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Abstract

:

While the myriad benefits of palm oil as a food, makeup, and cleaning product additive drive its demand, globally, the palm oil industry remains largely unsustainable and unregulated. The negative externalities of palm oil production are diverse and devastating to tropical ecosystem integrity and human livelihoods in palm oil nations. Given the current trend in increasing sustainability and transparency in global supply chains, we suggest that sustainability policy reforms are feasible and have the potential to promote 21st century U.S. and international sustainability standards. Polycentric governance may improve the attainment of sustainable global palm oil standards with a set of rules that interact across linear and nonlinear hierarchies and structures, thereby improving collaboration efforts, and increasing connectivity and learning across scales and cultures. Transformations towards sustainability in international palm oil governance has the potential to make valuable contributions to global sustainable development and improve the prosperity of poor rural communities in the tropics by providing a framework for achieving palm oil trade transparency and aligning the sustainability goals across a range of actors.
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1. Introduction


Palm oil is embedded in myriad food products that fill pantries and cupboards around the world [1]. Due to its shelf-stable nature, palm oil is often a key ingredient in inexpensive snack foods. From chocolate ice cream to crackers, cakes, and cleaning supplies, this oil saturates a wide range of processed foods and consumer goods [2]. However, palm oil does more than just settle a sugary craving for delightful confectionery—it drives global demand for makeup and cosmetics, cleans our clothes and our homes, provides biofuel to the world, and livable wages for poor rural communities across the tropics [3,4,5]. As an ingredient in most toothpaste and shampoo products, palm oil has also become an integral part of our hygienic routine [6,7]. The oil’s aroma profile and sensory property makes it a popular ingredient in skin moisturizers, perfumes, lipsticks, and fingernail polish [8,9]. Meanwhile, corporations also manipulate the oil’s chemical properties for internal combustion engines, and as additives for producing some of the cheapest detergents and cleaning products on the market [10,11].



While the benefits of palm oil as fuel, food, makeup, and cleaning product additives drive its demand, globally, palm oil production remains unsustainable and unregulated [12,13,14]. Scientists and governments around the world have failed to inform consumers of the external costs of a snack-filled cupboard or a well-provisioned washroom, nor are most consumers aware of the externalities of palm oil production [15,16].



Recent palm oil industry growth is massive, mostly because palm oil offers the cheapest shelf-stable vegetable oil option, while requiring the smallest land area for cultivation, relative to other plant-based oils [17,18,19]. Estimates suggest the compounded annual growth rate of the palm oil industry lies between 3–4.5% [20]. At the high end of this range, future palm oil industry growth is projected to increase at a staggering 5.6% per-year through 2030, exceeding all past industry projections [21,22,23]. On the one hand, poverty-stricken farmers in poor rural communities benefit from growing the oil crop and improving their quality of life through income [17]. On the other hand, the oil’s production exacerbates social and environmental problems in emergent nations and flattens health and economic growth curves of poor communities [13,24,25].



The purpose of this review is to reveal the magnitude of palm oil environmental impacts on people and planet, and to offer a framework for sustainable palm oil regulation. We begin with a synthesis of the externalities of palm oil production, tracing the journey of palm oil snacks from the palm oil plantation to the cupboard. Aggregating data from a range of primary sources, we then provide a map for tracing the impacts of palm oil pantry products on tropical forest integrity. Finally, we offer a framework for transforming the palm oil industry through polycentric governance and global coordination.




2. Externalities of Palm Oil Production


The negative externalities of the palm oil industry are diverse and devastating to tropical ecosystem integrity, as the global market for cheap vegetable oil and biodiesel alternatives negate tropical conservation efforts [26,27,28] (Figure 1). Debt bondage, forced labor, child labor, and human trafficking are just some of the social costs borne by citizens of palm oil nations such as Indonesia, Malaysia, Ecuador, Guatemala, and Brazil [29,30]. On top of these social costs are the large-scale environmental hazards embedded in the palm oil production process [31], including increased wildfire activity, deforestation, biodiversity loss, and increased CO2 emissions from forest conversion to monoculture plantations [32,33].



