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Summary 1 

The Nature Record National Assessment employs a suite of frameworks and approaches to 2 
assess the status and trends of US lands, waters, biodiversity, and wildlife, as well as the 3 
benefits they provide for the country’s economy, health, culture, security, and climate. This 4 
methodology draws on the history, approaches, and applications of nature assessments in 5 
the US and around the world and incorporates multiple dimensions of environmental 6 
equity and justice. By reflecting on knowledge gaps and emerging issues, the Assessment 7 
also identifies opportunities for bolstering US national-scale assessments in the future. 8 

Different disciplines, communities, and cultures understand nature in different ways, and 9 
the breadth of the Assessment reflects this. Three chapters report on the status, trends, 10 
and future projections of terrestrial, marine, and inland water ecosystems (Chs. 6, 7, 8), 11 
while another chapter explores the factors that drive changes in nature (Ch. 9). Three 12 
cross-cutting chapters focus on equity in access to nature, the connections between 13 
people and nature, and the impacts of climate change (Chs. 2, 5, 10). Four benefits 14 
chapters consider human–environment relationships that resonate with diverse 15 
communities and stakeholders (Chs. 11–14). Two chapters highlight bright spots and future 16 
opportunities for nature assessment to inform decision-making (Chs. 4, 15). The 17 
Assessment draws on a wide range of scientific underpinnings and aims to advance 18 
understanding and decision-making by employing a holistic and evidence-based approach 19 
informed by public engagement.  20 

The frameworks and approaches adopted by this Assessment are based on previous 21 
influential assessments across scales, taxa, and sectors. Effective approaches include 22 
recruitment of authors at different career stages with diverse perspectives and expertise, 23 
working with Indigenous and local knowledge holders, and conducting author training, 24 
independent reviews, and public engagement. Accessibility, reusability, and transparency 25 
lead to datasets that live on beyond any one assessment product. With sufficient 26 
resources and time, future assessments could consider establishing shared scenarios, 27 
developing consistent baselines, and creating a non-federally led consortium of 28 
stakeholders to link national, local, and regional priorities. Other emerging issues are 29 
artificial intelligence (AI) impacts and opportunities and the potential for co-developing 30 
approaches to nature assessments that transcend political ideologies to reach broader 31 
audiences. 32 

Background 33 

Assessments of the natural world have taken many forms and approaches and spanned 34 
geographies and taxonomic scales. This Assessment takes stock of US lands, waters, 35 
biodiversity, and wildlife and the benefits they provide for the country’s economy, health, 36 
culture, security, and climate. As the first comprehensive assessment of nature across the 37 
US, this report draws on the history and effective practices—as well as addresses 38 
knowledge gaps—of previous nature assessments. By analyzing the breadth of available 39 
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methods for assessing nature—and their scientific underpinnings—this chapter situates 1 
the Assessment in the context of a well-established body of previous work and lays the 2 
groundwork for the approaches taken within this report.  3 

Conceptualizations of nature change over time and are shaped by science and society (1). 4 
Different cultures and worldviews may adopt different perspectives on the relationship 5 
between people and nature, and these perspectives influence key concepts, conservation 6 
strategies, and scientific underpinnings (2,3). The Assessment has proposed a definition of 7 
nature that makes explicit key assumptions about nature and can be applied consistently 8 
across the report (Soranno et al. in review). Nature is defined as “the complex web of all 9 
forms of life (plants, animals, fungi, protists, and prokaryotes) together with the abiotic 10 
[non-living] components and processes that sustain life. Nature includes humans and is 11 
dynamic—encompassing ecological, evolutionary, physical, behavioral, social, economic, 12 
and cultural interactions at multiple scales” (Soranno et al. in review). 13 

This definition recognizes that humans are part of nature, as are human-altered systems 14 
such as urban green spaces, managed forests, and agricultural fields. However, nature 15 
does not include everything. Strictly human creations (e.g., built, virtual, or institutional 16 
structures) that intentionally exclude living beings are not included in this definition of 17 
nature (Soranno et al., in review). This definition is grounded in scientific systems thinking 18 
and is intended to provide a foundation for defining nature in legal, cultural, and place-19 
based governance contexts. 20 

Nature assessments have historically served a range of purposes (Box 3.1). Broadly, they 21 
provide baseline and trend data that help people make decisions and create informed 22 
strategies on many issues, including environmental management, restoration, and 23 
protection. Nature assessments can also provide a foundation for understanding how the 24 
extent and condition of natural systems affect human populations and, conversely, how 25 
human activities affect natural systems. By highlighting knowledge gaps, assessments can 26 
play an important role in guiding and prioritizing research needs. Nature assessments also 27 
have the potential to increase public and stakeholder awareness about the status of 28 
nature, the interdependence of humans and nature, and the ways in which humans can 29 
help to ensure the long-term functioning of Earth’s ecological systems. 30 

Here we provide an overview of the frameworks and approaches used throughout this 31 
Assessment and put them in the context of previous assessments, future assessments, 32 
and multiple dimensions of environmental justice. This chapter thus provides a high-level 33 
synthesis of conceptual frameworks and paradigms underpinning the Assessment. A 34 
description of the implemented frameworks and approaches supports transparency, 35 
accessibility, and interpretation of results so as to better inform policy- and decision-36 
making. 37 

Box 3.1. Example Uses, Applications, and Decision Contexts for Nature Assessment 38 

Nature-focused assessments are done for different purposes: 39 
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• Species conservation assessments determine the status of individual species and 1 
their risk of extinction. Example: US Fish and Wildlife Service assessments inform 2 
endangered species listings: https://www.fws.gov/project/species-status-3 
assessment (4). 4 

• Site-level assessments of biodiversity and habitat evaluate impacts of proposed 5 
projects and can determine required compensatory mitigation. Example: Wetland 6 
Assessment Method assesses the compliance of North Carolina wetlands to the 7 
Clean Water Act: https://www.deq.nc.gov/ncwam-manual (5). 8 

• Organization-level (e.g., businesses, cities) assessments explore impacts and 9 
material dependencies on nature and biodiversity. Example: assessment developed 10 
by the Taskforce on Nature-related Financial Disclosures are being piloted by many 11 
companies: https://tnfd.global/ (6). 12 

• Assessments of interventions and management actions can be used to evaluate 13 
and improve their effectiveness. Example: an assessment of global conservation 14 
actions evaluating protected areas, sustainable management, habitat conservation, 15 
restoration, and invasive species control (7). 16 

• National or regional ecosystem assessments synthesize knowledge on 17 
biodiversity and ecosystem services, tailoring the information to national or regional 18 
priorities and specific policy questions. Example: the National Biodiversity and 19 
Ecosystem Services Assessment for Cameroon (8). Some integrate the economic 20 
impact of nature into national wealth accounting, including the costs of nature 21 
degradation and the benefits of nature restoration into economic indicators (e.g., 22 
gross domestic product [GDP]), creating what is often called a green GDP. Examples 23 
include the UK National Ecosystem Assessment (9) and Australia’s National 24 
Ecosystem Accounts (10). 25 

