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Abstract

:

Recently, there has been increasing evidence of the emergence of systemic strains that threaten international cooperative efforts on global issues, especially climate change, biodiversity loss and security. Non-state actors have responded by declaring their commitment to work together alongside nations as climate agreements struggle to deliver the necessary global reductions in greenhouse gas emissions, conservation goals are not met, and security issues diversify. A principal constituent of the world’s non-state actors are cities. With many cities now home to more than 10 million individuals and several cities of more than 20 million, the urban world has come to dominate the global economy as well as the resource needs and environmental burdens imposed upon the planet by our species. Urban economies are responsible for more than half of global greenhouse gas emissions and substantially affect the world’s biodiversity by driving the extraction of resources and the degradation of global natural capital. Cities have become concentrators of diverse risk that complicate and broaden global security priorities. Cities are also crucibles of innovation in technology, business and governance and strong alliances between the world’s cities have formed to address the challenges of climate change, biodiversity and more. This paper asserts the unique potential for cities to assume a greater role in global priorities, including climate change, biodiversity loss and a realignment of security priorities. The transformative changes required in these three domains calls for a renewal of the city as a semi-autonomous neo-state, an ecological city-state.
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1. Introduction


Cities and their populations have been cited by urban theorists and planners as major contributors of solutions to global environmental problems—especially climate change. Recently, this ambition has broadened as diverse intellectual communities, environmental advocates and conservation organizations have begun to connect the global urban economy to the state of the Earth’s systems and the biosphere [1]. In addition, calls for integrating urban social and environmental priorities across broader regional, national and international social and spatial scales has brought renewed momentum to a rigorous reconsideration of the relation of cities to their host nations, including critiques of their role in offering solutions to our environmental problems and of radical extensions of their political roles as new kinds of supra-national and stateless entities [2,3].



Concurrently, the direct participation of urban populations in globalization and the concomitant awareness of climate and ecological harm, compounded by urban–rural political tension in many countries, strain national allegiance and citizenship itself. The extent to which urban residents affirm their allegiance to a state is partly dependent on their confidence that the state is acting in a responsible manner towards them and increasingly toward nature and issues of equity, especially in the global south [4]. A new urban citizenship may be motivated as much by an emerging affinity for global ecological stewardship—prompted by supra national political organizations—as through the emergence of a multi-level and transnational governance landscape [5,6]. In other words, an urban resident concerned about the planet and marginalized communities and living in a city with an aggressive stance toward climate change may declare greater allegiance to that city than to citizenship in a state that is hostile to, or even just not proactive toward, global environmental and equity challenges.



Despite fundamental obstacles to the financial and economic independence of cities from regional and national authorities, especially in Africa and Asia, and the persistent shortcomings of theoretical approaches that advance a new era of world cities [7], a convergence of environmental, social and political risks portends productive new thinking for an era of urban governance that extends itself well beyond city spatial limits. This paper does not aim to advance a unified theory for novel urban governance oriented toward the planet, but offers three domains for creative urban thinking:




	
Urban security portfolios under diversified risks;



	
Supranational governance for climate change;



	
Urbanization to support global biodiversity.








Each of these areas proposes scenarios of collaborative urban governance that suggests a new kind of provisional or contingent ecological city-state. While ecological city-states will likely never be truly independent of influence from another level of government to determine their own laws, commercial practices, and security measures—that is, never truly achieve the independent status of the nation state—internationally influential cities already play a special role with the authority and resources to determine their own ecological independence and exert global influence.




2. Ecological City-States


Several streams of research have articulated key attributes that cities bring to international relations. Cities offer a critical capacity in the development of multi-level perspectives for effective social, political and economic elements of global environmental governance [8]. They can fill gaps that exist between international commitments and the need for local actions and between centers of political power, economic resources and the governed [9,10]. They can counter divisive, racist, and nationalistic political movements and act as both sources of and sanctuaries for leading edge social thinking and actions that risk oppression and persecution by the national government. They can redefine territorial governance and extend its reach beyond national borders [11,12]. This is one of the functions of ‘new municipalism’, acting as the leading edge of a new form of municipal statecraft that elevates and scales the urban political and economic machine ‘as a strategic site for developing a transformative and prefigurative politics’ [13,14,15,16].



Cities concentrate low-carbon initiatives including electricity grids fed by renewable energy, mass transportation-oriented development and electric vehicles, net-zero energy and carbon neutral buildings, green and blue infrastructure. To deliver these kinds of innovations cities have long had to engage in “transgovernmental” relations that bring various sub-units of governments together in novel ways [17,18]. This has resulted in a proliferation of transgovernmental networks that facilitate the sharing of knowledge and best practices from cities around the world.



Unfortunately, the critical capacities that cities possess for climate action are still accompanied by fundamental obstacles that continue to thwart their capacity and engagement in transnational climate governance [19,20,21]. Varied economic and political arrangements between national and municipal agencies result in heterogeneous capacities for engagement and action by individual cities and urban collectives. In addition, political leadership at both the metropolitan and national government levels within any single country can greatly determine the efficacy of those cities to engage in transnational climate cooperation. More often than not, national leaders are wary of the expansion of political agency that transcends the national boundary. In the United States, mayors of major cities regularly come into conflict with the Federal government on climate change, gun control measures, immigration policy, social welfare programs and environmental regulations.