In 2019 alone, Indonesia, Malaysia, and Singapore imported 57.8% and 38.5% of the U.S. palm oil share, respectively [20]. Ecuador, Guatemala, Ghana, Colombia, and Brazil hold less than 1% of the global palm oil market currently, but the recent increase in licensing private entities to overexploit ecosystem resources for short-term economic gain, and ignoring the discount rate in calculating environmental goods, has led to tropical resource overexploitation and ecosystem degradation by such land-use policies [34,35].



A comparison of the external costs of oil production across palm oil export nations versus the total costs of American palm oil imports is revealing. Incorporating oil production costs from forests lost to wildfires, deforestation, land-use, or land-cover change from palm oil cultivation provides a stark picture of the real costs of American reliance on the palm oil industry. Satellite imagery corroborates empirical forest loss for industrial monocrop creation but also shows that the nonforest land capture and forest losses from new plantation establishment are viable threats to tropical system integrity [36,37,38]. Furthermore, palm oil industry expansion strategically accrues different types of land, both official and unofficial, indigenous and emigrant, for the exclusive use of land for oil production [39,40].



An accurate forest loss measurement of plantations should, therefore, consider the amount of land cleared for plantation creation and the opportunity costs associated with land stored for future plantations, meaning land withheld from conservation actors and institutions who would otherwise recover any impaired, damaged, or destroyed land. It should also include any forest loss due to social conflict and economic disruption, such as in cases where indigenous communities are forced to substitute sustainable community-based agriculture for unsustainable slash-and-burn cultivation, in competing for food access and security amid the rapid expansion of monocrop plantations [41,42].



2.1. Calculating the Costs


We estimate that nearly 150 million acres of land were lost to the global palm oil industry from wildfires, deforestation, and forest and peatland transfiguration over the last decade and a half, based on data provided by Gaveau et al. [37], Ichikawa [43], and Fitzherbert et al. [44] (Figure 2). Auxiliary data on contracted farmers with strong ties to public bureaucracies and industrial plantations show that farmers with elite political and corporate relationships are significantly more inclined to convert marginal land and engage in high-risk land clearing than all other farmer groups combined [45,46]. Our estimate considers these risk-tolerant activities and all forms and types of land lost due to the multi-transitive influence of palm plantations on social and ecological change.



We aggregated forestry, fire, and land cover data from datacenters at the World Resource Institute, Center for International Forestry, and The World Bank. Our databank uses figures on exporters of oil to determine the rate of forest and land loss to palm oil production by country. We reviewed publications from local and national news sources, as well as federal and legal documents from major oil-producing nations, to determine the volume of converted forested and nonforested wetland, peatland, and “marginal” land for palm oil use [47]. These news sources provided a crucial account of underreported land lost, related to wildfires associated with socioenvironmental conflict on or near palm oil activity, allowing us to unearth new sources of externality data. Aerial estimates of land illegally logged for oil production, and land disagreements that led to small and large wildfires, were additionally used to determine the transitive relation between palm oil estates and multi-participant deforestation events [48,49].



These aerial estimates of palm oil-induced land-cover conversion demonstrate that industrial plantations amplify habitat fragmentation by failing to apply gradual edge vegetation measures to mitigate edge effects of forest fragmentation [49,50]. They also show how plantations deplete soil and above-ground carbon stocks by militarizing underage laborers to perform high-impact logging and industrial clearing on both primary and secondary forests [15,48,51]. Our analysis therefore considers land accumulated by plantations for the current and future expansion of crop development, land destruction from wildfires as a result of socioenvironmental conflict, and land illegally logged or converted into palm oil plantations—determining an aggregate number of total hectares lost for demonstrating how resource-rich land is captured, concealed, and withheld from public knowledge and ecological restoration efforts. It also upholds the use of polycentric governance management systems in mitigating adverse impacts on potential regrowth events and tropical forest biome security, both as a precursor to sustainable development and as a solution to maladaptive forestry policies.