• Global assessments are intergovernmental, integrated efforts to understand recent 26 
anthropogenic transformations of Earth’s living systems, the roots of these 27 
transformations, and their implications for society. They can focus on a range of 28 
topics from pollinators to alien species to biodiversity. Examples include the IPBES 29 
(Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem 30 
Services) global assessment https://www.ipbes.net/global-assessment (11) and the 31 
UN assessment of the world's oceans 32 
https://www.un.org/regularprocess/woa2launch (12) 33 

[END BOX 3.1 HERE] 34 

Considering Multiple Dimensions of Equity and Justice in Nature 35 

Assessments 36 

How nature is defined and assessed can either contribute to a more just and equitable 37 
world or perpetuate and reproduce harm. Aligning nature assessments with principles of 38 
environmental justice and equity can help improve the well-being of all people and 39 

https://www.fws.gov/project/species-status-assessment
https://www.fws.gov/project/species-status-assessment
https://www.deq.nc.gov/ncwam-manual
https://tnfd.global/
https://www.ipbes.net/global-assessment
https://www.un.org/regularprocess/woa2launch
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ecosystems and address the historical marginalization of particular peoples and 1 
perspectives (13,14).  2 

We highlight four interacting dimensions of environmental justice: distributional, 3 
recognitional, procedural, and reparative (Figure 3.1). All dimensions relate to many 4 
intersecting demographic categories (including race, ethnicity, gender, ability, class, and 5 
citizenship), as well as the relationships between present and future generations and 6 
between human and nonhuman life (13,15,16). These dimensions provide a conceptual 7 
framework to center equity and environmental justice in nature assessment. 8 

Figure 3.1. Dimensions of Environmental Justice as They Relate to Nature Assessment 9 

 10 

Understanding the importance of equity involves considering multiple dimensions of 11 
environmental justice. 12 

Four interacting dimensions of environmental justice and equity include procedural (red), 13 
distributional (blue), recognitional (orange), and restorative (green). By considering each of 14 
these four dimensions in all aspects of the assessment process, a nature assessment can 15 
more effectively inform governance and policies aimed at addressing equity issues. 16 
Adapted from Marino et al. 2023 (17).  17 

Distributional justice in nature assessment asks Who has access to nature and how 18 
much? For whom is nature modified? (Figure 3.1). Access to nature, nature’s contributions 19 
to people (14,18), and the ability to practice reciprocal relations between nature and 20 
people (19,20) are inequitably distributed in the US (21–25). Environmental risk and harm 21 
are disproportionately imposed on people of color, Indigenous peoples, lower-income 22 
people, and other communities who experience—and resist—systemic oppression and 23 
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discrimination. Discounting the impacts of human activities on future generations and 1 
nonhuman entities also contributes to distributional injustice (13,26,27). 2 

A nature assessment that explores distributional justice assesses the distribution of nature 3 
access and benefits. This involves evaluating observable indicators of relevant metrics at 4 
appropriate spatial and temporal scales (e.g., tree canopy cover and the Nature Gap (28)). 5 
To identify relevant metrics and scales, an assessment must be grounded in the historical 6 
context, and the drivers, of ongoing environmental injustices.  7 

Recognitional justice in nature assessment asks Whose worldviews, knowledge 8 
systems, and values are reflected in the assessment of nature, and how? (Figure 3.1). 9 
People and communities across the US have diverse ways of conceptualizing, coming to 10 
know, and valuing nature (29,30). However, most mainstream science and policy reflect 11 
extractive perspectives of nature and prioritize the value of nature as a commodity (KM 2 in 12 
(31)). Recognizing diverse worldviews, knowledge systems, and values is necessary for 13 
addressing complex challenges such as biodiversity loss. Doing so can lead to more 14 
sustainable and equitable outcomes, increase the legitimacy of public policy, and enable 15 
self-determination and sovereignty (23,32–38). Recognitional justice intersects with 16 
other dimensions of justice by manifesting in fair and representative decision-making (30), 17 
more equitable distribution of nature access and benefits (39), and epistemic justice for 18 
diverse knowledge holders (40). 19 

Key entry points for recognitional justice in nature assessment include the definition of 20 
nature and the conceptualization of people–nature relationships (IPBES Glossary (41), 21 
Soranno et al. in review). Assessment frameworks, metrics, and standards for evidence 22 
also contribute to recognitional justice when they integrate diverse ways of knowing (see 23 
"Weaving Diverse Ways of Knowing in Nature Assessment” below) and reflect the values of 24 
those who will use and be impacted by the assessment  (28). 25 

Procedural justice in nature assessment asks Who decides how nature is defined and 26 
assessed and how is that decision made? (Figure 3.1). Procedural justice “demands the 27 
right to participate as equal partners at every level of decision-making, including needs 28 
assessment, planning, implementation, enforcement and evaluation” (42); also recognized 29 
in the 1992 Rio Declaration, Principle 10 (43). Both the degree and the quality of 30 
participation matters (44–48). Meaningful participation (48,49) is necessary and 31 
indispensable if an assessment is to achieve accuracy, legitimacy, and usefulness for 32 
decision-making. It will affect the assessment’s accuracy, legitimacy, and usefulness for 33 
decision-making. Just processes also consider how to account for the interests of future 34 
generations and the nonhuman, or more-than-human, world (27).  35 

The intentional composition of author teams and decision-making bodies is an opportunity 36 
for procedural justice in nature assessment. A nature assessment that is led and co-37 
created by individuals with diverse expertise and backgrounds, particularly those who 38 
reflect the population of end users of the assessment (e.g., see Ch. 1: Overview), adheres 39 
to principles of procedural justice. 40 

https://www.ipbes.net/glossary
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Restorative justice in nature assessment asks How can nature assessment strengthen 1 
knowledge to prevent the reproduction, and contribute to the repair, of past harms? (Figure 2 
3.1). Restorative justice strives for the mutual repair of damaged relationships among and 3 
between humans and nature (40,50). Mutual repair begins by acknowledging histories of 4 
social and ecological trauma  (40,51) and is carried out on the terms of those harmed 5 
(52,53). As a result, restorative justice will look different for different communities. 6 
Restorative justice is a regenerative process that takes place over extended timelines and 7 
calls for a broader societal shift toward reciprocal relationships and relational values 8 
(50,52).  9 

Case studies of restorative justice are integral to assessing the status and trends of 10 
people–nature relationships. Cases of restorative justice also provide roadmaps to 11 
policymakers who seek to produce lasting co-benefits for people and nature without 12 
reproducing past harms. Assessing drivers and trends in the production of social and 13 
ecological harm can also provide source material to facilitate acknowledgement and 14 
accountability for restorative justice.  15 

Historical and Current Practices of Assessing Nature 16 

Nature assessments are typically initiated by significant environmental and societal events 17 
and aim to strengthen conservation policies and management. Approaches to nature 18 
assessment depend on scope, scale, and stakeholder needs. Some assessments 19 
synthesize existing knowledge, while others develop original data. Effective practices from 20 
prior assessments include recruiting diverse and representative authors, incorporating 21 
stakeholder feedback, developing content based on a common conceptual framework, 22 
prioritizing data accessibility, and integrating findings across ecosystem components and 23 
functions. 24 