Despite these challenges, the growth of cities worldwide has brought with it the emergence of a transnational autonomy that—while often informal—actively operates as it continues to develop. These early indicators may point to prospects for a future of some form of global governance through cities—their various agencies and instruments—accompanied by a heterogeneous mix of governmental and nongovernmental entities aligning with their counterparts as they “disaggregate the state” [22,23]. The notion of the Global City was articulated in the 1990s to conceptualize the rise of the largest urban centers as already possessing the capacity to rival nation-states on the international stage. The argument posited that the largest financial centers—London, New York, Singapore—and the largest transnational corporations together amounted to a “denationalized platform” connecting people across the globe and denoting an extra-national territory [24,25]. The largest 100 urban economies now account for 38 percent of global gross domestic product (GDP) and China’s largest 150 cities are projected to double their total GDP to USD 20 trillion by 2030, accounting for half of the global increase and resulting in a third of global city GDP [26,27].



Despite this already enormous and growing economic power, cities are still far from ascending to the status of nation states. Cities do not maintain a standing military force independent of the nation state nor do they generally engage in international agreements that are considered threatening, illegal or counter to the national interests of the state. Cities do not generally conduct foreign relations to the extent of their nation states or advocate for actions in opposition to the stated policy interests of the state—except for some notable exceptions like climate change.



When in June 2017 United States President Donald Trump announced his intention to pull out of the Paris climate agreement there was an immediate cry for mobilization from non-state actors. Quickly, a chorus of US Mayors and other city leaders joined state government officials, business leaders and investors, universities, faith groups, cultural organizations, native American tribes and many other non-state actors in declaring their independent commitment to the agreement. One of the most important coalitions to form from US cities, businesses and other sub-national groups is known as “America’s Pledge” [28]. Led by former governor of California Gerry Brown and former mayor of New York City Michael Bloomberg, America’s Pledge calculates that 51 percent of US emissions are now attributable to their coalition of businesses, cities, and states supporting the Paris Agreement and aggressive actions on their part could reduce US emissions “up to 37 percent below 2005 levels by 2030” [29].



Today, cities across the globe are arguably home to the leading edges of scientific knowledge creation and technological and business innovation that have combined to set the stage for a new era of cities as critical actors in international alliances and agreements. This has become increasingly the case as non-state actors, especially cities, actively engage in international climate change and other environmental discussions and agreements. Is the climate crisis launching the ecological city-state as central to a better Anthropocene?




3. Urban World


In 1800, 2% of the world’s population lived and worked in cities, in 1950, 30%, in 2000, 47%, and sometime around 2008, we crossed the threshold of more than 50% of the world’s population residing in cities. Today’s world is urban, but the nature of that urbanization is continuing to change dramatically. In 1950 the world’s largest cities were in Western Europe, Canada, the United States, and Japan. Today, the largest cities—megacities of 10 million and more—are in Indonesia, Japan, India, Korea, China and Brazil. In the coming decades of the first half of this century the global urban population will double, with 90% percent of that growth occurring in cities in developing regions of the world. Projections to 2100 suggest that the three largest cities, five of the top ten and thirteen of the top 20 will be African cities [30].



By 2050 Nigeria’s total population will surpass that of the United States and by 2100 may exceed that of China. Lagos, Nigeria is predicted to be the world’s most populous city by 2100 with 88 million residents—within a country of upwards of 900 million (see Figure 1). Countries of more than 200 million in 2100 will also include Niger, the Democratic Republic of the Congo, Ethiopia, and Uganda. The rural-to-urban migration and rapid population growth of Africa will drive much of the world’s growth in city populations. By 2100 as much as 80 to 90% of the world’s population may be living in cities with between 15 and 23% living in the 101 largest cities, mostly in Africa and Asia [30,31,32].



Various analyses attribute a majority of global greenhouse gas (GHG) emissions to cities—from a little over 50% to as much as 80% of global GHG are directly and indirectly tied to urban economies; for example, the Stern Review asserts that cities account for 75% of global anthropogenic carbon dioxide emissions [33] and the IPCC states that cities consume a range of between 67% and 76% of global energy and generate 75% of global carbon emissions [34]. Generally included within this accounting are the emissions from industry, agriculture, energy production, transportation and land conversion that support the urban economies, including the consumption of its residents.



Cities have also been cited as important contributors to GHG emission reductions worldwide. In a report of the Compact of Mayors, 228 cities of 436 million people have committed to reductions that may deliver roughly between 400 and 450 MtCO2e/y resulting in a cumulative reduction of 13.0 GtCO2e by 2050 [35]. Another study indicates that targeting the cities of Asia, Africa and the Middle East with incentives for dense transportation-oriented development and taxes on liquid fuels could significantly reduce future global urban energy use by 26% [36].



To date, it is clear that cities have been major contributors to cumulative emissions. Correlating cumulative carbon emissions with urbanization shows that highly urbanized countries are responsible for more of the total historical emissions than less urbanized countries (see Figure 2).



Urban economies now dominate the global extraction, production and consumption of energy and materials [38]. For example, the combined economic output of the world’s twenty largest cities is on par with the entire US economy and urban economies in total account for the majority of food, energy, and water consumption. Cities are dominant actors in the world economy and produce value through scientific discovery, engineering advances, business innovation and cultural production. However, the call for engaging cities directly in international climate agreements is only a recent development [39].



Therefore, cities today and tomorrow hold a key element of GHG emissions reductions to stay within the limits of a carbon dioxide budget and catastrophic warming. Will it be possible for cities to deliver on this prospect? Is there a need to reconsider the international governance of environmental policy and actions that explicitly call for cities to act on the international stage? Might cities finally assume a central role moving forward?




