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          Be fruitful and increase in number; fill the earth and subdue it
Genesis, 1:28

        

      


    




    Have you ever thought about what makes us, Homo sapiens, so special?




    We are not particularly massive nor fast; we do not excel in terms of force or other natural features (claws, teeth, armor...). However, we are versatile, intelligent, and imaginative, with the unique ability to anticipate the future.




    And there is more... We have a unique way of interacting with our environment. While any other animal would simply follow natural selection, living and evolving, breaking up into many new species, one for each environmental niche, or simply vanishing, leaving just some fossils, we chose another path. Our intelligence and versatility allow us to change the environment to suit us.




    We ploughed the fields and grew livestock. We built villages and cities. Roads and irrigation canals. We ventured through the seas and atmosphere. We drilled into the depths of the Earth, to get useful resources. We created an industry, then, not long after, we stepped into the Post-Industrial Era: that of informatics and high technology. We wanted to know our environment, and we did it in order to tame it.




    Maybe the most obvious consequence of these actions is that we are currently a planetary species. And this is not easy! Most species, microbial, vegetal or animal, are distributed only in a limited area here on Earth, with relatively homogenous living conditions. What other being do you know that is able to thrive from the frozen wastelands of Greenland to the Sahara and from the Tibetan Plateau to the Amazon rainforest? The few species close to this achievement are our parasites, crops and livestock!




    Today, there is no corner of Earth where our traces are not visible. We are so "pro-eminent” that we even change the world’s climate. More and more call the current climatic era the Anthropocene – the Human Epoch. Is this a good thing? A bad one? Only time will tell...




    What is quite clear is that our species is difficult to eradicate. I know that the mass media regularly comes up with catastrophic scenarios, and that (post)apocalyptic novels and movies are popular (I am quite fond of, I admit!). Global nuclear war, unprecedented plagues, asteroids, super-volcanoes, or simply our indifference towards environmental degradation. The sad thing is that all these scenarios are plausible.




    The good thing is that no matter how many millions die, a Global species dies hard. We are no less than 7,902,594,207 individuals on Earth while I write this paragraph (at least this is what one of the many dedicated online applications tells me [1], surely other apps give other numbers). While I finished writing the phrase above, 300 new earthlings were born!




    Let’s imagine extreme climate warming! Hey, but we can simply move towards the Poles, and we will survive! An ice age? We might just group together near the Equator. A super-pandemic? It would surely decimate urban and other densely-populated areas, but it is unlikely to reach isolated communities in the Arctic or Papua.




    Certainly, this does not mean that we are invulnerable. A supernova in our "close” proximity would give us a shower of gamma rays, sterilizing all landmasses and surface waters. A black hole would swallow us, together with the whole planet. Even if we avoid such dangers, in about one billion years, the Sun will "swell”, as its hydrogen reserves get exhausted, turning our home into molten rock. The Universe is a dangerous place where anything can happen.




    Do you think I look too far into the future? To much to anticipate when, maybe after a day of hard work, you get home and open this book? You feel that it does not concern you?




    Well, you should know that even though extinction is not imminent, an unprecedented crisis is still at our gates! Because we have reached a limit.
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      Abstract




      

        

          	
Population, when unchecked, increases in a geometrical ratio.


          Subsistence increases only in an arithmetical ratio.


          Thomas Robert Malthus

        


      




      More than 7.9 billion people currently inhabit Earth, and the population is growing. Halting this growth, although possible, would lead to Global economic and social collapse. Furthermore, the modern economy has a constantly growing demand for resources. Finally, demographic growth is inextricably linked to overall progress. Continuous growth versus a limited living space on Earth leads to an unavoidable crisis.
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      1.1. A Bit of Demography




      That Earth’s human population constantly increases is surely no surprise for my readers. According to the current projections, there will be around 10 billion people by the end of this century (Fig. 1.1).




      Is it a big number? Many would say so, and overpopulation is a recurring theme in contemporary public discourse. Others would deny it. A popular meme plots the global population against its density. Briefly, a computer simulation shows that, at an overall density similar to that in New York City, all Homo sapiens individuals on Earth would easily fit in Texas (about three times the size of Romania), leaving the rest of the planet deserted [1]!




      This is, surely, a valid point of view, just that our problem is not yet that of actual living space. This means we do not need to be afraid that we won’t fit on Earth. The real problem concerns resources. No matter how we measure it, Earth’s arable land is finite, to give just an example. As the population grows, its area per capita decreases. It is easy to imagine that, in a no so distant future, food production will become insufficient.
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Fig. (1.1))


      Projected growth of Global human population until the end of the XXIst Century [2].



      Other finite resources that will cause long-term problems are drinking water and mineral resources. When will they get depleted? Prognosing can be tricky, as the Club of Rome showed us (in 1972, they published a series of apocalyptic predictions for the next future; the next future became present and even past, and predictions did not come true). Still, the idea of finite resources versus a growing population is valid.




