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Sustainability and Environmental Justice
The Keough School strives to address the contested relationship between poverty, climate 
change and environmental degradation, including the increasing loss of biodiversity and 
the ravaging of forests and the soil upon which farmers depend. At Notre Dame, as Daniel 
Miller noted in introducing the first panel of this section of the conference, we emphasize 
Catholic social teaching, which embraces a “preferential option for the poor”—and yet, it is 
the poor who are most affected by environmental change. What does “sustainability” mean 
in this context, and how might sustainable and just practices and policies be identified 
and implemented? 

In her paper and presentation on “Sustainability and Environmental Justice in the Energy 
Transition,”1 Emily Grubert first reviewed the cause of climate change and the extreme 
threat it poses to human thriving. We have understood the basic mechanism of the greenhouse 
gas effect for well over a century, and international policy attention has focused on climate 
change for over 30 years, she noted. Many have already experienced loss of life, loss of 
homes, loss of loved ones, loss of culture, and many other consequences of climate change. 

Greenhouse gas emissions into the atmosphere – the driver of continued and accelerating 
climate change – continue to grow, with record emissions in 2023. The large majority of 
these anthropogenic greenhouse gas emissions (GHGs) are the result of burning fossil 
fuels for energy – accounting for roughly 80 percent of gross global emissions, in the form 
of carbon dioxide (CO2) and methane (CH4). “These emissions drive devastating global 
change, with massive international and intergenerational injustices driven by the spatial 
and temporal mismatches between emissions and effects of climate change,” Grubert said. 
International agreements have focused on attempting to limit the impact of climate change 
to the damages to the natural environment that we experience when global warming stays 
below 2° Celsius of preindustrial averages, and preferably below 1.5° Celsius. Yet January 
2024 marked the end of the first consecutive 12-month period where global temperatures 
exceeded 1.5° Celsius, though breaching this threshold permanently is not yet locked in.2 
People, other species, and ecosystems are already feeling the disastrous effects of this level 
of warming, she added, including through devastating and costly storms, heat waves, floods, 
droughts, and human displacement.

As has been true for decades, about 80 percent of the global energy system relies directly on 
fossil fuels – oil, coal, and natural gas.3 Energy consumption, which is positively correlated 
with standard of living, remains highly unequal globally: 675 million people have no access 
to modern energy systems, and many more have very limited and/or inconsistent access.4 
Energy access and extreme poverty are problems not only in Low and Medium Income 
(LMI) countries, but also in High Income countries, where many do not benefit from their 
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countries’ high incomes. In the US, about one-fifth of adults were unable to fully pay an 
energy bill in the last 12 months5 —an energy insecurity phenomenon sometimes described 
as the “heat or eat” dilemma.6 In short, Professor Grubert said,

Energy access – and particularly the ability to secure and use sufficient nonpolluting, 
ecologically manageable, and socially acceptable energy to enable both surviving 
and thriving – is a major international justice issue. Beyond climate change, energy 
systems – and especially fossil fuel-based energy systems – are major drivers of 
localized pollution with significant and sometimes severe impacts on human and 
ecosystem health. This, too, is a major justice problem: not only are such harms in 
general undesirable, but they are also highly unevenly distributed, often creating and 
reinforcing generational patterns of overburden and vulnerability.7 

Institutionally, fossil fuel companies are implicated in significant and troubling patterns 
of injustice, Grubert contended. Significant evidence, she noted, now supports claims that 
major oil and natural gas producers have long been aware of the climate implications of 
burning fossil fuels and have taken steps to delay or halt global response.8 Coal producers 
are internationally known for their antagonistic roles in labor history. In the United States, 
which allows for private rather than public ownership of mineral resources like fossil fuels, 
companies have abandoned pension and environmental obligations through bankruptcy, 
leaving communities impoverished and ravaged.9 Noncompliance with pollution controls 
is common, as are patterns of extraction that contribute to the “resource curse,” wherein 
countries whose fossil fuel resources are extracted do not see expected development 
benefits; instead, the wealth is exported and concentrated beyond producer countries.	

In considering questions of international justice, which is a mandate of the Keough School, 
there are “major opportunities” to improve energy systems, Grubert noted, and to envision 
and implement policies and practices that will serve current and future generations. 
Transitioning away from fossil fuels, while technically challenging, is clearly possible, she 
affirmed, owing to rapid technological progress enabling the development of alternatives to 
fossil fuel systems. But this challenge is inextricably linked to questions of social justice; 
technological progress, Grubert insists, is not enough. Institutions must also ensure justice 
and correct historical injustices in apportioning resources as well as burdens.	

One of the core challenges of transition, she explained, is that new clean energy systems need 
to operate together with and alongside existing, older fossil infrastructures.10  Moreover, the 
new systems “enter into market and other contexts that we know are insufficient for achieving 
ambitious goals.” Utility rate structures that force people even in wealthy countries into “heat or 
eat” dilemmas do not change simply because the electricity is now made from wind rather than 
natural gas, for example, and installing solar panels does not remediate the long-term health 
effects from the refinery that operates nearby. The urge to seek out one-to-one replacements, 
like personal electric cars in place of internal combustion engine cars or solar jobs in place 
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of coal jobs in the same town, can mask opportunities to identify and implement something 
better. System redesign that integrates new structures and older structures, including those 
being phased out, is complicated by the fact of different starting parameters, challenges, and 
constraints around the world. The “mid-transition” period could last decades, even at 
top speed.11 

In the energy transition— which occurs with the backdrop of decades of disinvestment and 
deferred maintenance, significant technological change, and accelerating climate change— it 
is possible that the beginning point (a mostly fossil fuel-based system) and the end point (a 
non-fossil-fuel-based system) are both significantly more stable and easier to operate than 
the dynamic hybrid systems we will rely on in the middle. Again, Grubert emphasized, this 
is a call to accelerate, rather than decelerate, the transition.12

 
Current research on the energy transition, Grubert explained, tends to focus on what we 
need to build: renewable electricity generation, the ability to use electricity to provide 
services that currently rely on direct use of fossil fuels (e.g., heating and transportation), 
decarbonized fuels for industrial and commercial applications that cannot electrify, and 
more controversially, potential geoengineering capabilities focused on removing carbon 
dioxide from the atmosphere (carbon dioxide removal, CDR) or on reducing the heat that 
reaches the Earth (solar radiation management, SRM). However, there is far less research 
that identifies explicit and specific strategies for phasing out fossil fuels in a way that is safe, 
allows for continuity of services, and avoids saddling already-burdened host communities 
with additional environmental, social, and financial liabilities associated with abandoned 
and un-remediated infrastructure. Although fossil phase-out must be done as quickly as 
possible, it must also be done safely, which likely requires both significant planning and 
ongoing access to the expertise of workers who are increasingly aware that their industries 
have limited futures. For critical services like heat, phase-out cannot be completed until a 
new, reliable way of delivering services is in place and trustworthy. 

In the overall context of the global energy transition, the US presents a particularly 
important target of research and execution. Not only is the US a long-term industrialized 
country with aging fossil infrastructure that is ripe for replacement13 and substantial wealth 
available to fund transition, but it is also a critical participant in the global context. The 
world’s largest cumulative emitter of fossil fuels, at about 25 percent of all anthropogenic 
greenhouse gases emitted to date, the US is also a notable laggard or, often, non-participant 
in global action on climate change. In a globalized energy economy, the US is also the 
world’s largest producer of oil, the largest producer of natural gas, and the fourth-largest 
producer of coal. (For many years the US was the largest producer of coal, before standing 
by as the industry collapsed in a haphazard and unregulated manner— a cautionary tale of 
an unjust transition.)
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Institutionally, the US is extremely unusual, Grubert added, in that fossil fuel resources 
are often privately held, as are critical energy service providers like refineries and many 
utilities. The country has no legally binding climate targets, and policies have so far 
focused primarily on subsidies without explicit plans for how transition might (or might 
not) occur. The US remains a major international proponent of natural gas use, expecting 
to be a provider to international markets even as global understanding of climate change 
reinforces the need to reach net-zero emissions by mid-century in order to improve chances 
of remaining below negotiated temperature thresholds. It is also a global leader in the 
development of hydrogen and carbon dioxide removal technologies, both of which could be 
critically important for meeting international climate goals but could also create major and 
long-lasting injustices and harms if poorly implemented. However, she added, US policy, 
which is influencing other countries seeking to develop these potentially major industrial 
sectors, is so far allowing for significant capture by oil and natural gas interests. “For all 
these reasons the United States is a particularly important target for identifying and then 
demonstrating how a just energy transition can occur.”