It is not just a lack of consumer awareness of the environmental risks and damages that stem from purchasing palm-oil rich products that drives global demand. Transnational corporations and a widespread lack of international environmental regulations are largely to blame, yet most consumers have no idea that their household products contain ingredients responsible for widespread environmental degradation on the other side of the globe. Considering estimates of palm oil land conversion area, and that U.S. palm oil imports surpassed $1.1 billion last year [20], we estimate that for every box of Oreos that Americans eat, an acre of forest is lost to palm oil cultivation and production (Figure 2). Put another way, each palm oil consumer in the U.S. is responsible for a loss of nearly four acres of forest land per year, an estimate that researchers and policy officials should consider in choosing to establish transparent international sustainability standards. In sum, consumer demand for the oil drives both forest habitat fragmentation and loss which further exacerbates environmental injustice among the poor and rural communities of palm oil nations.



Our valuation of land converted for biofuels and food export, tracing the record of Indonesian palm oil exports by the percentage of U.S. palm oil imports in 2015, is positively correlated with environmental insecurity and ecosystem degradation on or near palm oil monocrop plantations. We calculated the percentage of U.S. oil imports from palm oil-producing countries including Indonesia, Malaysia, Ecuador, Guatemala, Ghana, Bolivia, Columbia, and Brazil, and calculated the volume of oil detected in U.S. markets. Then, we aggregated total ecosystem disturbance reports from all U.S.-bound oil exporters by estimating total land converted to oil palm production, as well as land lost through illegal logging, “state simplification” events that led to land decertification and social uprising, and large wildfires overtly caused by swidden agriculture in regions with high concentrations of oil palm plantations. This led to a baseline rate of deforestation relative to the volume of oil supplied in U.S. markets which informed our per package and per household calculations. The same methods were used in calculating the total medical costs, casualties, and hospitalizations of human and animal life related to palm oil production.




2.2. Threats of the Palm Oil Industry to Human Health


Palm oil consumption worldwide, and especially in urban and rural food deserts and developing countries where food security and sovereignty are threatened, drives cardiovascular disease and mortality rates [52,53]. For example, economic-epidemiological models show that a male-targeted palm oil tax would avert the deaths of over 363,000 men from cardiovascular-related diseases and strokes in India, alone [54]. These negative health and economic burdens are especially high in poor rural communities and heavy oil-consuming countries, based on their lack of accesses to nutritious sources of caloric intake [55,56]. Such power relations promote the abuse of resource-rich tropical nations by economically-developed nations, whose noncommittal posturing on international sustainability standards and global public goods has long damaged the health and welfare of the world’s most at-risk populations [57,58].



Life cycle assessments demonstrate that the oil poses other human health hazards, as well, from land conversation via slash-and-burn agricultural practices. Land clearing for palm oil has triggered high mortality rates from smoke-induced respiratory illness and other palm oil land conversion-related noncommunicable diseases [59,60]. A study by Koplitz et al. (2016) [61] estimated that over 100,000 human lives were lost from direct wildfire destruction and smoke-related respiratory illnesses due to fires in Indonesia’s South Sumatra Province, where 80% of palm plantations illegally use industrial logging and slash-and-burn land clearing to grow oil palms on protected lands. Such costs multiply over time as deforested lands, wildfires, and unsustainable forestry practices exponentially “desertify” the land and magnify human health hazards of palm oil production, thereby contributing to the deaths of thousands of people and the loss of billions of acres of forest in tropical nations [62,63,64].





3. Collective Governance for Sustainable Palm Oil


Some argue that sustainably sourced palm oil, or “deforestation-free” palm oil, is the best way to mitigate human and environmental harms, and reduce carbon emissions [65]. While it is true that stable, global agro-food markets are unlikely to develop without more transparent and accountable trade policies [41], interregional entanglements among environmental NGOs, local governments, and civil society are exacerbated in highly decentralized areas of the tropics, such as Indonesia, when foreign governments assume that sustainability standards face confrontational interactions between private and public agents [66,67]. In other words, policymakers in both the global north and south falsely assume that sustainable palm oil production is only feasible by unilateral sustainability engagements in palm oil supply chains, increasing cross-sectoral conflicts and compounding the opportunity costs associated with omitting a range of sustainability actors who would otherwise advance a sustainable policymaking and decision-making strategy in emergent nations [66,67] (Figure 3).



