cal feminism, an alternative approach to the radical ecofeminism advanced
by Shiva. Both Agarwal and Shiva are Indian researchers on feminism and
ecology

Ecological feminism is the axis of a debate that emerges from the critiques
and proposals of authors from Third World countries and is a perspective
that is shared by feminists from both the North and South who are concerned
about the environment. Ecological feminism advances the claim that the rela-
tionship of women with the environment varies from one woman to another,
depending on the social class, race, cast, religion, ethnic group, and so forth
to which they belong. An ecological feminist approach explores the factors
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that determine the effects of environmental degradation on women and their
capacity to respond to them. At the same time, these factors also determine
the relationship that women have with the organization of production, repro-
duction, and distribution.

Ecological feminism recognizes that environmental destruction particu-
larly affects women and the poorest populations of Third World countries.
However, when analyzing the mechanisms of environmental degradation,
ecofeminism attributes part of the responsibility to the dominant groups
who monopolize power, property, privileges, and the control of resources.
Referring to the Indian experience, Agarwal adds that ecofeminist discourse
ignores the real relationship that women establish with nature; this relation-
ship is completely different for each woman and quite different to the inter-
pretation that a person outside the situation may make of it. For Agarwal,
from a feminist perspective we must challenge and transform the gender
system, the gender-based division of labor, and the unequal distribution of
resources according to gender. And from an ecological perspective, we must
challenge and change the relationships between people and the environment
or nature, as well as put an end to the processes whereby a minority appropri-
ates natural resources—whether these minorities are from developed coun-
tries or from the oligarchies of the Southern countries—at the expense of the
majority. In view of this, ecological feminism emphasizes the need to fight
and transform from feminism and environmentalism at the same time (Llort
i Juncadella 1994).

Val (Morrell) (Routley) Plumwood (1939-2008) (Australia)
Beginning in 1960, the Australian ecofeminist and philosopher Val Plumwood
was an activist in movements aimed at conserving biodiversity and avoiding
deforestation, and helped to establish the interdisciplinary studies known as
ecological humanities. When she married philosopher Richard Routley in
1983, they both changed their names—she chose Plumwood and he chose
Sulvan. She took her name from the forests of the ancient Eucryphia moorei
tree, which she actively campaigned to conserve. She worked in the universi-
ties of Montana and Sydney and belonged to the Australian Research Council
of the Australian National University. In the 1970s and 1980s, Plumwood pio-
neered the organizing of campaigns to save the rainforest of eastern Australia,
extending her fight to the protection of all of the ancient forests of the conti-
nent. Her life changed when she was attacked by a crocodile in the National
Kakadu Park in northern Australia, and she realized how a human being can
go from being predator to becoming prey and just a part of the food chain.
Plumwood criticized what she called “the standpoint of mastery,” a set
of views of the self and of one’s relationships with others that is associated
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with sexism, racism, capitalism, colonialism, and the domination of nature.
She used feminist theories to analyze this standpoint, which includes a view
of women as radically separate and inferior. In Plumwood’s opinion, West-
ern civilization’s view of nature can be understood in the context of a series
of problematic dualisms that can be traced back to Greek thought. In this
sense, the environmental crisis should be seen as a crisis of reason conceived
in opposition to the emotions. The relations of the Western world have been
established in accordance with different dualisms: human being/nature;
mind/body; reason/emotion; masculine/feminine; civilized/primitive.

The result of these dualisms has been the establishment of the “logic of
domination” and the “problem of discontinuity.” The logic of domination
consists in positing one pole of dualism as superior to the other and thereby
attributing the superior pole the right to dominate the inferior pole. In the
case of the human/nature dualism, the logic of domination materializes in
the modern presumption that nature/material resources should be exploited
without limits. Nature, devoid of reason, is thus converted into an instrument
for the good of humankind and constitutes the inferior pole of the dualism.
The human/nature dualism corresponds to what Plumwood (2002) termed
hyperseparation and the problem of discontinuity, according to which it
becomes extremely difficult to see people as “part of” nature, and as a result
of which the dichotomy between human and nature is accentuated further,
with the latter acquiring an inferior quality. She argues that homogenization
leads to a series of underestimations of the complexity and irreplaceability
of nature and explains how, in our androcentric culture, differences are con-
sidered as signs of inferiority and represent the basis for the establishment of
hierarchies. In view of this, Plumwood postulated that ethical theories based
on unity cannot provide a model for any kind of mutual adjustment, commu-
nication, or negotiation between the different parties and, thus, do not help to
construct ethical relations.

Conclusions

Women have been and are fundamental agents in raising awareness of the eco-
logical crisis and have participated and participate actively in the construction
of a more sustainable model of development. The gender perspective con-
tinues to be necessary when analyzing factors that influence environmental
attitudes and behaviors, bearing in mind that the promotion of such attitudes
must aim to involve men more in the private sphere and women more in the
public sphere. I agree with Alicia Puleo (2008, 48-49), who states that women
are not the saviors of the planet nor the privileged representatives of nature;
they can, however, contribute to a sociocultural change toward equality that
will ensure that the practices of caring for others—that have historically been
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located within the female domain—become universalized both in developing
countries as well as in advanced industrialized societies. In other words, men
and women should take on these practices and they should be extended to the
nonhuman, natural world.
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Environmental Education as Training: A Case Study
at the University of the Basque Country
(UPV/EHU)

ARAITZ USKOLA IBARLUZEA
The University of the Basque Country (UPV/EHU)

The five objectives of Environmental Education (EE) formulated by UNESCO
(1977) range from increasing awareness of and knowledge about environmen-
tal problems to making the leap to action and social participation. Neverthe-
less, during the 1990s, it was noted that EE programs emphasized progress
toward those objectives related to knowledge acquisition and raising aware-
ness, forgetting those related to competence-based training and citizen par-
ticipation in managing environmental problems.

Practical experience of the complexity of both natural systems and envi-
ronmental problems has led to modifications in educational approaches,
both in EE and in other areas, such as science teaching (OECD 2007), with an
emphasis on the aim of developing well-informed students who are capable
of addressing socio-scientific problems, making decisions, and taking action
accordingly: in sum, educating for citizen participation.

With a similar understanding of science, Silvio O. Funtowicz and Jerome
Ravetz (1993) have introduced the concept of “postnormal” science and
believe that in the case of socio-environmental systems (which entail high
levels of risk and uncertainty), individuals’ values are fundamental, not sec-
ondary, elements. In this way, both experts and nonexperts acquire a more
balanced power of decision making, given that there are no definitive solu-
tions endorsed by science.

Thinking about complexity has likewise been reflected in the need to
change educational proposals in EE through institutional documents and
declarations. For example, the United Nations (UN) Decade of Education for
Sustainable Development 2005-2014 program (UNO 2002) “breaks down the
traditional educational scheme and promotes a host of different approaches:
interdisciplinary and holistic learning rather than subject-based learning;
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values-based learning; critical thinking rather than memorizing; multi-
method approaches: word, art, drama, debate, etc.; participatory decision-
making; [and] locally relevant information, rather than national” (UNESCO
INRULED 2004-2010).

Environmental Education as Training for Action

In the context of EE, several Danish environmental educators (Breiting 1995;
Jensen and Schnack 1997) have called for a new EE that is directed toward
training for action and that takes into account the need to consider the con-
flicts of interest entailed by every environmental problem. In this way, the
abilities to think critically, to clarify one’s own values, to put oneself in some-
body else’s shoes, to discern the data on which an argument is based, to make
a decision, and to take action in consequence become the fundamental edu-
cational objectives to be pursued.

Bjarne Bruun Jensen and Karsten Schnack (1997) talk about action com-
petence, associating competence with the ability and desire to be a qualified
participant, and emphasizing the intentionality of actions in order to distin-
guish them from behaviors, activities, and habits. They contrast the search for
action competence to the search for behavioral change, a primary objective
of the majority of current EE activities and programs. In behavior-changing
activities, educators decide what is the best behavior for the good of the envi-
ronment, basing their decision on the certainty of scientific analyses, with-
out taking into account other factors, such as the values of the individuals
involved. If the activity is successful, the participants will demonstrate appro-
priate behavior, but it is unlikely that they will have developed the compe-
tence to take action in response to new problems or to jointly construct a
sustainable society.

In activities designed to train for action, in contrast, the educational pro-
cess is more important than the product. From this perspective, the educa-
tor should not direct his or her efforts toward achieving a specific change
in behavior, but rather should facilitate scenarios that can develop students’
abilities so that they can decide, using their critical skills and in a demo-
cratic way, what direction change should take. The aim, consequently, is to
develop “a critical, reflective and participatory approach in which the future
adult can cope with environmental problems in a democratic way,” instead
of “prescribing to pupils certain behavioural patterns here and now that we
believe contribute to solving current environmental problems” (Mogensen
and Mayer 2005, 14).

This new perspective entails a major change when it comes time to for-
mulate the objectives of educational interventions, since an activity may have
high educational value despite not having high environmental value. These
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activities will have to be evaluated “on the basis of their educational value and
thus according to educational criteria. . . . The crucial factor must be what the
students learn from participating in such activities, or from deciding some-
thing else” (Jensen and Schnack 1997, 165).

Decision-Making Ability

From the perspective of training for action, the participants are the ones
who, using their critical skills, decide the direction of the actions to be taken.
The ability to make decisions is, therefore, considered one of the fundamen-
tal abilities that EE should develop. Various aspects of this ability have been
studied: the number and kind of criteria used to make a decision, the con-
sideration or lack thereof of “conflicting” criteria, the priorities among crite-
ria, and whether the process is compatible with a normative decision-making
framework. In the case of environmental problems, it becomes important to
analyze the types of criteria constructed and used in decision making, paying
special attention to the category of ecological criteria (Hogan 2002; Jiménez-
Aleixandre and Pereiro-Munoz 2002; Patronis, Potari, and Spiliotopoulou
1999; Wu and Tsai 2007).

One way to analyze a decision-making process is to compare it to nor-
mative frameworks for that process (Kortland 1996; Ratcliffe 1997), accord-
ing to which someone first accepts the challenge of deciding, then looks at
what the alternatives are, establishes criteria, evaluates the alternatives using
those criteria, makes a decision, and analyzes how to implement it (Janis and
Mann 1977). Studies have concluded that the process in daily life usually does
not follow these steps exactly, since formulating alternatives already includes
evaluating them to some extent, and sometimes the decision is even made at
the beginning, conditioning the subsequent process in such a way as to take
into account only the information that supports the decision.

Along these lines, Koos Kortland (1996) studied the decision-making
process of thirteen- and fourteen-year-old students who were making a deci-
sion about buying milk in different containers, a subject related to waste
management. He concluded that the students considered few criteria and
those they did consider favored their choice, so that they avoided prioritiz-
ing conflicting criteria. In a related analysis, Mary Ratcliffe (1997) studied
the processes used by fifteen-year-old students in the course of five decision-
making tasks. She developed a six-step normative framework that she had her
students explicitly follow when she presented them with the situation about
which they had to decide. She analyzed the general procedure followed by the
groups, studying the sequence of steps and measuring the time dedicated to
each one. She concluded that her students began to evaluate options at the
same time that they identified criteria. In the cases in which the students were
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capable of explicitly identifying important criteria, this helped to focus their
discussions, since they were more attentive to information relevant to those
criteria and evaluated the options more systematically.