In the US context, where there is no explicit federal energy policy and no real authority for 
domestic energy system planning, one major transition question stands out: how can this 
undertaking be orchestrated in a way that efficiently and effectively delivers a successful 
transition to a more just, less polluting, and climate-preserving energy future? Some 
centralized coordination is almost certainly required, given the normative and directional 
nature of the transition. Market forces have proven to be insufficient: one estimate suggests 
that for all but one of the US’ coal-fired power plants, it would be cheaper to replace the 
plant with brand new clean energy systems than to continue to operate the plant – and yet, 
coal continues to supply about 20 percent of US electricity, in part because of regulatory 
structures in the utility sector, and in part because of the fundamental reality that decisions 
are driven by profitability rather than cost.14 Implementing a carbon tax, often held out 
by economists as the most efficient way to decarbonize, is unlikely to deliver a transition, 
Grubert added. Aside from the enormous administrative challenges (including those 
associated with appropriate greenhouse gas accounting), there are many situations where 
emitters would likely choose to pay even a very large tax rather than stop emitting.15 

Overall, Grubert concluded, a justice-centering energy transition needs to be coordinated, 
with careful attention to which systems are available to provide which services. This need 
points to a deeper design principle, which is that a true justice focus for the energy transition 
also requires a focus on service provision:

The goal of energy systems is not to ensure that electricity reliability exceeds 99.999 
percent (a common design standard), or to guarantee specific transportation fuel 
throughout: it is to ensure that people have access to heat, light, mobility, and other 
services. It is service reliability rather than energy supply reliability that should 
therefore be the focus, a reality that also implicates questions of how all people 
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can access other critical needs – like housing, healthcare, and many others – as 
fundamental to the energy transition. Service-first design allows for more visioning 
about what the world would need to, and could, look like if people’s needs were 
met and allows for creative recognition of alternative strategies. For example, 
efficient housing might be able to serve heating and cooling service needs as well 
as additional electricity generation; density and public transportation might be 
able to serve mobility needs as well as affordable electric vehicles. In general, a 
reorientation of energy transition research toward services and away from supply-
first strategies can support justice goals, context-aware implementation of effective 
strategies, and a true focus on what we want out of an energy system. Moving away 
from a paradigm where energy is a group of commodities that can deliver profits and 
instead is a crucial enabler of human thriving, is core to the potential for a truly just 
energy transition.

In his paper Paul Winters recommended a similar focus on consumers and justice in his 
argument for transformation in the agriculture and food sectors. Proposals to transform food 
systems to address climate change and nutrition often ignore vulnerable populations and 
could worsen their plight.16 Even country-level proposals included in Nationally Determined 
Contributions documents under the Paris Agreement on climate change would increase 
global poverty by an estimated 4.5 percent if implemented as described.17

Innovations will be central to transforming food systems and will need to be taken to scale. 
Unfortunately, the global institutional architecture “is not well set up to develop and scale 
innovations at the level needed.” Even though half the world’s population now lives in 
urban centers, the majority of people living in extreme poverty and food insecurity are 
in rural areas, Winters explained. They directly or indirectly rely on agriculture for their 
livelihoods. Accordingly, rising productivity growth in the agriculture sector has been seen 
as central to success.18 Yet growth in the agricultural sector does not guarantee poverty 
reduction or ensure food security. Proactive policies and investments are necessary to ensure 
the inclusion of rural households living below the poverty line, women, indigenous people, 
youth, and other vulnerable groups in the development process.19 

With this in mind, development efforts over recent decades have focused on inclusive 
rural development in the midst of continued and growing issues with climate change and 
malnutrition. Estimates suggest that climate change could push more than 100 million 
additional people into extreme poverty by 2030, with half of this increase due to the 
impact of climate change on agriculture.20 Under high-emissions scenarios, climate change 
will make some current areas unsuitable for food production due to hazards that impose 
hard limits on any type of production.21 These challenges are particularly problematic in 
lower-income countries where agriculture contributes an important share of GDP and is a 
significant employer, and where the capacity to respond to hazards is limited. 
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Complicating matters, Winters writes, the gains in agricultural productivity and production 
have come at an environmental cost, including increased GHGs. Many modern production 
practices (such as soil management, synthetic fertilizers, and the expansion of agricultural 
land use) increase emissions. The overall food system—from production to consumption—
contributes 25-35 percent of total greenhouse gas emissions, making the sector second only 
to energy in terms of total emissions.22 A number of factors contribute to this, including 
the loss and waste of 33 percent of food globally23 and agriculture-based deforestation. 
Although low- and middle-income countries are not considered primarily responsible for 
GHG emissions, he added, there is a concern that if they follow a similar agricultural path as 
other countries, this could lead to an agricultural and food system that is high in emissions 
and result in future problems.

Along with climate change challenges, the manner in which food systems operate creates 
nutritional challenges. The historic focus on staple-crop productivity (rice, maize, wheat, 
potatoes, etc.), the manner in which food is processed, and changing lifestyles have led 
to a nutritional transition in low- and middle-income countries that has resulted in a need 
to simultaneously address different forms of malnutrition (undernutrition, micronutrient 
deficiency, overweight/obesity, etc.). A quarter of global deaths are caused by dietary risk 
factors and low levels of physical activity).24 Rural people are not immune from dietary 
issues. With rising urbanization in lower-income countries, 64 percent of the population 
lives within the catchment areas of towns and cities.25 This greater access to urban food 
markets has caused the increase in obesity in low- and middle-income countries to be the 
greatest in rural areas.26 

With these issues in mind, there have been calls for creating new strategies, policies, and 
investments for transforming food systems to make them more climate friendly, nutritious, 
and inclusive of people living in poverty.27 A key element of these calls is to take a broader 
food-systems approach that considers the synergies between biophysical and human 
systems. Incorporating food consumption patterns into new approaches is critical. Consumer 
behavior is closely linked to nutrition, but also determines production, processing, and food 
delivery, and thus leads to climate and environmental impacts. 

While recognizing the need for broad food systems transformation, a focus on food 
security and poverty objectives must remain central to any discussions, Winters advised. 
Proposals to transform food systems to address climate change and nutrition often ignore 
vulnerable populations and could worsen their plight.28 Even country-level proposals 
included in Nationally Determined Contributions documents under the Paris Agreement on 
climate change would increase global poverty by an estimated 4.5 percent if implemented 
as described.29 There are significant potential trade-offs, as well as synergies, between 
achieving inclusion objectives and other objectives of food system transformation; 
the question is how to transform food systems in low- and middle-income countries to 
simultaneously address climate change, improve nutrition, and ensure inclusion. Put simply, 
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the manner in which productivity growth is achieved needs to change. It is essential that 
the scarce resources used for agricultural production and food systems, especially land and 
labor, are used wisely. Reductions in greenhouse gases are unlikely unless current resources 
are used as efficiently as possible. 

The emphasis on productivity growth should shift from a strong focus on staple 
crops to a broader focus on diverse and nutritious diets. In doing so in low and 
middle-income countries, specific actions must be taken to ensure inclusion, since 
inclusion will not happen automatically.

As mentioned, innovation is central to food system transformation. At present, agriculture 
provides enough food for the world’s 8 billion people, although many do not have adequate 
access. To feed the world in 2050, croplands would need to expand from between 171 
million to 301 million additional hectares (relative to 2010).30  Eliminating harmful practices 
such as deforestation and the use of synthetic fertilizer without alternative solutions would 
lead to a decrease in the world’s food supply and in farmers’ incomes.
 
To address the dilemma of ensuring sufficient production while minimizing GHGs, 
innovations must be developed and taken to scale so they reach hundreds of millions 
of people. Fortunately, Winters noted, numerous biological, technological, and social 
innovations have already been developed, and additional innovations are in the pipeline. 
For example, enhancing weather forecasts would have huge benefits for farmers, who are 
increasingly vulnerable to weather uncertainty due to climate change and need short- (0-3 
days), medium- (4-10 days), and long-range (beyond 10 days) forecasts. Multiple studies 
find that farmers adjust their behavior and investment decisions in response to accurate 
weather forecasts. New technology and delivery systems allow more accurate, timely, high-
quality, local forecasts, but most farmers in low- and middle-income countries currently lack 
access.  As an illustration, the benefits of providing all state-level forecasts of the monsoon 
seasonal rainfall totals in India would exceed $3 billion over five years.31  

Commercial incentives to develop and scale these innovations, particularly in low- and 
middle-income countries, fall far short of their social value, leading to underinvestment. 
Innovation funding’s track record of generating very high social rates of return creates an 
opportunity for public and philanthropic investment in innovation. 

Of course, Winters cautioned, innovations are not silver bullets given to countries to 
solve their problems. Any potential innovation must be identified, developed, and scaled 
in a manner consistent with—and driven by—national strategies, in conjunction with 
the government, the private sector, and civil society. Promising local innovations should 
be considered for further development and scale via analysis to determine their impact, 
costeffectiveness, and potential for scaling. Any action on innovations must be based on 
existing evidence of what works.
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From evidence to action for food system transformation

Food and agriculture took center stage at the UN Climate Change Conference in Dubai 
(COP28) in December 2023, where Winters played a behind-the-scenes intellectual 
leadership role. The COP28 UAE Declaration on Sustainable Agriculture, Resilient Food 
Systems and Climate Action commits signatory countries to make food systems a focal point 
in national strategies to address climate change—a necessary localization of effort, given the 
context-specific nature of appropriate agricultural practices, land use changes, and 
consumer behavior. 

Supporting the development of agricultural innovations and providing large-scale 
funding to transition innovations to scale will be vital, Winters said. However, the global 
institutions currently in the food and agriculture space are ill-equipped to take on this 
role, he acknowledged. None of them meet the criteria for being a fund that can meet 
the objectives of scaling innovations, such as having a clear thematic or issue focus with 
distinct, numerable objectives; being results-oriented; having a degree of autonomy from 
their institutional home; and including public-private partnerships in the governance of the 
fund and/or in the implementation of services.32  There is precedent for the kind of necessary 
transformation that is required, however: 

Just over 20 years ago, global leaders expressed frustration that vaccines, HIV/
AIDS drugs, tuberculosis treatments, and malaria responses were not reaching 
hundreds of millions of people who needed them the most. The world responded 
with the creation of Gavi, The Vaccine Alliance, and the Global Fund to Fight AIDS, 
Tuberculosis and Malaria — along with billions of dollars to take innovations in 
these areas to scale. Gavi alone has helped to immunize over 1 billion children 
and prevented more than 17 million deaths helping to halve child mortality in 78 
lower-income countries. Today, the world may need a “Gavi’ to scale agricultural 
innovations to address climate change, improve nutrition, and ensure inclusion of 
people living in poverty and food insecurity. 