Given the current trend in increasing sustainability and transparency in global supply chains, we suggest that sustainability policy reforms are feasible and have the potential to promote 21st century U.S. international sustainability standards. Transnational corporations (TNCs) have the capacity to accelerate large-scale systemic change and facilitate sustainability transformations in corporate biosphere stewardship [68] goal setting and, in the face of global economic development during the Anthropocene, they assert a majority role in determining the inertia and robustness of global corporate sustainability and transparency ambitions [68,69].



TNCs in the palm oil sector, where five corporations account for 90% of globally-traded oil product, suffer from a misalignment of sustainable goals and therefore face barriers in achieving radical global transparency objectives [70,71]. These TNCs lack a credible commitment to pursue sustainable development and uphold biosphere stewardship in tropical nations where oil palm operations mainly occur, given that the weak governances systems and corrupt state-centric and decentralized governance institutions often pander to the five major oil palm TNCs [64,72]. As companies consider eco-risks, engage in eco-hedging, and manage their eco-efficiency more now than in years past, today, governments have an opportunity to achieve sustainability objectives by improving trade policies using supply chain sustainability data, focusing on human rights, and including actors and agents with the contextual knowledge to solve local problems [72,73,74]. Streamlining sustainable trade goals and revealing the transnational corporate impact on tropical socioecological systems require a new, sociopolitical and eco-transformational solution, developed by collaborative sustainability goals and 21st century technologies (Figure 4).



Polycentric governance achieves collective action decision-making and component-level redundancy by improving the connectivity, learning, and interconnectedness across a range of actors and scales within a given policy sphere or spatiotemporal landscape [64,75]. Contrary to game theoretical predictions, these systems of well-connected governance, in which multiple governing bodies interact and overcome issues within a specific policy arena and geography, solve the issue of common-pool resource overexploitation by improving communication between a range of actors and facilitating an interdependent system of relations [76,77]. For a given socioecological setting, especially one with highly decentralized and fragmented systems of local and jurisdictional governance, polycentric governance may overcome the norms and standards assumed in competitive rivalries, normative appropriation, and provision problem outcomes [78,79]. A step in the right direction for improving multi-stakeholder accountability in the palm oil industry, for example, is evidenced by collective forestry certification programs, such as the Roundtable on Sustainable Palm Oil’s (RSPO’s) third-party grower-forest certification program, which has led to the protection of over 19% of forest land used in the global production of palm oil [80]. While RSPO’s methods are an imperfect model for sustainable palm oil production, they do yield sizeable results for reducing deforestation and limiting unsustainable production in the global palm oil industry.



Common-pool resource sustainability and climate governance in emergent tropical nations require a solution to issues of rivalry, nonexcludability, and effective boundary-setting without central coordination resources [81]. Polycentricity in government typically overcomes the common-pool overharvest issue across varying scales of centralization by improving institutional arrangements, such as in local and national governments, NGOs, and IGOs that operate in several spatial or temporal scales [79]. However, atypically, the use of indirect and nonhierarchical polycentric governance offers unique common-pool resource and climate strategy alternatives in tropical resource governance [82]. Such a nonhierarchical organization of governmental and nongovernmental units may reflect a more cohesive, adaptive, and resilient trade-sustainability standard, given that a new paradigm of cross-sector and cross-functional agreements focuses on redundant policing of resources, streamlined workflow, and organizational unity via 21st century high-tech adaptations (Figure 5).