4. Security, Climate Change and Biodiversity


As a deeply social species, humans have always organized themselves into complex groups [40] extending well beyond the nuclear family. Early humans settled together, hunted, raised children collectively, protected one another and partook of all manner of human activities. Early human groups also warred with one another and developed identities critical to social cohesion, as we do today.



City-states of the Middle Ages and the renaissance established the necessary conditions for nations to form. City-states concentrated economic power, acted as incubators for technological innovation and were the stewards for the creation of organized and principle-based governance. City governments became models for national governments and often served as the intellectual crucibles through which modern politics tested itself and was born.



Within the expansive articulation of existing, emerging and prospective transnational connections between the world’s cities and among the various priorities and agendas driving those connections, three domains are of particular importance to a humane and sustainable future in which ecological city-states play a central role. The remainder of this paper discusses these three domains:




	
Urban security portfolios under diversified risks;



	
Supranational governance for climate change;



	
Urbanization to support global biodiversity.








Chinese city-regions and the competitive nature of their planning is an example of the emergence of a new city-state entity empowered by the central government and pushed onto the international stage [41]. The use of the phrase “city-state” is intended to extend the definition to urban entities that are not fully independent and separate from interference from regional or national governments. However, this use is somewhat provocative to indicate a new entity that has the scale and power to act as a state does in many functions while still under the control—or at least the administrative partnership—of another governmental office. This is the definition that roughly characterizes the position of China’s primary cities and their relation to the central government in Beijing.



The same can be imagined for a new future of cities, as engines of innovation, crucibles of a new economy, and bulwarks against the worst consequences of climate change and concentrations of human activities in such a way as to protect zones of biodiversity. Of course, cities have a long way to go but the same agglomeration of wealth, centralization of political consensus building and decision-making, and the tight spatial extent (relative to non-urban territories) lends great capacities to dealing with all of the major threats from climate change in an economic and humane way.



4.1. Urban Security Portfolios under Diversified Risks


Redefining national security to include cities has emerged as a priority as the security community comes to grips with the enormity of urbanization and globalization in the latter half of the 20th century and the first two decades of the 21st [42]. These two processes have spawned novel national security challenges that are concentrated or pivot in cities, including the illegal international trade in drugs, human trafficking, protected species and weapons. The vulnerability of cities has received a great deal of attention especially with accelerating climate change consequences [43]. Reassessing national security needs to include cities and coordinating activities at multiple levels will require alignment between core national security agencies, resources and policies and the priorities and systems of local policing and emergency management. Doing so effectively may require a horizontal collaborative for shared security responsibility among a more diverse set of actors including regional alliances, and now large metropolitan areas [44].



Urban resilience has emerged as a key concept in addressing risks to climate change in the near and long terms. While mitigation is most important in meeting GHG reduction goals, cities are contending with dramatic changes to the climate in the present and an increase in expenditures directed toward adaptation is inevitable. Climate induced and exacerbated shocks to urban systems in the form of superstorms, extreme heat waves, flooding from prolonged precipitation and storm surge, disruptions to agriculture and water shortages have plagued dozens of cities on every continent. These shocks have led to local and national security challenges. The connection between security and climate is not new and by now the security community has fully “securitized” climate consequences [45,46,47,48,49]. This is especially true as local consequences—including major disruptions of city economies and threats to urban residents—motivates national governments to focus on their own strategic and economic priorities. This has contributed to the fortification of national interests over international cooperation, disinvestment in mitigation over adaptation and a circumscribed set of security objectives that discount human security priorities [50,51]. There is a need for more work on these issues as urban security and climate change remain understudied [52].



There are two distinct categories of security needs that are emerging and in need of focused attention by municipal authorities and state security organizations.



First, there are internal security needs—that is, within the bounds of the city—resulting from both endogenous and exogenous threats and risks. This type of security function is oriented toward the protection of life and treasure within the bounds of the city and is met with the resources and protocols of a municipal police force. However, what happens when the threat is novel and includes multiple risks that threaten to overwhelm the resources of the local police?



In the aftermath of Typhoon Mangkhut, with sustained winds of 250km/h, the Hong Kong Secretary for Security John Lee Ka-chiu called the destruction to the city “serious and extensive” and much worse than previous storms. Debris from the damage blocked roads, high winds damaged buildings and record-breaking storm surges were met with an unprecedented number of calls for emergency assistance from Hong Kong residents. The Hong Kong police received 20,000 calls for assistance and 15,000 officers were mobilized making it the largest police action ever undertaken in response to a storm.



Hong Kong’s experience, and that of many cities that have faced climate-related risks highlights the challenge of maintaining the resources and providing the training necessary to adequately protect lives and property. When local police resources are strained beyond capacity, regional and national security resources are mobilized, as the National Guard is in the US and national militias in other countries. Depending on the city and the national security agencies, coordination can range from nonexistent to good. Whatever the case may be, it is clear that climate risks pose unique problems that may not be met by business as usual.



The second security need is oriented externally and arises from the global position that cities generally, and the largest cities in particular, now possess. The concentration of population, important physical and cultural assets and information and financial capacities of cities make them vulnerable to diverse and spatially extensive risks. Cities are connected to each other and critical resources well beyond their boundaries through logistical networks and supply chains. They connect to other city nodes and serve as regional command centers. Securing these global networks and resources is a critical element of the evolving global security landscape. It turns out cities can be well positioned to deliver important security functions in the face of diverse threats that provide important assistance to other cities.



Take for example, the current pandemic crisis. A mere glance at the data on infections would lead one to conclude that cities pose extraordinary risks during a pandemic as a result of their concentrated populations and dependence on complex and global supply lines of food, energy and other critical resources. For example, at a certain point, New York City surpassed every country (except, of course the US) as the largest concentration of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infections in the world.