This Assessment is informed by and builds on previous nature assessments conducted in 25 
the US and around the world (Figure 3.2). A common goal of most assessments is to 26 
provide evidence for decision-making (54–56). Other than that shared goal, assessment 27 
scale, scope, process, and types vary widely (Figure 3.2). Some assessments, such as 28 
fisheries stock assessments, collect their own data and are “purpose-built” and 29 
constrained. Other assessments also collect novel datasets or compile existing data to 30 
analyze the state of a given taxa, biodiversity of a particular region, or status and trends of 31 
an ecosystem service. The Nature Record is the type of assessment that brings together 32 
expert authors to provide an authoritative synthesis of the current state of knowledge in a 33 
field or topic. Hereafter, discussion on assessment history and practices will focus on this 34 
category of assessment, with the recognition that there are many ways to conduct 35 
assessments of nature. 36 

Synthetic expert-led nature assessments such as The Nature Record are powerful 37 
documents that differ from literature reviews or meta-analyses because they leverage 38 
expert knowledge to build findings. They draw on rigorous systematic approaches such as 39 
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weight-of-evidence, or in the case of The Nature Record, consensus evaluation of the 1 
existing body of scientific evidence based on authors’ expert judgment. As a result, they are 2 
considered influential and authoritative, allowing for integration of knowledge from 3 
disparate disciplines and levels of organization (57). Assessments involving biodiversity 4 
and nature topics may be nature-focused (58) or nature-inclusive (59), and are either 5 
targeted (60) or comprehensive (61) (Figure 3.2).  6 

Precolonial Period to the Present 7 

The history of nature assessment and its applications in the US, spanning from precolonial 8 
times to the present, reflect shifts in society, culture, environmental governance, and 9 
scientific and policy innovations. Nature has been assessed and managed by Tribes and 10 
Indigenous Peoples through a diverse array of Indigenous knowledge systems from time 11 
immemorial to the present. Long before the formal establishment of modern “nature 12 
assessments” in the 20th century, Indigenous Peoples around the world, including in the 13 
US, developed and practiced systems of social and ecological knowledge and stewardship 14 
over millennia (62–64). These traditions—often referred to collectively as Indigenous 15 
Knowledge (IK)—combine observation, practice, and responsibility to sustain reciprocal 16 
human–environment relationships with ecosystems (61,65,66). While the timeline below 17 
focuses on the legal and governance frameworks of most modern nature assessments—18 
rooted in conservation, environmental law, and policy beginning in the 1930s—Indigenous 19 
and place-based knowledge traditions continue to evolve and remain foundational to 20 
understanding nature and its transformations (66–68). Several recent assessments, such 21 
as the Fifth National Climate Assessment (59) and (Whyte et al. in press) have prioritized 22 
inclusion of Indigenous authors, knowledge, and perspectives. Despite this progress, 23 
Indigenous Knowledge and authorship are still vastly underrepresented in nature 24 
assessments and mostly absent from historical assessments due to marginalization as a 25 
result of colonization (66,69,70).  26 

1930s–1940s: The Bennett Era—the Dust Bowl and Soil Conservation 27 

During the Great Depression, economic shocks, resource extraction, droughts, and land 28 
degradation culminated in the Dust Bowl, particularly in the Great Plains region of the US 29 
(71). This event triggered one of the first modern national-scale nature assessments since 30 
the establishment of the United States. Dr. Hugh Hammond Bennett, known as the "father 31 
of soil conservation," advanced an understanding of soil erosion’s agricultural impacts. His 32 
seminal publication, “Soil Erosion: A National Menace” (71,72), catalyzed the 33 
establishment of federal soil erosion stations in 1929. Under President Roosevelt’s New 34 
Deal, significant legislation, including the Soil Conservation and Domestic Allotment Act of 35 
1936 (73), created the Soil Conservation Service, later renamed the Natural Resources 36 
Conservation Service (NRCS) in 1994, to manage soil and water conservation on private 37 
lands. 38 
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1950s–1960s: The Carson Era—Foundation of Modern Nature Assessments 1 

After World War II, growing concerns about resource depletion, chemical pollution, and 2 
environmental destruction (74,75) laid the groundwork for modern nature assessments 3 
(76,77). Rachel Carson’s book Silent Spring (78) was not an assessment per se, but it 4 
catalyzed widespread public awareness of the ecological and health impacts of pesticides, 5 
prompting subsequent environmental monitoring programs and policy reforms (e.g., 6 
establishment of the Environmental Defense Fund in 1967). Likewise, Garrett Hardin’s 7 
essay “The Tragedy of the Commons” (79) influenced later assessments of collective 8 
resource use and governance. In the marine environment, The Stratton Commission’s 1969 9 
report “Our Nation and the Sea” highlighted the importance of marine science for 10 
developing a sustainable and productive ocean economy, laying the groundwork for the 11 
creation of NOAA and other foundational ocean governance. These intellectual 12 
interventions, alongside policy innovations like the Wilderness Act (80), the Water Pollution 13 
Control Act (81), and President Lyndon Johnson’s vision for “natural beauty” (82), set the 14 
stage for systematic environmental assessments by shaping the political and institutional 15 
context in which they emerged.  16 

1970s–1980s: Era of Institutionalization of Nature Assessments 17 

This era marked the systematic integration of nature assessments into policy. Events like 18 
the Stockholm Conference (83), the creation of the World Climate Research Programme 19 
(84), the ratification of the Montreal Protocol (85), and the establishment of the 20 
Intergovernmental Panel on Climate Change (86) underscored global cooperation. 21 
Influential reports such as “Limits to Growth” (87) highlighted the value of assessments in 22 
identifying resource constraints and sustainable development solutions. In the US, major 23 
environmental legislation during this period both drew from and institutionalized 24 
assessments. The Environmental Protection Agency was created in part due to 25 
assessments of pollution impacts, while the Clean Air Act (1970) (88), Clean Water Act 26 
(1972) (89), and Endangered Species Act (1973) (90) codified protections based on 27 
emerging assessment evidence. Crucially, some legislation also established mechanisms 28 
for ongoing assessments: The National Environmental Policy Act (1970) (91) required 29 
Environmental Impact Assessments for federal projects; the Forest and Rangeland 30 
Renewable Resources Planning Act of 1974 required ongoing assessment of the Nation’s 31 
forests and rangelands (60); and the Marine Mammal Protection Act (1972) (92) and the 32 
Magnuson–Stevens Fishery Conservation and Management Act (1976) (93) mandated 33 
stock assessments and monitoring of marine species and fisheries. In addition to 34 
Magnuson–Stevens Act, the Coastal Zone Management Act (1972) and Marine Protection, 35 
Research, and Sanctuaries Act (1972) institutionalized coastal and ocean assessment. 36 
Conservation programs such as the Food Security Act (1985) further integrated 37 
assessments into land-use management ((94). 38 

https://www.epa.gov/archive/epa/aboutepa/epa-history-clean-air-act-1970.html
https://www.fws.gov/media/endangered-species-act
https://ceq.doe.gov/
https://www.mmc.gov/about-the-commission/our-mission/marine-mammal-protection-act/
https://www.mmc.gov/about-the-commission/our-mission/marine-mammal-protection-act/
https://www.fisheries.noaa.gov/resource/document/magnuson-stevens-fishery-conservation-and-management-act
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1990s–2000s: Era of Linking Ecosystem Services to Human Well-Being  1 