Our fusion of a nonhierarchical polycentric model with micro-transformational links, developed to solve the key challenges with earlier polycentric governance models that boost effectiveness but escalate transaction costs [83,84], is capable of creating managerial overlap across actors, scales, and mechanisms in the palm oil supply and value chains. By coevolving the relations between small- and medium-scale actors, global consumers, and key decision-makers, this model uses micro-transformational nodes to boost the current adaptive governance capacity of the palm oil complex. In an age when nonconventional actors occupy informal positions of political leadership, such as transnational commodity-trading companies such as Wilmar Incorporated and Louis Dreyfus Company, or financiers of palm oil such as Maybank, the critical component in improving collective governance in emerging countries is a reliable method for measuring and comparing resource-based management initiatives and the realities of tropical ecosystem performance [41].



In the field of monetary and behavioral economics, the best-known solution to time-inconsistency problems in central banking involves the creation of an independent central bank, such that the bank solves time-inconsistency problems with the credibility and decision-making capacity to make unbiased decisions in favor of, or against, a given monetary policy solution. This independent monetary system thereby combats the tendency of politicians and bureaucracies to break their commitment to future payoffs (e.g., payoffs that are in the long term) in the pursuit of short-run payoffs (e.g., payoffs that are closer to the present time). Central bank independency is ultimately a mechanism for protecting a national economy from the undue influence of short-term political triage and decision-making unpredictability—especially in multiplayer systems where more than two, n > 2, actors are given the ability to veto unfavorable activities [85]—as well as preserving the bank’s credible commitment to pursue an unbiased system of macroeconomic output, stability, and growth.



This ability to solve present bias—protecting the long-run outcome of national economies from the political or economic incentive to break their commitment to the future goal by choosing to pursue the present payoff—is a notable success of modern monetary policy. Yet, this time-consistency dynamic is equally vital in identifying and overcoming issues related to Indonesian forestry policies, forestry economics, and natural resource governance. Our nonhierarchical polycentric model aims to achieve this tenant of legitimate and credible oversight, measuring and comparing resource-based management initiatives to de facto tropical ecosystem performance, such that governance over the palm oil industry is transformed by hyperlocal sources of informational accountability, transparency, and managerial overlap.



Indonesia’s REDD+ program, for example, is a case for which our model presents a viable improvement. As Li (2016) points out, the major drawback of forestry governance systems, similar to that of REDD+, is that they typically result in either positive transformational change or, on the contrary, become another case of “projectification” [86]. “Projectification” is the process by which a government agent, organization, or institution is more concerned with operational efficiency and innovation of multi-agent “projects”, rather than focused on embedding processes of network organization for achieving legitimate and purposeful outcomes. Such is the way in which data, knowledge, and information on multi-agent projects ultimately become inaccessible to newly-formed groups, agencies, and international organizations charged with the task of facilitating transformative change. In other words, “projectification” is the process by which crucial information is lost in translation, transition, and transference—thereby creating a model of “project” governance that has no long-term memory, as well as one that fails to achieve a precise definition, credible commitment to biosphere stewardship, or significant output.



Therefore, the lack of a resilient system of information storage, produced by constant successions of organizational adjustment in attempting to achieve a higher level of “efficiency” or “innovation”, is one such reason why REDD+ programs failed to achieve policy transparency and accountability [87]. Yet, the unintended consequences of REDD+, as a series of “project governance” [88,89] schemes and ideas for improving forestry conditions in the political, social, or environmental domain, is that its failure led to “[the evolution of a consolidating social forestry network] driven by the improved exchange and available information” [87]. In fact, this outcome was largely motivated by public demand for a more resilient system of data and information accountability. While REDD+ in Indonesia attempted to install a superior mode of environmental governance, the lack of accountable information systems at the local level ultimately failed to establish a credible commitment to reduce deforestation related to palm oil production at the regional and federal level—enabling slash-and-burn agriculture, unequally-distributed power relations, the exploitation of informal sector labor, and a coercive federal government that refuses to relinquish any measure of supervisory control.



The question of “how a nonhierarchical polycentric model is able to deliver on its promise in coordinating, adapting, and transforming environmental governance in Indonesia” is answered by its ability to generate new surpluses of transparency, facilitate social networks that reinforce time-consistent outcomes in forestry policy (similar to an independent central bank), and build better social forestry networks. Polycentric governance entails the data collection and distribution of local population reports on deforestation and illegal logging, embedded in a multilayered program of managerial reporting, insofar as it counterbalances the underreporting of environmental perturbations at either the local, city, subdistrict, or district level. It is thus a system for creating the means by which new social actors may expose the use of illegal palm oil licenses in primary forests or peatlands, as well as a decentralized public information network, designed for new power relations to emerge between local and federal institutions, where socially and spatially equitable processes are born.



