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Abstract: The concept of sustainable complex triangular cells may be applied to an
individual of any human society. This concept was introduced in two recent articles. A case
study was proposed to show the applicability of this new concept to Indian populations
without contact with civilization and with a low environmental impact. Here we propose to
apply this concept to a recent study, which claims that the concept of ―common but
differentiated responsibilities‖ refers to the emissions of individuals instead of nations. The
income distribution of a country was used to estimate how its fossil fuel CO2 emissions are
distributed among its citizens and, from that a global CO2 distribution was constructed. We
propose the extension of the concept of complex triangular cells where its area would be
equivalent to the CO2 emission per individual. In addition, a new three-dimensional
geometric model for the regular hexagonal structure is offered in which the sharing of
natural resources (human cooperation) is employed to reduce CO2 emissions in two
scenarios by 2030.
Keywords: Complex Cells; emissions; cooperation; sustainability
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1. Introduction
Global environmental problems have reached worrying heights. Greenhouse gas emissions (global
warming) have resulted in drastic climate changes [1–17] with major impacts on biodiversity, human
society and the planet's biogeochemical cycles [18–29]. Several important international environmental
meetings have shown great concern over the high emissions of greenhouse gases, especially CO2
which is a major contributor to global warming. One of the biggest economic challenges of the 21st
century is how to decrease the use of fossil fuels. Thus, the search for a decarbonized economy is now
a constant goal of many nations. As a possible mitigating solution, the IPCC report of 2007 [30,31]
indicated the use of renewable energy on a large scale to replace fossil energy sources.
Models for mitigating CO2 emissions have been proposed and adopted in international conventions.
The most important among them is the Kyoto Agreement, which proposes a reduction of 5.2% in the
annual rates of CO2 emissions by 2012, based on the emissions of 1990. Countries that are required to
meet these goals are listed in Annex 2. However, countries with the highest rates of annual CO2
emissions, like the United States of America, have not signed the Agreement.
A more effective international policy dealing with the responsibilities of nations in reducing their
CO2 emissions is needed. In 2009, Chakravarty et al. [32] proposed a new concept to mitigate CO2
emissions by a set of nations, which takes into account the differentiated emissions from nations and
individuals and not to adopt equal emission rates for all nations, as the Kyoto Agreement proposed.
This new proposal uses the concept of income distribution in a country to estimate how its CO2
emissions from fossil fuels are allocated among its citizens, from which we can build a global
distribution of CO2. To seek a more fair principle, all individuals who are considered major emitters of
CO2 in the world are treated equally, regardless of where they live. The proposal presents a framework
for the allocation of an overall reduction of carbon by all nations, using the concept of common but
differentiated responsibilities for the emissions by the individual instead of by the nation. We propose
a reduction in the projection of global emissions in 2030 by 13 Gt CO2/year, to reach a total issuance
amounting to 30 Gt CO2/year. Extrapolating from current rates the estimate is that the total emission of
nations in 2030 would be about 43 Gt CO2/year. It is estimated that by 2030, there will be 1.13 billion
individuals considered major emitters. In order to investigate these individuals further, the planet/ world
was divided into four regions: the USA, the OECD minus the US, China and non-OECD minus China.
The present paper also proposes a change in the methodology for defining a weight for individuals
who are minor CO2 emitters (individual annual emissions less than 1 t CO2/year). It is estimated that
by 2030 there will be 2.7 billion people living in poverty, who will make a small contribution in rates
of global CO2 emissions when compared to large individual issuers with higher personal incomes. The
onus to reduce emissions would be directed to the individuals responsible for the greatest emissions
(above 10.8 t CO2/year).
This paper proposes that the concept of sustainable complex triangular cells be applied to any
individual (citizen of the world). The area of these cells represents the overall carbon footprint of an
individual. Approximately 50% of this footprint [33] refers to the individual energy consumption,
which is primarily fossil fuel in the current world energy matrix. Therefore, there is proportionality
between the area of the triangle that represents only the energy footprint, and the area of the triangle
that represents the overall ecological footprint. Thus, it becomes possible to use the concept of
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sustainable complex triangular cells considering only the area of the triangle that represents the energy
footprint, without changing the geometry proposed by Sthel and Tostes in the first article on the
concept of sustainable complex triangular cells [34,35]. With these considerations, the concept can be
applied to the proposal of Chakravarty et al. [32], once their proposals are also applied to an
individual, which is valued by his per capita income (economy), his CO2 emission from fossil fuels
(energy) and the possible reduction of CO2 emissions by these individuals at the level of nations,
making possible a proposal to reduce total CO2 emissions by 2030.
In today‘s society, the three issues of energy, environment and economics are interconnected and
have no separate solutions, as the model of sustainable triangular cells demonstrates [35–38]. We
propose in this paper an extension of the concept of the regular hexagonal community. In order to
achieve this, we use a three-dimensional view of a Regular Pyramid Community (hexagonal base), with
intense human collaboration, a new social paradigm, where we maximize the concept of collective
intelligence, proposing a human strong cooperation as regards the use of natural resources [34,35].
This seems to be the safest way to achieve the goal proposed by Chakravarty et al. [32].
2. Sustainable Complex Triangular Cells: A Three-Dimensional View
The present study uses the concept of sustainable complex triangular cells [34], where a geometric
representation indicates the inseparability of relationships between three the vertices: Energy,
Economy and Environment (―The 3E triangle‖). The area of the triangle is the individual ecological
footprint, but only taking into account the contribution of energy consumption. The complex and
individualistic structure of human society today is represented as a scalene triangle, indicating the
asymmetry of the concepts of the 3E. Due to serious environmental problems faced by people today,
new concepts and paradigms such as ―sustainability‖ have been developed, seeking a more harmonic
relationship among the 3E. A representation suggested in this model is an equilateral triangle,
indicating symmetry among the three concepts (economy, energy, and environment). The model also
suggests a possible coupling of a group of equilateral triangles, which can represent a community
(a triangle for each individual), which, in turn, is represented by a group of six subjects forming a
pattern (network) of a regular hexagon (Figure 1). The model assumes that the sum of the individual
areas of equilateral triangles is larger than the total area of the regular hexagon, which indicates a
decrease in the energy footprint when natural resources (energy) are shared. A situation that
exemplifies this model is the use of public transport instead of using private transport (cars), with a
significant reduction in the use of fossil fuels, thereby reducing CO2 emissions.
In the regular hexagon model, as explained above, this is a pattern in which the relationships
between the members of this ecological community are nonlinear, involving multiple feedback loops.
A sustainable human community, which shares resources [39], requires that the various relationships
between its members are interdependent. Strengthening the community means improving relationships
between individuals (cooperation), thus maximizing the concept of collective intelligence [40–43], in
order to allow other similar structures to engage among them. A sustainable social model is generated,
so that: (i) it continues to exchange energy and matter with their environment, being structurally open,
(ii) but has a closed growth pattern (network), being a self-organizing system [44].
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Figure 1. Regular hexagonal structure: sharing natural resources (cooperation) [34].

