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Growth in human population and consumption both need to be addressed to reach an ecologically sustainable future
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Nowadays, human activities are causing an important collapse in global biodiversity while also affecting the global climate considerably. Despite historical agreements on both biodiversity conservation and climate change, humanity keeps changing the face of the planet at an increasing rate. An undisputed factor in global change is the excessive and growing human consumption. On the other hand, it seems that linking humanity's environmental impact with population growth has been quite controversial in the international debate, as if, somehow, biodiversity loss and climate change were unconnected to it. To this purpose, this paper reviews (1) the impacts of continuing human population growth on global biodiversity and climate through the examples of food and energy production, (2) changing perceptions about population growth and (3) the potential solutions that could be used to address this issue. Despite not the only factor, the research reviewed in this paper highlights that continuing population growth plays a substantial global role in the destruction of biodiversity and in climate change, and this role urgently needs more attention in scientific, policy and public circles. Both unsustainable population levels and excessive consumption are part of the equation and must be addressed concurrently in developing and developed countries. Several non-coercive strategies are possible to address the population question, mostly through access to education and contraception, in order to empower women through the basic human right to have children by choice. In any case, although limiting population growth may not be the only solution required to fix current environmental problems, ignoring it is likely to hinder any ecologically sustainable future.

Introduction

Two decades ago, ecologist Peter Vitousek already stated that "we are the first generation with tools to understand changes in the Earth's systems caused by human activity, and the last with the opportunity to influence the course of many of these changes" [START_REF] Daily | Developing a scientific basis for managing Earth's life support systems[END_REF]). More than ever, humanity is changing the face of the planet at an increasing rate, conducting to an unprecedented "environmental breakdown" [START_REF] Laybourn-Langton | This is a crisis: Facing up to the age of environmental breakdown[END_REF]. While a century ago only 15% of the Earth's surface was modified by the direct effects of human activities [START_REF] Klein Goldewijk | The HYDE 3.1 spatially explicit database of human-induced global land-use change over the past 12,000 years[END_REF], this proportion has now grown to 87% of the ocean and 77% of the land [START_REF] Watson | Protect the last of the wild[END_REF]). This has led to a global collapse of biodiversity with, between 1970 and 2014, an average 60% decline in populations of all vertebrate species (measured by the Living Planet Index), and up to 83% for freshwater species alone (WWF 2018). Arthropods biomass also declined by more than 75% over the last 30 years in some regions (e.g. [START_REF] Hallmann | More than 75 percent decline over 27 years in total flying insect biomass in protected areas[END_REF][START_REF] Lister | Climate-driven declines in arthropod abundance restructure a rainforest food web[END_REF][START_REF] Sánchez-Bayo | Worldwide decline of the entomofauna: A review of its drivers[END_REF], disrupting entire food webs (e.g. birds, [START_REF] Mnhn | Le printemps 2018 s'annonce silencieux dans les campagnes françaises[END_REF]. According a recent report from the Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services (IPBES), human activities threaten around 1 million species with extinction (IPBES 2019), many others being extinct already [START_REF] Baillie | Extinctions in recent time[END_REF]IUCN 2018). Considering this rapid loss of biodiversity, the world is now facing a sixth mass extinction [START_REF] Ceballos | The sixth extinction crisis: loss of animal populations and species[END_REF]2015, 2017), the first to be caused by a species -Homo sapiens.

In addition, since the last century, human activities have also led to ~0.9 °C of global warming due to continuously increasing greenhouse gas (GHG) emissions (~584.4 GtC emitted from 1860 to 2014, Mora et al. 2018a) from fossil fuel combustion [START_REF] Hansen | Assessing "dangerous climate change": required reduction of carbon emissions to protect young people, future generations and nature[END_REF], industry processes and agricultural production [START_REF] Ripple | Ruminants, climate change and climate policy[END_REF]. Without reduction of these emissions, current projections predict drastic changes in the global climate, including (1) changing temperature and precipitation patterns, (2) shifting frequencies and intensities of extreme weather events (e.g. droughts, heatwaves, storms, floods), (3) altered patterns of weather systems (e.g. El Niño, monsoon) and (4) sea-level rises (IPCC 2012(IPCC , 2013)), among others. These changes are expected, as soon as 2030, to lead to climates not experienced on Earth since the Pliocene, 3 million years ago [START_REF] Burke | Pliocene and Eocene provide best analogs for near-future climates[END_REF], which is likely to profoundly affect the whole biosphere. As a consequence, current high rates of biodiversity loss are expected to accelerate even more in the next decades (Thomas et al. 2004;[START_REF] Cahill | How does climate change cause extinction[END_REF][START_REF] Huntingford | Simulated resilience of tropical rainforests to CO2-induced climate change[END_REF][START_REF] Moritz | The Future of Species Under Climate Change: Resilience or Decline?[END_REF][START_REF] Urban | Accelerating extinction risk from climate change[END_REF]).

Yet, as part of the natural world too, humans will also be inevitably affected by both biodiversity loss and climate change. The last National Climate Assessment illustrated well how such consequences are already playing out in North America (USGCRP 2018). [START_REF] Mora | Broad threat to humanity from cumulative climate hazards intensified by greenhouse gas emissions[END_REF] also reported evidence for 467 pathways by which human health, economy, infrastructure, water, food and security have been recently impacted by climate hazards. The last few years have shown good examples of extreme weather events, such as storms, heatwaves, droughts, fires, intense precipitations and floods. [START_REF] Mora | Broad threat to humanity from cumulative climate hazards intensified by greenhouse gas emissions[END_REF] warned that humanity is highly vulnerable to these cumulative climate hazards as they will be intensified if GHG emissions are not aggressively reduced. In addition, beside the intrinsic value of the natural worldthat has a right to exist for itselfnature is also essential for supporting human life considering its contribution to people (e.g. clean water, food, climate regulation, Díaz et al. 2018). Recent reports warned that the continuous decline of biodiversity and nature's contributions also seriously endangers economies, the security of the world's food supplies and the livelihoods of millions of people (IPBES 2018;FAO 2019). Therefore, addressing these environmental problems is urgently needed to ensure a better and safer future for both humans and the rest of the natural world [START_REF] Berry | The Great Work: Our way into the future[END_REF]Daily et al. 2009;[START_REF] Ceballos | The sixth extinction crisis: loss of animal populations and species[END_REF][START_REF] Crist | The interaction of human population, food production, and biodiversity protection[END_REF].