Krister Andersson built on Winters’s presentation by discussing ways to promote more 
inclusive governance of rural landscapes. People living in rural areas in the Global South 
often lack access to clean water, healthcare, and other public services, he noted, making 
them extremely susceptible to suffer from environmental injustice, that is, a disproportionate 
exposure to pollution and environmental hazards such as heat, drought, and floods. To 
address environmental injustice, environmental activists and scholars often call for public 
policy interventions that can help reduce people’s exposure to hazards and improve poor 
people’s socioeconomic conditions so that they become less vulnerable. 

To achieve such improvements through public policies has turned out to be quite difficult, 
sometimes even counterproductive, Andersson said, when policies aiming to reduce 
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vulnerabilities end up causing increased marginalization and widening inequalities. For 
example, governmental recovery programs that seek to help areas affected by hurricanes or 
cyclones often target property owners and offer little or no help to renters or landless people 
who are often much more vulnerable and in need of assistance, thereby contributing to the 
increased marginalization of the non-owners of property.33 “Existing policies often fail to 
help more vulnerable members of our societies because those policies were created and 
designed by a decision process that excluded the voices and concerns from marginalized 
groups,” Andersson writes. “More inclusive governance is needed to address environmental 
injustice more effectively.”     

Environmental injustice, he argued, is a symptom of systematic governance failure. It is not 
surprising, then, that when economic and political elites dominate the policymaking process, 
policy interventions tend to benefit mostly the elites. The tragedy is that such benefits can 
come at the expense of more marginalized members of societies. To address such inequities, 
researchers can make at least two important contributions: (1) Conduct research to uncover 
environmental injustices and socioeconomic inequalities, and (2) Engage stakeholders in 
research about inclusive governance. 

Research to uncover environmental injustice and socioeconomic inequality 

One of the paradoxes in efforts to promote sustainability, is that well-intentioned 
policy interventions to promote greater sustainability sometimes contribute to greater 
socioeconomic and environmental injustices. One example of such paradoxical outcomes 
comes from the research by Andersson and his colleagues about public policies that support 
programs that support community forestry. 

Nepal’s community forestry program, for example, has contributed to significantly 
reduced average deforestation rates as well as average increases in wealth in participating 
villages. However, a closer look at sub-village levels, however, reveals that these positive 
changes in the aggregate mask a more troubling pattern beneath the surface. The sub-
village analysis shows that minority and low-caste groups, who are often among the most 
vulnerable members of villages, were not helped by the reform; they were left behind.34 
Likewise, a quasi-experimental study of 174 community groups in four countries found 
that local villages that were exposed to forestry decentralization reforms were more likely 
to experience lopsided distributions of forestry products such as timber, fuelwood, and 
fodder.35 Elite members of villages retained a disproportionate share of forest products 
harvested, leaving the more marginalized households relatively worse off. A plausible 
explanation is that to benefit economically from forestry activities villagers need access to 
substantial capital and labor – to log and sell timber requires equipment, hired help, and 
contacts with markets and poorer members of rural villages often lack access to 
such assets.36 
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Taken together, these and findings of similar studies underscore the importance of 
examining the distribution of outcomes resulting from policy interventions, not just 
the central tendency, or averages. These policies led to what Perrin terms “benevolent 
indignities,” unintended negative effects of policies intended to help marginalized groups
in rural areas.

Policies that can support reduced inequality in local governance 

Of course, Andersson added, public policies can also make significant positive contributions 
to advance environmental justice. For example, in a recent paper, Andersson and colleagues 
show that forest user groups that hold formal collective titles to forest lands enjoy stronger 
group cohesion, intragroup trust, and more effective cooperation, even outside the forestry 
domain.37 

Compared to similar groups who do not hold such formal rights, these user groups also 
exhibit significantly higher levels of benefit sharing of forestry goods and products among 
group members (more equal distribution of benefits). Interventions that provide economic 
incentives for forest conservation can also help sustain cooperative behavior and reduce 
intragroup inequalities.Andersson cited an experimental study, using behavioral games, 
which showed that collective payments for forest common conservation ushered in 
significantly more forest conservation behavior, an effect that was sustained even after 
payments stopped.38 The collective payments helped participants realize that there is a better 
way of doing things that make them all better off, a strategy that became their dominant 
strategy even after payments stopped. 

Another set of behavioral experiments demonstrated that even better outcomes may be 
achieved when collective payments are combined with progressive gender quotas (ensuring 
gender parity). Such interventions resulted in significantly more forest being conserved and 
more equality in the distribution of forest income.39 These findings suggest that just as some 
policy interventions widen the gap between the richer and poorer members of societies, 
other policy interventions can help to close this gap. 

Andersson reported his finding that local institutional arrangements that exist among the 
targeted beneficiary groups are crucial for implementing successful policies. For example, 
the extent to which forestry decentralization augments existing inequality patterns depends 
significantly on the strength of the local groups’ cooperative institutions in forestry; when 
groups have strong collective institutions, decentralization does not widen the inequality gap.40 

Paying attention to local institutional arrangements on the ground, Andersson concluded 
from these findings, will therefore help researchers understand the complex effects that 
public policies often have on human behavior and resulting patterns of inequality. 
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One policy design feature that may contribute to greater socioeconomic equality is targeting 
the group (village, user group, or community) rather than the individual. The interventions 
for collective land rights and conservation payments followed this design feature. Future 
research would benefit from testing this hypothesis.  

From evidence to action on more inclusive governance

These findings, Andersson said, have helped to develop a more nuanced understanding 
of how the effects of public policies are filtered through local institutional contexts. 
Policy interventions appear effective when examining average effects in the aggregate, 
for example, but such averages can mask an unintentional widening of socioeconomic 
inequalities. While this knowledge about the impact of specific policies seems useful for 
policy analysts concerned with sustainability and environmental justice, it is not obvious 
that this new knowledge has influenced public policy and action. 

Has this evidence led to any new policy or practice on the ground? It is hard to say. The 
strategy that Andersson’s team has taken to encourage such reforms is to engage with 
boundary spanning organizations, such as the Center for International Forestry Research 
(CIFOR), the International Food Policy Research Institute (IFPRI), and other members of 
the Consortium Group for International Agricultural Research (CGIAR)—organizations 
whose researchers stand with one foot in the research world and another one in a variety of 
policy arenas. 

CGIAR Research Centers are non-profit research organizations that employ more than 9,000 
scientists, researchers, technicians and staff with a physical presence in 48 countries in the 
Global South, conducting research that aims to “transform food, land and water systems in a 
climate crisis” (CGIAR 2022). These CGIAR researchers represent one of the primary target 
groups for Andersson’s research team, which collaborates with several individual CGIAR 
researchers, often involving them as co-authors. These collaborations have provided more 
visibility for our research in more policy-oriented venues and meetings, Andersson reported, 
and have arguably shaped the messaging of these organizations vis-à-vis decision makers. 
“We have some evidence of such messaging, especially when it comes to issues surrounding 
industrial tree plantations, collective payments for forest commons conservation, gender 
quotas, and the use of multistakeholder platforms (MSPs) to promote more inclusive 
governance in forestry,” he added. 

“Forests worldwide are vital to achieving many of the 2030 United Nations (UN) 
Sustainable Development Goals and the larger imperative for humanity to shift rapidly 
toward a just sustainability transition,” writes Dan Miller, in his paper on “Forests and 
a Just Sustainability Transition.” Such a transition, he said at the conference, will require 
moving away from our current unsustainable path and toward decarbonized, ecologically 
sustainable societies and economies that share equitably in the burdens of environmental 
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change while ensuring no one is left behind. The classic Brundtland Commission (1987) 
definition of sustainability – “meeting the needs of the present without compromising the 
ability of future generations to meet their own needs” – challenges us to maintain Earth’s 
life-supporting ecosystems while also enhancing human well-being and advancing 
social equity. 

The environmental contributions of forests are generally well-established, Miller noted, 
even as there is much to learn in this era of rapid change.41 Forests are popularly understood 
as “the lungs of the earth” —they perform essential climate regulation functions and 
store about one-quarter of all terrestrial carbon. They also harbor some 80 percent of 
terrestrial biodiversity and help ensure water quality and supply from local to global scales.42  
That forests are under threat across the globe is well known, he added. Fire, agricultural 
expansion, logging, and urban sprawl, among other drivers of deforestation, are rapidly 
degrading the ability of forests to deliver these critical ecosystem services and functions.43 

The global community has increasingly recognized the importance of forests and developed 
goals and policies designed to protect them. In 2021, 145 countries holding over 90 percent 
of the world’s forests committed to halt and reverse deforestation by 2030 and donors have 
pledged nearly $30 billion to help realize this goal.44 Forests also feature prominently in the 
environmentally-focused SDGs, especially Goal 15 (Life on Land), which includes targets 
that explicitly refer to the protection and management of forests, but also Goal 6 on water 
and sanitation, and Goal 13 on Climate Action. Mangroves and coastal forests are also 
clearly relevant to Goal 14 (Life Below Water). “But forests have relevance to achieving 
most, if not all the other SDGs as well,” Miller writes. Eleven SDGs, including 19 targets, 
are explicitly related to forests and forestry. Other SDGs are also clearly relevant.45 

While forests can help advance many SDGs, Miller added, some forest-related activities may 
inhibit the achievement of others. At the same time, some efforts to advance the SDGs can have 
a negative impact on forests. For instance, increases in agricultural production needed to achieve 
SDG 2 (No Hunger) or bio-based energy SDG 13 (Climate Action) will put further pressure 
on forests. However, forest conservation may constrain the land available for such production. 
Extraction of valuable forest resources, such as timber or gold or other precious metals, may 
increase inequalities, contrary to SDG 10 (Reduced Inequalities), as local communities suffer the 
consequences of resource loss while the benefits accrue in distant capitals. 