The pathway to sustainability, applying the cooperation model, involves governmental programs
and organized society. Many actions are intrinsically associated to Energy, Economy and
Environment, as environmental education, public policies aimed at economic and environmental
sustainability, encouraging recycling practices, reduction in consumption of natural resources (water,
soil and air), sustainable land use, pollution control, energy efficiency programs, stimulating transport
collective use of renewable energy, among others.
From the chaotic structure of the current model of individualized asymmetric scalene triangles [34],
order can be generated from a non-deterministic change in the cultural paradigm that leads to a human
emergency [45] through an intense social cooperation. Thus, order can be obtained from regular
hexagonal relationships that allow numerous engagements, forming a network structure, which share
natural resources and environmental services sustainably. The use of renewable fuels on a large scale can
be inserted into this proposal to arrive quickly and safely to the planned sustainable decarbonized economy.
The community of Indians of the Envira Amazon River, who had no contact with civilization, living
in an economy of hunting and gathering, using a rudimentary agriculture for subsistence, was used as
study of case for the sustainable model of complex triangular cells. Thus, the equilateral triangle that
represents an individual of that community (Indian) tends to be ―collapsed‖, [34] once its vertices
would converge to the center of the triangle, due to the lack of definition of the concepts of economy,
energy and environment for this individual. This collapse leads to a sudden reduction of the area of the
triangle, indicating an almost zero carbon footprint for each individual. This situation can be
appropriately applied to the regular hexagon model (Figure 1), since cooperation is a central feature of
this collective community. If we apply the ―collapse‖ concept in this Indians regular hexagon, we will
notice the formation of a circle with a very small area, approaching the limit of a point, which
demonstrates the minimal footprint of this community, which was possible through the sharing of
natural resources [39]. In a highly sustainable relationship with the environment, the community
practices a form of group intelligence, which improves their continued survival. Interestingly, this
indigenous society represents the lower limit of the environmental cost of the regular hexagon model.
Therefore, this is an ideal case for sustainability. The current model of civilization will never return to
this lower limit, but that limit already existed at the beginning of the formation of human civilization
and yet endures today, as in the case of the Indians of the Envira Amazon River.
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If these sustainable hexagonal networks are coupled to generate sections of a pyramid (Figure 2a),
after successive engagements, we will reach a basic regular hexagonal pyramid. The generatrix point
of this pyramid represents societies with minimal ecological footprint, like primitive societies in Africa
(Hazda) [46,47] or Amazon Indians. The increase in the ecological footprint starts from that original
point, when other individuals are arranged to complete the stratification of the Regular Hexagonal
Pyramid, and the maximum footprint will be the top face of the Figure 2b. In this way, it is possible to
imagine a dynamic distribution of the entire human population in this large hexagonal pyramid. The
present population is estimated around seven billion people, with great variation, since the death and
birth rates vary rapidly in a short space of time. Therefore, we can place the entire human population in
this pyramid, using as a criterion the individual‘s energy footprint. Individuals will be distributed from
a minimal footprint (generatrix point) until completing the highest ecological footprint at the top of the
pyramid (Figure 2b). The entire human population can be inserted in this model of three-dimensional
sustainable complex cells, indicating that a network structure of a highly cooperative human society is
possible, especially with the sharing of natural resources.
Figure 2. (a) Coupling of regular hexagons forming the pyramidal structure; (b) Regular
hexagonal pyramid structure: sharing natural resources.