      Throughout history, natural means of demographic regulation functioned. They include plagues, famine, wars etc., basically, mass mortality events. How do you like those? Most contemporary people would consider such events unacceptable for an advanced society, and considering democratic and humanist values.




      But the issue remains the same. Someone said that condemning humankind to a perpetual existence within the “borders” of this planet is a Fascist way of thinking. This because the next logical step is to decide who do we have to kill, for the rest of the population to continue living on the same resources.




      Is there any alternative? Sure! Even more of them...




      Can we stop demographic growth? Can we reach a perfect balance between birthrate and deathrate, one that should stay constant forever? Yes, in theory. If you look at Fig. (1.2), you will see that not all of Earth’s population grows at the same rate. How can we achieve this? Would it be a wise thing to do? Well, this is an entirely different discussion...
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Fig. (1.2))


      Global population estimated growth, per major regions [1].



      There are two ways: the peaceful and the totalitarian.




      In the peaceful version, the birthrate steadily decreases due to socio-economic factors. The dissolution of the traditional family, decreasing fertility, raising the cost of living – which, on the one hand, raises the average age for starting a family and, on the other hand, decreases the average children number per couple – the easy access to contraceptive means and abortion, etc. All these have led to negative demographic growth in areas like Europe or Japan (even at alarming levels in Romania, for instance!).




      The even worse alternative is that some governments enforced active measures to limit their population numbers. The most extreme example is the infamous “one child policy” in the People’s Republic of China.




      A series of ill-designed policies of the Communist regime led, from 1959 to 1961, to what was probably the worst famine in human history. Over 30 million people perished. So, what conclusions do you think the party drew from this tragedy? No, it was not necessary foreconomic, political or ideological reform. The conclusion was that there were too many Chinese on the planet!




      In 1970, the regime started a repressive policy to limit birthrates to a maximum of two children per couple. During that period, it was unusual: other countries, such as India and Bangladesh, used various methods, more or less coercive and inhumane, to enforce two-child policies (including paid or forced sterilizations).




      After Mao’s death, the new administration of Deng Xiaoping went even further: one child per family, with some specific exceptions. Coercion methods varied from fines, harassment and threats ("extra” children would lose the right to state education and housing etc.) to arrest and force abortions/infanticide. A plethora of human rights violations, target both unborn and born human beings.




      The consequences of these policies were horrific. Officially, the regime admitted an average of 13 million abortions/year, meaning a total of 336 million (unofficially, there were probably, several billion) [3].




      Furthermore, not even born babies escaped! Countless were abandoned or even killed, to avoid reprisals from the regime! An even more dramatic situation for girls, selectively abandoned or aborted, especially in rural areas.




      Finally, although, legally, ethnic minorities were somewhat protected, the regime targeted them preferentially. Forced sterilizations are still a reality, aiming today at wiping out the Uyghur people in Nord-West China! [4]




      However, no matter if this demographic constriction is a forced one or not, its consequences are similarly negative. First of all, the population is not a water tap whose debit can be easily regulated. Lowering birthrates now will not make elderly generations disappear. They will grow older and older, making the average population age higher and increasing the ratio of retired persons to active ones. A lower global income must be shared to about the same number of pockets. Countries like Romania already feel serious pressure on public social assistance budgets.




      Of course, we could increase the retirement age, but this is just a palliative since the problem would continue to worsen. It is improbable that any medical or technological progress could make our fellow citizens work at 90 years of age! And it is not just about money, but resource distribution. Less and less workforce would have to provide food, drinking water, electricity, etc.




      This also affects the overall development of human society. Just think how interconnected and diversified the contemporary economy is! One thousand years ago, farmers and herders formed the bulk of the world’s population, with some small numbers of traders and artisans and an even smaller number of people living on the work of those above (aristocrats, clergy). For comparison, those who participate in the XXIst Century economy, fulfill extremely varied functions, from electrical engineers to lawyers and political analysts to teachers. A huge number of occupational niches require a huge number of people.




      Without all these, our society would simply devolve: if we want a Global population like in the 1000s, we should be ready to live like in the 1000s!




      Finally, there is one more issue, especially in the totalitarian, i.e., Chinese-style, demographic policies: sex disparities. Basically, if one family needs to choose, it would rather choose a male child. And it is not just a pre-modern mentality, but an objective economic need: a family of farmers will always prefer an offspring capable of the brute physical labour needed to keep the farm going. Also, someone able to support the family when parents are aging; there is no secret that developing societies have significant gender inequities when it comes to average income.




      It is sad, but true. At the beginning of Communist China’s restrictive one-child policy, the solution was a simple and barbaric one: many couples abandoned their newborn daughters. In the best case, in state-run orphanages; in the worst case, directly in the woods! The same story repeated millions of times in other countries with anti-natalist policies. The modern solution is a more subtle, but no less inhumane one: determining the sex of the unborn and selectively aborting girls.




      Even if we ignore the ethical horror, lets see the consequence: more and more boys and less girls. In 2012, in mainland China, the ratio reached 118:100, with some "extra” 40 million male citizens. It is hard to tell how they will be able to find partners and to what tensions this could lead in a nuclear military superpower [5].