Professor Miller proceeded to introduce three interlinked research areas in relation to 
forests: poverty, trade-offs, and financing. 

The Role of Forests in Poverty Alleviation

Forests have an important but overlooked role to play in eliminating extreme poverty 
globally by 2030 (SDG 1). Such was the main conclusion of a global synthesis report 
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published by the International Union of Forestry Research Organizations (IUFRO) and 
presented at the UN (virtually) during the Covid-19 pandemic in 2020.46 Since then, 
research, if not policy action on this topic has moved quickly. For instance, advances in 
remote sensing, computing power, and machine learning are enabling new insights about 
poverty and forest dynamics across scales, from 1-square-meter-pixels to the globe.47 

These advances promise to help address one of the major research needs identified in the 
IUFRO report: how and under what conditions might forests provide a pathway out of 
poverty and prevent people from slipping into poverty? Answering this question, Miller 
averred, will require a range of methods, from large-scale spatial analysis to in-depth 
qualitative research in specific locations to randomized controlled trials (RCTs) of poverty-
related interventions in forest landscapes. Regardless of method used, research must 
be designed to examine the temporal dimensions and dynamic nature of forest-poverty 
relationships, particularly over longer time periods and across different contexts and spatial 
scales. Doing so will fill a major need given that available research mostly consists of 
observational cross-sectional analyses.48 

Such research, Miller argued, must also take seriously poverty as a multidimensional 
phenomenon comprising health, safety, food and education, social relations, and other 
aspects beyond monetary measures. Approaching this topic from the perspective of human 
well-being and prosperity rather than deprivation is a promising analytical and rhetorical 
strategy.49 Doing so directs attention not only to the most disadvantaged but also to people 
across the poverty/well-being spectrum and may help bring forests into larger discussions 
about human development while directing greater attention to inequality (SDG 10). Such an 
approach must not gloss over real material and other deprivations facing vulnerable, forest-
reliant communities. 

A new project on “Innovating Pathways out of Poverty in Rural Forested Landscapes,” 
funded through the Pulte Institute and the Notre Dame Poverty Initiative, directly responds 
to the above research needs, Miller reported. This project seeks to carry out a large-scale 
RCT of forest-related interventions designed to reduce poverty while conserving the 
resource base coordinated across tropical forest regions in three countries: Peru, Kenya, 
and India. 

Navigating Trade-offs in Relation to Land and Power

If further research is needed on how forest conservation, management, and restoration can be 
synergistic with poverty alleviation, Miller stated, there is also a need to understand potential 
trade-offs. This need extends beyond the relationship between forests and poverty to include 
most of the other SDGs and larger land use policies and practices. 

Take climate action (SDG 13), for example, Miller suggested. Forests are unique in that they 
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can both cause climate change and support solutions. Standing forests capture and store carbon 
from the atmosphere, while clearing forests for agriculture or buildings releases GHG – but 
also might be necessary for land-intensive renewable energy like wind and solar farms or to 
mine minerals necessary for a clean energy transition. Forests are also critical for adaptation 
to climate change. They help stabilize local climate, protect coastal areas and mountain slopes, 
and provide food, fuel, fiber and other resources for forest-adjacent communities in the face of 
climate threats.

Governments, corporations, and civil society organizations around the world are 
increasingly embracing “nature-based solutions” like sustainable forest management, 
conservation, and restoration to tackle climate change while also delivering other benefits 
to human development.50 “Yet these solutions remain controversial due to extensive land 
use and questions of sovereignty – including when, where, how, and for whom proposed 
solutions are effective and just,” he writes. Such concerns have long been present in land 
management. For example, the founding of national parks and other protected areas on 
the traditional lands of Indigenous Peoples and local communities has led to human rights 
violations and other forms of injustice.51 

Realizing the SDGs and making a just transition to sustainability will require identifying 
potential trade-offs and synergies as well as careful analysis of power relations — who 
might stand to benefit or lose as they are negotiated. 

Priority must be given to those who are most vulnerable to climate and ecological 
crises and to actions proposed to address these crises. Research from political 
science and other disciplines can help understand possible means to dislodge and 
disrupt powerful vested interests that are acting in ways detrimental to people and 
the environment.52 More generally, such research can help identify governance 
arrangements for navigating trade-offs in light of the demands of justice. 

Systematic analysis of joint social, economic, and environmental outcomes and the 
processes that generate them across space and time is also needed to underpin and inform 
such research, Miller added. Such analyses remain rare. Instead, the vast majority of 
research in multiple social and environmental disciplines focuses on single outcomes.53 This 
work can enable assessment of trade-offs over time—through discount rates, for example—
but provides little guidance to understand and navigate trade-offs across the different 
dimensions of sustainability. 

New research in progress seeks to address this gap by bringing together studies of two or 
more joint social, economic, and environmental dimensions in forest and other terrestrial 
social-ecological systems. It examines how heterogeneities in social, economic, and 
environmental sustainability domains are distributed spatially, how they relate to each other 
(e.g., joint positive outcomes - synergies; or positive outcomes in one dimension 
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accompanied by negative outcomes in another - trade-offs), and how they change over time 
in relation to policy, socio-economic and biophysical changes. 

A deeper understanding of relationships across sustainability domains, and their co-
benefits and trade-offs, is especially important in the context of unprecedented financial 
commitments governments, international donors, and private foundations are making to 
support sustainability agendas (e.g., the Glasgow Climate Pact at COP26, the Loss & 
Damages fund at 1 COP27 and the 30x30 agenda at the CBD COP15). These investments 
typically focus on single policy objectives, often with assumptions about multiple co-
benefits with little evidence for how outcomes in one dimension relate to outcomes in other 
dimensions. For example Miller noted, it is unclear if forest restoration efforts will yield 
predominantly positive social outcomes in addition to expected environmental outcomes. 
Similarly, investments in social protection may improve economic wellbeing but lead to 
environmental degradation that undermines climate and biodiversity goals. 

Financing a Just Sustainability Transition

Stabilizing the Earth’s climate while safeguarding biodiversity will not be cheap, Miller 
acknowledged. However, recent research shows it is far less expensive than the alternative. 
For example, the likely economic damages of climate change during the next quarter 
century are estimated to be six times the costs of mitigating global warming (e.g., holding 
it to 2°C above preindustrial levels). Similarly, funding to protect and restore fragile 
ecosystems worldwide will need to jump to almost $1 trillion annually by 2030 (from 
about $166 billion per year now), but this is much less than the $2.7-5 trillion in expected 
economic costs due to biodiversity loss.54 Such figures are likely to be underestimates 
and do not account for non-monetary values or possible tipping points which may lead to 
potentially catastrophic change. “Nevertheless,” he argued, “they help give a sense of the 
stakes and need for urgent action.” 

To date, resources to effectively counter deforestation trends and effectively manage, 
conserve, and restore these forests have been woefully inadequate. National governments 
and, in low- and middle-income countries, international aid agencies have historically been 
the most important sources of support for forest conservation. While these sources remain 
critical and donors like the World Bank are increasing their climate-related lending, private 
foundations and the private sector are increasingly important in shaping what happens in the 
world’s forests and to those who rely on them.55 

In addition to dramatic increases in spending, investments need to be better spent to support 
forests in advancing the SDGs and larger sustainability transition. For example, only a 
miniscule amount of funding committed makes its way to the Indigenous Peoples and local 
communities who have been shown to be so effective in stewarding forests.56 

Sustainability and Environmental Justice



50

K E O U G H  S C H O O L  O F  G L O B A L  A F F A I R S

Research on the allocation and effectiveness of forest financing remains lacking, generally. 
The concomitant lack of evidence, particularly on changes over time and joint impacts, 
constrains the ability of donors and other relevant actors to set spending priorities, address 
previous shortcomings, and ensure accountability and effective use of resources. There are 
technical as well as political reasons for the relative paucity of evidence on this topic, Miller 
acknowledged, but this situation must change if we are to move rapidly at the scale required 
for a just global transition to a sustainable future where people and nature mutually flourish.