Developing Critical Thinking

Developing critical thinking is, as the UN proposes (UNO 2002), one of the
objectives that EE should pursue. Finn Mogensen and Michela Mayer (2005)
even consider this ability the chief prerequisite for the development of action
competence.

Several authors identify critical thinking with the ability to evaluate
the consistency of a statement supported by evidence (Siegel 1988; Kuhn
1991). Studies on argumentation are acquiring special relevance in the field
of research into the teaching and learning of science (Erduran and Jiménez-
Aleixandre 2008), something of great interest for EE.

For some authors, on the other hand, the highest level of this ability is
manifested in the ability to think through positions opposed to one’s own
and the evidence that supports them, as well as to rebut others’ arguments by
using appropriate evidence (Erduran, Simon, and Osborne 2004; Kuhn 1991;
Zohar and Nemet 2002). In this way, rebuttal is understood as a need to ques-
tion the data for the opposing arguments. Sibel Erduran, Shirley Simon, and
Jonathan Osborne (2004) developed an instrument to measure the quality of
argumentation on the basis of the presence of rebuttals in the arguments put
forward in episodes of clashing opinions. Maria Pilar Jiménez-Aleixandre,
Ramoén Lopez Rodriguez, and Erduran (2005) modified that instrument and
introduced one with five levels of quality.

Nevertheless, Jiménez-Aleixandre and Blanca Puig (2010) believe that
this component related to argumentation has to be supplemented by one
related to social emancipation. They propose that critical thinking also
includes the ability to express an independent opinion and the ability to criti-
cally analyze discourses that justify inequalities. The inclusion of skills of this
kind under the heading of critical thinking is based on critical theory ques-
tioning the higher value placed on technology than on democracy in current
society and advocating for a transformation of reality and power relations.
They consequently define critical thinking as “the competence to develop
independent opinions and to develop the ability of reflecting about the world
around us and of participating in it” (Jiménez-Aleixandre and Puig 2010,
1005). This definition is fully consonant with the transformations required
by a transition to a more sustainable society, for which reason it will be the
one that we will adopt when referring to critical thinking as a capacity to be
developed by EE.
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Contexts for the Development of Competence-Based Training and
Critical Thinking

The development of decision-making and critical-thinking skills and reflec-
tion on the complexity of environmental problems requires complex contexts
of teaching and learning. Along these lines, some authors (Colucci-Gray et
al. 2006, 248) propose “to integrate the more traditional ways of teaching sci-
ence ... with direct experience of complexity, as for example: the study of
complex issues; the use of complex teaching methods (simulations, group
discussions, debates); the involvement of different levels of personal develop-
ment.” Jiménez-Aleixandre (2008) urges tackling authentic problems, those
that do not have an immediate or obvious solution; are relevant to the stu-
dents, because they are situated in a real-life context; require investigation to
solve; and are open to different responses or different processes.

The debates generated in the discussion of such problems constitute a
learning context that offers opportunities to develop argumentative compe-
tencies, since it puts students in the position of justifying their affirmations.
If the problem also includes a social component, and scientific data is not
sufficient to resolve it, it will likewise provide an opportunity to develop those
aspects of critical thinking associated with social emancipation (Jiménez-
Aleixandre and Puig 2010).

Problems of this kind also constitute an opportunity for knowledge con-
struction (Sadler, Barab, and Scott 2007), since they form a context within
which the content treated makes sense to the students. Improved conceptual
understanding following a task including debate has been shown statistically
by Fang-Ying Yang (2004), who analyzed the number of directly and indi-
rectly connected ideas in conceptual maps extracted from student discourse
before and after participating in the task. Nevertheless, Kortland (1997) did
not observe such an improvement and notes that even if students learn from
the proposed task, they do not learn as much as desired, and the task itself
does not guarantee that a conceptual conflict will result. This may agree with
the findings of Claudia von Aufschnaiter et al. (2008), who put forward the
thesis that it does not appear that the process of debate causes students to
construct new knowledge, but that it constitutes an excellent opportunity for
them to develop a deeper understanding and firmer grasp of their ideas, help-
ing them to make connections across contexts and thereby enabling better
subsequent learning.

Educational interventions in EE are directed toward mobilizing individ-
uals’ values, since those values will turn out to be key when the time comes
to make decisions and take action. As a consequence, cooperative work in
groups that try to solve an open environmental problem may constitute a



166 Sustainable Development, Ecological Complexity

strategy that facilitates the acquisition of values characteristic of a sustainable
society.

Nevertheless, when cooperative tasks are proposed, group dynamics are
not always egalitarian, and what happens in the group depends to a great
extent on those dynamics. Along these lines, several authors (Anderson 2007;
Oliveira and Sadler 2008) believe that both social and cognitive processes are
responsible for knowledge construction, a view that combines cognitive and
sociocultural perspectives. Virginie Albe (2008) identified three categories
in the oral discussions that took place in two groups of six students each:
acceptance, collaborative argumentation, and contradictory confronta-
tions. Acceptance consists of accepting the proposals of one member with-
out debate. Collaborative argumentation may take place when knowledge is
constructed on a collaborative basis or when different opinions are explicitly
present within a group and this leads to the need to justify them. Disagree-
ments, on the other hand, may give rise to contradictory confrontations in
which the opinions are not justified, with the result that the object of discus-
sion is destabilized and sometimes even abandoned. Alandeom W. Oliveira
and Troy D. Sadler (2008) observed dynamics similar to those found by Albe
(2008) in the three groups they analyzed, and they concluded that only the
one in which a positive atmosphere was created was able to make conceptual
progress. Lucia Mason (1996) agrees that both co-construction and critical
opposition make it possible to negotiate and share ideas, favoring the con-
struction of concepts.

Training for Action with UPV/EHU University Students

The following lines detail some of the results obtained in an educational
experience designed according to the framework previously described. The
intervention took place in a section of the elective course Environmental
Education and Non-Formal Education in the degree program in social edu-
cation at the UPV/EHU. Twenty-five students (twenty-three female and two
male), approximately eighteen to twenty-three years old and divided into four
groups, were instructed to decide on a heating system for a future building,
choosing among diesel, natural gas, propane, biomass, and electricity. They
were given a twenty-three-page dossier of information on advantages and dis-
advantages of the different energy sources and were provided several articles.
They were not told what criteria they should use to make a decision.

Three sessions were dedicated to cooperative work in groups to read the
information and make a decision and were captured on audio recordings for
later analysis; the fourth session was dedicated to sharing the results and was
recorded on video. The findings presented are based on the analysis of the
oral production of group A (made up of six young women) during the first
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three sessions. The young women’s real names have been replaced by ficti-
tious ones. This study focuses on giving a description of this group due to

the fact that it stood out in several interesting aspects that it is desirable to
highlight here.

A summary of the most noteworthy findings with regard to the devel-
opment of decision-making ability and critical thinking follows. This paper
aims to understand the phenomena studied through the meanings ascribed
by actors to their actions (Erickson 1986). The author is the professor who
taught the course and acted as a participant observer during the sessions in
which the activity was carried out. Of the mentioned aspects related to deci-
sion-making ability and critical thinking, the following will be addressed:

e The decision-making process and its compatibility with
normative reference frameworks

e The selection and use of criteria on which to base the decision

and the evaluation of those proposed

The evaluation of knowledge on the basis of evidence

The ability to rebut opposing positions on the basis of evidence

The questioning of authority

The ability to keep an open mind

The consideration of social inequalities and inequalities in

power

Steps in the Decision-Making Process

In order to analyze the transcriptions of the discussions among the students,
a four-step framework was selected:

1. Proposing criteria (PC): constructing or identifying the criteria that
are going to be taken into account in the process

2. Searching for information (SI): seeking and clarifying information
about the alternatives, taking into account the criteria considered
important

3. Evaluating the alternatives (EA): assessing the alternatives in accor-
dance with the criteria proposed

4. Making a decision (MD): deciding what option is best in accor-
dance with the analysis conducted

The students’ 1,001 interventions during the first two discussion sessions were
accordingly classified in terms of these steps in the decision-making process,
with the result that 75 percent of the total can be considered as belonging to
that process. In terms of the time dedicated by group A to the different steps
in the decision-making process, the data indicate that 49 percent of all the
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oral interventions were dedicated to evaluating the alternatives (of the 1,001
interventions: PC: 1 percent; SI: 20 percent; EA: 49 percent; MD: 5 percent).

At the beginning, without information, all of the students in group A
opted for natural gas and justified that decision on the basis of their view of it
as ecologically sound, cheap, and convenient. Nevertheless, they were aware
that they lacked information in order to be able to make a reasoned decision
and that such a decision had to be based on an evaluation of the advantages
and disadvantages of the different alternatives.

After reading the information, Amaia became aware of the finite nature
of fossil fuels, and that led them to drop their first choice, after which they
explicitly formulated some criteria to take into account in making a decision.
At that point, they appeared to be acting “correctly” according to normative
decision-making frameworks, putting the criteria that were going to govern
the process on the table before rushing to commit to one of the options. In the
following excerpt from the transcription (table 11.1), we can see the variety
of criteria used by the members of this group when it came time to evaluate
the alternatives, as well as the formulation of criteria to be taken into account
in the process.

Table 11.1. Excerpt from the transcription of interventions 164-179 of group A
(EA: Evaluating alternatives; PC: Proposing criteria).

Line | Student Transcription Step in the
decision-making
process

165 | Ane [In reference to fossil fuels] I think that ’'m not EA

finding any advantages.

167 | Arantza Man, the stuff in the cylinders, no, but natural gas, EA

that comes to your house.

168 | Amaia As far as convenience for living. EA

169 | Unidentified | And the cost? PC

172 | Ainara The cost is low, the cost for natural gas. EA

173 | Amaia Man, well, that also, that also interests us, EA

egotistically.

176 | Amaia You look for what causes the least harm and what PC

benefits you the most.

177 | Arrate A mix of everything, the cheapest that causes the PC

least harm.

178 | Ainara And another disadvantage is that it’s not renewable, | EA

that it’s gone,and ...

179 | Ane That if it’s gone, it’s gone. EA

In this phase, they did not make decisions. The subsequent decision was
to rule out electricity (intervention no. 268), but that position led two stu-
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dents to propose opting for electricity and installing solar panels on the build-
ing, with the result that there was a difference of opinion within the group
from that point on.

In the second session, after each student had explicitly stated what her
position was and why, there was an intervention that can be considered key
for the subsequent process. This was intervention no. 533, in which Arrate
made explicit the criterion of taking future generations into account in order
to rebut Ainara, who had noted that “there are still years left” as a warrant in
favor of natural gas (see table 11.2).