Over the last decades, both climate change and biodiversity loss have been key issues discussed internationally (e.g. UNCED 1992). In 2010, during the Tenth Conference of the Parties (COP 10) to the Convention on Biological Diversity, 193 nations agreed to reach 20 objectives related to the conservation of biodiversity by 2020 (Aichi Targets, CBD 2010). Among others, they included reducing by half the loss of natural habitats and the creation of more efficient protected areas worldwide. Similarly, under the December 2015 Paris Agreement, reached during the COP 21 on climate change, 195 nations agreed to limit the global average temperature increase by 1.5 to 2 °C above pre-industrial levels (UNFCCC 2015). However, despite these historical agreements, given increasing human population and consumption [START_REF] Raupach | Global and regional drivers of accelerating CO2 emissions[END_REF]) as well as a lack of political will [START_REF] Kemp | Limiting the climate impact of the Trump administration[END_REF][START_REF] Custer | Listening to Leaders 2018: Is development cooperation tuned-in or tone-deaf?[END_REF], addressing these issues is regarded as a very difficult challenge (Mora et al. 2018a;[START_REF] Pinheiro | Hope and doubt for the world's marine ecosystems[END_REF]. In November 2018, during the COP 14 to the Convention on Biological Diversity, it emerged that almost none of the Aichi Targets will be reached by 2020. Even worse, habitat degradation is increasing, with record tropical forest losses in 2017-2018(GFW 2018;;INPE 2018). In addition, 2018 was a record year in GHG emissions (Le [START_REF] Quéré | Global carbon budget 2018[END_REF]. In order to reach the 2 °C objective from the Paris agreement, current efforts must be tripled by 2030 (UNEP 2018). Otherwise, global warming of about 3°C is to expect by 2100, with warming continuing afterwards (IPCC 2018).

In this context, one question remains: "what can be done to reverse this trend"? Although some sceptics may still object, even when considering the current situation [START_REF] Shao | Can 2018's extreme weather convince skeptics that the climate is changing?[END_REF], most of the scientific community agrees that biodiversity loss and climate change are direct consequences of human impacts on Earth. Undeniably, a major factor is humanity's overconsumption, at the centre of international concerns for a long time already. Humanity is using the planet excessively both as a source (e.g. lands, resources) and sink (e.g. pollution, waste). Many innovative solutions and improvements in technologies are developed worldwide in order to address this excessive consumption and reduce humanity's footprint. Unfortunately, with a world population increasing annually by about 82 million people (United Nations 2019), it is very difficult to keep up. For this reason, Dietz and O'Neill (2013) stated that "we need smaller footprints, but we also need fewer feet". Generally credited to Ehrlich andHoldren (1971, 1972), environmental impact was also described as the product of population, affluence (i.e. lifestyle, per-capita consumption) and technology (cf. IPAT Equation, Chertow 2000). Yet, linking sustainability with population growth has been quite controversial in the international debate, and relatively neglected over the last 2-3 decades [START_REF] Meffe | Human population control: the missing awareness[END_REF][START_REF] Potts | Where next?[END_REF][START_REF] Mora | Revisiting the environmental and socioeconomic effects of population growth: a fundamental but fading issue in modern scientific, public, and political circles[END_REF], as if, somehow, humanity's environmental impact was unconnected to it.

Changing our approach is needed if we are to avoid the likely extinction of two-thirds of life by 2100 [START_REF] Raven | Introduction to special issue on biodiversity[END_REF]. As already noted by [START_REF] Hulme | Why we disagree about climate change: understanding controversy, inaction and opportunity[END_REF], if there is a "safe" limit to avoid for climate change, "is there not also a desirable world population?" Undeniably, indefinite growth of both population and consumption is impossible on a planet with finite space and resources. In fact, meeting the UN Sustainable Development Goals is already regarded as requiring a lower world population growth [START_REF] Abel | Meeting the Sustainable Development Goals leads to lower world population growth[END_REF]United Nations 2019). The International Panel on Climate Change (IPCC) also recently stated that GHG emissions could be lowered by 30% by 2100 if access to contraception was provided for women expressing a need for it [START_REF] Smith | Human health: impacts, adaptation, and cobenefits. Section 11.9.2: access to reproductive health services[END_REF]. In 2017, over 15,000 scientists from all over the world also reported in a "warning to humanity" that population growth needed to be addressed otherwise all efforts to reach a sustainable future would be in vain [START_REF] Ripple | World Scientists' Warning to Humanity: A Second Notice[END_REF]. This outlines the need to bring population growth to the forefront of international concerns and overcome the taboos around this question. Yet, until recently, the topic remained relatively poorly documented and too many people, in scientific, policy and public arenas keep ignoring or denying that population growth is also an issue.

In that context, this paper aims to support the most recent studies that highlighted the need to address both overconsumption and population growth if we are to reach an ecologically sustainable future (e.g. Guillebaud 2016; [START_REF] Kopnina | Discussing why population growth is still ignored or denied[END_REF][START_REF] Crist | The interaction of human population, food production, and biodiversity protection[END_REF][START_REF] Pérez | El olvido de la demografía en los estudios de Sostenibilidad[END_REF]. To this purpose, this paper reviews (1) the impacts of continuing human population growth on global biodiversity and climate through the examples of food and energy production, (2) changing perceptions about population growth and (3) the potential solutions that could be used to address this issue. Although this paper does not bring a completely new perspective regarding this topic, another overview of current literature will hopefully contribute to raising scientific, political and public awareness that any attempt to stabilize or lower our population, through noncoercive measures, is a good strategy for reducing overconsumption on all fronts.