Global concerns about biodiversity loss and climate change spurred the Rio Conventions 2 
(95–97) and assessments such as the Millennium Ecosystem Assessment (MEA; 2005) 3 
(58). These efforts were highly influenced by the first report of the IPCC, which addressed 4 
the impacts of climate change on nature (98). The MEA elevated the concept of ecosystem 5 
services and established a strong link to their contribution to human well-being. This 6 
period also marked an early broadening of the scientific underpinnings of nature 7 
assessment beyond ecology. Incorporating economics, public health, and social science 8 
was seen as integral to understanding human–nature relationships. A report funded by the 9 
Heinz Center, “State of the Nation’s Ecosystems” (2002) ((99), may have been the first 10 
broadly framed nature-focused assessment for the US. The Global Change Research Act of 11 
1990 (100) established  the US Global Change Research Program (USGCRP) and its 12 
flagship National Climate Assessment (NCA) to coordinate and advance integrated 13 
assessment of global environmental change  (101). This led to several nature-inclusive 14 
NCAs (e.g., (102)). While largely expert-driven, these assessments began to experiment 15 
with stakeholder engagement and user-oriented framing, foreshadowing later co-16 
production approaches. The President’s Committee of Advisors on Science and 17 
Technology report, “Teaming with Life” (1998), further reinforced systems-based and 18 
interdisciplinary approaches to biodiversity and ecosystem assessment (103). With 19 
increasing political attention on nature’s value for the economy, the US passed the Energy 20 
Policy Act of 2005 (104) and strengthened NRCS to lead a multiagency Conservation 21 
Effects Assessment Project (105), which quantified conservation benefits. Marine and 22 
coastal assessments also advanced significantly in this period. The Pew Oceans 23 
Commission (2003) and U.S. Commission on Ocean Policy (2004) led to the National 24 
Ocean Policy (2010) and the NOAA Integrated Ecosystem Assessment (IEA) Program. The 25 
NOAA IEA Program, initiated around 2006 and expanded from 2008 onward, 26 
institutionalized a marine ecosystem services and resilience assessment framework (106). 27 

2010s–2020s: Era of Equity, Resilience, Natural Capital, and Technological 28 
Integration  29 

This era reflects a decisive shift toward transdisciplinary and transboundary assessment 30 
models, explicitly integrating social science, governance, and lived experience alongside 31 
biophysical data. Recent assessments have prioritized biodiversity, nature and equity, and 32 
technological assessment innovations. Examples include the Intergovernmental Science-33 
Policy Platform on Biodiversity and Ecosystem Services (IPBES) nature- and biodiversity-34 
focused assessments (61,107); other nature-inclusive assessments (108,109); and the 35 
most recent NCA (102,110). Co-production of knowledge with policymakers, practitioners, 36 
and communities became a defining design principle of major global assessments during 37 
this period. Frameworks such as the System for Environmental Economic Accounting 38 
(SEAA) for developing natural capital accounting (111,112) advanced biodiversity and 39 
ecosystem assessment and valuation. Technological advancements in internet access 40 
ensured connectedness of scientific communities and, together with tools such as 41 
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satellite monitoring (e.g., Global Forest Watch (113,114)), revolutionized the possibility of 1 
global assessments of nature. 2 

US initiatives during this era focused on advancing the integration of technology, justice, 3 
and equity into natural capital assessments and environmental policy, such as the Tribal 4 
Climate Resilience Program (115,116), the Justice40 Initiative (117), the establishment of 5 
the White House Environmental Justice Advisory Council (118), the Sacred Sites 6 
Memorandum of Understanding (119), the Executive Order on Strengthening the Nation's 7 
Forests, Communities, and Local Economies (120), the Ocean Justice Strategy (121), the 8 
National Strategy to Develop Statistics for Environmental-Economic Decisions (122), 9 
investments through the Inflation Reduction Act and Bipartisan Infrastructure Law (123), 10 
and strategies such as the US National Ocean Biodiversity Strategy (124). Recent 11 
assessments have made strides to incorporate Indigenous Knowledge not only as an equity 12 
consideration but also as a distinct and complementary way of knowing that informs 13 
problem framing, the development of relevant indicators, and interpretation (59). 14 
Intentional interfaces between Indigenous and Western science are increasingly shaping 15 
assessment methodologies. More importantly, Indigenous Peoples and Tribes have led 16 
their own groundbreaking assessments (68). Recent Federal Government efforts have also 17 
promoted nature-based solutions, incorporated biodiversity and climate change into 18 
national security strategy, and advocated for consideration of ecosystem services into 19 
cost–benefit analyses (125–128).  20 

Nature Assessment Methods and Effective Practices 21 

Synthetic, expert-led nature assessments involve a variety of approaches depending on 22 
scope, scale, sources of information, objectives, sectors, and leading organization. A 23 
common thread among many such assessments is that they synthesize the current body of 24 
material and then evaluate the likelihood and/or confidence of certain findings based on 25 
the referenced materials and expert consensus (Table 3.1) (57,102,129–131). Synthetic 26 
assessments often draw from a range of sources, including peer-reviewed literature, 27 
Indigenous Knowledge, and gray literature (Figure 3.2, Table 3.1) (69,102,130). Other 28 
assessments develop novel analyses and products (field data collection, database 29 
compilation, modeling, natural capital valuation) and outline research findings (Figure 3.2) 30 
(132–134). 31 

 32 

https://www.globalforestwatch.org/
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Table 3.1 Assessment Characteristics 1 

This table lists selected assessments that exemplify specific assessment characteristics or 2 
methods, approaches, and effective practices, corresponding with the Figure 3.2 diagram. 3 

Assessment Characteristics 

Scope Focus Example Types Example Assessments 

Nature-
inclusive 

Comprehensive Global change National Climate Assessment, 
IPCC Climate Change Synthesis 
Report, California Climate Change 
Assessment 

Targeted Economics, other 
sectors based on 
specific ecosystem 
services 

The Changing Wealth of Nations, 
Inclusive Wealth Report 

Nature-
focused 

Comprehensive Biodiversity IBES Global Assessment, The 
Nature Record Assessment, The 
Nature Record, Living Planet 
Report, Millenium Ecosystem 
Assessment, Biodiversity and 
Climate Change Assessment for 
North America 

Targeted Taxa-specific, 
ecosystem-specific, 
ecosystem service–
specific 

2nd Global Amphibian Assessment, 
2nd World Ocean Assessment, 
IPBES Assessment Report on 
Pollination, NABCI State of the 
Birds Report 

 4 
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Methods, Approaches, and Effective Practices in Previous Assessments 

Overarching 
Categories 

Specific 
Approaches Example Types Example Assessments 

Engagement 
and 
communicati
on 

During 
development 

Round tables, 
interviews, public 
comment 

National Climate Assessment, The 
Nature Record National Assessment 

Post-release Summary for 
policymakers, story 
maps, education 
resources 

IPBES Global Assessment, IPCC 
Climate Change Synthesis Report, 
Millenium Ecosystem Assessment, 
California National Climate 
Assessment 

Analysis Synthetic 
analysis 

Indigenous 
Knowledge, 
scientific 
publication, gray 
literature, meta-
analysis, literature 
review, knowledge 
compilation 

National Climate Assessment, 
IPBES Global Assessment, IPCC 
Climate Change Synthesis Report, 
Status of Tribes and Climate Change 
Report Release, California National 
Climate Assessment, The Nature 
Record National Assessment 

Novel analysis Field data 
collection, database 
compilation, 
modeling, natural 
capital valuation 

The Changing Wealth of Nations, 
Living Planet Report, National Rivers 
and Streams Assessment, Future of 
America's Forest and Rangelands, 
West Hawaiʻi Integrated Ecosystem 
Assessment, Biodiversity in Focus 
Report 

Uncertainty Current 
knowledge 
(snapshot in 
time) and 
baselines 

TBD TBD 
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Calibrated 
language 

Confidence/likeliho
od 

National Climate Assessment, IPCC 
Climate Change Synthesis Report, 
IPBES Global Assessment 

Expert 
consensus 

TBD 2nd Global Amphibian Assessment 

Scenarios Quantitative, 
qualitative, 
storylines, 
identification of 
baseline 

National Climate Assessment, IPCC 
Climate Change Synthesis Report, 
IPBES Global Assessment, 
California Climate Change 
Assessment 

Framing Risk-based 
(What is valued 
that’s at risk?) 