3. Three-Dimensional Model Applied to Chakavraty et al. Scenarios for CO2 Emission until 2030
In a recent article, Chakravarty et al. [32] propose a new paradigm for globally reducing CO2 gas
emissions, based on the principle of common but differentiated responsibilities of the individuals. The
study recommends that the amount of emissions of an individual is directly proportional to his income
level. Using data from the World Bank, it was possible to estimate the CO2 emissions of each country
and calculate the mean amount that each individual is responsible for. By knowing the individual
emitters, it becomes possible to calculate a global goal of reduction and divide the sum between
individuals, regardless of where they reside (in the USA, India or Brazil. The proposed emission limit
is 30 Gt CO2/year by 2030, which will entail a 30% reduction in global emissions of CO2. Emissions
are predicted to be 43 Gt CO2/year this year. The reduction rates would differ among countries,
bearing in mind the individual emission limit of 10.8 t CO2/year. In the U.S. there are 285 million
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people above this limit; therefore, the country would have to cut CO2 emissions by 60%. In Brazil
13 million people are above this limit, so the country would have to reduce emissions by only 4%. It is
estimated that by 2030, 1.13 billion of individuals will emit more than 10.8 t CO2/year, being
considered as the major emitters. Another innovative proposal is to establish a lower limit to
1 t CO2/year per individual. It is estimated that by 2030, 2.7 billion people will be below this limit,
which will correspond to one third of the proposed population. These individuals would reside in
poorer countries with very low per capita income. Thus, the article defends a ―shield‖ of one third of
the planet‘s individuals with low CO2 emissions who would not be prevented from increasing their use
of fossil fuels, such as diesel engines to access the basic needs, as lighting, pump water, cooking, etc.
The new methodology involves the reduction of emissions from countries that emit more with
differentiated reductions in rates by individuals: the countries would have to identify their individual
emitters. Africa and India could increase their emissions within limits laid down by the new
methodology, which would not limit human development in the poorest countries. Countries would have to
reduce the emissions of individuals with the highest potential emissions (above 10.8 t CO2/year) so
that individuals with lower emissions (below 1 t CO2/year) could possibly increase their emissions. Thus,
using the economic and socio-environmental sustainability, the living conditions of a portion of the
population would be improved, which is consistent with the B1 scenario of the IPCC report
from 2007 [30,31]. Based on suggestions of Chakravarty et al. [32], we propose a distribution of
individuals in the form of sustainable complex triangular cells in a three-dimensional arrangement, that
is, a Regular Hexagonal Pyramid (Figure 3) in which the upper sector would consist of people who
emit more than 10.8 t CO2/year and the lower sector would consist of people who emit up to
1.0 t CO2/year. According to estimates, there will be about 1.13 billion people occupying the top of the
pyramid sector, 2.7 billion people occupying the bottom of the pyramid sector and about 4.27 billion
people occupying an intermediate sector, i.e., with emission between 1 and 10.8 t CO2/year in 2030, for
an estimate of a population of 8.1 billion people.
Figure 3. Regular hexagonal pyramid representing the distribution of population by
ecological footprint of individuals with emission rates above 10.8 t CO2/year and below
1 t CO2/ year for an estimate of a population of 8.1 billion people in 2030.
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Another proposal in the same article is to reduce the upper limit of the individual‘s emissions from
10.8 t to 9.6 t CO2/year. Thus, 1.3 billion people would be included in the top section of the pyramid.
In this new scenario, a larger number of individuals would participate in the effort to reduce emissions
in their countries, which would allow the poorest individuals to emit a little more, up to a limit of
1.5 t CO2/year (Figure 4). That would result in an improvement in the living of individuals in poorer
countries, who could use more fossil fuels.
Figure 4. Regular hexagonal pyramid representing the distribution of population by
ecological footprint of individuals with emissions rate above 9.6 t CO2/year and below
1.5 t CO2/ year for an estimate of a population of 8.1 billion people in 2030.