Turning to his paper on “Forests, Sustainability and Environmental Justice,”57 Professor 
Miller addressed the “evidence-to-action” question of how Keough School research on 
sustainability might influence policymakers. “Forests are higher on the international policy 
agenda than they have been for decades,” he reported. “The primary reason for this attention 
is recognition of the critical role forests play in tackling the global challenges of climate 
change and biodiversity loss.”  As a global commons, the world’s forests store about one-
quarter of all terrestrial carbon and harbor some 80 percent of terrestrial biodiversity.58 
Forests are both a cause and a solution to the problem of climate change, Miller asserted. 
Fires, logging, and other forms of deforestation simultaneously increase CO2 emissions 
while also decreasing the ability of forests to sequester carbon. Forest degradation and loss 
lead to extinction and the erosion of ecosystem services and functioning.59 

Without protecting forests, it will not be possible to achieve The Paris Agreement target of 
limiting global temperature rise to 1.5 degree C. Therefore, 145 countries holding over 90 
percent of the world’s forests have now committed to halt and reverse deforestation by 2030 
and donors have pledged nearly $30 billion to help realize this goal.60 Relatedly, the UN’s 
Convention on Biological Diversity has set a target to conserve at least 30 percent of the 
world’s land by 2030.61 Brazil has proposed an ambitious Tropical Forest Forever fund 
that would allocate $250 billion annually to countries according to the amount of forest 
they conserve while many private sector actors have also made commitments to combat 
deforestation. For example, Miller noted, dozens of large agricultural commodity 
companies have pledged to end deforestation associated with the production of soy, palm 
oil, beef and cacao by 2025.62 

This attention to forests, while promising, brings considerable risk for many people who 
live in or near forests, particularly in LMICs. In these mostly tropical contexts, forests are 
vital to the livelihoods and well-being of hundreds of millions of people, including many 
Indigenous Peoples and marginalized groups.63 Despite the potential of forests to alleviate 
poverty and advance human development by providing income, food, and a wide range 
of other goods and services, national and international policy has focused on the global 
environmental benefits of forests while largely neglecting local socio-economic ones.64 
Very few of the recent pledges mention livelihoods or other development goals for forest 
proximate people. Moreover, they tend to emphasize local, site-based solutions, ignoring 
larger scale, indirect and harder-to-tackle drivers of deforestation, climate change, and 
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biodiversity loss.65 Funds thus often appear to be about “fixing” local people, rather than 
supporting them. 

At worst, new forest conservation efforts in many LMIC directly cause heartbreaking 
injustice, human displacement, and even death. For example, members of the Indigenous 
Ogiek community in Kenya have recently been evicted from their land in the Mau Forest 
in the context of a carbon offsetting project supported by a United Arab Emirates-based 
company. This kind of “carbon colonialism” is occurring in many African countries and 
Indigenous Peoples and local communities across the continent and elsewhere increasingly 
fear such projects.66 

The big question in this critical and highly complex space is: How can the world’s 
forests be managed to stabilize the climate and conserve the Earth’s rich biological 
diversity while enhancing the well-being of those who rely on them the most? This 
question requires moving beyond a narrow focus on the environmental dimensions 
of forests, challenging as those are, to explicit consideration of socioeconomic 
ones. Crucially, however, this question does not merely concern survival or “doing 
no harm.” Rather, as Pope Francis argues, it demands a focus on justice and richer 
notions of human flourishing aligned with integral human development and ecology. 

From research to action on forest livelihoods 

Research is therefore urgently needed, Miller declared, on the socio-economic contributions 
of forests, the environmental justice issues surrounding them, and how these aspects, in 
turn, connect to biophysical aspects. Conceptual advances and robust evidence from a more 
representative range of the world’s forests, along with the social, economic, and political 
contexts in which they are embedded, are vital for enduring solutions to climate change, 
biodiversity loss, and other challenges such as poverty. Such new thinking and knowledge 
are needed to help identify synergies and navigate trade-offs as well as provide insights 
into what works and what does not. From a pragmatic perspective, policies and practices 
designed to address environmental challenges that do not promote human dignity and 
capabilities or, worse, violate human rights are costly and are unlikely to last. From an 
ethical perspective, they are profoundly unjust and intolerable. 

The Forests & Livelihoods: Assessment, Research and Engagement (FLARE) Network67 
has emerged in response to this challenge. Established in 2015 at the Paris Climate Summit 
and based in the Keough School since 2021, FLARE seeks to advance knowledge at the 
intersection of forests and livelihoods and facilitate its application to policy and practice. 
FLARE is now a vibrant community of more than 1200 researchers, practitioners, and 
policymakers around the world. The Network leverages existing expertise and catalyzes new 
efforts to develop and share leading-edge research and conversations on livelihoods related to 
forests and tree-based systems. In so doing, FLARE seeks to support policy development, on-
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the-ground action, and learning to help bring about more just and sustainable futures for both 
people and forests worldwide.

One of the reasons why land use policy in so many countries has failed to prioritize 
conservation, sustainable management, and restoration of forests, Miller explained, is 
the relative paucity of evidence on the role of forests in supporting human development 
goals. FLARE researchers have sought to address this gap through new empirical studies 
and evidence syntheses. For example, studies from Nepal, India, and Liberia have taken 
advantage of large-scale household survey data combined with forest cover data to shed new 
light on the nature and scope of forest contributions to household income
and consumption.68 

A global synthesis of evidence on the contribution of forests and trees outside forests 
to poverty alleviation noted the existence of many site-specific case studies but found 
little evidence at the regional and national scales, which hold particular relevance for 
policymaking.69 That report led to advances in conceptualizing forest-poverty dynamics 
while highlighting a glaring gap in knowledge on how and under what conditions forests 
might provide pathways out of poverty.70 It did, however, identify 21 policy levers having 
potential (i.e., a plausible theory of change) for poverty alleviation based on forests.71 
Evidence was the most robust for ecotourism, agroforestry, payments for ecosystem 
services, and community forest management levers, with the last of these found to be 
especially promising.  Community forest management occurs when communities have some 
degree of rights and responsibilities over forests in a given area.72 This form of management 
has existed in various forms around the world for centuries, but has increasingly been 
promoted formally by governments, donors, and community organizations alike as a means 
to conserve forests, enhance rural livelihoods, and recognize the traditional rights of local 
forest users in relation to forests.73 

Indigenous Peoples, Afro-descendant Peoples, and local communities now number some 2.5 
billion worldwide and customarily hold and use at least 50 percent of the Earth’ lands.74 These 
groups have been shown to be among the most effective stewards of the world’s forests. “For 
this reason, as well as reasons of self-determination and (restorative, transformative) justice,” 
Miller writes, “strengthening their rights and resources must be at the center of forest-related 
policy.” 

Yet, while recent research has demonstrated that community-based approaches can improve 
rural communities’ access to formal property rights and reduce environmental degradation, 
there is less evidence that they have contributed to lasting improvements in measures of 
human well-being. For example, there have been no randomized controlled trials (RCTs) 
examining the poverty outcomes of community forestry efforts in the LMIC.75 In the 
few cases where RCTs have been used related to forest programs, poverty is not among 
studied outcomes.76 There is, therefore, a particular need for experimental evidence to 
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better establish poverty impacts, but also examine the relationship of such impacts with 
environmental one across different contexts, Miller said.  

Such research, he added, must be co-produced and carried out in partnership with local 
communities who, in most LMICs are under enormous pressure from policy, market, and 
environmental change. Even as Indigenous Peoples and local communities have increasingly 
gained formal recognition of rights to their traditional territories (an estimated 30 percent 
of forests in low- and middle-income countries are formally owned or managed by such 
communities), countervailing trends toward “green grabbing” and other appropriation of 
their lands pose a growing threat.77 

This threat has materialized in too many cases, with communities evicted from their lands 
in many cases and environmental defenders being killed, tortured, or subject to laws that 
are weaponized against them for speaking out.78 International environmental agreements 
and shifting market demands (e.g., in carbon credits or for minerals like copper, cobalt, and 
lithium critical to clean energy technologies) are increasingly driving these human rights 
violations. In this context, forest-proximate communities are increasingly demanding not 
only formal rights over their ancestral and traditional lands but also the ability to benefit 
from them. 

The FLARE Network is directly responding to these pressing contemporary forest, 
development, and justice issues— first, by using new datasets and tools to analyze 
relationships between human population, human development, and forests globally over 
time. The methodology combines global-scale remotely sensed data on tree cover, gridded 
human population data, and gridded wealth and human development data to identify forest-
proximate people in poverty (“FP3”). Results are presented as global and country-specific 
maps to enhance their relevance for forest and land-use policy across scales, from particular 
sites or regions within countries, the national level, or internationally. Such information 
can inform policy design and targeting (e.g., by illustrating who and how many people 
would be affected by policy decisions in what social-ecological contexts) and efforts to 
navigate potential tradeoffs between forest conservation and restoration actions and poverty 
alleviation goals. Identifying areas with high levels of poverty and forest loss is of particular 
interest, given the need to simultaneously address these two challenges. 

A second major FLARE effort to connect research to policy is through a project to 
rigorously establish the joint poverty-environment impacts of innovative community-
level policy interventions in LMIC. The heart of this project, which is funded through the 
Pulte Institute and Notre Dame’s Poverty Initiative, is a large-scale RCT of forest-related 
interventions designed to reduce poverty while conserving the resource base coordinated 
across tropical forest regions in Peru, Kenya, and India. Through a co-produced research 
process with community, business, government, and research partner organizations, FLARE 
is developing and testing a set (3-4) of interventions that existing theory and evidence 
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suggest are capable of simultaneously increasing rural prosperity and equality while 
conserving vulnerable forest landscapes. Likely interventions will relate to community 
forestry enterprise support, payments for ecosystem services (e.g., water and carbon 
sequestration), and provision and training on entrepreneurial skills. By engaging with key 
stakeholders, including potential funders, from the project design phase, FLARE seeks to 
extend these findings to policy-relevant audiences. 

In addition, Miller reported FLARE has developed a CommFor (community forestry) tool, 
which builds from the International Forestry Resources and Institutions (IFRI) research 
program and leverages digital technology customized as smartphone and desktop-based 
applications to capture data at high and varying frequencies, reduce the burden of data 
collection, and generate real-time insights for use by local communities in forest governance.79 

CommFor presents multiple advantages to support community-based forest governance, 
Miller explained. First, insights from data become available in near real-time and are 
directly usable by local communities and their federations in making decisions. Second, data 
can be shared with external actors, such as government agencies and private businesses, to 
build trust in community institutions for forest governance, as well as with practitioners to 
support communities in forest management and with researchers to advance knowledge on 
forest commons. Finally, CommFor can enable visibility of landscape-level outcomes for 
greater recognition of community contributions to addressing global challenges, such as 
forest landscape restoration, biodiversity conservation, and climate mitigation.