      Of course, the national issue can be solved through immigration. One could "import” the workforce and even wives (Southeast Asian and North Korean, in China’s case). But the issue will become a Global one! Could we bring in extraterrestrial migrants?




      And, to make sure I am not the only one alarmed by this problem, in August 2019, at a public conference, Elon Musk said (with the determined approval of Alibaba founder, Jack Ma): "Most people think we have too many people on the planet,




      but actually, this is an outdated view [...] The biggest issue in twenty years will be population collapse. Not explosion. Collapse.” [6]




      As an update, governments enacting anti-natalist policies were often forced to withdraw them. Since 2015, China’s demographic policy shifted to a two-child policy, while in August 2021, a new amendment to the Population and Family Planning Law made the three-child policy official. This means a wide array of mostly financial incentives to counterbalance the dramatic decline in fertility.




      While the exact stimuli to be applied and their implementation means are yet to be decided by the Chinese government, some specialists are rather skeptical about the results of these measures. It seems that, just like in more democratic societies, other factors came to affect birth rates, some of which might be dominant today: high costs of living, poor childcare infrastructure, and poor social support systems for the elderly, rather than legal restrictions [7].




      During the Post-War era, Japan also experienced a double demographic setback: a decline in the number of children per couple, followed by a decrease in marriage rates altogether. One of the most industrialized nations on Earth, Japan is also one of the most seriously hit by demographic contraction. In 1972, the government launched a scheme of incentives to support families with three or more children below a certain income level. Parental leave regulations were reformed in 1992, while in 1994, a program to build daycare centers for children in the country was launched.




      Other developed countries tend to follow similar policies nowadays. Still, results are mixed, and the outcome is rather hard to predict [8].




      We can conclude that today’s humankind is caught between two equally undesirable perspectives. Population growth would reach the sustainability limits of Earth’s environment. We would need more space. Population shrinking or containment is not an option since it leads to economic and societal collapse. If this is the case, more space would still be the solution, by lowering the costs of living resources, like it did in colonial societies of the past centuries.




      

        



        1.2. Resource Management




        If we agree that demographic growth cannot and should not be stopped, let’s see the current situation of resources.




        There is a wide variety of resources necessary for a post-industrial civilization. Of course, the most important ones are always the same: air, water and food.




        Surely, food has the useful feature of (re)producing itself naturally. At this moment, we are probably on the edge of a new agricultural revolution, based on informatization and robotization, vertical agriculture, etc. Likewise, it is obvious that sustained population growth will lead, somewhere in the future, to reaching the limits of any kind of agricultural production.




        You might say that water and many other resources can be recycled. And you would be right: we can, and we must recycle them.




        But, take a look at Fig. (1.3).
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Fig. (1.3))


        Estimated availability of various mineral resources [9].



        Most chemical elements and minerals in this chart will probably sound a bit unfamiliar. Yet, they are essential. Lanthanides, tungsten and indium are important, even crucial to building electric conductors and semiconductors, circuits, diodes and also various metal alloys. Devices that are ubiquitous today, like the laptop which I use for writing this book, the mobile phone from which many fellow citizens are inseparable, photovoltaic panels that bring us clean energy or the LEDs that illuminate our homes, all contain such metals.




        And their consumption does not grow only because the human population is growing, but also because our technological level is increasing. Of course, they can be recycled, but demand is continuously rising, and reserves are finite. Even the upcoming agrarian revolution mentioned above or resource recycling processes need technology and, thus, minerals.




        As mentioned above, any prognosis is risky. But there is no risk in assuming that any mineral deposit is finite. Or that our planet hosts a limited amount of such deposits. The planet, yes, but not the Universe!...


      




      

        



        1.3. Frontier Spirit




        There are other reasons why stagnation and perpetual clinging onto this tiny rock called Earth are not an option.




        Look at the two graphs in Fig .(1.4).
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Fig. (1.4))


        Population growth [10] versus economic growth [11].



        They basically look the same, don’t they? The first curve represents population growth in the last millennium, while the second one is planetary Gross Domestic Product growth. They both show an exponential tendency. In other words, a higher population number/GDP will increase faster. Is there any connection between them?




        There surely is! More people produce more. But there is more to it. Imagine a curve representing the technological and scientific level of human society. For hundreds of thousands of years, humankind lived in the Stone Age, with nomad hunter-gatherers barely surviving the next day on local natural resources. Only 12,000 years have passed since we got to master agriculture, have stable communities, and have economic and socio-political diversification. 5,000 years ago, metallurgy became widespread. There are only two centuries of industrial history. And informatics, robotics and space exploration are just progressing in our age. 20 years ago, stem cells, bionic prosthetics or online social networks were merely science-fiction concepts!




        And this also determines the overall material development of society. Most earthlings in 1900 (meaning the huge rural population and people in underdeveloped countries) lived in conditions closer to Neolithic ones than those in 2020.