The targets for reducing CO2 emissions proposed by the mentioned article for 2030 are based on
certain principles, such as equity based on ―common but differentiated responsibilities‖ of individuals
instead of nations, as regards carbon emissions. Many of the poorest individuals will move to cities for the
first time and, within an economy of CO2-responsive, would be housed in buildings well-constructed,
furnished apartments with energy efficient systems and served by efficient mass transportation. The
2007 IPCC also features original proposal for mitigating climate change by stating that: ―the
‗technological solutions‘ for the key mitigation problems and corresponding ‗non-technological
practices‘, such as lifestyle changes [cultural paradigm] and consumption patterns that emphasize
resource conservation can contribute to developing a low-carbon economy that is both equitable and
sustainable.‖ This is in accordance with one of the proposals of Chakravarty et al. [32], i.e., equity
(cultural paradigm), a solution that would be ―non-technological‖ (IPCC). However, the IPCC proposal of
using efficient mass transport, is clearly a ―technological solution‖ because it implies the use of renewable
fuels and ―more fuel efficient vehicles; hybrid vehicles; cleaner diesel vehicles; biofuels; modal shifts
from road transport to rail and public transport systems; non-motorized transport (cycling, walking)‖.
In a recent book entitled ―The Third Industrial Revolution‖ [37], Jeremy Rifkin proposes the use of
renewable energy and also proposes the use of energy in a power-sharing network which acts like the
internet and converting the transport fleet to vehicles powered by electric cells, to reach a low carbon
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economy. This proposal is analogous to the ―technological solutions‖ of IPCC to achieve a low carbon
economy. In the pyramid model proposed here, there would be a breakthrough in CO2 emissions
mitigation, if solutions based on collective intelligence (intense cooperation) are implemented by 2030.
The non-technological solutions would depend on a cultural paradigm shift, that is, an intense sharing
of natural resources, leading to a social organization represented by the regular hexagonal pyramid.
Therefore, solutions based on the concept of collective intelligence (human cooperation) would
facilitate emissions reduction making it possible to achieve the goal of CO2 global emissions by 2030.
We should like to reexamine a review of the social meaning of article Chakaravarty et al. [32], already
addressed in our recent work [35]. The authors focused on global warming and global mechanisms to
reduce greenhouse gas emissions. Even within the borders of the current economic system, that
proposal proceeds to an agreement on the emissions of ―greenhouse gases‖ via ―social classes‖, that is,
it proposes to divide in a ―fair‖ way the responsibility of emission cuts, not via a fixed and universal
reduction factor, but focusing on different factors in each country, depending on the polluting degree
of the industrial energy matrix of each country and depending on the energy consumption of its
respective social classes. In this case, the poorest countries should be allowed—for a time—to increase
their emissions, which would allow them to develop.
4. Human Cooperation: Regular Hexagonal Pyramid
The influence of climate on the evolution of the genus Homo has been reported by several
authors [48–55]. According to Susan Anton [54,55] there are strong morphological evidences showing
that climate change shaped evolutionary changes in the genus Homo: the origin of the genus in Africa,
geographical dispersal, body size and the effect of climate on sea level effecting the isolation of Homo
erectus. A major evolutionary change occurred two million years ago. Africa's climate became
extremely dry and, with the emergence of savannas, humans descended from the trees; it was an
emergent property resulting from an abrupt climate change [55–63] and led to the emergence of Homo
erectus. On the ground, there were threats from predators, particularly large felines. In order to survive
this challenge, a new social organization based on the collective intelligence of the group (cooperation)
was required. Our ancestors had to extend the social group and share resources in order to be able to
survive. Cooperation was the mechanism that enabled the advancement of human society despite the
challenges of living on the ground.
More recently, about 73,000 years ago, a gigantic eruption of the volcano Toba in Sumatra [64–69],
almost led to the extinction of our species. The number of humans on the planet was suddenly reduced
to a few thousand individuals. This eruption resulted in a harshly cold climate even in the tropics, with
a concomitant drastic reduction in food availability. Humans were reduced to small groups. However,
the ability to cooperate (collective intelligence) allowed the humans to survive to this sudden new
natural climate change.
In the two situations described above, where the human species had to face sudden natural
environmental changes, which directly influenced their evolution; they had to change their cultural
paradigm to survive. This leads us to a crucial point about the collective survival, which
anthropologists call ―Cultural Damping Devices‖ [70–72]. This is a factor in group behavior—a
technology in the form of social organization, cultural tradition—which improves their chances of
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survival in the risky game of natural selection. Mary Stiner and Steven Kuhn [71] argue that early
modern humans arose and settled in Africa with the use of these ―damping devices‖. They developed
the activities of hunting and gathering, which resulted in a more varied diet, thus increasing the chance
of the species‘ survival. Eris Trinkhaus [70] goes further and suggests that ―among all cultural
damping devices, perhaps the most important is the existence of society itself.‖ He explains this
statement by conceptualizing the society ―damping‖ in terms of systemic feedback: Large groups
require more social interactions among their members [73–75] which leads to the evolution of greater
brain activity during childhood and adolescence, which drives them toward greater complexity of
language and indirectly increases the average life expectancy. This longevity, in turn, fosters the
transfer of knowledge from one generation to another and creates, according to Chris Stringer [71], the
―culture of innovation‖, the passage of survival skills and techniques of producing instruments from
older to younger people. We conclude that this circuit stimulates the expansion of the group itself.
Homo erectus shared natural resources within the group, developing the first economy of
hunting-and-gathering, where hunting animals were a significant part of the diet and resources were
shared among group members. The role of food in human evolution is fundamentally important. We
must remember that the demand for food, its consumption and, finally, how it is used in biological
processes are all critical aspects of the ecology of an organism. The energy acquired with the proceeds
of hunting leads to adaptive factors, critical to survival and reproduction [72]. These last two
components of Darwinian fitness are reflected in the way we estimate the energy supply of an animal.
The animal under consideration here is the man. We propose that in the society of Homo erectus, with
a hunting and gathering economy, obtaining energy has next to no impact to the environment. Thus, it
can be stated that there was a more harmonious relationship among men and the environment. If we
look back, we see that we reached here because we shared natural resources (cooperation), thereby
generating mutual protection against predators and also enabling us to face changes in the climate. We
are currently facing an anthropogenic climate change caused by the large-scale use of fossil fuels.
Chakravarty et al. [32]. proposed a scenario for reducing emissions of CO2 for 2030, in order to lessen
the risk of rapid climate change, which would result in major environmental impacts on human society
and biodiversity. The proposal aims to reach a low-carbon society using the principle of common but
differentiated responsibilities. Sthel et al. [35] propose that, to achieve a safer low carbon economy by