Exposure and 
consequence 

Biodiversity in Focus Report 

Indicator-based 
(measuring 
traits of each 
system 
component) 

Status and trends Living Planet Report 

Resilience-
based 
(focusing on 
system-wide 
functional 
resilience) 

TBD TBD 
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Figure 3.2. Approaches of Previous Assessments 1 

 2 

Previous nature-related assessments utilize a range of methods, approaches, and 3 
effective practices. 4 

The tree diagram depicts the range of characteristics (branches) and methods, 5 
approaches, and effective practices (roots) used in previous nature-related assessments. 6 
Past nature assessments can be characterized as having nature-inclusive versus nature-7 
focused scope and comprehensive or targeted focus; several examples of different types of 8 
assessment scopes and foci are included in the diagram and listed in Table 3.1. The 9 
methods, approaches, and effective practices are organized into categories of engagement 10 
and communication, analysis, uncertainty, and framing. The corresponding Table 3.1 11 
includes example assessments for these various characteristics and approaches. Figure 12 
original to the Nature Record. 13 

Inclusion of biodiversity indicators or underlying conceptual frameworks can connect 14 
knowledge across assessments, foster collaboration across scales and geographical 15 
areas, and provide useful evidence for conservation policies (70,135,136).  Assessments 16 
can be framed around approaches that are risk-based (identifying what is valued that is at 17 
risk), indicator-based (measuring traits of each system component), or resilience-based 18 
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(focusing on system-wide functional resilience (137,138)). Many assessments integrate 1 
certain biodiversity indicators (e.g., IUCN Red List of Threatened Species and of 2 
Ecosystems (139), Living Planet Index (140), Biodiversity Intactness Index (141)) using data 3 
and knowledge from global experts (134,142). Other consistent underlying conceptual 4 
frameworks (14,130) include “nature’s contributions to people” (14), or integrated 5 
ecosystem assessments, which describe both research gaps and management 6 
recommendations (132,143,144). To increase relevance to policymaking across scales 7 
(e.g., Convention on Biological Diversity, Kunming-Montreal Global Biodiversity Framework 8 
(145)), assessments may discuss policy goals, including describing multiple scenarios 9 
based on different actions or future conditions and producing a summary for policymakers 10 
(70,102,131,136,146–149). 11 

Development practices implemented by this Assessment build on assessments such as 12 
IPBES, NCA, and IPCC Synthesis Reports that have succeeded in generating what are 13 
widely seen as trustworthy and useful products (150). These practices include recruiting 14 
authors with diverse perspectives (151,152), building teams with a mix of early-career and 15 
experienced experts (153), and working with Indigenous and local knowledge holders for 16 
holistic place-based understanding (18,55). Assessment producers address disciplinary 17 
“tunnel vision” through comprehensive author training, multidisciplinary teaming, and 18 
implementation of independent reviews by experts (154,155). Public engagement deepens 19 
the responsiveness of assessments to users; in order to broaden perspectives, writing 20 
teams sometimes receive feedback from stakeholders and other interest groups through 21 
public comment periods, outreach workshops and webinars, and working meetings 22 
(102,154,156,157). 23 

In this era of big data (extremely large and complex datasets), information from 24 
assessments is most useful if it adheres to FAIR data principles: findable, accessible, 25 
interoperable, and reusable (158). Research communities are now standardizing 26 
information for cross-comparability using repositories such as the Global Biodiversity 27 
Information Facility and the Ocean Biodiversity Information System (158,159). The 28 
sustainability of long-term monitoring data in the US currently is entrusted to program-29 
specific or established data depositories, such as Dryad, the National Ecological 30 
Observatory Network data portal, the Environmental Data Initiative, and the Ocean 31 
Observatories Initiative data repository, which support biodiversity data. These data 32 
management practices lead to datasets that live on beyond any one assessment product.  33 

A goal of many assessments is to extend a basic accounting of ecosystem components 34 
into a more holistic understanding of ecosystem functions and services to support 35 
management decisions amid impacts (138,144). For place-based assessments, holistic 36 
understanding means examining biological systems spanning from genetics to 37 
ecosystems, and social systems from the behavior of individuals to societal governance at 38 
multiple scales (70,160). Future assessments will continue to reflect a dynamic and 39 
contextual approach to understanding the human–nature relationships, resulting in new 40 
data, methods, and insights into the status and trends of social–ecological systems.  41 

https://iucn.org/resources/conservation-tool/iucn-red-list-ecosystems
https://iucn.org/resources/conservation-tool/iucn-red-list-ecosystems
https://www.livingplanetindex.org/
https://data.nhm.ac.uk/dataset/bii-bte?_gl=1*1fmiug*_ga*NTYwNzIwMzE3LjE3MzgxNzY1Nzg.*_ga_PYMKGK73C4*MTczODE3NjU3Ny4xLjAuMTczODE3NjU3Ny4wLjAuMA..
https://www.cbd.int/gbf
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Frameworks and Approaches for The Nature Record National 1 

Assessment 2 

Setting the Stage: Conceptualizing People–Nature Relationships  3 

The Assessment exemplifies how various disciplines, communities, cultures, and regions 4 
define, assess, and value nature. Different conceptions of the human–nature relationship 5 
have emerged and become more or less dominant over time (1), as have the worldviews 6 
and scientific underpinnings that shape how researchers assess the status and trends of 7 
nature (Figure 3.3).  8 

Figure 3.3. The Nature Record National Assessment Approaches to Assessing Social–9 
Ecological Systems 10 

 11 

Relationships between people and nature vary widely based on perspectives and 12 
worldviews and are catalogued in diverse ways. 13 

Approaches to assessing nature involve differing perspectives on the separation of people 14 
and nature and associated key ideas and scientific underpinnings. Draft figure adapted 15 
from Reyers and Bennett 2025 (3). 16 
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The Assessment chapters draw on different conceptualizations of the human–nature 1 
relationship, basing their assessment on associated literatures and disciplines depending 2 
on the chapter focus. For example, a “nature for people” perspective recognizes the value 3 
of ecosystem services and draws heavily on the integration of ecology and economics to 4 
quantify nature’s contributions to human well-being (161). By contrast, a “people with 5 
nature” perspective emphasizes concepts of environmental justice and co-evolution, 6 
requiring transdisciplinary and pluralistic scholarship on the human–nature relationship 7 
and recognizing contributions of both Western and Indigenous worldviews (162,163).  8 