On the dialectical level, a notable change took place. In intervention 589,
instead of engaging in rebuttal (as she had been doing), Amaia set out con-
ditions for a shift from supporting the gas option to supporting electricity,
initiating a process of negotiation in which Arantza (591, 594) appeared to
make concessions (“it doesn’t come with labels,” “it’s expensive”) in order to
convince:

594 Arantza: In other words, [electricity produced using solar panels] is in-
deed going to be more expensive, but that expense ... As you go into the
future, it’s going to be the only one that’s going to be left. It’s that, look, it says
here that petroleum [will only last] until 2045.

Before each rebuttal, Arantza first made a concession that consisted of dis-
arming the previous arguments by first making statements of concession and
then weakening or attacking those statements. In the course of the process,
three people were convinced.

As far as the decision-making process followed is concerned, it is dif-
ficult to say whether it fit within the normative frameworks considered or
not, because the process followed was more complex. The normative frame-
work used by Kortland (1996) and Ratcliffe (1997) is more of a linear one
and may be valid for an individual. In this case, however, group dynamics
and the requirement of the task to reach a group decision led one individual
to construct a criterion after adopting a position, something that in principle
is not compatible with the normative framework. In addition, the construc-
tion of this criterion led three individuals to adopt a new decision, something
that would be compatible with the normative framework for those individu-
als at the individual level. This sequence of events—which is open to various
interpretations at the individual level—is considered to constitute something
positive at the level of the group, since it was the group that created a criterion
and was capable of adopting it as an important criterion that would guide the
decision-making process from that point on.
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Criteria Considered

All interventions were taken into account in which a criterion to be applied in
the process was being made explicit or was being used in the process, some-
thing that constituted implicit evidence of the criterion’s importance. This is
similar to what Ratcliffe (1997) did and may be the origin of the wide variety
of criteria identified.

As far as categorization is concerned, this study proposes two categories
for the criteria that make up the “ecological” category in other studies (Jimé-
nez-Aleixandre and Pereiro-Muiioz 2002; Patronis, Potari, and Spiliotopou-
lou 1999; Simonneaux 2001; Wu and Tsai 2007), dividing them into those
that have to do with environmental degradation on the one hand (“pollu-
tion”) and with resource depletion on the other (“resources”). In addition,
sustainability and the future were considered as a distinct criterion (“sustain-
ability”). As a consequence, the kinds of criteria were grouped into seven
categories: economic, pollution, pragmatism, resources, convenience, sus-
tainability, and other.

Group A made a total of 490 allusions to criteria, making it possible to
conclude that the constant debates between parties defending different posi-
tions promoted continual reference to different criteria. Among the criteria,
the “economic” criterion and that of “pollution” were most prominent, with
168 and 96 allusions, respectively. The explanation for this prominence lies,
on the one hand, in the fact that these are the criteria most commonly debated
when dealing with environmental problems, and on the other hand, in the
fact that the two opposing sides in this group did not agree on which option
had to be considered the cheapest and which the least polluting and debated
this until the end. In any event, even if they did not have the same quantita-
tive importance, the “resources” and “sustainability” criteria were key for one
party within the group, and it is worth pointing out the ability group A dem-
onstrated in constructing a criterion of its own, that of “sustainability,” which
was not mentioned in the information dossier provided.

Evaluation of Knowledge on the Basis of Evidence

In argumentation studies, the structure of the argumentative process is ana-
lyzed in a variety of ways (see, for example, the review conducted by Samp-
son and Clark [2008]). In this case, one of those most often used has been
adopted, based on identifying the components of arguments as classified by
Stephen E. Toulmin (1958). In this perspective, the primary elements are the
claims, the data on which they are based, and the warrants that serve as the
link between data and claims. There are also other components, such as the
modal qualifiers that nuance the claim and the backing that serves as theoreti-
cal support for the warrants.
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The discussion among the students was divided into episodes, taking the
approach that a new episode began when there was a change in the activity
being performed or the topic being debated. The arguments constructed by
the group in each episode and their component elements were identified. In
table 11.2 we see an excerpt from the transcription of episode nine of the sec-
ond session. This was the episode in which the students, after having debated
without being able to reach agreement, took turns giving their opinions and
justifying them. In this excerpt, the majority of the elements correspond to
argument one, the claim of which is “yes to natural gas” as the preferred
option.

Table 11.2. Excerpt from the transcription of interventions 532-535 of group A,

session two, episode nine (“Presentation of individual opinions”). (Cx: claim of

argument x; Wx.y: warrant no. y of argument x; MQx.y: modal qualifier no.y of
argument x; Rb: rebuts)

Line | Student | Transcription Interpretation
532 | Ainara | (...) Im also leaning toward natural gas (...).So Cl1
natural gas is more economical, more convenient,
and, well, even if there are few resources, W1.3and W1.4
well, screw it, there are still years left, aren’t there? MQ1.2
And that, well, I don’t know. W1.6

533 | Arrate | The thing is, you shouldn’t only think about the years W6.2/RbW1.6
you're going to be here; think about those who are going
to come after.

534 | Ainara | Yes,but...
535 | Amaia | Sustainable development. Meaning W6.2

Group A had a high level of ability to evaluate the claims made in accor-
dance with data and warrants (Maguregi, Uskola, and Jiménez 2009), since
the group members constructed a total of 99 arguments, 85 of them justified.
In addition, they constructed complex argumentative structures with argu-
ments that acted as warrants for other arguments. About 60 percent of the
arguments had more than one warrant, with some arguments having up to
seven different warrants. As far as the use of evidence or data is concerned, 69
percent of the claims were supported by data or evidence.

Rebuttal of Opposing Positions on the Basis of Evidence

The students in group A were able to rebut opinions opposed to their own by
using evidence and not a mere clash of opinions. In the case of group A, of the
73 arguments constructed in episodes of clashing opinions, more than half
(50.7 percent) were classified in the two highest levels, those corresponding
to rebuttals connected to data or the opponent’s warrants. As an example, we
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see in table 11.2 that Arrate (line 533) rebutted Ainara’s warrant W1.6 in sup-
port of the choice for natural gas by invalidating it as a warrant. Arrate was
not merely saying that natural gas did not seem like a good option to her, but
was rather attacking the use of “the fact that there are still [reserves for] years
of natural gas left” as a warrant, since under this scenario they would not be
available for future generations, something that (“think about those who are
going to come after”) for her constituted a warrant for argument six, the claim
of which is “no to natural gas”

Questioning Authority

Questioning authority is closely related to the previous aspect, since making
a value judgment on the basis of evidence or data means acting rationally and
not deferring to an opinion on the basis of the authority of its holder. In the
case studied, the students did not have an expert opinion to confront, with
the consequence that, in principle, they had few opportunities to question
authority directly. Nevertheless, they did on occasion demonstrate this ability
by questioning the data itself, the dossier they were provided (1090 Amaia:
“Yes, but maybe . . . Don’t always trust notes””).

An Open Mind

Keeping an open mind is considered another aspect of critical thinking. From
the beginning, the students in group A showed themselves ready to evaluate
all options and change their opinions if the data supported a better option.
This is clear, for example, in the following excerpt from the transcription:

93 Ane: So then what? We've already changed our opinion, haven’t we?
95 (Unidentified): [natural gas] It's not so good now.

96 Amaia: Even so, it’s better to read them all.

97 Arantza: Yes, before drawing conclusions, read everything.

98 Amaia: Yes, because after reading natural gas, you think it’s bad, and after
that you read the rest, and they’re worse.

Throughout the process, they were able to realize and acknowledge disadvan-
tages of their own choice on as many as 40 occasions (Uskola, Maguregi, and
Jiménez-Aleixandre 2010).

Open-mindedness was most evident in group A in the changes of opin-
ion by several of its members previously mentioned. It is unusual for people
to change their attitudes, since we tend to pay attention to information that
confirms our interests (Kortland 1996). Nevertheless, Jiménez-Aleixandre
and Cristina Pereiro-Mufoz (2005) and Laurence Simonneaux (2001) found
changes in attitude and evolving views among students who debated socio-
scientific problems. Some of the students studied by Simonneaux (2001)
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changed their position in the course of a debate (4 of 17) and a role-playing
exercise (3 of 17) about setting up a fish farm stocking genetically modified
salmon. Simmoneaux indicates that he was surprised by that fact and puts
forward the hypothesis that it was the task itself, oral discussion, that was
the facilitator of change, since similar results had not been found in previous
research. He does not, however, mention possible reasons for the different
students to change their opinions.

Separately, out of a total of 37 students who analyzed the construction of
a sewer in a Galician marsh (Jiménez-Aleixandre and Pereiro-Mufioz 2005),
16 changed their opinion, and 6 evolved in the direction of a more nuanced
position. The causes they identified for this change were the introduction
of new data and the arguments advanced in the debate among experts. In
this case, the change in attitude produced in this process was caused by the
introduction of a criterion by a student during the process of discussion. This
shows the high degree of responsibility taken on by this group in the assigned
task, as well as the open minds demonstrated by the students who changed
their opinions upon considering an unforeseen criterion and one that in
principle did not support the chosen option.

Consideration of Inequalities

It was not possible to find many allusions to social inequalities or inequalities
of power. Nevertheless, the students were aware that the current rhythm of
consumption affects future generations, and some interventions occurred in
which intergenerational solidarity is evident. This can also be interpreted as an
inequality of power, if not between social classes, still between generations:

90 Ane: No, if we're eating all the energy for future generations.

91 Arantza: Yes.

92 Amaia: How selfish of us!

533 Arrate: The thing is, you shouldn’t only think about the years you’re go-
ing to be here; think about those who are going to come after.

They were also aware that resource scarcity will create inequalities among
social classes:

596 Arantza: Natural gas will last a little longer, but the thing is, inevitably,
as less natural gas is left, so the price is also going to go up, and only people
who have a lot of money are going to be able to get it. In other words, as the
reserves are increasingly depleted, it’s going to go up more, what’s happening
with gasoline; in the end, only rich people are going to be able to have a gas
car.
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Conclusions

This study has confirmed that university students in the group observed,
faced with an open environmental problem, were capable of following a high-
quality decision-making process by creating their own criteria, evaluating dif-
ferent options according to those criteria, establishing priorities, and making
justified and well-argued decisions. At the same time, the context designed
favored the development of different aspects of critical thinking.

Definitively, tasks and methodological proposals of this kind consti-
tute a good framework for working on training in decision making and the
development of critical thinking. In addition, in the course of the process, the
students in this group were able to jointly construct the meaning of several
difficult-to-interpret environmental concepts key to thinking about environ-
mental problems (Uskola, Maguregi, and Jiménez-Aleixandre 2010).