In such ways, Miller concluded, FLARE is responding to the major contemporary challenges 
related to forests. In so doing, the Network seeks not only to build knowledge, but also 
empower communities, equip advocacy organizations, and inform policymakers to cultivate 
a world where forests and people, especially the most marginalized among us, are able to 
mutually flourish. 

William C. Clark of Harvard University prepared and delivered a paper entitled “Sustainability 
and Integral Human Development at the Keough School,” in response to the papers by 
professors Miller, Andersson, Grubert and Winters. “The discussion of sustainability issues 
in the Keough School’s Strategic Plan and conference presentations provides a rich and 
original perspective on a central challenge in global affairs,” he noted. Clark then provided a 
sustainability science perspective on the Keough School program on sustainable development.   

Sustainability science is a vibrant field of problem-driven research, he began, that has emerged 
over the last quarter century to support the pursuit of sustainable development. Along with his 
colleague Dr. Alicia Harley, Professor Clark had recently reviewed progress in the field and 
sketched its principal challenges going forward.80 The synthesis presented in that review is 
summarized in this figure:
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At the core of both sustainability science and the Keough School sustainability program 
Clark said, is the realization that nature and society are intertwined in a single dynamic 
system: one cannot advance human well-being over the long run without conserving the 
environment, and one cannot conserve the environment over the long run without advancing 
human well-being. (The Brundtland Commission recognized this reality in its seminal 1987 
report on sustainable development.) The spiritual importance of embracing the fundamental 
intertwining of nature and society has been eloquently articulated by Pope Francis in his 
encyclical Laudato Si. The active embrace of this fundamental insight in the Keough 
School’s sustainability work, Clark stated, positions it well to contribute to and draw from 
ongoing research in sustainability science. The most novel and welcome feature of the 
Keough School’s efforts from the perspective of sustainability science, he added, is the 
school’s focus on promotion of the flourishing of people as its ultimate goal:  

This [focus on human flourishing] sets the Keough School apart from almost all 
other global affairs institutions where the (sometimes implicit) goal more often 
turns out to be the prosperity of economies or the security of nations or protection 
of the environment.  In contrast, the Keough School’s focus on ‘integral human 
development’ not only makes it different from its cousins, but also aligns it well 
with the similar concept of ‘inclusive human well-being’ that is the core goal 
of sustainability science. In both cases . . . the crucial step has been to insist 
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on distinguishing the ultimate ends from the proximate means of sustainable 
development: the ends as human-centered, the means – essential, but means 
nonetheless — as entailing the economic and environmental underpinnings of 
human flourishing. This essential ends-means distinction was clear in the Brundtland 
Commission’s original work on sustainability but was bargained away in the UN’s 
subsequent negotiations to create its SDGs.   

The result has been a “something for everyone” approach in which (for example) “poverty 
alleviation” and “partnerships” are given equal status as sustainability “goals,” with no 
accompanying guidance on how priorities and trade-offs are to be managed. The Keough 
School’s Strategic Plan, by focusing on IHD as its ultimate goal, offers a potential way 
out of this mess that is entirely consistent with the “well-being” goal of sustainability 
science, Clark asserted. Most of the individual papers presented at this conference, he 
continued, have tried hard to realize that potential and have often been successful. But they 
“occasionally backslide toward a confusion of ends and means,” allowing the appropriate 
attention to means for achieving sustainability to come across as looking like the ends or 
goals for sustainability.   

In the school’s focus on forests, for example, the goal of advancing the well-being of people 
in forests through conserving forests as resources “can too easily slide into advocacy of 
forest conservation as the end goal rather than as an important means for achieving IHD.”  
This problematic tendency is accentuated, Clark suggested, by how “integral ecology” is 
advocated for in Laudato Sí. He put the challenge elegantly:   

The Keough School will have to struggle to put into practice a Strategic Plan 
that keeps IHD as its end goal; it will be important for the successful pursuit of 
sustainability that the struggle persists and succeeds.

Professor Clark articulated two concerns about the way that “Justice” —”a major 
and welcome component” of the Keough School efforts to advance sustainability—is 
presented.  First, he said, the concept is “surprisingly underdeveloped” in the Strategic 
Plan and the participant contributions. They all “tend to read as though ‘justice’ were an 
unproblematic ‘thing’ like a rock or a pencil when, in fact, the idea of justice is a complex 
construct that is viewed differently in different times and contexts.” In particular, the 
problem of justice for future generations deserves more attention than it gets in the Keough 
materials. “Intergenerational equity,” Clark noted, was a central element of the Brundtland 
Commission’s original vision of sustainability goals, and it was the subject of a highly 
relevant study on “intergenerational solidarity” by the Pontifical Academy.81 The Keough 
School’s sustainability initiatives would almost certainly benefit from drawing on 
this material.   
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A second “justice”-related concern is about the term “environmental justice.” Despite the 
use of this term in the conference publicity, Clark noted, the individual papers almost never 
refer to “environmental justice” but rather develop a more general treatment of (in)justice.  
Taken together, the papers make a strong (if generally implicit) case for the inseparability 
of “environmental” justice from “social” justice and indeed from simply “justice.” This 
is the right way to go, Clark advised, given the aforementioned intertwined character of 
the nature-society system: one cannot pull apart the contributions to (in)justice that derive 
from either part. For example, while it is true that some subpopulations are exposed to 
more pollution than others, this will almost always be linked to the fact that their options on 
where to live have been constrained by unjust redlining or wage discrimination.  

The Keough School program, he averred, would be well served by ditching the phrase 
“environmental justice” and focusing on ‘(in)justice,’ per se, together with the intertwined 
social and environmental factors that give rise to it.

Resources as the ultimate means of sustainable development

A central finding of sustainability science, Professor Clark noted, is that the ultimate 
determinants of sustainability – and thus the ultimate means of promoting it – are the 
underlying resources on which people draw to enhance their well-being. Those resources, 
however, include not only the familiar ones built by people (manufactured capital, human 
capital, knowledge capital, social capital) but also those derived from nature (minerals, 
ecosystems, the physical environment, solar radiation). The latter has historically been 
excluded from most measures of “economic development,” and their inclusion in more 
modern measures of sustainability has been one of the great accomplishments of today’s 
“beyond GNP” movements to capture a more human-centered view of development. 

Sustainability has indeed come to be defined by scholars as development pathways along 
which the capacity of the total accessible resource stock to support human flourishing does 
not decline.   While the Keough School Strategic Plan and conference papers include the 
conservation (and indeed nurturing) of natural resources in their treatment of the means to 
pursue sustainability, Clark noted, “they too often take this to the extreme of ignoring the 
full range of human-created resources that are also necessary for sustainable development.” 
This conceptual narrowing undermines the possibility of analyzing the inevitable trade-
offs among all relevant resources. For example, under what conditions is the pursuit of 
sustainability advanced by a decision to cut down a hectare of rainforest to build a region’s 
first hospital?  The Keough School program, Clark urged, “will almost certainly be more 
useful to the extent that it can foreground a balanced view of both people-made and natural 
resources in its analysis of means and their trade-offs for the pursuit of sustainability.” 
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Consumption-Production Systems (for connecting ends and means)

Sustainability science sees consumption-production systems (CPSs), broadly conceived, 
as the arrangements and processes that people design to link their ends (goals) and means 
(resources) of development. Research has analyzed such systems by sector (e.g., mobility 
systems) or by place (e.g., rural development) or – most commonly – by a particular sector 
in a particular place (e.g., mobility systems in Rome).  

A general consensus has emerged, Clark explained, that the sustainability analysis of such 
systems should address both the consumption and production aspects, rather than focusing 
on only one or the other. While the Keough School program and conference papers seem 
reasonably well aligned with these sustainability science perspectives, the paper by Emily 
Grubert introduces an additional “service-first” argument, which holds that in order to move 
beyond a descriptive characterization of the CPS toward a normative analysis consistent 
with goals of IHD (or “inclusive well-being”), one needs to foreground the consumption end 
of the CPS.  This is done to ensure that the flow of services that are the core constituents of 
human well-being is not (however unintentionally) sacrificed in the course of changes to 
production processes and their use (conservation) of resources.  

This strikes me, Clark said, as “a compelling addition to how we think about sustainability, 
with implications not only for analysis and design of interventions but also for another 
broader theme of the conference: the language for how we talk about things.” In particular, 
it constitutes “an argument for foregrounding references to ‘food systems’ rather than 
‘agricultural systems,’ i.e. biasing our naming the systems we study to emphasize human 
well-being (food) rather than the production methods we use to generate those services.” Or, 
he continued, to take a more problematic case central to the Keough School efforts, calling 
them not “forest systems” but rather something like “livelihood security systems” for people 
who live in or near forests. “This is a perspective from the Keough School conference,” 
Professor Clark concluded, “that I will certainly take back to my sustainability science 
community for collective pondering.”