        What about politics? Democracy is a relatively old "invention”, but for centuries, it was extremely rare (ancient Athens, merchant republics, Ibadi imamates, "tribal democracies”). A bit more than two centuries ago, the American and French Revolutions really brought it to light. But in 1950, most states on Earth were still dictatorships or colonial subjects. Even in the USA, Civil Rights Acts (officially outlawing any racial discrimination) were only adopted in the ‘60s. Most countries including Romania won their freedom in the ‘80-‘90s.




        So, demographic growth, economic and material development, and political progress are all exponential. Why? Simply put, more people mean more ideas, more chances for them to get together (compare current communication means to those in the Middle Ages, when most people – and the ideas they carried – rarely left their native village or town!). But a larger population also creates the need for socio-economic progress. How could a Stone Age economy support over 7 billion people?




        So, demographic growth determines and simultaneously requires progress, while progress determines a demographic increase. They are inextricably linked.




        What happens when any of these curves flatten? In the European Union, political leaders constantly deplore competition loss compared to the USA or to emerging powers in Asia or Latin America. Some even speak of a general decline of the "West” (whatever they choose to mean by that). We are a declining, aging population that seems to have lost its breath. It even seems that politico-ideological debates are becoming derisory. From often tense quarrels between the Left, Right and Center, including their extreme versions, in the first half of the 20th Century, from grand visions of principles, rights, democracy or nation, we came to “issues” like "gender identity” or "toxic masculinity”! Complacency and decadence...




        Do you know which was the time and place with possibly the highest social energy? 19th Century and the first decades of the 20th, in a continuously expanding world, with new territories to discover and new scientific domains to explore. And nowhere was this more pregnant than in the New World.




        New lands to settle and administer, offering a sink for Europe’s demographic growth and a way to escape its social problems. New forms of government to try. And, obviously, new technical means to "tame” these landmasses. How many inventions were born in that era! Of course, there were also downsides, as many native peoples can testify, but Evil existed in any society.




        During the first years after World War II, there was another epoch of optimism, energy and intrepidness, maybe more obvious when looking at the emergent space programs of the 50-70s. Humans reached the Moon... And then... nothing!




        This is exactly what contemporary world lacks. A new heroic age, of courage and ingeniuity, to wake us from complacency and give us a new sense. New limits to fight and overcome. A new frontier spirit.




        But for all these, we need a frontier. Where to find it on this small and crowded Earth? Nowhere, because it is to be found out there, in the big Universe. It will give us the chance to withstand any imaginable catastrophe and to survive, as a species, forever. It will give us the resources and space needed to thrive. And it will give a breath of fresh air to our society.




        Certainly, there are some futurists envisioning another scenario: transhumanism. We could alter our own bodies through genetic engineering and/or cybernetics. Or we could "upload” our minds into robots or, directly, into a supercomputer, to live eternally in an infinite virtual reality [12].




        Personally, I am a skeptic when it comes to such solutions. First of all, an upload of human conscience into an informatic device does not mean immortality. Anyone who has ever installed sofware from one device to another knows that what he installed is merely a copy. A computer with my thinking routines would be a remarkable device and would surely outlive me. Yet, it wouldn’t be me in that device, but a mental "twin”.




        Furthermore, is it good, is it wise to change our bodies as we like? Wouldn’t we lose our very essence as human beings? After all, the idea of a mobile soul, that is separate from the physical body is not even supported by the Scriptures (at least Monotheist ones). The Book of Genesis (2:7) literally tells us: "And the Lord God formed man of the dust of the ground, and breathed into his nostrils the breath of




        life; and man BECAME A LIVING SOUL.” A soul without a body or a body without a soul is barely conceivable!


      


    




    

      Conclusion




      Humankind is heading, slow but steady, towards a major Global crisis. This crisis involves several demographical, economic and socio-political aspects, but it can be easily summarized in one idea: we are running out of living space. Our growth and demands are continuous, while Earth is finite.




      Thus, to survive, progress and maintain our essence as a species, we need to learn how to exploit this huge space that the Cosmos offers.




      The future of Homo sapiens is to become Homo universalis.
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      Abstract




      

        

          	
If you look the right way, you can see that the whole world is a garden.


          Frances Hodgson Burnett

        


      




      Currently, the human settlement on planet Earth is suboptimal, roughly covering some 15% of its surface. Remediating this problem involves several approaches. Inhospitable land areas can be "greened” by using modern technology, while the efficiency of current settlements can be improved. But humans could also take advantage of such new technologies to colonize the surface of still water bodies, underground and underwater environments. This enterprise would help us learn revolutionary new ways of providing food, light, heat and electricity to human populations, techniques that would also be applicable to other celestial bodies.
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      No, you do not hallucinate! No, this is not a typewriting error. And no, the author has not gone mad at least, I don’t think so!




      Surely, Earth has been our abode, as a species, for over 400,000 years. Fellow human beings live in all its corners. But do we really use it at its full potential?




      Look at the image below (Fig. 2.1).