Nevertheless, the task in itself did not ensure the development of the
mentioned capabilities or the construction of knowledge. This study has con-
firmed that the dynamics produced within groups led to very different trajec-
tories within those groups, conditioning both the decision-making process
(Uskola, Maguregi, and Jiménez-Aleixandre 2011) and the construction of
meaning for environmental concepts (Uskola, Maguregi, and Jiménez-Aleix-
andre 2010), as well as argumentative ability (Maguregi, Uskola, and Jiménez
2009). In fact, the disagreement that occurred between two parts of the group
was key to group A’s process, since this disagreement led the group members
to justify their positions, allude to multiple criteria, rebut the opposing side’s
arguments, create a new criterion, and use the knowledge they had available.
Other authors have also observed the positive effect of disagreement within
groups (Mason 1996; Oliveira and Sadler 2008; Ratcliffe 1997).

As a consequence, there are some variables that we have to take into
account and plan for in our intervention, including group management, since
we should try to ensure that groups are heterogeneous and have internal
dynamics that include a climate of trust that can promote debate (Oliveira
and Sadler 2008). Despite these limitations, learning contexts of this kind
promote the achievement of EE objectives, for which reason we hope that
they can help to train students for action. In other words, as Mogensen and
Mayer (2005) note, even if only over the long term, they can help students to
participate actively and critically in constructing a more sustainable society.
We do have to be aware, of course, that we face “the dilemma of environ-
mental educators, who as environmentalists are in a hurry and as educators
cannot be” (Calvo and Gutiérrez 2007, 47).
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This chapter examines the ways in which the production practices and val-
ues of inshore Basque fishermen converge with a widespread interest in the
care and protection of the marine environment. It investigates the correla-
tion between social values and the environment. Or rather, this work analyzes
how fishermen resolve the apparent contradiction between maintaining the
productive activity of fishing, an activity that depletes resources, while still
defending its future for coming generations.!

While a detailed analysis of practical knowledge in various Basque fishing
ports might bring to light the dissimilarities between them, seen together the
framework of sustainable practices in Basque fishing communities remains
very similar at a fundamental level. This paper seeks to highlight only the
main aspects concerning the development of sustainable practices; its analy-
sis pertaining to the multiple aspects of fishing activity remains relatively
cursory. To this end, a small number of the characteristics and patterns of
inshore fishing on the Basque coast are condensed. Equally, this paper con-
siders some important milestones—key characteristics in Basque inshore
fishing—and then links these to the hypotheses set out in this work.

Fishing and Environmental Issues

Ecological Niche, Production, and Values

The characteristics that largely determine an ecological niche are the use
and exploitation endeavored by humans. Thus, the relationship between an

1. The reflections that appear here are from the doctoral fieldwork of Perez Aldasoro in 2000, as
well as subsequent postdoctoral research on attitudes and values in the fishing port of Hondarribia
(Gipuzkoa).
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ecological niche and humans tends to be characterized by reciprocity (Bier-
sack 1999, 9). That is, an ecological niche—or the space where human activi-
ties evolve—is largely anthropogenic, having been transformed throughout
history by human communities. Moreover, there exists a set of constraints
operating between the environment and human inhabitants (Sanmartin Arce
1982, 46).

Humans receive the majority of their needs for survival from such an
ecological niche, but the environment is also where they live, constituting
their natural world. This terrain is echoed within the development of human
social relations, as well as in the ways individuals come to embody certain
desires and frustrations. Humans maintain an aesthetically affective relation-
ship with their respective ecological niches, and this is the space that mani-
fests the unique aspects of a cultural system (Tolosana Lison 1973).

The different techniques that fishermen have used to carry out their work
throughout history are the result of putting into practice a body of accumu-
lated knowledge, passed from generation to generation among fishermen,
as well as the social values developed around the ecological niche. One of
the most important processes of mediation between a social group and the
environment is production, defined as the means through which people are
organized to appropriate and transform an aspect of the natural world. Pro-
duction, moreover, involves human labor to create goods that meet individual
and collective economic needs. The production process (i.e., the conjunction
of organic production, circulation, and consumption) involves certain forms
of labor, capital, and natural resources that are determined according to the
product to be obtained (Castro and Lessa 1982). Thus, all production involves
akind of degradation, which is expressed in resource depletion and pollution,
among other outcomes.

Within the interaction of social processes and nature, it is possible to
distinguish two elements that unite each dynamic: (1) the forms of appro-
priation and transformation of nature through work, and (2) the technical
strategies used for such appropriation. In effect, technique is the instrumental
link between nature and society. Given that it is inextricably linked to work,
technique refers to the various forms and methods used upon the natural
environment. In a similar vein, Talcott Parsons argues that technology is “the
socially organized capacity for actively controlling and altering objects of the
physical environment in the interest of some human want or need” (Parsons
1966, 15).

Environmental degradation is often the direct or indirect consequence
of the application of inappropriate technology; namely in this case, some
inappropriate fishing techniques that only take into account the criteria of
efficiency and economic profit. These activities fail to appreciate the natu-



Social Values and Sustainable Practices among Basque Fishermen 181

ral rhythm and functioning of the ecosystem upon which they are applied.
While technologies can help meet demands, they can also kill, poison, and
strip resources.

The combination of work, technical, and natural resources makes up a
complex system within which a variation of one of its elements necessarily
affects others. The definition of an environmental problem, in a particular
space and time, is thus linked to the core defining features of social organiza-
tion in its interaction with the given environment. Therefore, fishing, in any
instance, cannot be seen as an activity removed from historical and social
reality. Moreover, it is inextricably linked with every community and area
around the Basque coast.

Ownership of the Sea and the Restriction of Access to Resources

In nonfishing communities, there existed a traditional concept avowing that
the ocean was a collective resource and, therefore, access to it was free, away
from the canons of private property. This concept dovetailed with the idea
that the marine environment was an inexhaustible source of wealth. These
two views are not shared by fishing communities, in as much the communal
character of the marine environment has developed as a series of mechanisms
that regulate free access to marine resources (Lopez Losa 1996). These mecha-
nisms gain their significance in producers’ organizations that regulate activity
and are governed by the producers themselves. One model of this style of
organization is that of the fishermen’s guilds (cofradias de pescadores).*

Although the ocean is theoretically free and the assumption is that fish-
ing is comprised of open access to exploitation, the realities of practice diverge
from this somewhat. In fact, fishermen develop mechanisms to restrict the
access of other competitors through various methods. Thus, in practice, fish-
ing is not a private resource, but neither is it an entirely free resource. Fisher-
men do not own the ocean, but through the practice of their work, they may
acquire certain rights of use (Corn Alkorta 1993).

Basque Inshore Fishing

It is virtually impossible to date the beginning of fishing as an economic
activity in the Basque coast. There are, however, archaeological remains that
prove its existence in the pre-historic era (Carcamo Grace 1996). There is no

2. Essentially, cofradias or guilds of mariners emerged in the Basque Country at two distinct
moments in history (Erkoreka 1991): when the need first arose to address a growing number of chal-
lenges and problems related to fishing. Shortly thereafter, Cantabrian fishermen began to cluster into
collective guilds, known as cofradias and the oldest fishermen’s guild in the Cantabrian coast origi-
nated in the Middle Ages. Then, in the thirteenth and fourteenth centuries nautical guilds were estab-
lished in Hondarribia (Fuentarrabia), Donostia-San Sebastidn, Deba, Lekeitio, Bermeo, and Plentzia.
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doubt that fishing is one of the region’s oldest and most productive activities
and may well explain the entire history of human settlement patterns in the
coastal marine environment (Rosique and Rebato 1997).

Although fishing is currently enduring tough times (Caja Laboral Popu-
lar 2010), the Basque people maintain a deep connection to its culture. Sym-
bolically, fishing has created ethnic and cultural identities; this is reflected in
celebrations, rituals, and in the collective imagination (Caro Baroja 1978).?

Until the mid-twentieth century, inshore fishing was unsystematic,
deploying only a very low level of technical applications. For example, the
reflection produced by the movement of fish (known as ardora) and the pres-
ence of predators (known as manjua) helped fishermen to detect the presence
of their catches. It also showed them where to cast nets and rods so that their
efforts were fruitful (Arbex 1978). Nowadays, technological advances in fish-
ing have facilitated the detection and location of fishing grounds.

At present, the inshore fleet consists of 205 vessels representing 76.6 per-
cent of the total Basque fishing fleet and 0.27 percent of all fishing vessels of
the European Union (EU).* In addition, inshore fishing employs the most
people in the sector as a whole, or a total of 1,484 jobs (56.6 percent of all
Basque fishermen). The inshore fleet, however, has smaller and less powerful
boats. The sector is experiencing serious difficulties for survival given large
price variations, quotas set by the EU, and the need to intensify efforts in
order to cover fixed costs (Caja Laboral Popular 2010). The 205 vessels form
two distinct groups—the traditional fleet and the surface fleet—that differ
based on vessel size, the type of fishing gear employed, and species caught.

The Traditional Fleet

The traditional fleet is composed of about seventy-three vessels, with a gross
register tonnage (GRT) of under fifty register tons and crews of up to five peo-
ple. The most common fishing method is long-lining (palange), in which several
fishhooks are suspended from one line. The most important catches are hake
(Merluccius merluccius), sea bream (Archosargus rhomboidalis), and mackerel
(Scomber scombrus). Small boats carry out bottom fishing with small crews.
These types of boats perform their tasks both day and night. Many types of fish-
ing gear are engaged, including pots, lines, rods, and small nets, among others.
These boats start their season in late February. The first months are
devoted to fishing for hake, horse mackerel (Trachurus trachurus), and mack-
erel—all with a hooked fishing rod (al anzuelo) until mid-June. Later, some of

3. A recent study of the Basque economy shows that fisheries have reduced activity by about 50
percent in the last twenty years (Caja Laboral Popular 2010).

4. Data provided by the Department of the Environment, Planning, Agriculture and Fisheries of
the Basque Government in September 2010.
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the vessels engage in fishing tuna (Thunnus alalunga) with a trolling system.
They practice this fishery until mid-October. At the end of the season, some
vessels may engage in collecting subsidiary algae.

The Surface Fleet

The surface fleet is composed of around 132 vessels, weighing over fifty reg-
ister tons with an average crew of twelve people per boat. Vessels engaged in
surface fishing work two seasons that form the axis of its activity: fishing tuna
and inshore anchovy. While this fleet is dedicated to fishing anchovy (Engrau-
lis encrasicolus) and tuna, it can also render significant catches of mackerel,
horse mackerel, and sardine (Sardina pilchardus). The fleet’s season is between
March and October (March to June is anchovy season; July to October is tuna
season). Anchovy fishing boats leave daily from the harbor at sunset, fishing
at night and returning to port in order to sell their catch in the early hours
of the day. The gear used is purse seines netting. Once the tuna fishing boats
depart from port, they stay at sea for a couple weeks. The number of days at
sea will depend on the supply of bait and the amount of tuna caught. Tuna is
caught individually using baited rods.