Actors, institutions and power for operating consumption-production systems

Sustainability science was slow to systematically address questions of who gets what from 
the operation of consumption-production systems, Professor Clark observed. That has 
recently changed, however, and a lot of writing – if not quite so much research – is being 
done on the relationships among actors, institutions and power:

One insight to which the Keough program might usefully devote more attention is 
that because nature-society systems are complex adaptive systems, large inequalities 
in outcomes are the norm. Indeed, we know that with all such systems, initial 
heterogeneities in access to resources generate self-reinforcing feedback that leads 
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to greater and greater inequalities in outcomes. Differentials in power among actors 
can (and do) accentuate such inequalities but are not necessary to generate them. 
Goals such as those of sustainable development, which emphasize more equitable 
and just outcomes can therefore only be achieved through strong and continuing 
interventions and institutions designed to counter inequitable concentration in 
who gets what (e.g., progressive taxes on wealth, redistributive transfer payments, 
prohibitions on monopolies, etc.).   

Above all, evidence suggests that countering inequalities in CPSs requires empowerment 
of those who are currently losing out. Such empowerment must begin with researchers 
treating actors as “agents not patients” (a phrase attributed to Amartya Sen) and helping 
them to achieve a meaningful voice in sustainability debates. “The Keough School Plan 
and conference papers do not seem at odds with these insights, but neither do they give 
them the central place that considerations of actors, institutions and power now hold in 
sustainability science,” Professor Clark commented. “The Keough School’s program might 
find it worthwhile to reflect on whether more emphasis on these and related issues would 
be possible and helpful.” Reciprocally, however, Clark’s encounter with the Keough School 
sustainability effort suggests that its explorations of human dignity “could well enhance 
how sustainability science thinks about peoples’ ‘capabilities’ to define and achieve their 
own goals.” 82 These linkages, he added, both potential and realized, “are some of the most 
thought-provoking things I will take home from the conference.”

Recognition of the ways in which nature-society interactions and efforts to manage them 
depend on the specific social and local context has led researchers and policy actors to focus 
much of their sustainability work on consumption-production systems in particular sectors 
and places. This localization of sustainable development is entirely appropriate, Clark 
noted, and is well reflected in both sustainability science and the Keough School conference 
contributions. That said, we live in a globalizing world where local places are increasingly 
connected. Those connections may involve physical pollution, ephemeral ideas, biotic 
invasions, economic trade, human migration, transboundary negotiations and all manner of 
other processes.  

Sustainability science was slow to incorporate systematic attention to such connections 
in its research. The Keough School presentations show some of the same characteristics, 
Clark argued. “That is, none seem to deny the potential importance for sustainability of 
connections for sustainability across local contexts, but few of the sustainability studies 
highlighted such connections in the short summaries given of their work. (One exception 
is the attention paid in other parts of the conference to the importance of international 
agreements on norms of human rights).” Sustainability science is beginning to remedy 
its early neglect of connections by increasingly addressing “nexus” interactions among 
different CPSs, (e.g. when an energy system and a food system in a particular place both 
seek to use the same water resources to achieve their goals).  I suspect that the Keough 

Sustainability and Environmental Justice



60

K E O U G H  S C H O O L  O F  G L O B A L  A F F A I R S

program on sustainability would likewise benefit from more systematic attention to 
connection processes and their impacts on local contexts, he concluded.

Transitions in the development pathways of CPS dynamics

Fostering transitions from unsustainable pathways of development toward more 
sustainable ones that are more likely to achieve the goals of IHD is perhaps the ultimate 
challenge, Professor Clark averred. Too little of the otherwise welcome cheer-leading 
for “sustainability transitions” in political forums is grounded in science. For the pursuit 
of sustainability, an especially significant characteristic of the intertwining of nature and 
society is that their interactions result in a particular case of the more general phenomenon 
of a “complex adaptive system.” Such systems self-organize in a hierarchical fashion, he 
explained, with their dynamics at whatever mesoscales interest us being shaped by both 
micro-level innovations (e.g. mutations, inventions, policies) and macro-level trends (e.g. 
economic globalization, climate change). Those dynamics have the potential for following 
multiple path-dependent trajectories, some of which may be sustainable and desirable, 
others less so.  Those alternative pathways are generally separated by thresholds or tipping 
points, the navigation of which should be a focus of science-informed discussions of 
sustainability transitions.   

The Keough School Srategic Plan and presentations seem generally consistent with this 
view of transitions, Clark judged, although – as is the case with sustainability science 
more generally – more research attention could usefully be given to exploring alternative 
pathways (for energy systems but also demographic systems, food systems, forest systems, 
etc.), to assessing how likely those alternatives are to foster the goals of IHD, and to 
exploring the incentives for innovation that might make desirable transitions more 
readily achievable. 

That said, “the insight from the conference presentations that most rocked my own 
understanding of a topic I thought I knew well is Prof. Grubert’s “mid-transition” challenge 
for the energy transition.” In essence, he continued, this poses the dilemma faced by society 
during a multi-year or -decade transition when it must maintain the capacity to deliver key 
human services from the old system it is trying to replace even as it builds the capacity to 
deliver those services from the new (presumably more sustainable) system.  The challenge 
is that balancing on the “ridge” separating the two pathways for extended periods will be 
necessary but could well put society in a more precarious and less stable situation than it 
would face when firmly situated in either of the pathways alone. Simultaneously securing 
human and infrastructure resources needed for the delivery of key services from both 
systems is a challenge barely posed and certainly not answered in current discussions of 
sustainability transitions. 
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“I will certainly take the ‘mid-transition’ challenge back to the sustainability science 
community,” Professor Clark concluded. “I very much hope that the Keough School 
program will find a way to foster both the deepening of Grubert’s pioneering work on the 
mid-transition challenge for sustainable development of the US energy system and the 
extension of research on that challenge to other sectors and regions.”

In his comments on the papers by Miller and Grubert, Subhrendu Pattanayak 
underscored “the extremely delicate balance” between meeting the goals for avoiding the 
most catastrophic consequences of climate change and not falling below the bar of social 
justice. Miller and Grubert, in addition to mastering the technical, scientific and data-driven 
aspects of the topic are also doing what few of their colleagues are attempting, namely, 
turning a critical lens on the social implications of climate solutions, especially for the 
working class and the poor. 

He raised a few quibbles: Regarding FLARE network, Miller and his colleagues must 
avoid relying too much on experimental methods and RCTs, which may undermine the 
multidimensional approach. Using multiple methods, Pattanayak said, is necessary to 
address such a complex problem as forests and livelihoods under the current dire conditions. 
As for Grubert’s paper, he cautioned, giving up “dirty fuels” is less than a straightforward 
process; for example, we know that people “stack,” that is, they use new forms of energy 
and practices, while also still using some of the old ways. Grubert gets at this, a bit, in her 
paper, he acknowledged, but learning from her wrestling further with such psychosocial 
dimensions of the “just transition” problem would be instructive to us all.

Professor Pattanayak concluded with some advice for the Keough School, namely that 
research in this area must be based on “inclusive science,” that is, perspectives and data 
from the Global South; ninety-plus percent of the research is currently conducted by white 
men from the Global North, whose perspectives and experiences are different from that of 
those most affected by climate change. Those who are most affected must also be included 
in the research itself. Relatedly, he added, scholarship shows that policy uptake is more 
effective if local actors are involved in the research and are continuously available to 
local officials.

In the discussion session that followed, Michel Hockx noted some skepticism within 
our own broader Notre Dame community about the science on climate change— which 
leads one to ask whether we should focus our attention as educators and advocates of just 
sustainability on our own respective communities of learning.  Grubert concurred with 
the premise of the question, noting that some civil engineers, stunningly, are included in 
the skeptical group, which is why she has focused her efforts on the US. Ansari, noting 
that climate change is a political and partisan issue asked how we get around that stark 
reality. Miller responded by recalling a rare bipartisan agreement, during the first Trump 
administration, around the Natural Resources Management Act, approved by the US Senate 
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98-0. The term “climate change” was avoided in the debate, however, and that is perhaps a 
lesson for us in reaching common ground, he said. There may be more scope for agreement 
than we think. Yet, Miller also added, we cannot forget that power and interests drive the 
“skepticism,” and unmasking or laying bare those interests is part of the challenge. 

Along this line, Pattanayak commented that scientists and other educators would do well to 
connect the science and climate change to the concrete problems of humanity—migration, 
displacement, climate-driven homelessness, jobs, fairness. How climate affects people and 
living is the topic that would advance the argument more effectively. 

Winters, noting Professor Clark’s emphasis on justice and future generations, and many 
conference comments on focusing on local decision-making, raised a dilemma based on 
his experience representing the UN in asking local African leaders to comply with certain 
environmental standards and protocols, namely, that “their” issues are not always “our” 
issues. As one African leader told him: “I care about hunger, not climate change in itself.” 
Do we insist on the whole package, anyway? Professor Pattanayak responded by saying that 
if we do not recognize the value of what [our African interlocutors] are saying, unhelpful 
controversies result. However, it is also our job to demonstrate the connection between 
climate change and hunger, climate change and poverty, etc. Unfortunately, he added, 
the relationship has been so one-sided, with the West telling the rest what to do, that the 
imperative must be to create equal partnerships. 

Once you acknowledge what your interlocutor cares most about, Clark said, then you can 
together move on to determining what can be done about it, and that brings you into the 
related issues that also need addressing, in order for one’s core issue to be solved.  

In her comments on the papers by Winters, Andersson and Miller, A.R. Siders reminded 
the audience that “environmental justice” started as a movement and a practice, not a 
theory.83 So, as researchers, are we conducting research that helps practitioners make 
decisions that lead to more just practices, processes and outcomes? In addition to the two 
ways of engaging identified by Krister Andersson—identify injustices and give priority 
to stakeholders on the ground—Siders added a third, namely, we can do research on what 
environmental justice means in different contexts so that we can assess how different 
policies are achieving those goals, and advise people how better to reach those specific 
goals. Greater specificity is needed; the Keough School might focus on targetable action for 
environmental justice.