      This is how our planet looks at night. Such images offer a good clue about the global distribution of the human population. Bright areas host large amounts of people, with the most illuminated spots being urban centers. But we can also see almost dark areas. These regions are sparsely populated (or North Korea, for entirely different reasons).
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Fig. (2.1))


      One of the many images NASA offers to the public shows a night view of planet Earth [1].



      Actually, of the entire Earth’s surface, 71% are water bodies (oceans, seas, lakes etc.). Of the landmass surface, half is represented by rather hostile environments: extremely dry areas (deserts, semi-deserts, arid steppes), ice masses and tundras, mountain ranges and high, dry plateaus (Tibet, for instance), swamps and other wetlands, rainforests and dense boreal forests in cold regions of the world.




      Simplifying all this, we could say that humankind piles up on around 15% of the planet’s surface. What is to be done?


    




    

      



      2.1. SETTLING LANDMASSES




      Let’s take, for instance, deserts – some of the most inhospitable and sparsely populated places on Earth. Environments continuously expand due to deforestation, intensive agriculture, overgrazing and climate changes.




      Of course, there are many plans (some already under implementation) to halt this expansion, by creating forest barriers. Planting vast areas in Niger with Faidherbia albida (a tree similar to acacia) during the final decades of the last century already led to “re-greening” some 3 million hectares. Over a quarter of a million hectares were returned to agriculture. That means food, economic production and the possibility to populate regions that, in the 70s, were effectively turned into wastelands. For instance, the cereal production in these areas (millet, sorghum) increased by 20-85%, and horticultural production even quadrupled in some cases! And all these by “simply” replanting some trees [2]!




      Can we do more? Of course! Especially in regions with natural water resources. One of the most grandiose such projects is the New Valley Project or, shorter, the Toshka Project.




      Egypt is one of the countries most affected by the contradiction between sustained demographic growth and low habitable surface. Around 100 million citizens are forced to “crowd” on the narrow Nile Valley and in some other small and relatively wet areas (about 5% of the country!). The rest being, obviously, desert.




      In 1997, the Egyptian government conceived a simple project with major consequences. In the southern part of the country lies Lake Nasser (a man-made reservoir created on the Nile). To the west, a rise in groundwater levels, due to water accumulation in Lake Nasser, created a row of new lakes, called Toshka Lakes (Fig. 2.2). The idea is to drain their water, through irrigation canals, to the north, with the terminus point around Baris Oasis. The final purpose is to expand the country’s arable land by 40%, returning to public use vast areas west of the Nile, in the Southern Desert [3].




      
[image: ]


Fig. (2.2))


      The area to be irrigated and returned to agriculture through the Toshka Project [4].



      The Toshka Project is just a small part of an array of grandiose plans, with an estimated cost of 70 billion dollars, aiming at creating over 17,000 km2 of arable land in the desert. Unfortunately, local political evolutions temporarily halted these plans – just 80% of the 310 km-long Toshka-Baris canal (the main feature of the project) was completed. Recently, however, the new regime led by General al-Sisi expressed its wish to resume work as soon as possible [3].




      Not only the Southern Desert is targeted, but also other regions of Egypt. For example, using man-made canals and pumping stations, authorities managed to expand arable lands west of the Nile Delta, in the Beheira Governorate [5].




      Surely, there are potential drawbacks to this concept. There are some concerns that salts present in desert soil might make the water too saline and unsuitable for irrigation and could also affect groundwater. Furthermore, over usage of Nile water could cause a hydric deficit in other regions and political tensions with neighboring countries (Sudan, Ethiopia).




      More good news is received from China. Most of its Western regions are deserts, semi-deserts and arid highlands. Even more, decades of intensive agriculture and systematic deforestation, all on a background of erosion-prone soils, led to an expansion of loess deserts in Central and Northern areas.




      Since 1998, the regime in Beijing launched the Xibu Da Kaifa (Open up the West) initiative, a set of large-scale reforestations, for halting and resettling deserts. The goal would be to “re-green” a total of 17.33 million hectares of arid land (plus re-naturalizing 14.67 million hectares of unsustainable agricultural land). Results are certainly, mixed ones, and the idea also has a rather worrisome political substrate systematic colonization of some regions, against and by marginalizing native ethnic groups: Mongols, Uyghurs, Tibetans), but such measures are a good example of how regenerating natural ecosystems (forests, steppes) can go alongside with expanding arable lands, in a struggle to tame the desert [6].




      This struggle requires an ingenious use of novel technologies. For instance, authorities intend to use solar energy to desalinate water, installations that would help condense atmospheric water, new biochemical solutions (a plant extract used to enhance soil cohesion and water retention between soil grains) and new agriculture, one that should be more effective in using available space (in order to limit arable land expansion on behalf of natural vegetation). All these to create some 13,000 hectares of new arable land in Inner Mongolia, in just a few years! 70 agricultural species would be grown, many of which are native or acclimatized to the region. Basically, a terraformation of the desert [7]!