Gear and Sustainable Fishing Techniques

There are many advantages offered by sustainable fishing gear. The main
benefit of this kind of fishery is related to the specificity of the actual catch,
since no harm is done to any other species. Moreover, no smaller fish are cap-
tured; thus, the discarding of fish (that could be used later as bait) overboard
is almost nonexistent. By using these fishing techniques, the seabed does not
suffer any alteration, nor do they damage the marine ecosystem.

Long-line Fishing

A long-line consists essentially of a main line that carries many hooks attached
to it by other lines (brazoladas). The hooks are spaced apart at a given dis-
tance depending on the length of the ganging (so that they do not cross) and
depending on the species to be captured.

There are long-lines of various sizes used in fishing, from those measur-
ing only 100 meters, to those in excess of 60,000 meters. In the traditional
inshore Basque fleet, a long-line rarely exceeds 1,000 meters. Long-lines are
also composed of accessories needed for its floating, anchoring, and signal-
ing. The long-line is cast above a given height of the ground that depends
on the distribution of these accessory elements. Long-lines for bottom and
surface fishing depend on the species to be caught and the season.

In order to rig the long-lines, when cast, the vessel is maintained in the
proper course and at a speed of up to 9 knots, according to sea conditions. At
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the first pass, a buoy is hoisted to a flotation device that is tacked to the lead
winch that then passes through the drum. The rigging operation continues
until the collection of the end of the line head.

Fishing by Purse Seine Netting

The purse seine netting gear is used mainly in Cantabrian anchovy fishing,
but also to catch lesser fish, such as horse mackerel, sardines, or mackerel. As
its name suggests, the “purse” seine net is designed to encircle a school of fish
by forcing them to stay within the circle formed by a large net. Once the pod
is inside the circle, the net narrows, capturing the fish in a pouch.

Once the school is located, the vessels proceeds in order to determine the
starting point for rigging the net. To this end, it is necessary to know precisely
the size, speed, and direction of travel of the school; prevailing wind; and cur-
rent; among others. (The size of the gear and maneuverability of the vessel
are known in advance by the skipper.) To calculate the first three elements,
the boat crosses the school several times, always coming from behind. In each
pass, it leaves a buoy in the center of the school in order to take bearings that
serve to confirm its direction and speed. This operation can also verify the
density of fish school.

Once placed in the starting position, a dinghy sets out and grabs the fore
fist of the net with a corresponding throw starboard. The seiner navigates
in a circle and the gear is cast while simultaneously arriving at the starting
position. Aided by a hydraulic pulley casting, the dinghy collects the net right
after it is cast and begins to tack it in order to close the circle. The dinghy
moves along the side of the “cod end” and incorporates part of the headline.
Once the cod end is closed, dip nets or large vacuum tubes are used to load
the fish on board.

The nets that Basque fishermen use are rectangular, having a length of
approximately 300 meters and a height of 70 meters. With regard to technical
measurements of the nets, one must take into account the species to be cap-
tured and the size and power of the given vessel, as these technical differences
influence the choice of the dimensions of the rigging.

Tuna Fishing Using Live Bait

Fishing with live bait was first used by Basque fishermen in Spain in 1950, after
its effectiveness was realized in the neighboring ports of Hendaia (Hendaye)
and Donibane Lohizune (Saint Jean de Luz) in the French Basque Country.
In turn, this fishing technique was also exported to the coast of California
(Ingelmo 1984). Tuna is caught one by one, using small, live sardines, ancho-
vies, or horse mackerels. These baits are kept alive on board in nurseries that
are composed of huge tanks and that maintain a constant flow of seawater.
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First, fishermen must locate a school of tuna. Once found, a few live bait-
fish are tossed into the water so that the tuna approach the boat. Meanwhile,
the other anglers bring out a thin hose that sprinkles “rain” over the water
and prevents the tuna from seeing the boat. Then, using a bamboo cane with
a short line, the fishermen release a few live fish that have been hooked. Next,
the tuna (a very voracious fish) go into a feeding frenzy biting anything that
shines or moves, ultimately ending up caught on the hooks.

The school then piles up alongside the boat and the fishermen then catch
them one by one. The duration of the fishing depends on the tuna themselves.
Once their appetite is satiated, or they have been scared for any reason, they
cease to bite the hooks and move away. This fishing requires great concentra-
tion and coordination from the crew, because if the tuna scare or escape the
hook, it is likely to be caught by others or to seek shelter deep at sea.

In addition to this active fishing technique, there is a variation exploited
by some boats in Hondarribia called trolling, or the troll (Burrutxaga 1992).
The technique involves dragging bait or a lure from the boat so that the fish
are tempted. The boat speed adapts to the dynamic characteristics of the fish
to be captured. In the case of tuna, a fish that is a good swimmer, the boat can
cruise from 5 to 8 knots. This fishing method is most often used when fishing
for bighorn or Atlantic bluefin tuna (Thunnus thynnus).

Unsustainable and Over-exploitative Fishing Gear

In 1980, the French introduced driftnets and pelagic trawls in the Bay of
Biscay. In contrast to traditional methods, fishing with driftnets and pelagic
trawls can be done throughout the year. Traditional techniques are necessar-
ily limited to the time of year when the anchovy and tuna surface (i.e., spring
and summer).

In trends starting with the use of driftnets and pelagic trawls, the catch
from traditional fleets gradually declined, with decreases in several differ-
ent periods linked to the technique that was used. Live bait catches began
to decline after 1990, while long-line catches fell sharply between 1986 and
1991. The yield of bait catches plummeted in 1991 and 1992 (Macias and
Ferreiro Ares 1997). The lowest catch was recorded in 1999.°

Various target species, including hake, disappeared from traditional
catches with the arrival of the pelagic trawls. With the disappearance of hake,
only two economically viable fish remained for traditional fisherman in the
Bay of Biscay: anchovy and tuna. Both species showed signs of attenuation,
due to declining catches. Furthermore, these unsustainable techniques had a

5. For telling reports on fleet catches during these years, see http://www.azti.es/en/responsible-
fisheries-management.html Basque.
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negative impact on some nontarget species, such as dolphins and other ceta-
ceans, which were often found floating dead in the sea (European Commis-
sion 2004, 10).

Driftnets

Driftnets or drift fences (volantas) are made of polyamide multifilament and
have a density appreciably higher than the seawater. They are composed of
successive chain links up to 100 by 100 meters in measurement. Thus they
can be adjusted to reach a variety of depths. Once placed in water, the nets
remain floating on the surface by a headline, boltrope, or a line of floats so
that the net falls and hangs down toward the bottom of the water. It remains
upright weighed down by a second headline measuring about 20 feet below
the water.

Lighted buoys are attached to the ends of the nets, since they operate at
night in areas between 3,000 and 5,000 meters deep. At the outset, given the
location of the nets and their tendency to drift unchecked upon the ocean’s
surface, their use constituted a significant obstacle to normal navigation and
more likely than not to boats and ships in general. Further, there has been a
direct drop in the catches of Basque inshore fisherman that has apparently
been caused by the navigational interference from driftnets, as the lower
yields have been paralleled by increases in catches from the driftnets.®

The main difference with the use of traditional gear versus the use of
driftnet is that the latter is an entirely nonselective method, especially with
respect to the species of fish caught. This inevitably leads to a significant cap-
ture of diverse marine species, among which a remarkable number are even-
tually discarded and usually dead.

The driftnet strategy is based on a widespread exploitation of a great
mass of the water column. This differs greatly from the selective technique
used by the traditional fleet, which yields a higher quality capture of fish, both
in appearance and freshness. That is, the fish caught using driftnets usually
stay dead for several days under water, consequently degrading the quality of
their meat.

The Pelagic Trawl

The trawls belong to what is considered mobile gear. Whether it is for bottom
or surface use, the trawl is towed by one or two boats that steer into schools
of fish, penetrating their core, so that the fish get caught in the cod end of
the trawl. Vessels using pelagic trawls look for large, dense, and less active

6. This argument is based on data in the work, El Libro Blanco de la Pesca, a study conducted and
published by the Spanish Ministry of Agriculture, Fisheries, and Food in 2008.
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schools of fish, given that pelagic fish are good swimmers and have highly
developed visual and auditory senses. This gives them the ability to recognize
and avoid the trap more easily, especially during the day and near surface lay-
ers of water.

Trawl nets are composed of four or more flat planes. The most common
ways to use these nets are by shaping the planes into rectangular, oval, or cir-
cular form. Whatever form employed, the mouth is left so that it opens very
wide. Its wings are short, and its peak (unlike benthic trawls) is located on the
bottom to prevent the escape of fish from below.

Some Notable Milestones in Basque Sustainable Fishing
The War of the Anchovy and the War on Driftnets

In the early 1990s, there were various confrontations in the Bay of Biscay—
known as the “war of the anchovy”’—fought between inshore Basque and
French ships that were engaged in pelagic trawling. Other incidents occurred
during tuna season, in which French ships using driftnets were confronted.
According to Basque fishermen, uncontrolled development of high-capacity
fishing gear with low or questionable sustainability records (such as driftnets
and pelagic trawls) was contributing to a situation of overexploitation of cer-
tain species, such as hake and sea bream. Having depleted these species, the
very same vessels were engaging in the exploitation of anchovy and tuna, the
two pillars upon which the Basque coastal economy rested. The presence of
these fishing techniques was substantially altering the yields of both species of
fish caught with traditional sustainable gear.

In the war of the anchovy, in addition to rejecting the use of nonselec-
tive fishing gear, there was an unmistakable demand concerning the distribu-
tions of total admissible captures (TAC) and other fishing quotas. Under the
treaty of accession of the Kingdom of Spain to the EU, it was believed that the
Cantabrian fishing fleet employing traditional gear yielded 90 percent of the
anchovy quota, while the French pelagic trawl fleet yielded only 10 percent.
These percentages, however, were agreed between the French and Spanish
based on criteria established outside the fishing world and influenced by con-
voluted political interests.

Basque fishermen argued that quotas were unsuitably applied to fishing
fleets that had cared for their fishing grounds for centuries, while the govern-
ment had not. They also maintained that the rights of access to fishing must
go hand in hand with cultural practices and the economic needs of commu-
nities that have historically relied on its existence. According to the Basque
fishermen, the use of responsible and selective gear should be a key element
in establishing criteria for allocating quotas. At that time, in the early 1990s,
political criteria took precedence over biological facts in establishing restric-
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tive measures on catches. Moreover, these allocations not only failed to take
into account traditional knowledge systems of fishing acquired by years of
practice, but often ignored scientific knowledge concerning natural fishing
resources.

Given low market prices, Basque fisherman refused to continue to enrich
a fishing fleet that competed with them by using nonselective and harmful
gear. Thus, they labeled Spanish and European governmental managers as
responsible for the demise of anchovy during the 2006 and 2007 fishing sea-
son. In their opinion, the governments should have taken into account cer-
tain fishing methods and the impact of their implementation on a particular
species.