Impacts of a growing human population on global biodiversity and climate

Interestingly, the concerns about a continuously growing human population are not something new. More than two hundred years ago, Malthus (1798) already noted that human population was increasing faster than the resources necessary for subsistence and postulated that this might become an issue in the future. Nevertheless, Malthus underemphasised the increase in technologies, especially in agriculture (i.e. Green Revolution), that occurred during the twentieth century and enabled humanity to produce a large amount of food, making possible a population explosion. From 1 billion around 1830, the human population had increased to about 2.5 billion by 1950 and is now approaching 8 billion (Fig. 1). However, providing resources, especially food, for such a large number of people has inevitably led to significant environmental impacts, affecting every ecosystem of the planet [START_REF] Crist | The interaction of human population, food production, and biodiversity protection[END_REF]. Currently, biodiversity loss can be mainly attributed to (1) changes in land and sea use,

(2) unsustainable exploitation of organisms, (3) climate change, ( 4) pollution (e.g. eutrophication, pesticides, wastes) and ( 5) invasive species (e.g. Tilman et al. 2001;[START_REF] Meyer | The impacts of rats on the endangered native flora of French Polynesia (Pacific Islands): drivers of plant extinction or coup de grâce species?[END_REF][START_REF] Harter | Impacts of global climate change on the floras of oceanic islands-Projections, implications and current knowledge[END_REF][START_REF] Urban | Improving the forecast for biodiversity under climate change[END_REF]IPBES 2019). Yet, most of these factors can be directly connected to food production from our modern agriculture (IAASTD 2009;[START_REF] Pingali | Green revolution: impacts, limits, and the path ahead[END_REF][START_REF] Smith | How much land-based greenhouse gas mitigation can be achieved without compromising food security and environmental goals?[END_REF]Steffen et al. 2015), which is also responsible for at least 20% of global anthropogenic GHG emissions (Steinfeld et al. 2006;Schwarzer et al. 2012). [START_REF] Bradshaw | Human population reduction is not a quick fix for environmental problems[END_REF]. In the first scenario, world fertility rates progressively decrease to reach 1 children per woman by 2100. In the second scenario, the world fertility rates are reduced to 1 by 2045. Global population projection from the third scenario only includes avoidance of unintended births (see Bradshaw and Brook 2014 for details).

The continuous conversion of lands for crop and animal agriculture is a well-known cause of habitat destruction [START_REF] Mora | 17 Anthropogenic footprints on biodiversity[END_REF][START_REF] Maxwell | Biodiversity: The ravages of guns, nets and bulldozers[END_REF][START_REF] Estrada | Impending extinction crisis of the world's primates: Why primates matter[END_REF]. For example, over the past century more than half of species-rich wetlands have been drained worldwide, mostly to be converted to agriculture production [START_REF] Meyer | Human population growth and global land-use/cover change[END_REF][START_REF] Mea | Ecosystems and Human Well-Being: Biodiversity Synthesis[END_REF]. Another classic example of species-rich habitat destruction is the deforestation occurring in the tropics, with a rate of 5.5 million ha/year between 2010 and 2015 [START_REF] Keenan | Dynamics of global forest area: Results from the FAO Global Forest Resources Assessment 2015[END_REF], mostly caused by agriculture for the expansion of plantations (e.g. soy, oil palm) and ranches [START_REF] Geist | Proximate Causes and Underlying Driving Forces of Tropical Deforestation: Tropical forests are disappearing as the result of many pressures, both local and regional, acting in various combinations in different geographical locations[END_REF][START_REF] Gibbs | Tropical forests were the primary sources of new agricultural land in the 1980s and 1990s[END_REF][START_REF] Lewis | Increasing human dominance of tropical forests[END_REF][START_REF] Vijay | The Impacts of Oil Palm on Recent Deforestation and Biodiversity Loss[END_REF]. Although preserving healthy forests, and other natural ecosystems, is urgently needed to address both biodiversity loss and climate change issues [START_REF] Bonan | Forests and climate change: forcings, feedbacks, and the climate benefits of forests[END_REF][START_REF] Malhi | Climate change, deforestation, and the fate of the Amazon[END_REF]IPCC 2018), the demand for cropland production over natural areas keeps increasing by around 3.4 million ha/year due to the world's growing human population and consumption patterns (FAOSTAT 2009).

The current projections from the United Nations (2019) predict, as a median scenario, a population of 9.7 billion by 2050 and 10.9 billion by 2100 (Fig. 1). Nowadays, concerns even arise about the ability of food production capacity to meet this massive coming demand [START_REF] Foley | Global consequences of land use[END_REF][START_REF] Sheppard | Famines, food insecurity and coral reef 'Ponzi'fisheries[END_REF][START_REF] Nelson | Income growth and climate change effects on global nutrition security to mid-century[END_REF]), as agricultural output will have to increase by at least 50% by 2050 and double or triple by 2100 (FAO 2009;[START_REF] Clay | Freeze the footprint of food[END_REF][START_REF] Alexandratos | World Agriculture Towards 2030/2050: The 2012 Revision[END_REF]. In response, by 2050 the environmental impacts of food production are also expected to further increase by 50-90% [START_REF] Springmann | Options for keeping the food system within environmental limits[END_REF]). In such context, it can be questioned whether feeding the world can even be compatible with maintaining global biodiversity [START_REF] Musters | Can protected areas be expanded in Africa?[END_REF][START_REF] Newton | Current and future sustainability of island coral reef fisheries[END_REF][START_REF] Mora | Ongoing global biodiversity loss and the need to move beyond protected areas: a review of the technical and practical shortcomings of protected areas on land and sea[END_REF][START_REF] Henderson | How ecological feedbacks between human population and land cover influence sustainability[END_REF].