2030, we need to implement a change in the prevailing cultural paradigm of competition and
individualism, leading to cooperation and sharing of natural resources, thus using the ―cultural
damping devices‖, already successfully employed in two situations when our species faced abrupt
natural climate change. The difference with the past situations is that current climate change is
anthropogenic, which has never yet been manifested abruptly. So, theoretically, we have some time to
implement a cultural damping device. Cooperation is presented as a mechanism of collective
intelligence to attain the cultural damping. This view can be represented by sustainable complex
triangular cells in the three-dimensional vision, the Regular Hexagonal Pyramid.
Andrews and Davidson [76] recently published an article, where they mention an individualistic
and competitive society, which was implemented by neoliberal policies in the mid-eighties. The article
discusses our adaptive capacity to pursue a more sustainable future, suggesting that a bridge must be
constructed between evolutionary biology and the social sciences, which should study sustainability. It
is well known [77–87] demonstrate that not only humans, but also other species have a propensity to
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belong to a group, which encourages many forms of cooperation and altruism. The main point is that
our evolutionary history has given to humans an unparalleled ability to cooperate, and this ability has
enabled our very successful adaptation in the last 250,000 years. The adaptation to current and future social
and environmental conditions, therefore, requires the revitalization of our unique ability to cooperate
for the benefit of group survival. The biologist Edward Wilson published recently a book [88–92],
indicating that cooperation was fundamental to human evolution. He affirms that the evolutive process
is much more successful in societies where individuals collaborate with each other to the common
good. Then, group of people, corporations and countries that think in benefice of the collective
(cooperation) frequently reach more success. A recent example of this was Japan earthquake in 2011,
where people organized themselves and acted collectively facing a big catastrophe.
The biologist Martin Nowak [93–98] describes in his articles the cooperation as a mechanism of
evolution. Cooperation is abundant in nature and appears to be involved in all construction stages of
life on Earth. In certain social dilemmas, some cooperation can evolve even without any mechanism,
but a mechanism would tend to increase the level of cooperation. There are five mechanisms that
improve cooperation: direct reciprocity, indirect reciprocity, spatial selection, multi-level selection and
kin selection. These mechanisms can work separately or together to promote the evolution of cooperation.
These five mechanisms apply to all forms of organisms. Martin Nowak in a recent article [98] suggests
that cooperation is fundamental to the evolution of life on earth, particularly to the body of humans,
who achieved the civilization through deeper cooperation. Millions of years of evolution converted a
slow and fragile creature (helpless) into the dominant species on the planet with a high degree of
technological development, able to explore space and the oceans. In fact, humans are the species most
cooperative or super-cooperative. He suggests that the main mechanism of human cooperation is the
indirect reciprocity (reputation). This is because only humans totally dominate the language.
Therefore, we are able to share information among everyone from relatives to strangers. The
interaction of language and indirect reciprocity leads to a rapid cultural evolution, a condition that
allowed our adaptability as a species.
With the growth of the human population, the levels of complexity of interactions between us and
the environment increases, causing changes in the climate. We need to strengthen the adaptability and
discover new ways of working together (intense cooperation) in order to save the life on the planet,
leading to a more sustainable way of life. The Nowak‘s propose is in line with the present article in
proposing the Regular Hexagonal Pyramid. He writes that in our current environmental history, the
chances of saving human life seems to be small, as soon as we have to conserve natural resources,
which are rapidly shrinking in a world with increasing consumer population. His argument is correct,
since the current economic model prioritizes individualism and competition [76], instead of
cooperation postulated by Nowak. That competition was represented by a scalene triangle [34], whose
area is the individual ecological footprint, which is the vision of individualized human being present,
as a true predator of natural resources, leading to an environmentally unsustainable way of life.
According to Nowak, evolutionary simulations indicate that cooperation is inherently unstable;
periods of prosperity inevitably give rise to cooperative defection (competition). Thus, the spirit of
selfless seems to rebuild the moral compass that guides us. Cycles of cooperation and defection are
visible through the ups and downs of human history, in economic and political fluctuations. However,
in the current environmental crisis, the feared climate changes seem to have no safe solutions if we do
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not seek a strategy, as the cultural damping mechanism, already used by our ancestors in the two cases
reported in this article.
Faced with the threat of the dreaded climate change, we need a new cycle of cooperation over the
current competitive and individualistic model. Cooperation mechanisms already used in human society
needs to be reinforced. Government policies with strong social integration should be immediately
developed for achieving a low carbon economy and a real sustainable capacity to manage natural
resources on the planet. Actions described above, such as the sharing of natural resources, energy
efficiency programs and environmental education should be encouraged. Thus, it is possible to achieve
the goals proposed by Chakravarty for reduction of CO2 emissions by 2030.
The current anthropogenic climate change has roots, so they are still liable to be attenuated at least
by us before uncontrollable effects of global environmental extremes possibly open to a systemic
reality provided by J. Casti [99], where climate change and also various other effects of global
environmental impact [21] can amplify each other. Authors such as Nowak [94], Casti [99] and
Anderson and Davidson [76] are not optimistic about the scenario of a cycle of cooperative global
human intervention before such extreme events occur. However, only the last of these references
clearly explains the relationship between this ―skepticism‖ with the current economic model, a
relationship with which we agree.
5. Conclusions
In this paper we propose an application of the model of complex triangular cells, in a three-dimensional
view for the two scenarios proposed by Chakravarty et al. [32] to reduce emissions by 13 Gt CO2/year
in 2030, based on the principle of common but differentiated responsibilities as regard each individual.
We follow the suggestion of the aforementioned article to assess CO2 emissions individually, which
identifies the individual major emitters. Thus, we establish upper and lower emission lids in order to
reduce emissions from major emitters while allowing the lowest emitters to increase their emissions.
We also proposed an intense human collaboration to achieve the safest way to be imposed on these
differentiated targets for reducing emissions. The cooperation was an important evolutionary
mechanism and a way to strengthen our adaptability to current climate change. However, applying this
mechanism would be unlikely in the current economic model, which advocates individualism
(Andrews and Davidson [76]). Finally, we present a possible form of social organization indicated by a
Regular Hexagonal Pyramid which minimizes the ecological footprint of human society today,
proposing the cooperation as a cultural buffer for tackling climate change.
Acknowledgments
The authors would like to thank the Brazilian agencies CNPq, FAPERJ and CAPES for the
financial support and to Guilherme Rodrigues Lima for drawing the figures.
Conflict of Interest
The authors declare no conflict of interest.