Itsas Geroa

In 1995, groups of inshore fishermen from both sides of the Franco-Spanish
border, and persons and entities concerned with the problems of the marine
environment, came together to establish a basis for communication and
exchange of information in order to work together to protect the future of
the ocean. The results of this first meeting were public awareness campaigns
against driftnets and the development of product labeling that let the con-
sumer know how the fish product was caught (i.e., with safe and sustainable
techniques).

The organization Itsas Geroa (meaning “the future of the sea” in the
Basque language) is comprised of almost all the fishermen associations in
Basque ports, as well as conservation groups and other Cantabrian and French
advocates of traditional, selective, responsible, and sustainable inshore fish-
ing. The regulatory statutes of Itsas Geroa explains that this partnership func-
tions based on a common interest in defending maritime cultural and social
values. Thus, it conceives of itself as an instrument that overcomes the con-
ventional isolation resulting from the political, social, and geographical frag-
mentation of seafarers. Its principle aim is to contribute to the establishment
of a social movement that offers answers and alternatives to the progressive
global socio-ecological deterioration of the environment.

By creating a partnership orientated toward responsible fishing, fisher-
men drew upon centuries of struggle they had inherited from the Cantabrian
Sea guilds (cofradias). The guild of mariners, as an institution, had long been
aligned with objectives similar to professional labor unions. That is, its main
objectives were aimed at regulating fishing activity through the control of
labor, the fishing seasons, and the techniques employed (as well as the product
marketing and sales). In this sense, the guilds function as institutions whose
aim is to reduce, or to attempt to mitigate, the risks inherent in the fishing
world. This was accomplished first by establishing measures to moderate the
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dangers connected to their professional activity, and second by creating their
own supply and demand cycles by regulating fishing seasons, which creates
the optimal conditions for profit.

The Charter of Cedeira

Another milestone concerning Basque fishermen in pursuit of sustainable
fishing is their active participation in the drafting of the declaration called the
Charter of Cedeira. The merit of the covenant was that it brought together a
large number of geographically different guilds that had common problems:
overfishing, risky technological improvements in fishing gear and vessels,
poor selectivity of fishing gear, and the environmental impacts of the gear.

The charter’s philosophy was based exclusively on the urgent need to take
action and to recover the ocean. It stated that everyone should take responsi-
bility, both the fishing sector and the administrative sector. Both stakeholder
groups must be prepared to work together to reverse contemporary rapacious
behavior by cultivating responsible attitudes toward the ocean and respect-
ing its rich fishing grounds, marine ecosystem, and biodiversity. The charter
also emphasized the need to develop sustainable business practices through a
management model that, not only took into account the quantitative aspects
of fishing resources, but also the need to maintain a healthy ecosystem as a
prerequisite for recovery.

To achieve these proposed objectives, the stakeholders:

e Imposed an immediate ban on all surface and mid-water trawling

e Amended the to suit the areas closed to the bottom trawling in the
northwestern Bay of Biscay's fishing ground

e Reviewed the minimum sizes of target species

e Determined the maximum size of mesh nets

e Established fair work schedules and living standards for fishermen

e Began to monitor and control all vessels.

In order to curb overexploitation of fish stocks, “fishing strikes” and closures
that scientists deemed necessary took place. Additionally, the stakeholders
sought to upgrade vessels in order to provide the means to ensure that protec-
tive measures could be taken.

Conclusions

The ability and strength of fishermen is anchored in the traditional hold that
fishing has on the Basque cultural world. The most significant aspect of this
tradition is the large group of people devoted to working the ocean—be they
sailors, shipowners, day laborers, or laymen. This human capital has been
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acquired over a great deal of time, along with a number of skills that allow
inshore Basque fishermen to exploit the marine environment and its natural
assets.

While no one in the fishing industry actively promotes nonsustain-
ability, it is arguable that most fishing will eventually become unsustainable.
Therefore, marine resources constitute an asset that must be preserved and
protected. Each fishing season, every fisherman claims that his catch is less
or that the number of fish is declining or that his profit is much lower than
a decade ago. The fishing industry as a whole is steeped in a fashionable pes-
simism, and it is not easy to predict whether fishing itself will end before the
fishermen do. In other words, fishing as a way of life must be preserved. Man-
agement strategies routinely give an excessive importance to the biological
dimension of sustainability, while it would be advisable to pay more attention
to other sustainability criterion.

The new and modern concept of sustainability must consider the ecolog-
ical and socioeconomic dimensions linked to the communities that exploit
natural resources. It is possible to discern, in the articulation between society
and nature, two facets or forms of concern, one rendered by nature and the
other by the social group:

1. The first refers to the specific material aspects of the link, the appro-
priation of elements from the natural environment, and the later
processing and consumption of the elements captured. The differ-
ent phases in the development of a society involve different forms
of domination and control over nature. The degree and character
of this control will depend on many factors, from environmental
variables to economic and ideological concurrences.

2. In this latter manifestation, “the social” inscribes itself within the
second facet. These are the conditions and characteristics needed
to possess an aesthetically affective appraisal of the natural environ-
ment. Symbolic representations of nature acquire a unique aspect
in each cultural system.

Both areas are linked in reality, permanently interacting and mingling with
each other. As Alain Touraine (1982) argues, human action is, in sum, knowl-
edge, labor, and judgment. The material world influences representations as
much as the symbolic world. Therefore, emphasis should be placed on the
material processes and appropriate material resources, without forgetting the
cultural, ideological, and political influences that affect the process of articu-
lation. In this sense, humans incorporate values and identities into processes
of appropriation and transformation of nature from within the social realm.
Nature is understood according to material and ideological forms, or accord-
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ing to particular conceptions that are generated in the evolution of the social
group.

The fishing methods developed by Basque fishermen exploit the marine
ecosystem of the Bay of Biscay while respecting its ecosystem. Due to their
high selectivity, their catches are less numerous than those of industrial fish-
ing, yet their catches have a higher unit value and a higher economic-profit
ratio. Additionally, traditional fishing can be a positive factor in the conserva-
tion of biodiversity and marine ecosystems, given that the sustainable exploi-
tation of inshore resources involves limiting other uses of the coast that have
detrimental effects on ecosystems.

Basque fishermen are not a collection of isolated individuals; they have
a history that binds them to a specific resource and a given ecosystem. They
act collectively in order to organize access, exploitation, and protection of the
resources they exploit. They have created the necessary institutions in order
to self-regulate their catches. Thus, they have prevented not only the exploita-
tion of resources and possible extinction of fishes, but have also enabled a col-
lective, communitarian level of communication that may well ensure fishing
as a way of life (Sudrez de Vivero, Rodriguez Mateos, and Florido del Corral
2008).

Labor is the product of individuals moving within a social fabric that
dictates norms and values. Coping mechanisms and behaviors are derived by
the consistent guidelines set by the social group. The environment, in turn,
will impose its conditions, allowing certain types of intervention over it. It is
essentially simple elements that make up the labor process (work, object, and
environment). At this juncture, it is possible to discern the social and human
elements that will shape the various scenarios that build on the relationship
between society and environment.

In this sense, it is important to note the survival of the guild as an insti-
tution. Despite their problems and difficulties, they represent communities
that have historically been linked to the ocean and that refuse to allow an
uncontrolled exploitation of marine resources. They also form a group clearly
defined through a close interaction between economic activity and ecological
fishing specific to their social and cultural organization. However, the rejec-
tion of the modern techniques of fishing—whether trawling or driftnets—is
not a rejection of modernity; rather, it is a commitment to the future.

The mere fact that certain groups of fishermen (through their organiza-
tions and without the participation of state institutions) are seeking solutions
to their problems should be considered a major step forward. This demon-
strates that there is still a rationale for the survival of these groups in the
changing contexts of the fishing world. It should also be noted that the groups’
influence on fishing has affected the whole of the community, as well as made
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manifest a sense of strong awareness among neighboring communities. It is
virtually impossible to find fish in the local markets that have been captured
by overexploitative gear. Equally, the practice of selling fish below set size and
weight limits has virtually disappeared from fishmongers’ shops.
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Sustainable development is a concept that covers everything from well-being
to globalization in any discipline related to the study of economic develop-
ment. The concept encompasses questions concerning international effects
and implications in the present and in the coming decades, and helps us to
explain what is happening at a local, regional, and international level.

The terms globalization and sustainable development refer to inevitable
phenomena. Globalization is an unstoppable process whose effects have
been felt for decades and whose pace has accelerated over the years. Sustain-
able development emerges in response to the need to preserve and improve
the continuity of our societies and cultures for the inhabitants as well as for
future generations.

It is clear that sustainable development has increasingly gained in scope
based on the idea of the future: without it there can be no future for humans
on this planet. In this sense, there is also another aspect that is equally inevi-
table and centers around a framework of consensus and participation of all
social, cultural, economic, and political actors. By contrast, globalization
seems to be characterized by inexorability (given that it presents itself to us
from the past at a growing pace), and by the imposition of a process in which
most socioeconomic, cultural, and political actors do not participate in deci-
sions, even though they suffer their consequences.

The idea of well-being also appears within this framework and is a con-
cept that is applied when making decisions at a local-municipal level and
represents the overriding objective of sustainable development itself (City of
Winnipeg 1995; Cuthill 2002; Blanchflower and Oswald 2004; Blanchflower



196 Sustainable Development, Ecological Complexity

2005). Participation, in this sense, emerges as an objective of sustainable
development as well as has implications for and connections with well-being.
We consider these questions unavoidable when facing the true challenges of
the future in relation to the concepts presented.

Our reflection is based on the basic ideas of globalization and sustainable
development and captures their most significant characteristics, thus help-
ing us to measure their consequences, objectives, and evolution. We will also
carry out an analysis of the main critiques of these phenomena. We would
also like to consider the ways in which sustainable development is material-
izing from a global perspective and in relation to changes in individual and
social values.

A Review of the Concepts of Globalization, Sustainable
Development, and Well-being

Globalization is not a recent phenomenon. We can trace its advance through
the centuries and note its continuous accentuation. Insofar as we understand
the question as it stands at present, we can distinguish two phases of global-
ization: that which starts at the end of World War II in 1945 and that which
corresponds to the oil crisis of 1973. The second phase, which endures today,
has been more acute, with a pace of growth that is perceived as unstoppable
and out of control. During this period of time, the great influence produced
by recent technological revolutions, information technologies, and commu-
nications is clearly evident. It reaches its dialectic and conceptual peak in the
1990s (Keeling 2004).