      Qatar and Jordan are two other countries that use integrated approaches to recover arid regions. In collaboration with fertilizer-producing companies, NGOs and innovative architects, Qatar opened an experimental center that includes concentrator photovoltaic installations and greenhouses that are cooled with salt water. Electricity produced by the photovoltaic power plant is used to evaporate water, thus cooling the greenhouses – a major problem in an arid tropical climate – and, through water condensation, to irrigate crops. But this is just a pilot experiment, part of the Sahara Forest Project, a major, non-governmental campaign to reconquer the deserts, with subsidiary projects in various states of the Middle East and the Mediterranean Basin [8].




      All these projects are in the course of implementation, but there are others, at even larger scales, that have not yet passed the concept phase. The main limiting factor is water, an issue with two possible solutions.




      The first consists of transporting this vital liquid from areas that benefit from a natural excedent. This is the case for the grandiose "Water for Life” initiative. The water source should be Norway – a mountain-covered country with numerous freshwater sources, many of them flowing towards the North Sea, after a short passage across local highlands. While some of them fuel the powerful Norwegian hydroelectric industry, a substantial water amount is simply lost to the Planetary Ocean.




      Therefore, proponents of this initiative envision draining all this freshwater, by gravitational flow and active pumping, through a 12 m thick magistral pipeline, across Europe, below Gibraltar and into the Sahara, to irrigate a huge region, stretching from Morocco to Saudi Arabia. This water would be used in aquaponic farming complexes (farms that produce both vegetables and fish; there would be over 400 such farms, with a total area of over 1,000 hectares), producing more than 20 million tons of food daily [9].




      There is also a somewhat lower-scale and more “classical” equivalent to this: NAWAPA North American Water and Power Alliance. First ideated in 1964, but never implemented mostly, due to political and financial reasons, this program involves building a series of pipelines and open canals for transferring freshwater excedents from Alaska, Yukon and British Columbia (areas with geographic and hydrographic features similar to those in Norway), to the prairies and semi-arid and arid areas in Central and South-Western United States, Central Canada and Northern Mexico (there is also a similar project called GRAND – taking water from the Great Lakes). This project would completely reshape the economic geography of North America, offering cheap hydroelectric energy, irrigation and internal naval transportation means to a huge region (Fig. 2.3) [11].
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Fig. (2.3))


      A revised version of the NAWAPA project [10].



      There is, however, a much richer water source for irrigation: the Planetary Ocean. And current technology allows the desalination of huge amounts of water.




      Here is, for example, a simulation of the reforestation of vast areas of the Sahara and Australia, mainly with eucalypt trees. The main concern of the authors, in this case, was sequestering large amounts of carbon in order to lower or neutralize the anthropic greenhouse effect (which would involve sequestering 7.2-8.8 gigatonnes). The water volume needed would be around 4.9×1012 m3 per year, for the Sahara. There are some major groundwater resources, among which the Nubian Aquifer, but those would be depleted in a few decades.




      However, the main idea is that of a geophysical feedback. The mathematical model employed by the authors indicates, for the Sahara, a 20-fold increase in rainfall volumes due to reforestation (700-1,200 mm/year). In just 20 years, this would lower the water amount necessary for irrigation by 40% (from 500 to 300 mm/year). The same would also function for Australia.




      Reverse osmosis desalination technology decreases irrigation costs, up to 0.53 USD per m3 of resulting freshwater, plus pumping and transport costs. A network of desalination plants (powered by nuclear, wind or solar energy) would provide the necessary water in an ecologically “clean” manner. Surely, there are other issues, such as nitrogen deficit in desert soils – easy to fix by planting Acacia trees or other nitrogen-fixing species legume-bearing plants have root nodules hosting endosymbiotic bacteria that convert dinitrogen to organic nitrogen. Such reforestation would allow a profound alteration of the local climate and an expansion of agricultural crops and living space [12].




      Such an enterprise would indeed be expensive. A private company, Y Combinator, calculated an estimated overall cost of “re-greening” the Sahara: 50 trillion dollars [13]! Of course, that is huge, but it is just twice the current public debt of the United States, for instance, while the economic and politico-demographic benefits of such a program would be enormous.




      One of the most innovative ideas in this field involves concentrator photovoltaic cells. Briefly, light is concentrated, using mirrors, onto a cell containing molten salt as a heat transfer fluid. Heat is then transferred to water, which, turned to vapor, activates a turbine. But water vapor is a resource that could be used for desalinating; through evaporation, water is pumped from the sea/ocean/salt lakes (Fig. 2.4).
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Fig. (2.4))


      Concentrator photovoltaic cells – most likely the key to "greening” deserts [14].



      More recently, photovoltaic cells with incorporated micro-pipes allow the miniaturization of the whole process. The technology is extremely suitable for areas with strong insolation and high temperatures, which is why many countries in such regions have already built or are going to build pilot plants: Cyprus, Egypt, and Australia [14].




      As for the cold regions of Earth, it seems that they are already greening, due to contemporary climate changes. Not as fast as we could expect, but lower and wetter areas in the Arctic tend to develop much more abundant vegetation [15]. The ice melting and opening new transportation routes could lead to massive colonization of the Far North (and, maybe, the Far South). Of course, we should always consider the negative effects of this “meltdown” on the Global climate.