Several scenarios aiming at meeting these two challenging objectives have been proposed, combining solutions such as raising intensification rather than expansion, shifting to organic agriculture, changing diets and reducing food wastes [START_REF] Foley | Solutions for a cultivated planet[END_REF][START_REF] Foley | Can we feed the world and sustain the planet?[END_REF][START_REF] Foley | Can we feed the world and sustain the planet?[END_REF][START_REF] Aleksandrowicz | The impacts of dietary change on greenhouse gas emissions, land use, water use, and health: a systematic review[END_REF][START_REF] Springmann | Analysis and valuation of the health and climate change cobenefits of dietary change[END_REF][START_REF] Springmann | Options for keeping the food system within environmental limits[END_REF][START_REF] Muller | Strategies for feeding the world more sustainably with organic agriculture[END_REF][START_REF] Parodi | The potential of future foods for sustainable and healthy diets[END_REF][START_REF] Willett | Food in the Anthropocene: the EAT-Lancet Commission on healthy diets from sustainable food systems[END_REF]. Although this so-called "sustainable intensification" [START_REF] Baulcombe | Reaping the benefits: science and the sustainable intensification of global agriculture[END_REF][START_REF] Clay | Freeze the footprint of food[END_REF]) has many valuable ideas, according to [START_REF] Crist | The interaction of human population, food production, and biodiversity protection[END_REF] this approach remains largely idealistic as it would have to be implemented expeditiously and globally to account for the increasing demand. [START_REF] Crist | The interaction of human population, food production, and biodiversity protection[END_REF] illustrated this point with the example of Chinese soybean imports that increased over the past 2 decades in response to the growing meat consumption in the country. Based on the present trends, it has been estimated that, by 2024, the current soybean production of Brazil, Argentina and the United States combined will not be enough to meet Chinese demand [START_REF] Hansen | China in the next decade: Rising meat demand and growing imports of feed[END_REF][START_REF] Maverick | China's hunger for soy to exceed global supply[END_REF]. In this context, it is hard to imagine how this demand, from only one developing country, can be met without conversion of more forests and other natural lands.

Consequently, although calling for a "sustainable intensification" is laudable, as stated by [START_REF] Crist | The interaction of human population, food production, and biodiversity protection[END_REF]: "its reasoning is flawed in two ways: (1) in its apparent acceptance of the current massive impact of food production as a roughly acceptable baseline impact for supporting humansone among Earth's millions of species; and (2) in encouraging an impression among scientists, policymakers, and the public that Earth can provide for an additional 2 to 4 billion people without escalating biodiversity destructionan implausible idealization when trends are tallied". Yet, this should not rule out the fact that many people, especially in developed countries, should eat less meat and reduce food wastes while improving technologies of production, and advocacy on that front is an undeniable necessity. However, as noted by [START_REF] Springmann | Options for keeping the food system within environmental limits[END_REF], "no single measure is enough to keep environmental impacts of food production within all planetary boundaries simultaneously". Therefore, considering the current trends pointing inevitably towards increasing consumption of fish, dairy, egg and meat, limiting human population growth offers another solution to reduce the impacts of food production.

Along with food production, the increasing consumption of energy and materials is also threatening Earth's biodiversity and climate. Over the last centuries, improvements in materials and technologies have contributed to our modern lifestyle but have also led to significant increases in energy consumption, currently 80% delivered by fossil fuels (International Energy Agency 2015). The development of the internet over the last decades has also significantly increased this energy demand [START_REF] Bolla | Energy efficiency in the future internet: A survey of existing approaches and trends in energy-aware fixed network infrastructures[END_REF], with no foreseeable reduction due to the continuously increasing use of data in people's everyday life for services such as online shopping, electronic mailing, social media (e.g. Facebook, Instagram), music (e.g. Spotify, Deezer) or video (e.g. Youtube, Netflix), among others. As an example, Mora et al. (2018a) recently projected that the use of Bitcoin, an online investment and payment system, could alone produce enough GHG emissions to push warming above 2 °C within less than three decades. This comes with, worldwide, increasing global use of energy in various other services such as heat, transportation and industrial processes [START_REF] Olah | Beyond oil and gas: the methanol economy[END_REF]USDE 2015). Based on current trends, total energy consumption is set to continue to rise at least until 2100 in response to growing human population and increasing per-capita incomes, especially in the developing world [START_REF] Nakicenovic | Emissions scenarios. Special report of the Intergovernmental panel on climate change[END_REF][START_REF] Clarke | Scenarios of greenhouse gas emissions and atmospheric concentrations[END_REF]Steckel et al. 2013).

Since inexpensive and abundant energy remains crucial for economic development [START_REF] Heard | Burden of proof: A comprehensive review of the feasibility of 100% renewable-electricity systems[END_REF], there seems little prospect of decreasing energy consumption from cheap fossil fuels. Over the last decades, to answer this increasing demand, environmentally damaging unconventional fossil fuels (e.g. tar sands, shale gas, coalseam gas) even began to be extracted [START_REF] Wigley | Coal to gas: The influence of methane leakage[END_REF]). Yet, considering the necessity to reduce global GHG emissions from fossil sources while answering the growing energy demands, several scenarios have been proposed using 100% renewable electricity (e.g. [START_REF] Jacobson | Providing all global energy with wind, water, and solar power, Part I: Technologies, energy resources, quantities and areas of infrastructure, and materials[END_REF]Teske et al. 2012;[START_REF] Mason | Security of supply, energy spillage control and peaking options within a 100% renewable electricity system for New Zealand[END_REF][START_REF] Jacobson | Low-cost solution to the grid reliability problem with 100% penetration of intermittent wind, water, and solar for all purposes[END_REF][START_REF] Connolly | Smart Energy Europe: The technical and economic impact of one potential 100% renewable energy scenario for the European Union[END_REF][START_REF] Singer | The energy report: 100% renewable energy by 2050[END_REF]). On the other hand, a recent review reported that most of these scenarios relied on unrealistic forecasts of global energy demand and that, to date, turning completely to renewable electricity worldwide seems largely idealistic considering the increasing global need for energy [START_REF] Heard | Burden of proof: A comprehensive review of the feasibility of 100% renewable-electricity systems[END_REF]. Although such conclusions are arguable, it is likely that no single solution is enough to address energy-related environmental impacts and that trade-offs are inevitable. Therefore, advocacy is undeniably needed towards limiting as much as possible the global per-capita consumption of energy while improving technologies. Considering that foreseeable trends point inevitably towards a continuously increasing energy consumption, limiting human population growth offers another solution to slow down this demand.