The first signs of globalization are found within the financial sphere
and extend to the fields of information and the economy, in general. Also, it
would be impossible today to separate the phenomenon of globalization from
its environmental, political, social, and cultural effects (CEPAL 2002; Lucas
2004). In all of these areas we find four characteristic features that we will go
on to analyze here in virtue of their relationship to sustainable development:

o Globalization is irreversible. Due to the level due to technological devel-
opment attained at this point of the twenty-first century, it would
be impossible to return to levels of isolation similar to those of past
decades, especially with regards to transportation and communica-
tions. This does not mean that globalization should be assumed and,
above all, accepted in a noncritical way. Hence, globalization, con-
sidered as irreversible, must be the object of careful consideration in
terms of its processes and consequences.

o Contradictions exist within globalization. We should understand

globalization as a neutral phenomenon that has both positive and
negative overtones, depending on how managed and directed
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(Lucas 2004). Therefore, in and of itself, globalization is not a nega-
tive phenomenon (although many of its consequences are, especially
due to the neoliberal economy in which it evolves). Neither is it the
best of all possible realities (even though some of its consequences
have been positive). It is quite likely that no single form of globality
exists and that we must aim for the most convenient and respectful
form for all of the inhabitants of the planet (Albert 1993; Rodrik
2001).

o Corresponding fields of influence are at play in globalization. Interna-
tional influences have repercussions on the regional and local levels.
And, vice versa, the influences of the local and regional levels can be
felt at the international level by way of mutual repercussions. Fields
that were previously unconnected now receive clear influences from
each other. This increasingly occurs at a greater speed, inexorably
and with a certain lack of control.

o Inequality exists among those who participate in globalization. Glo-
balization leads to countless imbalances that many inhabitants of the
planet suffer from today. The main agents (governments and multi-
national companies in particular) impose their interests on the less
powerful and poorly organized agents. Only that which is capable
of influencing the economic results of the main agents acquires
the status of reality, while that which is outside the interests of the
main sociopolitical and, above all, economic agents is undermined,
ignored, and even rejected as irrelevant.

Within this framework, we would like to introduce the idea of well-being,
a controversial concept that is defined in many different ways. In fact, there
are as many definitions of the phenomenon of well-being as there are instru-
ments to measure it. We begin from the premise that well-being has subjective
(self-assessed) and objective (ascribed) dimensions. It can be measured at the
levels of individuals or society. And to a great extent it accounts for elements
of life satisfaction that cannot be defined, explained, or primarily influenced
by economic growth (McAllister 2005, 2).

Critiques of Sustainable Development

A considerable number of critiques have been put forward with regards to the
concept of sustainable development over recent years and since the appearance
of the Brundtland Report (World Commission on Environment and Devel-
opment 1987). We will now outline the main arguments and approaches that
have been critical of sustainable development and its implementation, and
that have gone as far as to suggest that the concept of sustainable development
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is nothing more than a utopian vision rather than a map for making practical
decisions; with the consequences that such an idealistic vision implies.

Against the Multiplication of Economic Development

The first of the critiques focuses on the demand made by the Brundtland
Report that development be extended to the whole of humanity (by between
5 to 10 times, as we saw previously). If the development that existed in 1987
already constituted a serious problem for environmental sustainability, the
idea of increasing it by the proportions recommended would represent a
threat that would be disproportionately greater. This critique is amplified if
we consider that the human population is growing at a vertiginous rate, which
means that the needs of a growing population are also growing, even though
they may remain stagnant at an individual level. Therefore, in order to reach
the entire human population of the present day, the provisions of the Brundt-
land Report would already have fallen short (despite already being of great
magnitude).

In response to this criticism, we will present two different solutions. On
the one hand, we could trust that technical advances will enable the efficiency
of production methods to be multiplied in such a way that the impact of more
economic development will result in the same environmental impact as now,
or even less. On the other hand, we could believe that we can somehow find
a new way of developing and organizing ourselves that would imply less of
a burden on the environment and less resources for the planet that would
enable development to be extended to the whole population of the world.
This critique should not imply the limitation of development to designated
areas of the planet, leaving the rest underdeveloped with the excuse of limit-
ing the expansion of development. Neither should we forget that one of the
solutions proposed for this situation would inevitably imply a drop in the
quality of life of those who consume too much, so that the rest of the human
population would then be able to attain decent levels of development.

The Danger of Associating Sustainable Development with Economic
Development

The second critique is based on the speed at which governmental and
company ranks associate “development” with “economic development.” By
doing so, they can thus justify their commitment to sustainable development
without taking into account the other constitutive elements of it. In fact, these
(social and environmental) elements constitute the hard core of the Brundt-
land Report, which focuses on people and the civil and social rights that they
are entitled to.
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Thus, what is of utmost importance for the Rio Declaration (1992) is
the human being, who is recognized as having the right to a healthy, pro-
ductive life in harmony with nature. In any case, although this objection is
not insurmountable or irremediable, it does represent a wake up call of the
first degree to ensure that we do not become distracted from the true mean-
ing expressed in the Brundtland Report. Above all, sustainable development
should be underpinned by social and environmental concerns as expressed
in the report.

Ambiguity of the Concept of Sustainable Development

In relation to the previous critiques, we can also present a third that attri-
butes a certain ambiguity to the conceptualization and definition of sustain-
able development in such a way that it ends up depriving it of all meaning,
rendering the term applicable to any kind of act or process, whether it be truly
sustainable or not. The risk that activities contrary to the spirit of sustainable
development end up being labeled as such is a reality and a mere game of lan-
guage and of business or governmental marketing that seriously jeopardizes
the viability of the process (Robinson 2003, 844).

This ambiguity could lead to people or groups simply looking out for their
own interests and justifying them by emphasizing the part of the definition
that best suits these interests: environmentalists want environmental systems
sustained, consumers want consumption sustained, and workers want jobs
sustained. As Richard B. Norgaard (1988, 607) notes, “with the term meaning
something different to everyone, the quest for sustainable development is off
to a cacophonous start.”

In response to this criticism, some authors, recognizing the breadth and
vagueness of the concept of sustainability, see this more as a positive aspect of
political opportunity than a problem in and of itself. The scope of the defini-
tion enables dialogue and a potential meeting ground to be established for
positions that are initially opposed and that would no doubt be less possible if
a more exact definition was available (Robinson 2003, 844, 849-52).

Opportunism or Sustainable Development

In light of this, a large majority of those who discuss sustainable develop-
ment (at a governmental and business level), brandishing the term within
their speeches and practices, do so in ways that are not entirely honest in
order to gain the favor of a consumer public that is increasingly sensitized to
the situation. It is even used by companies in an “attempt” to satisfy the “eco-
logical” demands of consumers, thus managing to attain even greater levels of
consumption (Morton 2000). In other words, this involves a tactical posture
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as opposed to a clear will to promote sustainability, behind which economic
interests are carefully hidden (Robinson 2003, 842).

The proliferation of standards and certificates of sustainability (based
on environmental friendliness and social responsibility) may be motivated
by this commercial intention. In fact, such standards are being applied to
a growing number of products and services that have emerged over recent
years. On the other hand, the attraction of sustainable development for a
great majority of governmental and business agents resides precisely in the
“business opportunity” that their application represents.

Sustainable Development as a Screen that Hides the Real Problems of
Humanity

The last critique, and the most serious of all, focuses on the undesirable effect
that the dynamic of sustainable development could have on the real problems
of the world today: we may stop appreciating real needs by being distracted by
other problems. Sustainable development would thus function to introduce
successive changes while “threats to the way power is currently distributed
and held” are contained by those in power (Lohmann 1990, 82). By ignor-
ing what is most important, sustainable development would, therefore, be
reformist by not questioning either the distribution of power or situations of
exploitation, and by ignoring questions such as the need for a political and
social change (the antiglobalization movement can be located on this side of
the critique) (Klein 2000).

Those who hold this hard-line view cite indicators (provided by interna-
tional organizations) that clearly point to a widening of the gap between the
rich and the poor across the world, both at an individual and international
level, despite the increase of economic development and the implementation
of actions aimed at sustainable development (Fernando 2003, 9). This accusa-
tion is extremely serious and certainly the most difficult to tackle among all
of the critiques presented here. In any event, these different critiques do not
detract us in any way from a reality that demands a response. It is also impor-
tant to bear in mind the specific applications in which sustainable develop-
ment may ultimately be put to effect.

The Relationship between Well-being and Participation

The need for participation extends not only to all areas of sustainable develop-
ment, but also to the concept of well-being and the applications of it that have
been carried out over recent years. As we see in the process carried out in the
community of the City of Winnipeg (Manitoba, Canada) and in processes
carried out in other places, the procedural cornerstone of them all is the par-
ticipation of citizens and all of the representative actors of the community.
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All of these agents and individual citizens are required to bring along their
points of view and their legitimate interests in order to define and establish a
framework for the objectives and standards to be set in an attempt to achieve
these goals. Therefore, what all of these processes have in common is the will
to continue and follow through (participation). In order to be able to act on
an equal footing, all participants must have the information needed to be able
to consider and make decisions that will reflect their legitimate interests, true
values, and different points of view.

It is also worth noting that a correlation can be seen between greater
indices of satisfaction and well-being in societies that are governed by demo-
cratic systems (as we understand these in the West) than in other countries;
in those societies participation (although far from being perfect) is compara-
tively high.

In the different reports that we have examined (e.g., the City of Win-
nipeg [1995]), the subjects of participation and governance are situated at
the same level as achieving greater quality of life and the sustainability of a
new project. In fact, we see that participation and governance are among the
points that are worked on the most and that are most effectively developed,
with concern for them corresponding to the provision of budget issues and
the procurement of technical means as well as the technical experts capable
of developing them.

The concept of well-being is controversial and defined in many differ-
ent ways (McAllister 2005, 2, 59). The same occurs with the concept of par-
ticipation and especially with respect to its application (Harrison, Munton,
and Collins 2004, 904, 906-7). Both concepts are closely interwoven in their
application to sustainable development in different places across the globe.
Thus, the application of the former necessitates, or is at least implemented
through, the use of the latter (achieving well-being through participation).

The fact that programs and indicators of well-being are being drawn up
in a way that is as participative as possible is helping to identify and make
the objectives marked out by the concept of sustainable development more
specific and measurable (Keyes 1998, 133; McAllister 2005, 14). Well-being
also often implies other measures of change, whether political or relating to
behavior and attitudes, which would be difficult to achieve without the active
participation of citizens (Campbell and Jovchelovitch 2000; Doelle and Sin-
clair 2006). This participation is directed toward decision-making processes
and not only toward the behavior to be corrected. As some authors clearly
indicate, this is the only way to involve citizens in a problem that tends to be
seen as one that is distant from them and that tends to be left in the hands
of politicians and the authorities (Harrison, Munton, and Collins 2004,
914-15).
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The Need to Continue Reflecting on Sustainable Development and
Globalization

We, therefore, see that sustainable development and globalization are con-
cepts that, paradoxically, are as incompatible and antagonistic to each other
as they are inseparable and necessary. While globalization acts in a top-down
way (the global influences the regional and local; the regional influences the
local), sustainable development may act from the top down as well as from
the bottom up (the local influences the global and the regional; the regional
influences the global). In order for sustainable development and globalization
not to be destabilizing forces in the places where they are implemented, it
is important that the influences of globalization reach the different destina-
tions in equal conditions so that they can be chosen or rejected and so that
similar results can be obtained from the influences in the different places in
question.