On the other hand, consider Seattle Washington. On 19 January 2020 at an urgent care center in a suburb north of Seattle, a man was tested for the presence of a novel coronavirus. The following day the test came back positive and the man—later known as US patient zero—was shuttled to a local hospital. The staff of Providence Regional Medical Center in Everett, within the Seattle metropolitan region, had recently practiced the protocols of a pandemic and quickly isolated and treated the patient. The medical expertise, technology and staffing at the hospital successfully treated the individual and, after a slow and difficult recovery, he was released on April 9, 2020. In the face of a global threat, an early response at the local level provided much needed data and led to guidance that has now served many other municipalities productively.



However, what has not transpired well is the coordination with other levels of government, most importantly the US Federal government. With much tighter coordination in taking action from the city to the Federal level overall infections in the US would likely have been much lower.



Both of these needs will become more acute as cities rush to address climate risks within their borders and contend with disruptions beyond their territories. Both extend the urban security portfolio in complex ways requiring closer coordination with multiple levels of government and agencies—including the military—and new kinds of investments that are likely to strain municipal coffers.



However, there are very real pitfalls that could unintentionally usher in an era of heavy handed, dangerous and legally questionable practices, especially under the extreme pressures of fast-moving catastrophic events. In particular, the use of military personnel and resources in addressing climate risks within national borders and especially within cities can lead to inappropriate actions by those forces. In the US, civil-military relations have been guided for decades by the “clearly defined division of responsibility between the military and civilian leadership” but recent political developments have threatened the integrity of that division [53,54] Further erosion of this delicate balance in the face of loss of life and collapse of critical infrastructure and supply lines present the specter of heightened domestic conflict and local and regional instability. Today this is the case in many countries and is becoming a very real threat in the United States.



Another major pitfall is the tendency of unique challenges to perpetuate long standing inequities, again especially in the face of widespread distress and competition for critical resources in the event of a climate-related catastrophe. Security responses are rarely credited with providing opportunities for rectifying social and environmental injustices and in fact often result in quite the opposite. Novel arrangements in security response to the novel risks of climate change require an enlightened and concerted effort to avoid this significant social risk.



The concentration of urban population certainly poses security challenges arising from climate change but the concentration of expertise and innovation, resources and technology, enlightened and state-of-the-art policies and protocols that cities may be able to provide balance these risks and may outweigh them if organized properly. In addition, the governance structure of most cities allows for quick responses in crisis and agile mobilization of resources. Cities therefore possess every means and some of the resources required to confront the array of emerging and developing risks from climate change.




4.2. Supranational Governance for Climate Change


To date, 197 state actors have signed, and 189 have fully ratified, the Paris agreement and while the US declaration to void its commitment is deeply problematic to the future of global greenhouse gas (GHG) emissions, it may not prove to be the most vexing challenge to the climate accord. Since Paris, most nations have generally failed to escalate their commitments aggressively enough to ensure reductions will keep warming to a 2 °C global average. While the extraordinary success of enlisting 197 nations is laudable, the important 2 °C goal may yet elude the world.



To stay under 1.5 °C, several studies suggest ranges that include negative emissions—that is, net CO2 emissions will have to be negative by 2100. The bulk of recent peer-reviewed studies indicate that with a 66% probability a range of between 67 and 467 GtCO2 of annual emissions for a maximum of between 5 and 10 years will reach the limit to the global budget to stay within 1.5C limit by the end of the century [55,56,57,58,59,60,61]. It has also been suggested that the technical removal of carbon from the atmosphere must begin soon and increase to 5 GtCO2/y by 2050 [62] (see Figure 3).



To stay within 2 °C warming within a 66% probability of success, the Intergovernmental Panel on Climate Change (IPCC) has calculated that 1320 GtCO2 may be emitted [57]. Again, there is a significant range from other studies from 610-830 GtCO2 with a 75% probability [63] to 2085 GtCO2 with 50% probability [64]. To stay within the generally accepted limit of 450 parts per million and a resulting 2 °C, annual emissions allowable to stay within this CO2 budget to 2050 is no more than 9.5 GtCO2e/y [65].



Some ambitious international agreements have been effective mechanisms for transformative social, technical and environmental changes; for example, the success of the Montreal Protocol which regulates chemicals that deplete the ozone layer. Adopted on September 16, 1987 it has now clearly succeeded in a discernible healing of the ozone hole [66]. Another example is UN Millennium Develop Goal 1.A, to reduce poverty by halving the number of people earning less than USD 1.25 per day, which was met five years early—a truly extraordinary achievement. Nuclear war has been kept at bay under a number of global and bilateral arms treaties and nuclear non-proliferation agreements such as the Treaty on the Non-Proliferation of Nuclear Weapons (NPT) and the New Strategic Arms Reduction Treaty (New START).