Finally, whatever the food and energy system used, a remaining obvious aspect inherent to an increasing population is the simple need of land for basic human facilities (e.g. houses, roads, shops, schools, hospitals), which will inevitably be taken to the detriment of natural lands. After agriculture, urban growth is already regarded as one of the main causes of habitat destruction [START_REF] Gibbs | Tropical forests were the primary sources of new agricultural land in the 1980s and 1990s[END_REF][START_REF] Lewis | Increasing human dominance of tropical forests[END_REF][START_REF] Vijay | The Impacts of Oil Palm on Recent Deforestation and Biodiversity Loss[END_REF].

For sure, the conflict for space between humans and the natural world remains one of the key conservation issues to address, especially considering that current protected areas are regarded as not enough to prevent biodiversity loss [START_REF] Laurance | Averting biodiversity collapse in tropical forest protected areas[END_REF]. Addressing this issue will require sufficient amount of suitable habitat (up to 50% of lands and seas) to be protected in order to ensure the livelihood of other species [START_REF] Noss | Bolder thinking for conservation[END_REF][START_REF] Wilson | Getting to Equal: Promoting Gender Equality through Human Development[END_REF][START_REF] Cafaro | If we want a whole Earth, Nature Needs Half: a response to Büscher et al[END_REF][START_REF] Cafaro | If we want a whole Earth, Nature Needs Half: a response to Büscher et al[END_REF]. It has been estimated that facilitating well-being for both nature and humanity requires a sustainable human population ranging between 1.5 and 5 billion people, depending on percapita levels of consumption [START_REF] Lowe | Population. Better not bigger[END_REF]. [START_REF] Daily | Optimum human population size[END_REF] even estimated as optimum a global population of no more than 2 billion for ensuring high-quality life to all people, while sustaining a globally interconnected civilization and protecting large natural areas. Although such estimations may underemphasize potential improvements in technologies, it is likely that addressing both biodiversity loss and climate change issues will be impossible without considering human population growth as part of the equation.

Changing perceptions about the population question

For a long time the population question has been strongly denied or ignored by much of society [START_REF] Washington | Human dependence on nature: how to help solve the environmental crisis[END_REF][START_REF] Washington | Demystifying sustainability: towards real solutions[END_REF], and many reasons have been proposed to explain why [START_REF] Kopnina | Discussing why population growth is still ignored or denied[END_REF]). Among others, the declining global mean fertility rate, which reduced from 5.2 in 1950 to 2.5 currently (United Nations 2019), has promoted a widespread perception that the population problem was essentially solved [START_REF] Pearce | Has the population bomb been defused?[END_REF][START_REF] Crist | The interaction of human population, food production, and biodiversity protection[END_REF]). Yet, more than 50% of the world's population still lives in areas where fertility rates are higher than parental replacement (2.1), and almost 10% where they exceed 5, leading population projections to at least triple by 2100 in almost 50 developing countries (United Nations 2019). Moreover, some recent studies have reported that fertility reduction has stalled in most sub-Saharan African countries [START_REF] Cleland | Contraception in historical and global perspective[END_REF][START_REF] Mayhew | Population growth. In Thinking beyond sectors for sustainable development[END_REF][START_REF] Guillebaud | Voluntary family planning to minimise and mitigate climate change[END_REF]. From 1.2 billion people today, Africa is expected to reach between 3 and 6 billion people by 2100 (United Nations 2019), which suggests that the population question is not completely on the way to solving itself.

In addition, in some developed countries, the combination of low fertility rates with an ageing population has raised concerns about the effects that a shrinking workforce may have on standards of living and public finances [START_REF] Lee | Is low fertility really a problem? Population aging, dependency, and consumption[END_REF][START_REF] Crist | The interaction of human population, food production, and biodiversity protection[END_REF]. Therefore, in practice many countries still assume that population growth is favourable in order to stimulate economic growth in terms of markets and consumers [START_REF] Blowfield | Business and sustainability[END_REF][START_REF] Kopnina | Discussing why population growth is still ignored or denied[END_REF]. This also comes with the generally accepted concept, perhaps derived from 2 million years of human evolution, that more people has always been a good thing for society, which was true until the last century [START_REF] Washington | Ecosolutions: solving environmental problems for the world and Australia[END_REF]. Moreover, the general lack of agreement about the population question in the scientific community has also probably contributed to neglecting the population issues [START_REF] Sinding | The great population debates: How relevant are they for the 21st century?[END_REF][START_REF] Sayre | The genesis, history, and limits of carrying capacity[END_REF]). Also another aspect to consider is the concept of "inexorable demographic momentum"the fatalistic idea that nothing can be done to address the population question over the short-term [START_REF] Bradshaw | Human population reduction is not a quick fix for environmental problems[END_REF]. This is underpinned by the combination of current low mortality rates and a high number of young people (born when fertility rates were higher), that are now of an age to start their family and will inevitably lead to another 1-2 billion population increase in the next 30 years, even with low fertility rates (Fig. 1, United Nations 2019). In any cases, whether reducing human population growth may or may not be a quick answer to the environmental problems (cf. critics and debate: Bradshaw and Brook 2015; O'Sullivan 2015), any attempt could importantly reduce the risk of climate catastrophe and biodiversity loss over the long-term [START_REF] Spears | Smaller human population in 2100 could importantly reduce the risk of climate catastrophe[END_REF]. Indeed, any action taken now could lead to a difference of several billion fewer people by 2100 (United Nations 2019), and the long-term nature of this result should not inhibit productive discussions around the population question.