If this is not the case, the result will be the degradation of the weakest
cultures as well their further lagging behind economically and technically;
the acculturation of those who do not control the flow of information or the
economic mainstream and its values. It is, therefore, also important that the
resulting flow can be equally developed and applied subsequently, thereby
avoiding the creation of frustrations among those who, having the capacity
to develop, are rendered incapable of exercising their capacity due to unfair
game rules at both an international and local level.

In the interests of sustainable development, globalization should be
restrained and limited in cultural, social, and legal terms, especially in situa-
tions in which it falls outside the two premises mentioned previously for its
application. If not, the consequences will be in total opposition to what sus-
tainable development signifies and to its demand for participation and real
decision-making mechanisms.

Finally, sustainable development should not signal the continuity by
other means of a system that has been shown to be unfair and lacking solidar-
ity, as well as harmful to the environment and even unsustainable. Rather,
it should give way to a different world that is not only capable of being sus-
tained in the future, but that also deserves to be.

The Application of Sustainable Development: Values versus Technical
Efficiency

The varying ways in which different authors have proposed that the objectives
of sustainability outlined previously be achieved are related to the theoreti-
cal models that they each base their views upon. For this reason, it is worth
reviewing the dilemma represented by those who proclaim the need for a pro-
found change of values and current lifestyles on the one hand, and, on the
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other hand, those whose overriding belief lies in the possibilities offered by
technology and science.

If a bio-centric view is assumed, then a new ethic, new set of values, and
new way of relating to nature are needed, including the search for technical
solutions to change inappropriate (or nonsustainable) behavior (Robinson
2003, 844-45) being insufficient. We will now see that proposals have been
advanced in line with a complete change of current consumer values (Oskamp
2000, 381). The majority of these indications are aimed at the attainment of
sufficiency, in terms of a behavioral tendency to use less of what is technically,
legally, and financially possible. In relation to behavioral changes in the social
sciences (particularly social psychology), we also find indications of a more
technical nature (Oskamp 2000; Princen 2003, 35).

The measures proposed previously need to be underpinned by a global
intention. Thus, it would be highly dangerous (as well as dishonest) to pro-
pose austerity measures for those who have attained the lowest levels of devel-
opment (and have, therefore, contributed least to the current deterioration),
while those who live in developed countries do not consider a move toward
new values to be so important (therefore contributing even further to the cur-
rent levels of deterioration).

From an anthropocentric viewpoint, it is important to trust in human
beings’ skills and capacity to find technical responses that will enable solu-
tions to be found for the problems that plague us and threaten the sustain-
ability of the planet. In addition to the technical efforts involved in this, it is
important to include the contribution of the behavioral sciences, which also
entail the promotion of values that result in sustainability and ways of imple-
menting values on a global scale (Robinson 2003, 841). The concepts of coop-
eration (equal representation, public participation, transparency, the sharing
of information, consensus) and efficiency (a discussion of labor, economic
scales, specialization, increases in efficiency or the management of govern-
ments in a more business-like fashion, intensification, and conservation) are
representative of this line of thought. The most specific solutions advanced by
this perspective are as follow:

e Implementation of eco-taxes and new charges that will enable
environmental costs to be passed on the prices of different end
products (Agyeman and Evans, 2003, 39)

Elimination of subsidies awarded to agriculture and energy
Trade markets that are structured on more local lines
Accessible housing

Recycling and renewable energies

Efficient transport
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e Agricultural systems driven by the community
e Public participation

e More information

e More efficiency

Within the predominant spirit of this line of sustainable development, coop-
eration is the prevalent focus and implies negotiating, reaching agreement,
implementing, monitoring, resolving disputes, and building confidence
(Princen 2003, 33). In the same way as we saw in the analysis of the previous
approach, we should also point out here that the need for participation and
considered reflections, as well as the capacity to achieve collective solutions,
is also important. This also implies the governance and design of a new kind
of society, although not necessarily with the radicalism evident in the analysis
of the previous approach.

Does Sustainable Development Necessitate a Change of the Economic and
Social System? Reform versus Revolution

Although we shall limit our discussion here to pointing out certain doubts
concerning sustainable development, we will, nevertheless, advance some
key reflections. Both the different critiques of sustainable development as
well as the different applications of it invite us to consider if what is actually
being proposed through this process is the reform of our current economic,
political, and social framework. Similarly, these approaches lead us to ask if
we are heading from a break with this framework toward the implementa-
tion of a new one that would enable us to meet the challenges presented by
sustainability.

If we understand sustainable development as a patch to ensure that a
socioeconomic system on the brink of eruption continues to function (with
the minimum amount of tweaking to enable it to continue on the same lines),
then this would have no meaning at all, as it would fail to slow down the pro-
cess of environmental, social, and economic deterioration. This would merely
signify a delay in the ultimate decision-making processes, thereby serving to
gain more time before the collapse, but not solving the problem of sustain-
ability. In this way, we are faced with one sole possibility: a “paradigmatic
shift,” and, therefore, a more profound change of values than that required by
a simple technological tweaking of the means of production and consump-
tion. We are referring to an “auto-revolution” or, paradoxically, a radical
reappraisal of the needs of the system itself and its will to change and evolve
for its own sake, in order to avoid the catastrophic consequences facing us
before we suffer from them in a way that would be fatal.

Presented in this way, this view enables some authors to see the concep-
tual complexity of sustainable development more in terms of a political act
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than as a scientific concept, a point that further hinders its practical signifi-
cance. In most cases, it is quite clear to see what needs to be done, but prob-
lems arise when political and social obstacles hinder the implementation of
solutions that have been identified.

In all cases, whether in the field of scientific or political debates, or
even in terms of social and economic practices, the application of sustain-
able development should help to reveal the contradictions that currently exist
between the different active agents who maintain different values and differ-
ent interests (which are at times diverging and rarely coincide with the gen-
eral interest). They must, nevertheless, reach agreements that enable them to
face the challenge of a future based on interdependence and agreement (Petit
2003; Prades et al. 2004 and 2005).

To a certain extent, advancing further on this point implies the greater
participation of individuals, more debate, and new forms of public consulta-
tion and debate, which will enable different points of view to be expressed
and taken into account after they have been considered collectively.

The Need for Participation and Transparency

Sustainability is not merely a concept that takes in different fields of action
(social, economic, and environmental), but also one that demands an end to
the fragmentation of decision-making processes. This means that social and
environmental concerns are integrated into decisions concerning econom-
ics and safety (Robinson 2003, 847). It is also a concept that includes both
present generations and those of the future, and that must include different
participatory agents in the process: governments, economic agents, and citi-
zens (especially farmers, fishers, workers, women, children and young people,
indigenous populations, the scientific and technological communities, and
NGOs), as stipulated in Agenda 21.

To be immersed in a process of sustainable development implies the
greatest possible level of participation. And this participation needs the
appropriate transparency, deliberation methods, and decision-making pro-
cesses to properly enable participation. This requires advances and significant
transformations in terms of governance and political organization: a process
of collective decision making that is based on experts’ knowledge, but that is
not determined by them. New forms of social education are also needed that
will help to extend sustainable development to the different environmental,
social, and political settings (Robinson 2003, 852-54).

In any event, we cannot ignore the fact that the key agents involved,
and those that carry the loudest voice of the day, are capital and the means
of production. It does not seem particularly likely that there can be any sus-
tainable development without a real alternative to the needs of the agents
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that currently drive the economic and financial system, and without these
agents collaborating fully in this development. With economic activity being
fundamental for social prosperity, and with technology being one of the most
vital instruments in this activity, we can begin to glimpse the importance that
utilitarian tendencies and the instruments of efficiency and technological
development will take on for those who advocate them.

Conclusion

For along time it has seemed as though the socioeconomic system was omnip-
otent and did not depend upon anyone or anything. It seemed to be beyond
good and evil and even beyond social and environmental realities, which were
reduced to mere providers of resources to be exploited. We thought we could
construct those environmental and social realities at will, in such a way that
they would better serve the socioeconomic interests marked out by neoliberal
capitalism. Now, without losing sight of the fact that the socioeconomic field
influences and even shapes the other two areas (environmental and social),
we find it disconcerting to note that the economic system is part of these two
realities; it is not independent from them, but is rather an intrinsic part of
them. In particular, we find that people and groups of people are not simply
elements to be “used and discarded” within a blind market that includes them
and uses them with the sole objective of obtaining the maximum economic
profit from them (something that we have also discovered of late with respect
to the environment).

It is, therefore, important to clarify what sort of relationship should
exist between globalization and sustainable development (we have already
seen that both phenomena are closely linked, even though this relationship
can sometimes appear to be contradictory). According to our analysis, sus-
tainable development must set the guidelines in this dialectic struggle. And
this must be so due to the fundamental differences between both processes
with regards to the objectives that each of them establishes and their resultant
consequences. It is important to remember that sustainable development, by
definition, requires the participation of all of the social and individual agents
involved in the difficult situations of our present day and that this, in and of
itself, means that the process is of greater importance than globalization.

The latter is governed by mechanisms that are blind to the consequences
that it produces as well as opaque in terms of decision making and participa-
tion; exactly the opposite of sustainable development. Globalization seeks to
impose the economic interests that it is driven by on other nondominant eco-
nomic interests, as well as on different social and environmental situations
that, in this way, remain subordinated to the neoliberal capitalist economy.
Sustainable development, by contrast, implies the pursuit of a socioeconomic
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system that is in harmony with the social and cultural needs of the people
who are part of it. It also implies a scrupulous respect for the environment as
a source of resources upon which any such sustainable socioeconomic system
rests and depends.

At this point, and in order to conclude, we would like to highlight the
key points that emerge from the analysis and study carried out here. These
points indicate the directions to be taken in the future—if this is not already
occurring or has not always occurred in this way—with regard to the ques-
tions covered in this study.

What we find is that while advances have been visibly made with respect
to the environment and in terms of the efficiency of sustainable development,
much remains to be done in terms of the social side of this equation. Appar-
ently the point needs to be highlighted that a society that forgets this aspect
cannot be sustainable. In this sense, we believe that much more effort and
considerable reflection is needed to help us see the need (even economically
speaking) to attain social sustainability (with all that that implies) with the
same level of vigor and urgency as that which is being applied in the other two
more environmental and economic parameters of sustainable development.

Equally, in the future we are going to see a greater debate between pres-
ervationist and conservationist tendencies, between those who advocate
maintaining and improving the system and those who call for the need for
a radical change to the socioeconomic system. This debate will not only be
theoretical, but will also extend beyond the field of ideas into the realm of the
practical and undoubtedly be seasoned with tensions and fierce discussion.
In any event, we will see that both approaches can be equally understood
and merged together, with both approaches mutually complementing each
other.

The third key point in this question will continue to be participation
and the political and governmental changes that are necessary to maintain a
truly sustainable planet. It remains to be seen if advances in these two crucial
issues may help us to clarify this question and to provide it with a satisfactory
solution that would enable the entire human species to reach the new utopia
proposed. We are referring here to the new Promised Earth, the pursuit of
which we must follow if we wish to survive, and some of the keys to which can
be found in sustainable development.
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