Acknowledging that much of the Assessment relies primarily on Western science 9 
concepts, metrics, and methods (and indeed so does Figure 3.3 just by separating “people” 10 
and “nature” into two concepts), a special collection in the journal Earth Stewardship will 11 
complement the Assessment by focusing on Indigenous Knowledge. Future nature 12 
assessments may continue to reflect a dynamic and contextual approach to understanding 13 
human–nature relationships, resulting in new methods and insights into the status and 14 
trends of social–ecological systems.  15 

Approaches to Assessing the Status and Trends of Nature  16 

Geographic Scope and Ecosystems 17 

The Assessment considers nature within all 50 states, marine areas (exclusive economic 18 
zones), and US territories, as well as Federally (and non-federally) Recognized Tribes that 19 
share these geographies. The scope of the Assessment includes marine and inland 20 
(surface and ground) waters, all terrestrial systems, rural and urban systems, mineral 21 
resources, and the biotic and abiotic elements that make up the structure and affect the 22 
function of ecosystems and their corresponding social–ecological relationships. Some 23 
chapters focus on national or subnational trends, for example, when describing the role of 24 
nature in climate mitigation or resilience to natural hazards. Other chapters rely on detailed 25 
case studies of human communities and their surrounding environments in particular 26 
geographies to illustrate the factors that underpin nonmaterial or relational values for 27 
nature. The variety of geographic scales and ecosystems reflects the scope and scale of a 28 
national assessment that aims to include a wide range of topics, some of which can be 29 
assessed nationally or locally, such as cultural values, which are specific to place-based 30 
social contexts. 31 

Drivers of Nature 32 

Social–ecological systems have undergone profound environmental changes as a result of 33 
human and nonhuman activity (164). This Assessment documents drivers and pressures 34 
that impact both people and nature. Its chapters describe a range of drivers that affect the 35 
status and trends of nature and associated benefits. Biophysical changes—such as 36 
climate change, the spread of invasive species, air and water pollution, habitat loss, and 37 
land-use change—are considered in multiple chapters. Drivers of change are also 38 
influenced by social, economic, and cultural factors—such as wealth inequality, 39 
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discrimination, and disparities in access to recreation or other natural amenities—that 1 
shape the environmental impact and the distribution of nature’s benefits. The Assessment 2 
also considers drivers of change that result in benefits to people and nature, including 3 
investments in species-level and ecosystem-level protections, technological advances 4 
that facilitate monitoring, land restoration, stewardship of cultural resources, and 5 
investments in nature-based education. 6 

Benefits Assessed 7 

The Assessment recognizes the multitude of ways in which natural systems support valued 8 
goods and services. In particular, Chapter 13: Health and Well-Being explores how access 9 
to healthy ecosystems supports physical, mental, and community health. Chapter 14: Risk 10 
and Security documents how nature reduces risks and supports resilience in the face of 11 
disasters. Chapter 12: Economy unpacks how nature underpins the US economy and the 12 
importance of accounting for its value. Chapter 11: Culture focuses on cultural, spiritual, 13 
and social benefits of nature. 14 

Several chapters note that market benefits of nature include enhanced property values and 15 
timber and agricultural products, as well as nonmarket benefits that include subsistence 16 
lifestyles and spiritual, cultural, and recreational values. Relational and nonmaterial values 17 
are central to chapters considering cultural and natural heritage and “bright spots” in 18 
social–ecological systems. The distribution of well-being arising from ecosystem goods 19 
and services across space and among different demographic groups is critical to an 20 
understanding of nature’s benefits. Not all benefits can be described in monetary terms, 21 
and the Assessment draws on evidence from both qualitative and quantitative approaches 22 
to measure the multiple benefits of nature and its impacts on human health and well-23 
being. 24 

Metrics and Methods 25 

Chapters in the Assessment employ metrics and methods typical of their respective 26 
disciplines to evaluate the many dimensions of nature. For example, Chapter 12: Economy 27 
uses market and nonmarket valuation methods to assess the value and distribution of 28 
nature’s benefits, while Chapter 11: Culture draws on qualitative and interpretive 29 
approaches to understand relational and nonmaterial values. Many chapters focus on 30 
access to nature—such as proximity to parks, exposure to natural spaces, or barriers to 31 
engagement—since access is the foundation for receiving and equitably sharing many of 32 
nature’s benefits. 33 

Building on The Nature Record National Assessment in Future US 34 

Nature Assessments   35 

Future US nature assessments can build on the frameworks and approaches used in this 36 
Assessment. Given time and resource constraints, the current Assessment draws on 37 
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literature review and expert consensus to generate the first nationwide assessment of 1 
nature for the US. Going forward, opportunities for data collection and management, 2 
analysis of established scenarios against consistent baselines, expanded application of 3 
diverse ways of knowing, and engagement could help to strengthen the science and uptake 4 
of future assessments. 5 

Data and Information Gaps and Opportunities 6 

Data on trends in land and sea management, land-use change, and other human drivers of 7 
change remain fragmented (165–167). A lack of information makes it difficult to build a 8 
comprehensive picture of changes in ecosystem condition or track how different 9 
management practices affect long-term ecosystem health, resilience, and services over 10 
time (168). Much of the available information is collected through remote sensing by 11 
federal agencies, by state natural resource departments, and by private landowners or 12 
companies, yet reporting standards and data coverage vary widely. A review of major land 13 
management activities found poor data availability for forest harvest, grazing and mowing, 14 
artificial wetland drainage, tillage, and fire management (169,170). Data are also limited for 15 
coastal and marine management activities such as deep sea mining, offshore energy, 16 
aquaculture, oil spills, and more (171). Data limitations make it difficult to develop an 17 
accurate baseline from which to track future changes or predict the impact of alternative 18 
management practices.  19 

There is insufficient information on how human activities are affecting species migration 20 
and migratory pathways (172,173), and indeed these impacts were out of scope for this 21 
Assessment but deserve attention in future assessments. Drivers of impacts on migratory 22 
species are similar to those for resident species but also include modifications of natural 23 
systems such as dams and transportation corridors and direct harvest of migratory species 24 
(172). Future assessments might not only evaluate drivers of change for current 25 
configurations of communities but also allow for future changes, such as populations 26 
newly established owing to unaided or assisted migration (174).      27 

Long-term monitoring efforts that use standard collection protocols provide an 28 
observational basis for the national status of biodiversity and ecosystems, which form the 29 
baseline for trends assessment, validation of new types of data collection (e.g., image, 30 
audio, and eDNA—genetic material shed from living organisms that can be used for 31 
identification), and scenario modeling. In the US, monitoring programs such as the 32 
National Ecological Observatory Network, the Long-Term Ecological Research network, the 33 
Ocean Observatory Initiative, state Natural Heritage Programs, and Forest Inventory and 34 
Analysis create foundational data (175). In order to evaluate the societal impacts of 35 
biodiversity and ecosystem change through the lens of ecosystem services, additional 36 
types of data are needed. These data include direct benefits (e.g., amount of timber 37 
harvested, fish caught, acres of crops irrigated, people recreating) as well as contextual 38 
information about the portion of this value attributable to nature versus built or human 39 
capital and goods. With sufficient data, the dependence of companies on nature and its 40 
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services can be traced through balance sheets identifying labor and capital use, as well as 1 
costs and benefits to consumers (176). Nonmarket valuation for goods relies on a host of 2 
methods that have widely varying and intensive data needs that extend well beyond those 3 
needed for market goods (177–179). Overall, the data on nature’s economic impacts in the 4 
US are relatively scattered and difficult to compile, and critical gaps remain.  5 