Sustainability 2013, 5

1955

References
1.
2.
3.

4.
5.
6.
7.

8.
9.
10.

11.

12.

13.
14.
15.
16.

17.
18.

Hansen, J.; Sato, M.; Ruedy, R. Percetion of climate change. Proc. Natl. Acad. Sci. USA 2012,
109, E2415–E2423.
Kerr, R.A. Soot is Warming the World Even More Than Thought. Science 2013, 339, 382.
Matonse, A.H.; Pierson, D.C.; Frei, A.; Zion, M.S.; Anandhi, A.; Schneiderman, E.; Wright, B.
Investigating the Impact f Climate Change on New York City‘s Primary Water. Clim. Chang.
2013, 116, 437–456.
Stocker, T.M. The Closing Door of Climate Targets. Science 2013, 339, 280–282.
Randerson, J.T. Global Warning and Tropical Carbon. Nature 2013, 494, 319–320.
Beck, J. Predicting Climate Change Effects on Agriculture from Ecological Niche Modeling:
Who Profits, Who Loses? Clim. Chang. 2013, 116, 177–189.
Cox, P.M.; Pearson, D.; Booth, B.B.; Friedlingstein, P.; Huntingford, C.; Jones, C.D.; Luke, C.M.
Sensitivity of Tropical Carbon to Climate Change Constrained by Carbon Dioxide Variability.
Nature 2013, 494, 341–344.
Hambly, D.; Andrey, J.; Mills, B.; Fletcher, C. Projected Implications of Climate Change for
Road Safety in Greater Vancouver, Canada. Clim. Chang. 2013, 116, 613–629.
Solomon, S.; Plattner, G.; Knutti, R.; Friedlingstein, P. Irreversible climate change due to carbon
dioxide emissions. Proc. Natl. Acad. Sci. USA 2009, 106, 1704–1709.
Meinshausen, M.; Meinshausen, N.; Hare, W.; Raper, S.C.B.; Frieler, K.; Knutti, R.; Frame, D.J.;
Allen, M.R. Greenhouse-gas emissions targets for limiting global warning to 2 °C. Nature 2009,
458, 1158–1162.
Myles, R.; Frame, D.J.; Huntingford, C.; Jones, C.D.; Lowe, J.A.; Meinshausen, M.;
Meinshausen, N. Warning Caused by Cumulative Carbon Emissions Towards the Trillionth
Tonne. Nature 2009, 458, 1163–1166.
Hansen, J.; Sato, M.; Kharecha, P.; Beerling, D.; Masson-Delmotte, V.; Pagani, M.; Raymo, M.;
Royer, D.L.; Zachos, J.C. Target atmosphere CO2: Where Should Humanity Aim. Open Atmos.
Sci. J. 2008, 2, 217–231.
Trenberth, K.E.; Moore, B.; Karl, T.R.; Nobre, C. Monitoring and Prediction of The Earth‘s
Climate: A Future Perspective. J. Climate 2006, 19, 5001–5008.
Hansen, J.; Sato, M. Greenhouse gas growth rates. Proc. Natl. Acad. Sci. USA 2004, 101,
16109–16114.
Hansen, J.; Nazarenko, L. Soot Climate Forcing via snow and ice Albedos. Proc. Natl. Acad. Sci.
USA 2004, 101, 423–428.
Hansen, J.; Nazarenko, L.; Ruedy, R.; Sato, M.; Willis, J.; Del Genio, A.; Koch, D.; Lacis, A.;
Lo, K.; Menon, S.; et al. Earth‘s Energy Imbalance: Confirmation and implications. Science 2005,
308, 1431–1435.
Mann, M.E.; Bradley, R.S.; Hughest, M.K. Global temperature patterns and climate forcing over
the past six centuries. Nature 1998, 392, 779–787.
Rockstrom, J.; Steffen, W.; Noone, K.; Persson, A.; Chapin, F.S.; Lambin, E.F.; Lenton, T.M.;
Scheffer, M.; Folke, C.; Schellnhuber, H.J.; et al. A Safe Operating Space for Humanity. Nature
2009, 461, 72–475.

Sustainability 2013, 5

1956

19. Flynn, K.; Blackford, J.C.; Baird, M.E.; Raven, J.A.; Clark, D.R.; Beardall, J.; Brownlee, C.;
Fabian, H.; Wheeler, G.L. Changes in pH at the exterior surface of plankton with ocean
acidification. Nat. Clim. Change 2012, 2, 510–513.
20. Trenberth, K.E.; Shea, D.J. Atlantic hurricanes and natural variability in 2005. Geophys. Res. Lett.
2006, 33, 1029–1035.
21. Nathan, P.; Gillett, N.P.; Stone, D.A.; Stott, P.A.; Nozawa, T.; Karpechko, A.Y.; Heger, G.C.;
Wehner, M.F.; Jones, F.D. Attribution of polar warming to human influence. Nat. Geosci. 2008,
1, 750–754.
22. Siddall, M.; Stocker, T.F.; Clark, P.U. Constrains on future sea-level from past sea-level change.
Nat. Geosci. 2009, 2, 571–575.
23. Sander, B.D.; Wiglet, T.M.L.; Glecker, P.J.; Bonfils, C.; Wehner, M.F.; AchutaRao, K.; Barnett,
T.P.; Boyle, J.S.; Brüggeman, W.; Fiorino, M.; et al. Forced and unforced ocean temperature
changes in Atlantic and Pacific tropical cyclogenesis regions. Proc. Natl. Acad. Sci. USA 2006,
103, 13905–13910.
24. Emanuel, K. Increasing destructiveness of tropical cyclones over the past 30 years. Nature 2005,
436, 686–688.
25. Peza, A.B.; Simmonds, I. The first South Atlantic hurricane: Unprecedented blocking, how shear
and climate change. Geophys. Res. Lett. 2005, 32, 5712–5717.
26. Jansen, M. Use of complex adaptive systems for modeling global Change. Ecosystems 1998,
1, 457–463.
27. Kurz, W.A.; Dymond, C.C.; Stinson, G.; Rampley, G.J.; Neilson, E.T.; Carroll, A.L.; Ebata, T.;
Safranyik, L. Mountain pine beetle and forest carbon feedback to climate change. Nature 2008,
452, 987–990.
28. Lenoir, J.; Gégout, J.C.; Marquet, P.A.; Ruffray, P.; Brisse, H. A significant upward shift in plant
species optimum elevation during the 20th century. Science 2008, 320, 1768–1771.
29. Rosenzweig, C.; Karoly, D.; Vicarelli, M.; Neofotis, P.; Wu, Q.; Casassa, G.; Menzel, A.; Root,
T.L.; Estrella, N.; Seguin, B.; et al. Attributing physical and biological impacts to anthropogenic
climate change. Nature 2008, 453, 353–357.
30. IPCC. Climate Change 2007: The Physical Science Basis; Report of Working Group I;
Cambridge University Press: Cambridge, UK, 2007.
31. IPCC. Climate Change 2007: Mitigation of Climate Change; Report of Working Group III;
Cambridge University Press: Cambridge, UK, 2007.
32. Chakravarty, S.; Chikka, A.; Coninck, H.; Pacala, S.; Socolow, R.; Tavoni, M. Sharing global
CO2 emission reductions among one billion high emitters. Proc. Natl. Acad. Sci. USA 2009, 106,
11884–11888.
33. WWF. Living Planet Report. Available online: http://awsassets.panda.org/downloads/
living_planet_report.pdf (accessed on 20 November 2012).
34. Sthel, M.S.; Tostes, J.G.R. Sustainable Complex Triangular Cells: Case Study—Envira River
Isolated Indians in Western Amazon. J. Sustain. Dev. 2012, 5, 92–104.
35. Sthel, M.S.; Tostes, J.G.R.; Tavares, J.R. Current energy crisis and its economic and
environmental consequences: intense human cooperation. Nat. Sci. 2013, 5, 244–252.