An information network of this type would apply technological adaptations in palm oil licensing to collect decentralized data on “land grabs” or “illegal forestry”. This provides an open-source record of areas and intervals in which the production and trade of illegal Fresh Fruit Bunches (FFB), and all illegal FFB derivatives such as Palm Kernel Oil (PKO) and Crude Palm Oil (CPO), is most likely to occur—allowing a range of actors to provide redundancy checks in overseeing the sustainable and legal production of palm oil. A blockchain technology model, similar to the distributive model at AgriChain, presents a way to boost the integration of multi-stakeholder accountability through the application of technology for accountability in agriculture [90]. This technological licensing arrangement, validated by a crypto ledger network, is a system of information supply and exchange predicated on reducing time-inconsistency problems in agriculture. It also reduces transaction and information transportation costs at lightning speeds, wielding a dynamic improvement to social forestry policies at national and international scales. These processes of global social forestry may help to identify a network of actors who perpetuate the drivers to deforestation, inform the decision-making of environmental NGOs or INGOs, and improve the credibility of long-term commitments to reduce GHG emissions and deforestation, as well as protect and preserve biodiversity.



Ultimately, the coexistence of multiple centers of decision-making on palm oil sustainability, whereby a coevolutionary and complementary system of trade and exchange sustainability is unified and implemented across stratified and decentralized regions of Southeast Asia, facilitates multi-stakeholder and cross sector alliances, transnational and trans-sectoral regime communication, and public and private sphere interaction [91,92,93]. Critically, nonhierarchical polycentric governance over common-pool resources in emergent tropical nations has the potential to increase the redundancy of policing and inspire response diversity [94,95]. While the evolution of sustainable governance depends on polycentric rules and maneuvers for shared-resource sustainability and compliance in tropical nodes, a real-world solution to oil palm-related disturbance and change will require a credible commitment to micro-transformations towards sustainable, long-term societal development, in governing and nongoverning factions.




4. Governmental Transformations for Sustainable Palm Oil Trade


The ideological debate over global sustainable governance and transnational biosphere stewardship covers the political–ecological instability associated with decentralization, globalization, market-based instruments, and cross-scale governance [96]. This debate is renewed in discussions of governmental transformations associated with, and in response to, climate change and unsustainable human resource-use trajectories [97,98]. Promoting a more sustainable international food trade and global sustainability standard will require transformations in agricultural sustainability practices and a new paradigm of environmental data transparency, in which governments provide open-source data on cross-border agro-commodity sustainability at the product level, aiming for a positive quantum leap in sustainable development at the system level [88,99].



Macro-level transformations of this sort require the optimization and unification of micro-level transformations. Micro-level transformations are, essentially, small-scale adjustments and transitions from conventional to unconventional standards, roles, and expectations, such as a strong governmental focus on open-source data transparency in agricultural and consumer imports to improve food trade sustainability at the system level [100,101]. Such a transformation would inform a set of international laws and customs while encouraging a range of societal, governmental, and nongovernmental actors to uphold a more accountable and transparent system of global palm oil trade.



To promote positive transformative policies for global trade sustainability, trade laws should integrate more transparent systems of environmental resources management and offer environmental NGOs an incentive to engage in the decision-making process on sustainable development, but they should also facilitate an open-source system of sustainability data on cross-border trade [30,102]. These solutions would require incorporating ingredient-level sustainability analyses and oil palm traceability systems in applications of data-driven sustainability, such as HowGood’s Formulation Impact Tool or RSPO’s PalmTrace [41,103]. They also would consider life cycle assessment (LCA) scenarios and emission trading schemes (ETS) in cross-sectoral and transboundary trade and exchange [101].