Improving future nature assessment in the US would require universal adoption of 6 
interoperable and FAIR approaches and models to ensure comparability, transparency, and 7 
reuse of data across sectors and scales (180). Future US nature assessments would be 8 
strengthened by a community of practice and a federated network to coordinate data and 9 
fill critical gaps, building on global initiatives such as the System of Environmental 10 
Economic Accounting’s Ecosystem Accounting, IPBES, and the Group on Earth 11 
Observations Biodiversity Observation Network.   12 

Baselines, Scenarios, and Modeling 13 

The Nature Record has not yet established an agreed-upon baseline and set of scenarios, 14 
but with sufficient resources, the initiative could consider doing so for future assessments. 15 
The IPCC assessments, one of the most authoritative examples of an assessment process, 16 
established a consistent set of historical baseline information and socioeconomic 17 
pathways and emissions scenarios, as well as coordinated modeling efforts that support 18 
the climate assessment. Lessons learned from more than 30 years of climate assessment 19 
indicate the value of and demand for context-specific data and models (129). However, 20 
setting a baseline and identifying scenarios for a nature assessment can be challenging.  21 

A frame of reference is critical for measuring the status and trends of biodiversity, 22 
ecosystems, and social–ecological systems, whether this is a baseline (i.e., known 23 
biodiversity at a fixed point in history) or a counterfactual (i.e., a scenario of what would 24 
have occurred without human impact). Baselines are needed to evaluate alternative 25 
management scenarios or elevate different ideas about the future, set targets, and 26 
measure changes in biodiversity and social–ecological systems over time (181). The choice 27 
of baseline, such as the 1970s, preindustrial, or precolonial, could profoundly change 28 
understanding of biodiversity loss, biodiversity targets, plans for reintroduction, and the 29 
level of resources required to achieve conservation objectives (182). The IPBES uses a 30 
baseline of preindustrial conditions to approximate nature before “significant” human 31 
impact. While there were periods of deforestation and disturbance to natural systems for 32 
centuries, the Industrial Revolution accelerated these changes globally. The choice of 33 
preindustrial conditions as a baseline has been useful for IPBES and could be useful for 34 
future US nature assessments because it connects analysis of the drivers of nature to 35 
trends in nature and societal benefits and to management interventions. It is also the 36 
standard baseline used in climate change assessments. 37 

If future US nature assessments move forward with a preindustrial baseline for biodiversity, 38 
there will be challenges in implementing it. Our documented knowledge of historical 39 
baselines is limited by a lack of direct observational data on species abundance and 40 
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human activities before 1970. Most biodiversity monitoring schemes were initiated in the 1 
20th century, well after anthropogenic pressures had already reached at least half of their 2 
current magnitude (181,183). Thus, the data and scientific perceptions reflect ecosystems 3 
that have been deeply transformed by human actions. Creative approaches for gathering 4 
historical information on species (e.g., fur harvest data (184) and historical restaurant 5 
menus showing shifts in seafood offerings (185)) can provide valuable perspective on the 6 
size, scale, extent, and time period for species declines, helping to address shifting-7 
baseline syndrome, a phenomenon where each new generation accepts a progressively 8 
degraded state of the environment as the new normal. Also, when evaluating specific 9 
species and habitats against a baseline, local extinctions and degradation of some 10 
ecosystems before the baseline date may result in a biased perception of species’ habitat 11 
preferences, such as misidentifying marginal species habitats as core ones. Incorporating 12 
long-term (centuries-old) occurrence records with recent records may provide better 13 
information on species–environment relationships (181). Given data limitations and 14 
variability in the timing and rate of species and habitat loss, maintaining flexibility to 15 
incorporate other types of historical data and information in evaluating nature loss seems 16 
valuable. 17 

For scenarios, the IPBES nature assessments build on the IPCC model with a nature 18 
futures framework (NFF) and standard scenarios. The NFF classifies diverse relationships 19 
with nature into three core value perspectives (Nature for Nature, Nature for Society, and 20 
Nature as Culture) (186). Implementing IPBES global scenarios of biodiversity and 21 
ecosystem services presents five major challenges in producing policy-relevant results: 22 
scenarios need to “1) better account for the role of nature in future human development 23 
storylines; 2) improve the representation of drivers in the scenarios by increasing the 24 
resolution (temporal, spatial and thematic) of land-use as key driver of biodiversity change 25 
and including additional relevant drivers; 3) explicitly integrate species- and trait-level 26 
biodiversity in ecosystem services models; 4) expand the coverage of the multiple 27 
dimensions of biodiversity and ecosystem services; and finally, 5) incorporate time-series 28 
or one-off historical data in the calibration and validation of biodiversity and ecosystem 29 
services models” (187). Future US nature assessments could learn from the IPBES and 30 
IPCC models and develop a set of agreed-upon scenarios for the US that could align with 31 
the global scenarios. Researchers could in turn use these scenarios to make comparable 32 
predictions about the future of biodiversity and ecosystem service provision.  33 

Another area for advancing future nature assessments involves greater use of integrated 34 
assessment models that incorporate biodiversity and ecosystem services. The integrated 35 
modeling approach could be an important tool for improving understanding of 36 
interconnected social–economic–ecological systems and for analyzing how policy 37 
alternatives can shift future trajectories toward more sustainable development. However, 38 
several advancements are needed before such a tool can be fully implemented, including 39 
“1) downscaling impacts of direct and indirect drivers on ecosystems; 2) incorporating 40 
feedbacks in ecosystems; 3) linking ecological impacts to human well-being; 4) 41 
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disaggregating outcomes for distributional equity considerations; and 5) incorporating 1 
dynamic feedbacks of ecosystem services on the social economic system” (188). 2 

Engagement and Communication  3 

The Nature Record draws on extensive engagement conducted through workshops, 4 
webinars, and public comments in the Federal Register, many of which were carried out for 5 
this Assessment (189–192). The Nature Record conducted more than 100 public 6 
engagement events to scope components of interest to different communities and 7 
stakeholders and benefited from two rounds of feedback invited through the Federal 8 
Registry for the National Nature Assessment (The Nature Record’s predecessor project). 9 
The Nature Record also established an advisory board to ensure that the Assessment is 10 
useful for decision-making, included nonacademic experts in author teams to increase the 11 
utility of the Assessment, and developed consensus-based conclusions drawn by author 12 
teams. These kinds of engagement and communication activities provide information 13 
about an assessment to the public, reveal stakeholder and community questions and 14 
goals, and elicit feedback on assessment decisions and content. Creative approaches, 15 
including art contests and community and professional poetry contributions, among other 16 
approaches, strengthen public engagement in the assessment development process (157) 17 
and further raise awareness of human–environment relationships across the US.  18 