Sustainability 2013, 5

1957

36. Rifkin, J. The Empathic Civilization: The Race to Global Consciousness in a World in Crisis;
Penguin: New York, NY, USA, 2009.
37. Rifkin, J. The Third Industrial Revolution: How Lateral Power Is Transforming Energy, the
Economy, and the World; Palgrave Macmillan: New York, NY, USA, 2011.
38. Parrish, J.K.; Edelstein-Keshet, L. Complexity, Pattern, and Evolutionary Trade-Offs in Animal
Aggregation. Science 1999, 284, 99–101.
39. Ostrom, E. A general framework for analyzing sustainability of social-ecological systems. Science
2009, 325, 419–422.
40. Miller, P. Collective intelligence. Nat. Geosci. 2007, 88, 40–57.
41. Miller, G. All Together Now-Pull. Science 2007, 317, 1338–1340.
42. Brown, P.; Lauder, H. Collective Intelligence. In Social Capital: Critical Perspectives; Baron, S.,
Field, J., Schuller, T., Eds.; University Press: New York, NY, USA, 2000.
43. Sunstein, C. Infotopia: How Many Minds Produce Knowledge; Oxford University Press: Oxford,
UK, 2006.
44. Bak, P. How Nature Works: The Science of Self-Organized Criticality; Copernicus Books: New
York, NY, USA,1996.
45. Hill, K.; Barton, M.; Hurtado, A.M. The Emergence of Human Uniqueness: Characters
Underlying Behavioral Modernity. Evol. Anthropol. 2009, 18, 187–200.
46. Sear, R.; Marlowe, F.W. How universal are human mate choices? Size does not matter when
Hadza foragers are choosing a mate. Biol. Lett. 2009, 5, 606–609.
47. Marlowe, F.W. What Explains Hadza Food Sharing. Res. Eco. Anthr. 2004, 23, 69–88.
48. Potts, R. Paleoclimate and Human Evolution. Evol. Anthropol. 2007, 16, 1–3.
49. Menocal, P.B. Climate and Human Evolution. Science 2011, 331, 540–542.
50. Stewart, J.R.; Stringer, C.B. Human Evolution out of Africa: The Role of Refugia and Climate
Change. Science 2012, 335, 1317–1321.
51. Cerling, T.E.; Wynn, J.G.; Andanje, S.A.; Bird, M.I.; Korir, D.K.; Levin, N.E.; Mace, W.;
Macharia, A.N.; Quade, J.; Remien, C.H. Woody Cover and Hominin Environments in the past 6
Million years. Nature 2011, 476, 51–57.
52. Parmesan, C.; Matthews, J. Biological Impacts of Climate Change. Available online:
http://www.sinauer.com/groom-demo/pdfs/GroomChapter10.pdf (accessed on 2 November 2012)
53. Eriksson, A.; Friend, A.D.; Lycett, S.J.; Singarayer, J.S.; Cramon-Taubadel, N.; Valdes, P.J.;
Balloux, F.; Manica, A. Late Pleistocene Climate Change and the Global Expansion of
Anatomically Moders Humans. Proc. Natl. Acad. Sci. USA 2012, 109, 16089–16094.
54. Anton, S.C. Climatic Influences on the Evolution of Early Homo? Folia Primatol. 2007, 78, 365–388.
55. Anton, S.C. Natural History of Homo Erectus. Yearbk. Phys. Anthropol. 2003, 46, 126–170.
56. Menocal, P.B. African Climate Change and Faunal Evolution During the Pliocene-Pleistocene.
Earth Plan. Sci. Lett. 2004, 220, 3–24.
57. Magill, C.R.; Ashley, G.M.; Freeman, K.H. Water, plants, and early human habitats in eastern
Africa. Proc. Natl. Acad. Sci. USA 2012, doi: 10.1073/pnas.1209405109.
58. Magill, C.R.; Ashley, G.M.; Freeman, K.H. Ecosystem variability and early human habitats in
eastern Africa. Proc. Natl. Acad. Sci. USA 2012, doi: 10.1073/pnas.1206276110.