However, the multi-decadal global effort to decelerate warming of the planet by significantly reducing anthropogenic GHGs and protecting natural carbon sinks has not succeeded. By several assessments the planet is on a trajectory that may lead to catastrophic warming and result in widespread human suffering [57,67,68,69]. The scientific community has steadily warned of the dire consequences of inaction and continues to advocate for swift measures to little effect [62,70]. In 1992, the Union of Concerned Scientists wrote a letter outlining the many ways in which human activities were damaging the Earth and life on it. Twenty-five years later, in 2017, the Union wrote a second letter warning of catastrophic consequences in the face of inaction [71]. In 2018, the IPCC released the 1.5 °C report as a final warning about the coming tragedy of climate change [67]. Intransigent inaction has been only partly due to an extremely well-funded and concerted effort by multinational corporations and extremely wealthy individuals deeply invested in the profits from fossil energy to deny the science and suppress the urgency of forceful measures [72,73]. The inaction of national governments especially cannot be solely explained by the denial campaign. The climate crisis is a global and complex drifting away from a stable climate that affects everything from infrastructure and agriculture to urbanization, the customs of indigenous peoples and the very viability of market capitalism. It is unlike any environmental challenge we have ever faced [74].



Now, at the eleventh hour, the impotence of international efforts has become all too clear. As a result, inaction by national governments has placed greater focus on the role of non-state actors [75,76,77]. Non-state actors have been involved in committing to climate action for many decades now. Many large cities, corporations and other non-state actors have drafted plans and taken actions to reduce GHG emissions. However, concerns of a weakening global commitment are putting greater pressure on non-state actors to step up their own commitments and actions. Among the most important non-state actors are individual cities and large metropolitan regions.



This increased role in world affairs is exemplified by the explicit commitments and actions of cities on the challenges of climate change [78]. While this is generally considered a positive development, these commitments are in need of greater understanding as local municipal decision-making and governance at the regional and national levels run in parallel often without coordination [79]. Without an explicit analysis of these mostly uncoupled actions and a rigorous accounting of the intended and unintended consequences on the global scale the overall trajectory will remain unknown.



Serious questions have emerged from the call for action from cities. What amount of global GHG emissions can be reduced by aggressive actions by cities? How do cities reduce their GHG emissions? How can cities succeed where nation-states have failed?



As detailed above cities command a majority of the world’s economies, significantly influence global environmental health and are home to the majority of the world’s population. City governments oversee relatively small spatial territories while engaging with regional, national and international authorities on an enormous range of issues.



Addressing climate change at an urban scale has always required a reconsideration of governance within and beyond municipal boundaries. Connecting cities in formal alliances to address climate change has been an effective way to innovate. City governance has benefited and the desire to connect with others has spawned a number of important groups including ICLEI—Local Governments for Sustainability, C40 Cities, Global Covenant of Mayors for Climate & Energy, Cities Alliance, United Cities and Local Governments, Urban Climate Change Research Network, and the Sustainable Development Solutions Network, among others. In parallel, hundreds of cities in dozens of countries have developed plans for sustainability and climate change mitigation and adaptation. Zurich, Hamburg, Rotterdam, Singapore, Seoul, London, New York City, Chicago, and many other cities have moved aggressively to attempt the transition to a sustainable future in a variety of ways [80]. From its earliest efforts the IPCC has been a foundational resource for this work in identifying cities and the built environment as key participants in climate solutions.



Much of the extensive and growing literature of urban climate governance discusses policies and actions within the constraints of normative municipal governance structures [81]. This is understandable as traditional notions of city governance hold that policy development and implementation in every sector and concerning all elements of the urban economy transpire purely at the scale of the city. Early urban sustainability efforts held to this view. The first wave of “eco-cities” were limited to thinking within the urban box and yet productively arose from the diverse efforts to harness natural systems as ecosystem services for the benefit of urban residents and sustainability [82].



The new politics of urban sustainability beyond the city scale is nascent but the attributes are easily discernible. First, it is clear that the largest cities and regional metropolitan economies have been forced to consider the emergence of risks far beyond their political boundaries, including the security risks discussed above. The consequences of climate change—including novel biological threats, immigration pressures resulting from a host of problems including failing economies, violent conflict, domestic crime and international terrorism and threats to the flows of material and energy resources are chief among the issues that require an international perspective. Many cities have responded to these challenges within their administrative mandates and under legal guidance and normative governance practices.



However, there is evidence that cities can successfully leap over traditional limits to engage with others contending with similar problems. In developing plans for sustainability and especially climate change, cities have had to think beyond their political boundaries and sometimes beyond regional and national borders to arrive at meaningful and robust strategic plans. Doing so has prompted creative thinking and important work in a new era of supranational governance for climate change [83]. Addressing risk is not the only and certainly not a unique motivator for bridging to other cities and other levels of government—it is only the latest.



For example, for years now a number of cities and metropolitan regions have engaged in international bi-lateral trade agreements that mimic the structures and certainly compare in scope to international agreements between nation-states. These agreements also mimic the behavior of city-states from earlier eras: the agriculture and trading cities of Mesopotamia and later, the cities of the Silk Road, the Italian mercantile centers of Florence and Venice, northern Europe’s Hanseatic League [84].



There are many ways in which supranational relations by cities can advance effective practices to address climate risks; two are particularly relevant to this paper.



First, an important element of a new politics for a sustainable world is the emergence of the role that global citizens have taken up as guardians of the global environment. These global citizens are to be found in global cities. Cities are the crucible for a transformation of global environmental governance [85] This kind of environmental engagement and stewardship is not only a result of the modern era of global cities, it is also driven by well-defined and popular cultural norms within a city [86].



Second, the important environmental role of cities includes highly concentrated and wealthy districts with very large carbon footprints [87]. This concentration allows for a targeted approach for direct and relatively quick municipal policy intervention complemented by regional and state-level actions—such as carbon pricing and subsidies for scaling up and deployment of renewable energy and storage.