Picking up on Clark’s point about using the right language to advance the argument, Siders 
noted that the much-used term “distribution”—of opportunities, outcomes, harms, resources, 
risks, etc.—is often used in speaking of justice but often with procedural connotations. 
But we could and should also measure “recognition”—whether people have a voice to 
participate in decision-making processes—what do they want, what are their preferences for 
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how they get out of this situation—and how programs recognize the historical and cultural 
contexts and values.84 Not every community or group will have the same desired outcome. 
Advancing IHD and inclusive well-being, she said, requires following The Platinum Rule—
treat others as they would want to be treated. Reparations and restorative justice are critical 
in this respect, as past climate and other social injustices cannot be overlooked. 

Siders echoed Clark’s comments on the complexity of understanding justice and what it 
requires. Helping people thrive is central to IHD and the Keough School proposals, but 
people will have different views on what “thriving” looks like, so any effort. She drew on 
her research on climate adaptation to illustrate how different people can disagree on what 
constitutes a “just” response.85 Residents often disagree about whether to rebuild or relocate 
after a major disaster. Some see relocation as an opportunity to advance justice by addressing 
the past social injustices that drove segregation and contributed to inequities in home 
ownership and value. Others see relocation as continuing that discriminatory history. People 
are often divided on the question: should people be able to choose to live in extremely risky 
places? What level of risk is acceptable? Principles like “informed consent” are relevant 
here and have been developed in medicine and public health but have not transitioned to 
development and adaptation fields. What would informed consent look like for a forest 
conservation project? Or a food system transformation effort?  Or an energy transition? She 
encouraged the Keough School scholars to draw insights from other fields as they advance 
their work on just transformations for sustainability.  

Referring to Emily Grubert’s “just transitions” discussion, Siders noted that sustainability 
might have an additional challenge. The future, Siders asserted, will not look like the 
past; we can no longer rely on a stable environment. Accordingly, rather than adapting by 
transitioning from one stable state (e.g., a coal-dependent energy system to a renewable 
energy system), many systems may remain in a near-constant state of transition and change. 
A coastal community facing sea level rise, for example, or a farmer facing increasing 
drought, will not transition once but rather will need to change at regular intervals to 
adapt to ongoing changes in the environment. What happens if a society or sector remains 
stuck in the “mid-point” transition that Grubert describes? Do the interventions we are 
thinking about allow for this kind of constant transition? Does a food security intervention 
support decisions by farmers to transition to other types of livelihoods? What bounds do 
interventions place on the available options?  And how might an intervention be designed 
differently if it were designed to be changed again in the future, building in adaptability as 
well as sustainability?

Siders concluded her remarks by arguing that empowering local agency and control will 
need to be bounded if the local decision-makers are a narrow, privileged elite who only 
consider their own needs and leave others behind. Inclusion requires more voices in the 
decision-making process. On the other hand, just as Clark noted that justice is not an easy or 
well-defined widget to be adopted, community engagement also involves a challenging and 
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nuanced set of dilemmas. While many of the Keough School scholars recognize the value of 
empowering community decision-makers, they could do well to delve further into the justice 
challenges involved in this approach. One example is that efforts to empower communities 
are inevitably shaped by how “community” is defined – whether the community members 
considered in a decision include, for example, only current residents or also future 
generations, only male heads of household or all individuals (including children and elderly 
residents).86 

In the discussion that followed, Bill Clark asked about the Consortium Group for International 
Agricultural Research (CGIAR), whose Research Centers are non-profit research organizations 
that employ more than 9,000 scientists, researchers, technicians and staff with a physical 
presence in 48 countries in the Global South, conducting research that aims to “transform 
food, land and water systems in a climate crisis.” Clark questioned the panel’s portrayal of 
CGIAR as wanting in terms of its pro-poor, pro-people social justice dimensions. 

Winters responded that CGIAR has improved on this score, mostly owing to the criticisms 
that they have received from researchers around the world from the time of the Green 
Revolution to the present. The weakness of CGIAR, he said, is the inability to scale up and 
to adapt as an organization to innovations such as digital agriculture. Pressing the issue, 
Clark asked what institutional design would improve upon “CGIAR-plus”? Winters replied 
that he is working with colleagues at the University of Chicago and the Gates Foundation to 
propose options and alternate models: the innovations are there, but how do we bring them 
to scale? 

Andersson noted that CGIAR is committed to helping researchers understand how their 
research can be applied in a “pro-public, pro-poor” manner, and is helping to produce 
innovations. However, he added, we should not be under the illusion that such research 
networks should be expected to bring solutions to scale. The work with multilaterals is 
important in this regard. But we should be a bit humble about what we can do as researchers 
(especially if we do not consult with the farmers and others in rural areas who we are trying 
to serve). We researchers are part of an ecosystem of knowledge production, but we are not 
all suited to working closely with pastoralists and other actors on the ground. We still have 
an important role to play, he said, even via “blue-sky” research, and we can contribute a 
good deal while staying in our own lane. 

Miller pointed to the impact that we researchers also have as teachers and mentors of 
students who will have an impact on research, teaching, policy and practice. 

Sr. Alford offered a contrast between moral principles and theories, on the one hand, and the 
practice of virtues on the other, citing the virtue ethics of St. Thomas Aquinas. In combatting 
poverty and climate change, etc. we must ask: how do we apply virtues in certain specific 
situations and contexts? Aquinas and others do this at a meso-level, for business, the 
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military, etc. But we must go to the micro level by bringing the dilemmas and decisions to 
the people. We cannot resolve their particular problems on the general level. The people 
practice concrete virtue ethics, so to speak; theories are not useful to them.  

In asking and expecting the community to make the decisions to solve the problems, Siders 
urged, one must ask, Who is the community—male elders? Male heads of household? Are 
mothers and grandmothers included? At times “the community” makes decisions that seem 
to undermine the common good; they recommend things that violate principles of justice 
(e.g., “we favor dedicating resources equally to every person,” which fails to acknowledge 
the pre-existing structural and cultural power and privilege inequalities) In such cases, are 
“agency” and “dignity” goals in their own right, or do we need to place these goals in the 
context of the greater good of the most people? A decision might benefit a small group of 
people in the short term but have harmful consequences to the broader region or to people 
in the future.87 How are such issues handled? Furthermore, she asked, how do we handle 
conflicts between community members when such thorny questions arise? 

Winters objected to the assumption that we should impose our value judgements about 
justice on local actors (e.g., when we insist that aid is dependent on women being integrated 
into the discussion, an insistence that might violate community norms and customs). 
Andersson described projects where gender quotas had led to increased forest conservation 
and increased poverty reduction. If the “science” shows that engaging women leads to 
“better” outcomes, should interventions be designed to promote effective sustainability and 
poverty reduction outcomes or to empower existing male-dominated community decision-
making structures? Siders replied that we will all define “the community” differently, and 
that is the crux of the matter. “We cannot simply say ‘the community will decide’ and 
pretend that solves the problem. That is just the start of the challenge.” The questions we are 
raising here, she added, are a good place to begin this complex conversation and debate.

Caroline Hughes asked about scaling solutions and whether they are always 
unambiguously benevolent. Innovations by big biotech companies, when brought to 
scale, may or may not serve the common good but instead advance special interests. 
Power relations are always involved, as are profit motives; similar concerns accompany 
government scale-ups. Scaling certain centrally-developed innovations (by, say, global 
biotech conglomerates), in other words, may undermine social justice. There are examples 
of benevolent scaling, she acknowledged, but also of disastrous scaling. How do you scale 
up without context-specific empowerment?  

Hughes made a second point, namely, that local research resources are “fragile,” in the sense 
that many developing countries have only a handful of researchers, with less than adequate 
support in some cases. So, yes, Hughes said, by all means let’s partner with and empower 
local researchers. But Keough School resources could also be devoted to helping develop 
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local research bases in areas where we work, thereby helping to foster a sustainable 
research ecosystem.

Andersson mentioned that he is a bit skeptical about having scaling be the end-all, be 
all goal of our research on sustainability. Given the prevailing power dynamics in many 
societies where we work, we must ask ourselves, “If we use the existing governance 
structures to bring proposed solutions to scale, who will the scaling-up benefit?” We risk 
widening the gaps between the richer and poorer members of societies. 

Not all innovations are high-tech or scaled up by corporations, Winters noted. Small-
scale producers often rely on older practices that can be revived. The problem is that these 
innovations are being adapted by mid-level farmers while the poorer farmers are being
left behind. In terms of engaging local actors, Pattanayak noted that mapping the community 
is not straightforward; the process will have to rely on intermediaries, who can “translate” in 
both directions, between the local and the international. 

Siders expressed enthusiasm for the emerging research agenda of the Keough School. 
As this conference and the nuanced presentations have demonstrated, she said, Keough 
School research and teaching are benefitting from the multiple perspectives and disciplines 
of the faculty, even as they are converging on certain important shared themes and points 
of consensus. Andersson agreed that the configuration of the Keough School, and the 
interactions and collaboration among the faculty “push us all to move away from our 
comfort zones, in order to refine the ways we put our research in service to the poor 
and vulnerable.” 

Winters concluded the session by cautioning us not to allow our ongoing deliberations and 
theoretical and research refinements to delay us in providing responses to questions that 
demand answers now—e.g., how do we allocate the hundreds of millions of dollars being 
dedicated by governments and intergovernmental agencies to agricultural and 
environmental innovations?
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