Such actions would inform consumers, mitigate palm-oil-associated environmental degradation, facilitate industry awareness with an accountable system of sustainable competition, and encourage the development of more sustainable land-use and resource management models in multilateral alliances between well-developed and emerging nations. This mechanism of governance yields a greater potential for U.S. trade law to measure the pace of governmental decision-making in food systems, slow the acceleration of unsustainable global capitalist agendas, preserve the human and labor rights of indigenous and poor rural populations, and attest to a reliable index of global food supply chain sustainability [64,72,104].



Nations at the center of transformative sustainable governance have recently tried to uphold their global food supply chain responsibility by adopting top-down transformations towards sustainability [88,105]. For example, the European Union recently adopted a highly controversial ban on palm oil imports in biofuels, over concerns that oil production contributes to deforestation, global carbon emissions, and climate change [13]. This ban of palm oil in biofuels sets the tone for adopting a new paradigm of standards for international sustainability laws, as one of the premier civilization-scale transformations towards sustainability of the 21st century. However, a global civilization-scale ban on a food product for its unsustainable characteristics would likely have an even larger ripple effect on the macro food supply chain, instigating a decoupling of trade relations and coordination opportunities between emergent and economically-developed nations [20,106].



A ban on goods for their eco-risks reduces the demand for unsustainable goods, yet it does little to facilitate a more transparent and accountable global supply chain that enforces and delineates the role of the state, market, and stakeholders in a sustainable system of food exchange [107,108]. Transformations toward sustainable governmental mechanisms may exist widely in different themes or topics, and to varying degrees, but the onus of sustainable governance should always focus on improving long-term societal development [20,68,109]. While narratives of sustainability in the EU’s ban on palm oil suggest a more responsible and sustainable governance over its food supply chain, it does little to facilitate a sustainable transformation for the EU or in palm oil-producing nations.



Transformational governance requires that a government creates the suitable conditions for transformative changes, whether as micro-transformational or macro-transformational changes, to achieve long-term societal development [64,88]. Similar transformations in food and agricultural sustainability, such as the U.S. FDA’s decision to inform consumer-level purchasing decisions by passing regulatory labeling requirements on all vegetable oils and vegetable oil blends, demonstrate this micro-transformational potential at the consumer level [13].



The state is responsible for facilitating food import standards, but individual consumers also have a role to play by refusing to purchase palm oil products. Micro-transformational policies have the potential to drastically increase consumer awareness and purchasing decisions over palm oil products, if such changes are combined with data on health studies and the negative externalities of unsustainable palm oil cultivation and consumption [20], by improving the awareness, education, and knowledge of sustainability trade data. The U.S. government should ultimately demand global supply chain transparency through improved commodity supply chain interventions and adopt policies that facilitate long-term societal development [110,111].



Another important step in micro-transformational governance would be to mandate that all importers of oil, certified by the Roundtable on Sustainable Palm Oil (RSPO), adhere to strict labor and environmental justice regulations in their labeling and consumer-facing information regulations [112,113]. This would inform a consumer about the health risks of oil overconsumption and remind them, through certification labeling, to observe their impact on oil production. Economically well-developed nations should therefore incorporate open-source trade data to inform consumers and remind policymakers of international supply chain sustainability [114,115]. However, unlike the European Union, they should open the floodgates to transparency and accountability in their trading systems, working with institutional, nongovernmental, and local actors to promote environmental conservation in emergent nations, rather than assuming unilateral action achieves sustainable development goals [116].



Such actions could dramatically ameliorate the negative impacts of the palm oil industry on human and nonhuman lives, alike—preserving human livelihoods, local communities, tropical forest ecosystems, and charismatic, endangered wildlife species including orangutans, Sumatran tigers, pygmy elephants, and Sumatran rhinos [44,117,118]. Global sustainability standards can encourage rainforest conversion efforts with shared sustainability trade data, reducing habitat loss and supporting the new age eco-business model, rather than corroborate unsubstantiated forestry assessments by weak or politically-fractured government regimes [58,119].