4.3. Urbanization to Support Global Biodiversity


In 1872 Yellowstone, the world’s first national park was established in the United States. Since then the powerful idea of public engagement in the protection and enjoyment of wild lands and waters in lieu of industrial-scale extraction and human settlement has spread around the world. The globalization of a conservation model based on restricted access and use by local communities has created inherent social challenges, including displacement and native dispossession, though understudied [88]. In countries with limited governance capacity, the implementation of this model has created abundant ambiguities between conservation legislation and enforcement, and the occupation and use of protected areas for subsistence and local needs [89] particularly when top-down conservation approaches fail to recognize the practices and interests of local communities. Alternatively, partnerships between governments and indigenous peoples have emerged resulting in the effective protection of critical ecosystems worldwide, but especially in Africa, Latin America and Asia. In territories that lack the resources of prestigious national parks (e.g., UNESCO World Heritage sites), community agroforestry programs have shown to be more resilient than restricted access models to competing pressures such as narcotrafficking and land grabbing [90]. Despite the social challenges and important knowledge gaps regarding occupation, use rates, and social effects of different conservation models, the international goals of setting aside large portions of the world’s wild lands and oceans has resulted in the global conservation of 20 million square kilometers of land (15% of world land surface) and 25 million square kilometers of marine areas (6.96% of ocean surface) [91]. This extraordinary effort of less than 150 years is the cornerstone of our stewardship of the Earth’s biodiversity.



However, biodiversity losses are still at dangerous levels. Recent work asserts that 1 million species are now threatened with extinction in this century [92]. During this same period of the emergence of conservation, humans became an urban species and vastly expanded extraction and consumption of materials from the lithosphere [93]. During the past couple of decades, it has become clear that setting aside protected areas will not be enough to slow the disaster of human-induced species loss [94]. Tragically, protection of wild lands and marine areas has proceeded too slowly to significantly reduce the damage to our planet’s biodiversity with extinction now occurring at least 1000 times the natural rate and possibly much greater [95]. Despite the inherent ecological and social values of forests, greater private economic returns continue to be an incentive for the prevalence of extractive industries that drive the transformation of highly valuable ecosystems into cropland, pasture, or mining sites of less ecological value, and questionable productivity [96,97]. This phenomenon occurs even within protected forest areas, where private economic returns and environmental conservation incentives are not necessarily aligned to support the livelihoods of local communities who live in or near protected forest areas and who depend on natural resources for their subsistence. Misalignments of socio-economic incentives in these cases result in illegal large-scale deforestation, mining, or wildlife trafficking, among others.



Land conversion effects on biodiversity are found extensively across diverse landscapes on every continent. Indeed, human-induced land-use changes are now widespread and detrimental to the long-term survival of countless species [98]. It is estimated that 75% of the terrestrial environment has been severely altered by human action [99]. Ecosystem appropriation by cities has been studied for some time now demonstrating that cities’ ecological footprints go well beyond their borders to supply the city’s needs for food, water, and other material and energy resources, and to assimilate the waste discharged by cities. [100]. Even in extensive regions with high ecological value that are perceived to be distant from major cities, such as the Amazon and the Guinean forest of West Africa, the impact of urbanization on biodiversity has been estimated to reach hundreds to thousands of kilometers [101].



Expanding protected areas to address species loss must strive to meet ambitious international targets, but it will not suffice in today’s urban world. Ecological city-states will benefit the future of humanity and the planet as concentrators of human activities that result in drawing populations away from large areas of the planet. This benefit will come not by reinforcing a dichotomy where the human is perceived to be separate from the natural [102] but rather by relying on the capacities of ecological city-states to transform the local territories and immediate surroundings, to affect global ecologies through efficiencies and concentration of economic activity, and to embrace urban ecosystem services and alternative engagement models that foster civic ecologism to alter the political discourse and socio-technical advances towards biodiversity protection.



Cities have consolidated a robust toolkit of spatial development policies that allow them to shape the physical environment, including land-use planning and zoning, master plans, and growth boundaries. Although unintended consequences of these measures have been documented in cases such as Seattle, Bogotá, and other cities where growth boundaries have incentivized low-density housing sprawl beyond city boundaries, these cases highlight the need for coupled regional planning actions with regional authorities [103,104,105]. Cities have dual and contradictory capacities that need to be recognized and further studied, such as the ability to be environmentally destructive and a sustainability solution at the same time [3]. Seriously assessing these inherent ambiguities and taking into account the multi-spatial nature of urban–environmental issues, growth management efforts that preserve strategic ecosystems and particular ecosystem services within and beyond city borders remain of utmost importance [1]. Doing so may guarantee sustainable growth and biodiversity protection by ensuring a tight spatial extent as compared to other settlement patterns. Particularly, smart growth management efforts informed by science and an understanding of underlying socio-cultural and politico-economic dynamics indicate that cities near vulnerable or constrained ecosystems are able to manage ecosystem services through regional land-use strategies to improve climate performance while accommodating urban growth [106]. Today, there is also a better understanding on how to remediate localized environmental damage, and cities have gone a long way in developing environmental regulation, assessments, and ecological restoration standards, such as those to mitigate and implement efforts to clean-up industrial waste within and beyond urban boundaries. Nonetheless, expanding the spatial dimensions of sustainability policies, to avoid common pitfalls of addressing one issue in one neighborhood or municipality at a time, at the cost of generating negative impacts somewhere else, is a necessary next step to better address environmental justice concerns. This represents an important pathway to advance sustainability and equity [2].