      Further help could come from orbital mirrors. Satellites bearing extensible sails covered with reflective materials (MgF2, SiO2, a mixture of indium and stanium oxides), on geostationary orbits or not, could lighten the sky during the long polar nights or short winter days at higher latitudes.




      In 1999, the Russian Space Agency placed in orbit such a mirror, 25 m in diameter ("Znamya 2.5”), illuminating an area 7 km in diameter. For ground observers, it had a luminosity five times higher than the full Moon (but at a smaller diameter; basically, like a very bright star). Unfortunately, it had a short life: a malfunction led to an almost immediate crash of the device.




      To create a pleasant illumination of circumpolar regions, 15-30 km2 mirrors (or clusters of smaller, below 0.1 km2 ones) would be enough. However, to provide constant light, similar to that of the Sun, for agricultural and even photovoltaic purposes, a total surface of 2,500-7,500 km2 would be necessary (clusters of 5-10 km2 reflectors) [16]. This is not easy to accomplish, but neither impossible, especially because this technology will prove useful in other situations, as you will find out in the chapter dedicated to Mars.




      However, efficient landmass settlement does not just imply irrigating, greening and colonizing hostile environments and more efficient usage of already available living space.




      Take a look outside your home. What do you see? Very likely, blocks of flats next to other blocks of flats, or houses next to houses, with a little bit of green space beside them, a park here and there. And, if you live in a neighborhood of houses, some have gardens where their owners might grow some vegetables.




      But, if you want to see agricultural production, you will have to get out of your town or village. The same if you wish to see a forest, a pasture or any other kind of natural ecosystem.




      Thus, in contemporary society, there is a clear distinction between anthropic ecosystems housing, administrative and industrial spaces, agroecosystems and natural ecosystems. Each has its own, separate place. And this isn’t right! This way, landmass usage is not efficient, and these three ecosystem types will compete with each other.




      One of the most puzzling things I have ever seen in my life is the massive territorial expansion of my home city. New neighborhoods of houses and blocks, or huge commercial complexes continue showing up in places that not long time ago were crop fields, littoral sandspits, wetlands, pastures or, simply, ruderal ecosystems (the fancy, scientific name of abandoned fields). The same goes for the entire country, although the Romanian population is constantly declining! In other regions, agricultural terrain and pastures are expanding, on behalf of natural areas. The latter are the ones affected in all situations, being constantly reduced throughout the world.




      What needs to be done? It’s obvious: integrating these main three types of ecosystems in the same space. A town/village that would simultaneously host human inhabitants produces a large part of its necessary food and has a high percentage of green areas.




      In 1959, typhoon Vera devastated several towns in Aichi Prefecture, Japan. The next year, the (then) young architect Kisho Kurokawa – one of the founders of the Metabolist Movement, ideating organic urban growth – proposed the concept of an “Agricultural City”. Formed of 500×500 m housing complexes, each hosting 200 people, this town would have been completely suspended and alternated with crop fields (Fig. 2.5). All houses are suspended on pillars, and road infrastructure is located 4 m above ground [17].




      Yet, the idea of agro-urban symbiosis was rather marginal until now, at the beginning of the 21st Century, when cities grow, and their food demand also increases. Estimates show that, around the half of this century, 80% of the total agricultural consumption will be due to urban settlements. This implies a growing dependence on rural regions and high food shipment costs (that are translated to environmental costs: growing greenhouse gas emissions). But it also means a growing need to get out of the so-called “gray infrastructure”: the typical, concrete-covered, polluted city [18].
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Fig. (2.5))


      The “Agricultural City” imagined by K. Kurokawa, seen from above [19].



      There are many ideas, from personal gardens on balconies and roofs to communal gardens and greenhouses. The final target is real farms fully integrated into urban landscapes-agricultural production spots and a source of ecological services for a growing urban population.




      Green façades, rooftop farms on commercial centers or blocks of flats with integrated mini-farms see Fig. 2.6.
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Fig. (2.6))


      The Farmhouse, a block of flats with mini-farms, imagined by Fei and Chris Precht [20].



      The most efficient is vertical farming: real vegetable "factories”, with a controlled internal environment, hydro-/aeroponic culturing, on multiple levels, with the possibility of recycling waste (through composting, for instance) [18].




      On the other hand, neither integrating natural ecosystems in future cities is impossible and not even expensive. After all, there is a long history behind it, starting with the Hanging Gardens of Babylon. The problem here is urban planning: many contemporary metropolises were simply not designed to host large enough green spaces, and now any such change would be too expensive.




      Yet, in the future, this will be a key issue in designing new neighborhoods or cities. A “green” city is not just less polluted, but also healthier for its residents (due to the effect of volatile essential plant oils, featuring antimicrobial properties, and the relaxing effect on human psychic). Thus, it is also more productive economically [21]!