5. Conclusions


Global food-trade routes over the last several centuries were primarily used for commercial food exchange, but they also facilitated an evolving international discourse, helping shape and direct the immersion of cultural and community experience since the Iron Age and Roman Empire [20,120]. In what economists call a “high food drain”, in which most of a farmer population is constrained by the cultivation of unsustainable or inefficient agricultural crops, the palm oil industry combines sociocultural identities and economic activities with oil production traditions. Meanwhile, the comparative advantage of, and hyper-demand for, the oil crop incentivizes vague or opaque modes of communication and circumspect goal-setting strategies among various global actors. As the militant industrialization of tropical nature occurs illegally, well-developed economies in the global north encourage the commodification of common-pool resources in emergent nations.



A global food trade system supported by micro-transformational sustainability and nonhierarchical polycentric governance offers long-term universal development in and across global supply chains. At its center, a new global trade system should encourage sustainable transformations, act as a constellation of decision-making nodes or centers, and polycentrically innovate solutions to socioecological system disturbances with diverse responses. As such, it may then enforce and delineate the role of the state, market, and stakeholders in a sustainable system of food exchange, triggering a coevolution of “green” market growth and impact, as well as empirically substantiating bilateral or multilateral claims to improve the health and welfare of nations in the global south. While palm oil is a single commodity with unsustainable and unregulated characteristics, evidence of the negative externalities of production and unmet sustainability goals represent the damage to tropical ecosystem integrity and emergent nation livelihoods from an opaque and unsustainable global food-trade system.
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Figure 1. Monocrop plantations, owned and operated by transnational corporations, cause local climates to warm and threaten tropical forest integrity and biodiversity. These externalities of the palm oil production process comprise a major threat to tropical forest ecosystems worldwide. Externalities as ecosystem threats are represented by: (A) monoproduction and industrial monocropping (photo credit: GRAIN); (B) large-scale wildfires as a result of industrial plantations (photo credit: Wahyudi, Agence France-Presse); (C) displacement by logging or fires, resource partitioning, and character displacement (photo credit: Paulina L. Ela, Borneo Orangutan Survival Foundation); and (D) edge effects and habitat fragmentation (photo credit: Willy Kurniawan, Reuters). 
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Figure 2. Relational Diagram Between Global Consumers and Palm Oil Externalities. Negative externality costs of production and consumption of palm oil diffuse rapidly as the intermediate good travels across national borders and dissipates into final goods, like snacks, detergents, and toothpaste. The perverse consequences of neoliberal, market-oriented reform policies, correlated with data on environmental disturbances and global food trade reports on Indonesia’s policy- and decision-making outcomes, have explicit political, social, and ecological dangers. Here, we disentangle the social and individual responsibility in consuming palm oil sourced goods, famous for instigating ecological degradation, social conflict, and economic inequality, to demonstrate the global consumption impact on the health and livelihood of disadvantaged communities across the tropics. 
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Figure 3. Multistakeholder Governance Initiatives, Roundtable on Sustainable Palm Oil (2020). A “common governance environment” with multilateral actors and global alliances, for improving the sustainable production and trade of palm oil product, has existed since 2002. 
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Figure 4. Supply and Distribution, Roundtable on Sustainable Palm Oil (2020). Third-party certification schemes, such as RSPO certification and ISEAL global member programs, are a step in the right direction in improving the sustainable management of palm oil. These schemes ensure interconnectedness of stakeholders and legitimize local supply chain relations in sourcing, milling, and refining palm oil derivatives. 
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Figure 5. Non-hierarchical Polycentric Governance. Adapted from “Evolving polycentric governance of the Great Barrier Reef,” 2017, T. Morrison. Many conventional systems of environmental governance are unable to cope with novel forms of social and environmental change. Polycentric governance systems occasionally struggle with adapting to the affect, speed, and depth of such multi-transitive changes. Our synthesis of a non-hierarchical polycentric system ensures inclusivity, transparency, accountability and legitimacy across all actors in the supply chain, implanting a series of micro-level transformational “nodes” for boosting response diversity in and across global actor networks. 
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