With rapid urbanization has come a shifting relationship of the urban world to the biosphere. Cities, as multi-scalar systems, comprise an array of policies from the supranational, to the national, regional, metropolitan, and local. This dynamic represents a fundamental pathway in which the multiple ecologies that comprise the city can be affected beyond the city’s immediate territory. In terms of environmental damage per capita, cities are likely to cause less environmental damage in comparison to less dense settlement forms, such as suburbs and rural areas [107]. Of particular importance in this regard are sustainability urban strategies that encompass an array of socio-technical advances from urban circular economies to transitions to renewable energy. Northern European cities have been leading the field with cities like Amsterdam committing to be the first city to develop a roadmap for a circular transition [108] or Copenhagen pledging to be the first carbon neutral capital by 2025 [109]. These strategies have the potential to reduce the pressures on global ecologies by increasing efficiency in energy and resource consumption in cities through the advantages of density and large implementation scales. However, more studies and better carbon counting methods are needed to truly account for green-house gas emissions of all goods and services produced outside the city boundaries but consumed in the city [2]. By shifting consumption and production patterns through municipal scale sustainability plans, and increasingly accounting for remote environmental impacts of goods and services consumed in cities, cities are mobilizing to reduce their ecological footprints and accelerate the positive ecological relationships with the biosphere. Moreover, these benefits can be reinforced by cities’ expanded powers to affect political discourse through knowledge sharing networks and multi-city alliances.



At the local scale, the alignment between biodiversity conservation goals and governance priorities regarding public health and climate in cities remains as a promising pathway for agile and innovative actions. The concept of ecosystem services directly responds to the importance of urban nature for human health and quality of life in cities [110,111] and it has been successfully used to reframe the value of conserving nature into goals of societal relevance in economic, socio-ecological, psychological, and cultural terms [112]. Despite the need for more empirical evidence to quantify the environmental benefits [113] specific ecosystem services include offset of greenhouse gas emissions, managing runoff and stormwater, improving air quality, reducing heat island effect, and providing recreation opportunities. With the tools to assess the diverse values of ecosystem services and the capacities to directly roll out these programs at the municipal scale, cities have embarked on implementing large-scale urban green infrastructure programs that have led to the proliferation of city models such as Sponge City in China, Sweet City in Costa Rica, and the consolidation of green belts as major public spaces in Latin American cities (Medellin, Santiago, Rio). These models build on the water management, climate adaptation, inclusion, and recreational needs in cities to improve wildlife habitat and plant life, through green roofs, bio-retention and green corridors, and by increasing the number of pollinators [114,115] leveraging the co-benefits of green and blue infrastructure to maximize urban biodiversity.



Moreover, discoveries from urban ecology indicate that novel ecosystems, ecosystems characterized by high levels of human-induced disturbance and atypical associations of plants [116] have promising contributions to biodiversity conservation [117]. Cities can be productive sites for certain ranges of fauna and flora biodiversity while also supporting the enhancement of regional biodiversity far beyond city borders [118]. For example, common urban features such as heat retention, impervious surfaces, and high levels of ecological disturbance alter the conditions in ways in which stress-tolerant and early-successional vegetation thrive, providing important ecological services in conditions that are going to become even more prevalent in light of climate change and current urbanization trends [119]. It has also been documented that bird species that decline in certain agricultural landscapes have been able to establish self-sustaining populations in quintessential urban environments such as airports and urban wildlands [117].



A combination of well-known growth management strategies to shape the urban environment and its impacts beyond city boundaries with emerging large-scale green and blue infrastructure models—intentionally designed and managed to maximize biodiversity—present an opportunity for urbanization to support global biodiversity conservation while generating socio-economic benefits for municipalities [104]. Particularly, reconciliation ecology [120] and its premise to maximize biodiversity in highly disturbed environments through the selection and arrangement of plants, along with landscape management strategies, has been moving the field of urban ecology in that direction.



It is well known that the cultural and social norms associated with green infrastructure landscapes are key to the success of biodiversity by design initiatives [121]. Humans are at the center of ecological transformation at multiple scales [122]. Through their individual and collective behaviors in cities, humans interpret the landscape and shape their environment according to their cultural ideas of how a landscape should look, which might differ from ecological functionality Beauty and aesthetics is a means by which humans translate landscape values, and their associated ecological services, into cultural values. The aesthetic experience in urban landscapes that resemble wildlands can lead to attentiveness, empathy, respect, and care—fundamental values that can lead to environmental stewardship action [123]. In this way, closer contact with novel ecosystems in urban areas provides learning experiences that enhance the knowledge of the natural world [110]. Moreover, it is in the unique setting of cities and its capacities to promote civic participation where sustainable solutions are better positioned to create mutually reinforcing relationships between ecology, social cohesion and equity, and technological innovation. Recent studies show that environmental actions are linked with social, political and economic motivations that go well beyond ‘ecological goals’ and that those can be reinforced by civic identity. Ecological citizenship, defined as the civic duty to participate in political action that responds to shared ‘green’ values, has important implications for the advancement of sustainable initiatives in cities and represents an important venue for future research [4,124].