      Furthermore, such urban ecosystems ensure temperature regulation and a pleasant climate, especially in the hottest periods of the year, filter from 70% (trees planted next to roads) to 85% (parks) of the polluting solid particles in the air, lower, with up to 50%, noise pollution, stabilize soil and drain excess rainwater and, last but not least, can host impressive biodiversity [22].
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Fig. (2.7))


      Aquarius, an example of integrated agro-urban settelement [23].



      There is an architectural design that allows an optimal combination of all three ecosystem types. Made popular by Marshall T. Savage, it is the main idea behind Project Aquarius: floating urban colonies (for more, see Subchapter 2.3). The concept can also be applied to land settlements.




      It is the so-called tectonic architecture: structures that mimic natural landforms. In this case, hexagonal housing modules (the easiest shape to combine in complex megastructures) would be organized on several levels, the final result having the shape of an artificial, terraced hill (Fig. 2.7).




      Residential spaces would consist of these modules (especially outer ones). Central modules would contain utility spaces (transportation networks, industrial and commercial centers etc.), illuminated by sunlight – directed through reflecting tubes or fiberglass – or using electricity (or mixed systems). The compact shaping of living areas in such megastructures would reduce internal distances and make transportation easier.




      But, most importantly, the outer and upper surfaces of the modules would provide space for farms, micro farm complexes or natural vegetation. Imagine a huge “ant mound” populated by thousands of people, covered by farms, pastures, parks or even forests, that can expand "organically” by adding more hexagonal modules [24]!


    




    

      



      2.2. Deep Below




      One of our most common mistakes is considering our planet as a two-dimensional space. We open an atlas, look at flat maps and see how cities, provinces and states lie on this surface, and maybe we ask ourselves if there is more to settle.




      But our world is three-dimensional! and this means that Earth is round or its surface has various landforms. But there is also a vast underground environment and an equally vast atmosphere. We can search for new territories right below our feet or above our heads!




      Can we really do this? Even since the Paleolithic era, humans have chosen caves among other possible shelters. Then, as technology and workforce allowed, they began digging their own underground structures. One of the oldest and still surviving such structures, dating from the Bronze Age (cca. 3000 BC) – is the Terelek tunnel, below Kızılırmak River, in northern Turkey! The ability to dig tunnels and underground canals became more evident 2700 years ago, in Persia, when people dug the qanat – extended water transport networks, for human consumption and irrigation [25].




      However, such digs were not limited to tunnels. Even since around 4500 BC, partially or totally underground villages (built this way due to climate and security reasons) were common in Judea and surrounding regions [26]. But the largest and most widely-known such settlements are those in the Cappadocian Plateau (nowadays in Central Turkey). Initially dug by the Phrygians (8-7 centuries BC), expanded during the Byzantine Empire and used up to the beginning of the 20th Century, each of these temporary or semi-permanent settlements was able to host, tens of thousands of people during wars. Nine such towns are currently known, dug in the soft volcanic tuff of the region (Derinkuyu, Kaymaklı and Özkonak being among the largest; (Fig. 2.8), with up to 10 levels each, reaching depths of 40-60 m. The settlements include houses, warehouses, stables, churches, water and ventilation wells and also connective tunnels between them, up to 8 km in length [27]!
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Fig. (2.8))


      Malakopi/Derinkuyu ancient underground city (Turkey) [28].



      Of course, this trend towards settling subterranean spaces still continues up to these days. And this is because they offer some advantages. First of all, available space: such a settlement can easily extend on multiple levels. Such spaces also provide a constant ambient temperature throughout the year, lowering heating and cooling costs. There is easy access to underground water and geothermal resources, allowing the use of heat pumps, or even thermal springs for heating (Fig. 2.9).
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Fig. (2.9))


      Resources available to an underground settlement [29].



      Obviously, there are some drawbacks. Although modern excavation means can be very efficient, digging such spaces requires time and resources. The requirements are certainly lower if the substrate is composed of softer rocks, such as limestone or tuff. There is also the need for constantly ventilating the internal atmosphere. Finally, there is the problem of illumination.




      Fortunately, there are several modern solutions to this problem, other than the traditional, energy-consuming electric lighting, even if based on LED technology. Direct illumination implies transporting and distributing natural sunlight. It can also be used in mixed systems, which distribute light from a small artificial light source.




      It all starts with light collectors – mobile parabolic mirrors (with adequate electronic control, collectors can follow the Sun’s position in the sky, just like a sunflower does!) that focus the light on mirrors that, in turn, transmit it further away. There are also variate light transmission means, including rigid reflecting tubes, flexible reflecting cables and even fiberglass conductors. Finally, terminal reflectors distribute light, just as traditional electrical ones do (Fig. 2.10).




      Efficiency can surpass 50% (up to 65% of the incident light, depending on network conformation). Definitely much higher than if a photovoltaic light transformation to electricity and vice versa was used! And the best part is that all this technology is available and already in use [30, 31].




      An efficient illumination is also the key to providing food to the settlements, because vertical agriculture aquaponic, hydroponic or aeroponic and unconventional farming (mushrooms, insects) is a prerequisites to colonizing the depths of our planet.
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