Denials of the population issue also arise from the debate as to whether it is increasing population or excessive consumption that underlies humanity's impact, especially since the emergence of the climate change issue which directed attention towards developed countries overconsumption problems [START_REF] Crist | The interaction of human population, food production, and biodiversity protection[END_REF]. For many people, overpopulation is still seen as a non-issue, or the wrong issue, and overconsumption is the only problem (Ellis 2013; [START_REF] Fletcher | Barbarian hordes: the overpopulation scapegoat in international development discourse[END_REF]. Therefore, those critics usually argue that addressing human population growth leads to social and economic segregation, with overpopulation concerns seen as being "racist", "anti-poor", "antideveloping countries" or even "anti-human" (as discussed by [START_REF] Kopnina | Discussing why population growth is still ignored or denied[END_REF]. These arguments refer to the dichotomy classically established between developed countries and developing countries, where population concerns are seen as only a developing world issue and overconsumption as only a developed world problem. Yet, it is now necessary to move beyond this prevailing binary approach to overcome obstacles to a productive discussion about these global problems.

Firstly, it has been already reported that human impacts on earth and its ecosystems are caused by the total population and its continued growth, both in numbers and in consumption of resources, so neither can be ignored (Ehrlich and Ehrlich 2014). In addition, arguments characterising overconsumption as only a developed world problem are becoming outmoded as the developing world (e.g. China, Brazil, India) is now rapidly increasing its use of resources and energy [START_REF] Washington | Demystifying sustainability: towards real solutions[END_REF]. For example, China has become the world's largest GHG emitter, far above the United States and the European Union (World Resources Institute 2014). The last decades have also seen a massive increase in developing countries' middle class. As a consequence, the global middle class reached a total of 3.2 billion people in 2016 and is expected to further increase to about 5 billion by 2030 [START_REF] Ravallion | The developing world's bulging (but vulnerable) "middle class[END_REF][START_REF] Kharas | The Unprecedented Expansion of the Global Middle Class: An Update[END_REF]), which will necessarily contribute to the escalation in consumption. Obviously, this argument is not aimed at blaming the developing countries, as all humans deserve equal opportunities for well-being, health and basic necessities, but it highlights that overconsumption is no longer a developed world issue only.

In the same way, the population question is more complex than just a developing world problem. In 2014, while promoting access to contraception in the context of lowering global GHG emissions, the IPCC stated that "this is important not only in poor countries but also some rich ones like the United States, where there is unmet need for reproductive health services as well as high GHG emissions per capita" [START_REF] Smith | Human health: impacts, adaptation, and cobenefits. Section 11.9.2: access to reproductive health services[END_REF]). In the United States, it has been estimated that each child adds about 9441 tons of CO 2 to the carbon legacy of an average woman, which corresponds to 5.7 times her lifetime emissions [START_REF] Murtaugh | Reproduction and the carbon legacies of individuals[END_REF]. In this context, although substantial efforts must be done to reduce population growth in developing countries, having one fewer child in a developed country can also significantly contribute to lower humanity's global impact (Wynes and Nicholas 2017). In any case, human overpopulation and overconsumption are two complex and interconnected issues that need to be addressed at the same time, in both developing and developed countries.

Other serious factors that contributed to neglecting the population question are religious and cultural influences.

The role played by religions such as the Catholic Church has been important to global population growth, especially in poor developing countries in South America, Africa or South-east Asia. Promoting conservative ideas relating to procreation and the sacredness of human life has led, among other things, to the religious prohibition of modern birth control methods in many countries [START_REF] Cleland | Contraception in historical and global perspective[END_REF]. In addition to the religious aspect, in some countries there is cultural and familial pro-natalism, where having a large number of children is seen as a status symbol [START_REF] Kopnina | Discussing why population growth is still ignored or denied[END_REF].

Finally, a major reason explaining why the population question is so often ignored or denied is because it questions the most fundamental right of any human being: giving life. As noted by [START_REF] Kopnina | Discussing why population growth is still ignored or denied[END_REF], "Clearly people love babies, so it goes against the grain to say we should have fewer." This point could be illustrated by an example that happened in France in 2018, after the "Agence France-Presse" transmitted the conclusion from Wynes and Nicholas (2017) that having one fewer child is the most effective individual action to reduce annual personal GHG emissions. Many people were shocked by this statement [START_REF] Chartier | Faut-il faire moins d'enfants pour sauver la planète? La vie[END_REF], which outlines the real need to bring the population question at the centre of the public discussion and raise awareness about the reality of the situation. This reticence may partly stem from the erroneous belief that human numbers cannot be influenced other than through coercive "population controls" [START_REF] Halfon | The Cairo consensus: demographic surveys, women's empowerment, and regime change in population policy[END_REF], which still inhibits rational discussion about population policies in many countries.

Potential solutions to address environmental issues through population regulation

It is necessary to move beyond the belief that, as urbanization and economic development encourage smaller families, population growth problems will resolve themselves. Although this might be true, this process is likely to take more than a century (United Nations 2019) while, in the meantime, extending humanity's impact will be necessarily done to the detriment of other species. Yet, over the last century several examples have shown that, even in the absence of strong economic development, non-coercive population policies can efficiently reduce fertility [START_REF] Prata | Making family planning accessible in resource-poor settings[END_REF]Engelman 2016a). Some countries such as Iran, Colombia, Brazil, Cuba, Thailand, Tunisia and Bangladesh, have managed to halve their fertility rates in about the same time as China, but without a coercive one child policy [START_REF] Brown | World on the edge: how to prevent environmental and economic collapse[END_REF][START_REF] Campbell | The impact of freedom on fertility decline[END_REF][START_REF] Guillebaud | Voluntary family planning to minimise and mitigate climate change[END_REF]. Several non-coercive strategies, mostly based on access to contraception and education, have been proposed by Engelman (2016a) to tackle population growth worldwide and contribute to addressing environmental issues, as discussed hereafter.