Considering that the vast majority of the increase in urban populations will occur in the global south, it will inevitably draw urban growth to the proximity of highly valuable biodiversity hotspots. This trend also means that much of the urban world that will exist in 2100 is yet to be designed, engineered and built. By 2050, new paved roads are expected to reach 25 million km, with 90% of construction happening in the least developed and developing countries [99] The opportunity that presents itself is for cities to advance biodiversity conservation and climate mitigation through green and blue urban infrastructure design. This opportunity will be critical to meet ambitious global biodiversity conservation and climate goals [125] but new models of engagement and community-municipality partnerships will have to be created along these initiatives to simultaneously address the extreme inequalities and poverty that characterize cities in the global south. An example of the emergence of models that address climate, biodiversity protection, and local wealth creation is the Community Ecosystem-Based Adaptation (CEBA) approach implemented in Durban, South Africa. The municipality outsourced the tree planting component of its comprehensive climate adaptation strategy to local residents, providing income and training opportunities for them to engage in tree propagation, non-native species removal, and restoration and maintenance efforts [126]. Another notable example, particularly for smaller towns located in biodiversity hotspots, is the Amazonia Third Way model developed in Brazil. This initiative leverages biodiversity as the main asset to promote conservation and create wealth for local communities through the creation of innovative biomimetic designs and high-value products that are decoupled from deforestation, contributing to global climate change mitigation efforts [97]. Leveraging innovative community-based strategies that address climate change mitigation and adaptation, while promoting environmental education and local wealth, cities in the global south can support local communities to act as effective stewards of biodiversity.





5. Discussion


In 1989, the Washington journal The National Interest published Francis Fukuyama’s article “The End of History?” [127]. In it, the former Rand corporation Soviet expert postulated the triumph of Western liberalism on the “total exhaustion of viable systematic alternatives…” [127]. The recipient and steward of this end to history and the enactment of liberal values in perpetuity was the universal homogeneous state. Fukuyama’s colleagues were mostly skeptical of the idea at the time, but it proved to be irresistible to some policy experts and generated a great deal of commentary by many non-experts.



If it proves to be true then its culmination awaits in the long term—Fukuyama explicitly asserts this point in the article—because at no time since the fall of the Berlin Wall and the dissolution of the Soviet Union have threats to liberal democracy been more widespread and diverse. From Hungary to India, Brazil and even the United States, democracy and its institutions are under extreme pressure from autocratic leaders, systemic corruption, kleptocratic regimes and a sinister resurgence of tribalism and identity politics. The far right in Europe has even brought back the—until recently—preposterous notion that fascism has a future. A major consequence of all of this strain has been a steady and diversified assault on the international institutions that have acted as the armature upon which liberal democracy and the market economy has indeed spread worldwide and found a solid footing in many countries.



As the long view plays out, cities have assumed a central role in nurturing liberal democracy and extending their geopolitical reach as nations stumble. This is not because city administrations lean toward the political and economic norms of liberal democracy and the market economy but because cities are by definition market-based engines within which transactions are enabled through a diversity of labor and skills and a concentration of expertise and learning. As a result, urban economies have often acted as crucibles for democratic ideals and socio-technical advances.



Another long view holds that we are or should be ultimately striving for a balance between human systems and nature. The role of cities in global environmental policy and governance has been underappreciated in the geopolitical theaters in which progress is made. As we enter an era when the largest cities will approach and exceed the size of many countries and accrue enormous political and economic power, the urban world may guide us toward large-scale international actions on climate change in more effective ways than nations have been able to thus far.



The economic and political dominance of cities as entities of regional governance and international power is not unprecedented. An evolutionary step in the development of cities was the emergence of the city-state: a city possessing all of the power and legal rights to govern its citizens fully over a contiguous spatial region without interference from any other government. The city-state emerged from the need to protect citizens and assets from external threats, while providing the legal, political and managerial structures to collect and distribute resources. The first cities in the world were essentially city-states: Uruk, Ur, Caral, Thebes, Memphis, Athens, Sparta to name a few. Rome grew from a city-state into a transcontinental empire and eventually the Holy Roman Empire with over 80 Free Imperial Cities.



Today, the largest urban economies are exhibiting similar scales of influence across global economic, political, environmental and cultural spheres. The surprising benefit of the rise of these neo city-states is their capacity for moving along sustainable trajectories in a more agile, robust, and innovative way than many nations have demonstrated. As international environmental and climate change agreements strain under the weight of shifting national priorities, it is time to deeply consider the expanded agency of cities to address global scale challenges.



However, for this to become possible, global and regional environmental governance is in need of reform to actively include cities in co-creating and delivering the critical and historically unprecedented actions that will lead to meaningful global sustainability. Cities need to bring together the civic politics of urban sustainability under the guise of a new municipal politics of global ecological stewardship and citizenship—a civic ecologism [124,128]. Cities, as powerful and effective centers of environmental governance offer a rich set of possibilities for benefits well beyond their borders—just as they affect the climate and environment well beyond their borders. As the massive economic engine that mobilizes global material and energy resources the city of the very near future may be able to transform into a new kind of ecological city-state for the benefit of the planet.
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Figure 1. Today, the world’s largest cities are found in China, Japan, Indonesia, Korea, India, the Philippines and the United States (greater New York City now has a population of almost 24 million). In 2100, the largest cities will mostly be located in Africa and the Indian subcontinent [30,31]. 
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Figure 2. The United States and Europe have a long history of industrialization, are highly urbanized and home to relatively large populations with large cumulative CO2 emissions. Note that the diameters of the circles represent the current population of the country [30,31,37]. 
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Figure 3. A useful way to conceptualize the carbon reductions required of cities is to apply a generally accepted rate of global carbon dioxide emissions: Decadal reductions need to consistently deliver a halving of CO2 emissions to 2050, an 85% reduction. Then between 2040 and 2050 additional measures to remove CO2 from the atmosphere will result in net negative global emissions. To put this into context, during the same period the global population is projected to increase by between 20 and 30% and the global urban population will have doubled and average gross domestic product (GDP) per capita may increase by 80% in the Organization for Economic Cooperation and Development (OECD) and almost 400% in Asia [37]. 
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