Sustainability 2013, 5

1958

59. Swedell, L.; Plummer, T. A Papionin Multilevel Society as a Model for Hominin Social
Evolution. Int. J. Primatol. 2012, 33, 1165–1193.
60. Tipple, B.J. Capturing Climate Variability during our Ancestors Earliest Day. Proc. Natl. Acad.
Sci. USA 2013, doi: 10.1073/pnas.1209405109.
61. Hawks, J. Population Bottlenecks and Pleistocene Human Evolution. Mol. Biol. Evol. 2000, 17, 2–22.
62. Teaford, M.F.; Ungar, P.S. Diet and Evolution of the Earliest Human Ancestors. Proc. Natl. Acad.
Sci. USA 2000, 97, 13506–13511.
63. Leonard, W.R.; Robertson, M.L. On Diet, Energy Metabolism, and Brain Size in Human
Evolution. Curr. Anthr. 1996, 37, 125–129.
64. Ambrose, S.H. Did the Super-Eruption of Toba Cause Bottleneck? Reply to Gathorne-Hardy and
Harcourt-Smith. J. Hum. Evol. 2003, 45, 231–237.
65. Williams, M.A.J. Environmental Impact of the Toba super-Eruption in South Asia. Paleo 2009,
284, 295–314.
66. Rampino, M.; Ambrose, S.H. Volcanic Winter in the Garden of Eden: The Toba Supereruption
and Late Pleistocene Human Crash. Avaiable online: http://specialpapers.gsapubs.org/
content/345/71.full.pdf+html (accessed on 3 November 2012).
67. Ambrose, S.H. Late Pleistocene Human Population Bottlenecks, Volcanic Winter and
Differentiation of Modern Humans. J. Hum. Evol. 1998, 34, 623–651.
68. Behar, D.M. The Dawn of Human Matrilineal Diversity. Am. J. Hum. Genet. 2008, 82, 1–11.
69. Luca, F.; Hudson, R.R.; Witonsky, D.B.; Di Rienzo, A. A Reduced Representation Approach to
Population Genetic Analyses and Applications to human Evolution. Genome. Res. 2011, 21,
1087–1098.
70. Hall, S.S. Last of the Neanderthals. National Geographic, October 2008.
71. Kuhn, S.L.; Stiner, M.C. What‘s a Mather to Do? The Division of Labor among Neandertals and
Modern Humans in Eurasia. Curr. Anthropol. 2006, 47, 953–980.
72. Leonard, W.R. Food for thought dietary change was a driving force in human evolution. Scientific
American, 13 November 2002.
73. Silk, J.B. Social Components of Fitness in Primate Groups. Science 2007, 317, 1347–1351.
74. Jolly, A. The Social Origin of Mind. Science 2007, 317, 1326–1327.
75. Dunbar, R.I.M.; Shultz, S. Evolution in the Social Brain. Science 2007, 317, 1344–1347.
76. Andrews, J.; Davidson, B.J. Cell- Gazing Into the future: What Genes, Homo heidelbergensis and
Punishment tell Us about Our Adaptive Capacity. Sustainability 2013, 5, 560–569.
77. Boyd, R.; Richerson, P.J. Culture and the Evolution of Human Cooperation. Phil. Trans. R. Soc. B
2009, 364, 3281–3288.
78. Fehr, E.; Gachter, S. Altruistic Punishment in Humans. Nature 2002, 415, 137–140.
79. Henrich, J. Cultural Group Selection Coevolutionary Processes and Large-Scale Cooperation.
J. Econ. Behav. 2004, 53, 3–35.
80. Pennisi, E. On the Origin of Cooperation. Science 2009, 325, 1196–1199.
81. Vaesen, K. Cooperative Feeding and Breeding and the Evolution of Executive Control. Biol.
Philos. 2012, 27, 115–124.
82. Mcloone, B. Collaboration and Human Social Evolution: Review of Michael tomasello‘s Why we
Cooperate. Biol. Philos. 2012, 27, 137–147.

Sustainability 2013, 5

1959

83. Frank, S. Foundations of Social Evolution; Princeton Universty Press: Princeton, NJ, USA, 1998.
84. Burkart, J.M.; Hardy, S.B.; Schaik, C.P.V. Cooperative Breeding and Human Cognitive
Evolution. Evol. Anthropol. 2009, 18, 175–186.
85. Bergmuller, R.; Johnstone, R.; Russel, A.F.; Bshary, R. Integrating Cooperative Breeding into
Theoretical Concepts of Cooperation. Behav. Proc. 2007, 76, 61–72.
86. Bowles, S.; Gintis, H. A Cooperative Species: Human Reciprocity and its Evolution; Princeton
University Press: Princeton, NJ, USA, 2011.
87. De Waal, F.B.M. Putting the Altruism back into Altruism: The Evolution of Empathy. Annu. Rev.
Psychol. 2008, 59, 279–300.
88. Wilson, E.O. The Social Conquest of Earth; Liveright: New York, NY, USA, 2012.
89. Fowlen, J.H. Life interwoven. Nature 2012, 484.
90. Upson, S.; Kuchment, A. Recommended: The Social Conquest of Earth. Available online:
http://www.scientificamerican.com/article.cfm?id=recommended-apr-12
(accessed
on
5
November 2012).
91. Costa, R. Power of generosity. ISTOÉ independente. 2012, 2218, 80–86. Avaiable online:
http://www.istoe.com.br/reportagens/205685_O+PODER+DA+GENEROSIDADE (accessed on 5
November 2012).
92. Angier, N.; Edward, O.Wilson‘s New Take on Human Nature. Smithsonian magazine, April 2012.
93. Nowak, M.A. Five Rules for the Evolution of Cooperation. Science 2006, 314, 1560–1563.
94. Nowak, M.A. Evolving Cooperation. J. Theor. Biol. 2012, 299, 1–8.
95. Nowak, M.A.; Tarnita, C.E.; Wilson, E.O. The evolution of eusociality. Nature 2010, 466, 1057–1062.
96. Tarnita, C.E.; Taubes, C.H.; Nowak, M.A. Evolutionary construction by staying together and
coming together. J. Theor. Biol. 2013, 320, 10–22.
97. Veelen, M. Direct Reciprocity in Structured Populations. Proc. Natl. Acad. Sci. USA 2012, 109,
9929–9934.
98. Nowak, M.A. Why We Help: The Evolution of Cooperation. Scientific American, 19 June 2012.
99. Casti, J. X-Events—The Collapse of Everything; HarperCollins Publishers: New York, NY, USA, 2011.
© 2013 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article
distributed under the terms and conditions of the Creative Commons Attribution license
(http://creativecommons.org/licenses/by/3.0/).