Providing access to modern contraception and family planning services everywhere is one of the major challenges of the next decades if we are to slow population growth [START_REF] Cates | Family planning and the millennium development goals[END_REF][START_REF] Bongaarts | Development: Slow down population growth[END_REF]. For 2012, it has been estimated that 40% (i.e. about 85 million) of all pregnancies in the world were unintended [START_REF] Sedgh | Intended and unintended pregnancies worldwide in 2012 and recent trends[END_REF][START_REF] Singh | Adding it up: The costs and benefits of investing in sexual and reproductive health[END_REF]). This proportioneven higher in developed countries with 47% (i.e. about 11 million) than in developing countries with 39% (i.e. about 74 million)shows that millions of women (with no distinction between countries) need better access to contraception in order to avoid pregnancy. Therefore, promoting such policies would greatly empower women through the basic human right to have children by choice [START_REF] Guillebaud | Voluntary family planning to minimise and mitigate climate change[END_REF]. Demographic analyses have demonstrated that, if women could time their pregnancies according to their own desires, fertility rates would decline, allowing a population peak below 9 billion people by 2050 with a subsequent slow decrease (Fig. 1, [START_REF] Engelman | An end to population growth: Why family planning is key to a sustainable future, solutions for a sustainable and desirable future[END_REF][START_REF] Cafaro | Life on the brink: environmentalists confront overpopulation[END_REF]. Over the last 50 years, the international community has invested around $400 billion in the 20 least developed countries that have the highest birth rates, of which less than 1% went to birth control (Wu 2013). Yet, it has been estimated that "only" $9.4 billion would be needed annually to provide modern contraceptive services for women expressing a need for it [START_REF] Singh | Adding it up: The costs and benefits of investing in sexual and reproductive health[END_REF]) ), which is relatively small compared with what is spent on defence worldwide for example.

Ensuring education is also another major strategy to move the world swiftly towards a smaller population. [START_REF] Crist | The interaction of human population, food production, and biodiversity protection[END_REF] illustrated this point based on African statistics where, without any education, women have, on average, 5.4 children, while this number drops to 4.3, 2.7 and 2.2 children for women who complete primary school, secondary school and those who go to college respectively (Engelman 2016b). Although impressive progress has been made over the last decades, further efforts are needed in many countries, especially to fill the gap in education between boys and girls (World Bank 2011). Therefore, achieving full gender equality in education would significantly lower global fertility rates and ultimately lead to a decreasing population (Eder et al. 2015). Sexual education also needs to be offered for all students as its lack constitutes another major obstacle to the prevention of unintended pregnancies. Nowadays, even in developed countries, many young people are ignorant of how their body works and are not fully aware of contraceptive options to prevent pregnancies. This education also offers good opportunities to teach how important it is to respect the bodies and sexual intentions of others and, if necessary, how to abstain from unwanted sex [START_REF] Kaidbey | Our Bodies, Our Future: Expanding Comprehensive Sexuality Education[END_REF].

In addition, although pro-natalist government policies may have not always significantly raised fertility rates, considering that the environment and its resources do not increase with increasing population, rewarding parents financially for each additional child goes against any ecological logic. Instead of rewarding the number of children, Engelman (2016a) proposed only rewarding parenthood status itself, through a fixed benefit for all parents. Therefore, this solution would allow couples to decide for themselves whether another child would make sense economically, considering that there would be no further benefits. Obviously, this strategy also requires that access to contraceptive options is available and socially acceptable.

A problem inherent to lower fertility rates and a decreasing population is that countries will move through a period where the effects of an ageing population could lead to serious challenges for healthcare programs and public pensions [START_REF] Ezeh | Global population trends and policy options[END_REF]). Yet, since reaching a lower population is an undeniable necessity, it is preferable to face these challenges directly rather than trying to delay it through pro-natalist policies [START_REF] Götmark | Aging human populations: good for us, good for the Earth[END_REF]. Several solutions are possible to address these challenges [START_REF] Smeeding | Adjusting to the fertility bust[END_REF]) but will necessarily require many social adjustments such as extending retirement age or raising taxes. In any case, an ageing population will be a relatively short-term phenomenon compared with the long-lasting effects of the ongoing population growth [START_REF] Sanderson | Remeasuring aging[END_REF].

Another major challenge is also to raise global awareness about population, environment, and development relationships. Nowadays, because many people spend their lives in densely populated cities, they are disconnected from the natural world and especially how it is impacted by human numbers and human development. Restoring nature at the centre of the people's concerns is required so they can be more sensitive to the impacts of our growing population and overconsumption and why both need to be slowed down. This also offers opportunities for potential changes in worldview and ethics, towards ecocentrism as well as ecological ethics and ecological justice [START_REF] Curry | Ecological Ethics: An Introduction[END_REF][START_REF] Washington | Foregrounding ecojustice in conservation[END_REF]. Currently, the predominant worldview in human societiesanthropocentrismonly sees nature as a resource for human use [START_REF] Crist | Abundant Earth and the population question[END_REF]. In contrast, in an ecocentric worldview all natural entities (i.e. human and non-human organisms, ecosystems and ecosystem processes) are understood to have intrinsic value and worthy of respect [START_REF] Batavia | For goodness sake! What is intrinsic value and why should we care?[END_REF][START_REF] Washington | Why ecocentrism is the key pathway to sustainability[END_REF][START_REF] Washington | A Sense of Wonder Towards Nature: Healing the Planet Through Belonging[END_REF]. Therefore, changing to a worldview acknowledging that nature has a right to exist for itself and not just for human use is also likely to be required for addressing both overpopulation and overconsumption.

Finally, limiting population growth worldwide would be easier if political leaders are involved and can interact with each other. This aspect is crucial as the question of the human impacts on the environment goes far beyond any country borders and needs to be addressed globally. Questions of both overconsumption and overpopulation need to be considered everywhere, with no distinction between developed and developing countries. It is very likely that this century will witness movements of people in response to environmental degradation and the effects of climate change [START_REF] Crist | The interaction of human population, food production, and biodiversity protection[END_REF]. As an example, while the current immigration from Africa and middle-East is seen as a "crisis" in Europe, it is unclear how it will be possible to answer such demand when the population in these developing countries (and the corresponding pressure on the environment) will triple. Yet, it has been reported that, by promoting strategies for lowering population growth in countries with high fertility rates, the resulting environmental and economic benefits should counter pressure on people to emigrate [START_REF] Bloom | Population dynamics and economic growth in Asia[END_REF]. It is therefore very important that leaders can plan an agenda for international cooperation towards global objectives of sustainability.

Conclusion

It is undeniable that the size of the human population is not the only factor impacting Earth and its ecosystems.

Yet, the research reviewed in this paper highlights that continuing human population growth plays a substantial role in biodiversity loss and climate change, and this role urgently needs more attention in scientific, policy and public circles [START_REF] Mora | Revisiting the environmental and socioeconomic effects of population growth: a fundamental but fading issue in modern scientific, public, and political circles[END_REF][START_REF] Engelman | Family Planning and Environmental Sustainability: Assessing the Science[END_REF]. As stated by [START_REF] Kopnina | Discussing why population growth is still ignored or denied[END_REF], "Denying the problem of a growing populationwhose appetites, material aspirations, and life expectancy have greatly increased in the recent decadesseems detrimental to any long-term objective of achieving sustainability". It seems that part of the debate around the population question arises from the assumption that talking about population growth shifts the attention away from the excessive consumption issue. Therefore, a first step is to end this debate about what really underlies humanity's environmental impact: both unsustainable population and excessive consumption are part of the equation and must be addressed concurrently in developing and developed countries. This review clearly highlights that there is no easy solution to our environmental problems. Therefore they need to be addressed on every possible front.

Undeniably, addressing excessive consumption is urgently required worldwide, including actions such as shifting away from fossil fuels while improving efficiency gains in materials and energy; reducing production and consumption of ecologically costly foods (e.g. animal products); drastically reducing pollution, wastes (including food wastes) and the production of throwaway and rapidly obsolescing products; and advancing recycling while reducing extractive industries [START_REF] Crist | The interaction of human population, food production, and biodiversity protection[END_REF][START_REF] Ripple | World Scientists' Warning to Humanity: A Second Notice[END_REF]. At the same time, protecting biodiversity also calls for considerable expansion of effective marine and terrestrial protected areas in order to ensure the survival of all species. Finally, discussing the population question should no longer be a taboo, as population policies, through a framework of human rights, constitute another substantial way to lower humanity's impact on Earth, therefore protecting biodiversity while increasing human welfare. This could also open discussions about worldview and ethics, and the need to commit to ecocentric conservation that acknowledges the intrinsic value of nature.

This paper is of course not aimed at blaming people having children in developing or developed countries, but only to raise awareness about what impact a person's reproductive choice may have on the environment. In this way, this discussion supports recent studies (e.g. [START_REF] Guillebaud | Voluntary family planning to minimise and mitigate climate change[END_REF][START_REF] Kopnina | Discussing why population growth is still ignored or denied[END_REF][START_REF] Crist | The interaction of human population, food production, and biodiversity protection[END_REF][START_REF] Pérez | El olvido de la demografía en los estudios de Sostenibilidad[END_REF] and invites a productive and reasoned dialogue about the population question, and more generally about the place of humans in the natural world. Implementing population policies could allow reducing the global population to about 6-7 billion by 2100 and to a sustainable 2-3 billion by the end of the following century [START_REF] Staples | For a species right to exist[END_REF]. The non-coercive measures reported in this review promote access to contraception, family planning services and, most importantly, education in order to empower women through the basic human right to make their own choice about when, and how many children they have. Such measures also call for improvements in gender equality worldwide, which has also proven to be generally beneficial to nature [START_REF] Cook | Gender quotas increase the equality and effectiveness of climate policy interventions[END_REF]. Although there are political, religious or cultural barriers to advancing the status of women in many countries, such barriers could be overcome through education in both the media and schools [START_REF] Rawe | Save the Children. Every woman's right[END_REF][START_REF] Guillebaud | Voluntary family planning to minimise and mitigate climate change[END_REF].

In any case, any attempt is preferable than doing nothing and, for addressing both excessive consumption and increasing population, education seems to be a key factor. Since the last century, humanity has widely promoted a quantity growth over a quality growth in many fields (e.g. food, materials, technologies), but it is now time to reverse this trend and start to apply a new rule based on "fewer but better". This could also, in a way, be transposed to human population growthwhere, assuming an ecological logic, it would globally be better to raise fewer but more educated children [START_REF] Lowe | Population. Better not bigger[END_REF]. New generations urgently need to be more sensitive to questions such as reducing waste, protecting biodiversity, and promoting the development of values about 
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 1 Figure 1: The world population from 1950 to 2019 and projections from 2019 to 2100 based on the United Nations median scenario (United Nations 2019) with its corresponding 95% confidence interval (grey area), and three of the scenarios reported by[START_REF] Bradshaw | Human population reduction is not a quick fix for environmental problems[END_REF]. In the first scenario, world fertility rates

  nature, equity and sustainability. In this context, although many people often wonder what kind of planet we are leaving to our children, it is now also crucial to wonder what kind of children we are leaving to our planet.
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