While there are limits to how the Federal Government can engage in collaboration and co-19 
production with those outside the government, federal assessments can still strengthen 20 
relevance and usability through structured engagement and feedback processes. 21 
Researchers involved with the National Climate Assessments have proposed the creation 22 
of a non-federally led network or consortium to bring together stakeholders (including local 23 
governments, Tribal Nations, private sector, researchers, NGOs, and youth) to provide 24 
recommendations on future assessments, which could help bring in local and regional 25 
priorities (193). Some relevant networks already exist in the US. For example, each state is 26 
required to develop a State Wildlife Action Plan in order to receive federal funding for 27 
wildlife management efforts (194). Many of these plans are linked regionally through 28 
partnerships such as the Landscape Conservation Cooperatives Network, regional Fish 29 
and Wildlife agencies, and the US Fish and Wildlife Service’s Science Applications 30 
program, all of which have established methods for co-production, scenario planning, and 31 
integration across jurisdictions. States also track species occurrences and critical habitats 32 
through state natural heritage programs, which are part of the NatureServe Network that 33 
aggregates this data nationally (195).  34 

These state-led data collection and planning processes could be more tightly linked to 35 
future nature assessments to deepen the relevance of the national assessment and 36 
increase alignment with user needs (196). One example that could be replicated in the US 37 
is the Nature Futures Framework discussed earlier (197), which emerged from a series of 38 
participatory co-production (46) workshops conducted as part of the IPBES assessment. In 39 
a similar way, local working groups could co-create scenarios for future nature 40 
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assessments that reflect alternative options for conservation, economic development, and 1 
land use in a region.  2 

Another opportunity to align assessment with local priorities lies in existing methods and 3 
requirements for Tribal Consultation within Federal agencies (198). Given time and 4 
resource constraints for this Assessment, co-production was not feasible across all 574 5 
Federally Recognized Tribes in the US (Figure 3.4). The following section describes 6 
concepts, frameworks, and approaches that are important for engaging with Indigenous 7 
Communities to broaden nature assessment with diverse ways of knowing (199). 8 

Figure 3.4. A Framework for Co-Production of Knowledge 9 

  10 

Learning from multiple knowledge systems is an iterative process that involves 11 
actions and conceptual tools to build equity.  12 

 While the term “co-production” may be a traditionally Western science term, the 13 
underlying actions and processes of reciprocity, relationships, communication, and other 14 
elements of co-production align with Indigenous knowledges and practices (199). This 15 
figure is from a paper on co-production of knowledge in Arctic systems. The first author, 16 
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Ellam yua, is the Yup’ik name for the “spirit or person of the universe.” By including the 1 
spirit’s name in the paper’s authorship, the authors “affirm the greater powers at work in 2 
these efforts” (199). The paper defines co-production as the “process of bringing together 3 
two different knowledge systems, in true partnership and equity, to enhance, learn, and 4 
create new understandings on a specific topic” (199). The center ring in the figure is the 5 
goal. The second ring from the center represents the union of Indigenous Knowledge 6 
systems and science. The third ring shows the actions taken in a cyclical, iterative research 7 
process. These actions interconnect with the fourth ring to establish equity. The fourth ring 8 
depicts the conceptual tools that all persons involved in the co-production process need to 9 
implement and pay continuous attention to. Equity is the cornerstone of the co-production 10 
of knowledge approach and thus encircles the framework. The authors of the paper 11 
specifically apply the framework to Arctic Indigenous Knowledge Systems and science, but 12 
they indicate its application to diverse knowledge systems and topics. Reprinted from Yua 13 
et al. 2022 (199). 14 

Weaving Diverse Ways of Knowing in Nature Assessment  15 

Nature assessments reflect underlying assumptions about what nature is, what counts as 16 
reliable knowledge, and what responsibilities flow from knowledge. Thus, nature 17 
assessment is not only a technical integration challenge but also an exercise in interfacing 18 
knowledge systems and worldviews—creating respectful, transparent pathways for 19 
engaging Indigenous Knowledge systems alongside Western scientific approaches without 20 
reducing one to the terms, standards, or categories of the other. 21 

One approach involves weaving together Indigenous Knowledge systems and Western 22 
science in nature assessment to address complex social–ecological challenges. To move 23 
beyond the practice of incorporating (or assimilating) other knowledge systems into 24 
Western science, future national nature assessments could look to approaches such as 25 
Two-Eyed Seeing, which fosters equitable dual knowledges as reciprocal, coexisting, and 26 
complementary (200,201). While Two-Eyed Seeing shares similarities with other 27 
Indigenous frameworks from around the world, it emphasizes that knowledge transforms 28 
the holder, who in turns bears a responsibility to act on that knowledge (202). Interfacing 29 
knowledge systems also requires attention to governance, consent, and appropriate use. 30 
This includes clarifying how knowledge will be requested, interpreted, credited, and 31 
protected; respecting Tribal sovereignty and community protocols; and recognizing that 32 
some knowledge is not meant for public dissemination or extraction into external products. 33 

Nature assessments can expand the use of Indigenous Knowledge (IK) by considering the 34 
cumulative body of knowledge, practices, and beliefs passed down through generations by 35 
Indigenous and local communities (203). Studies using IK provide a deep, place-based 36 
understanding of ecosystems, accumulated over generations through lived experience 37 
(204). This complements the broader, often data-driven approach of Western science, 38 
creating a more comprehensive understanding of ecological systems, relationships, and 39 
dynamics (205).  40 
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Approaches that reflect local, community-based knowledge can also provide important 1 
insight for nature assessment that is missed by reliance on exclusively academic 2 
research—for example, through farming records of first frost or qualitative phenological 3 
descriptions of insect–plant relationships (206). IK and local expert knowledge also fill in 4 
data gaps, often by providing a source of long-term observations that Western science 5 
approaches may only observe indirectly. For example, in marine ecosystems, Indigenous 6 
and local knowledge of herring behavior aligns with scientific findings that young herring 7 
rely on older fish to guide their migration routes, illustrating how IK and local knowledge 8 
can reveal critical ecological relationships and inform sustainable fisheries management 9 
(207). 10 

Learning from diverse knowledge systems strengthens the robustness, inclusivity, and 11 
usefulness of nature assessments, leading to decisions that support ecological integrity 12 
and equitable outcomes for communities. When scientific and Indigenous perspectives 13 
are interwoven, the resulting decisions are more likely to be sustainable, particularly in 14 
policy development, conservation planning, and resource management (208). Indigenous 15 
Knowledge systems that emphasize relationship, context, respect and care, responsibility, 16 
and community bolster resilience and inform adaptation to change (209,210), while 17 
Western science enhances responses to environmental uncertainties and change (211). 18 
For example, Indigenous art and knowledge systems understand, reflect, and 19 
communicate the interconnectedness of nature and nature assessment in ways that 20 
Western science and communication products would be limited (Figure 3.5). 21 
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Figure 3.5. Woven Around the Basket, Weaving Interconnections  1 

 2 

Indigenous art and knowledge systems communicate the interconnectedness of 3 
nature and the breadth of topics in this Assessment. 4 

This graphic illustrates the interconnected way in which many Indigenous Peoples 5 
experience the world and includes symbols inspired by stories and teachings of the diverse 6 
Peoples of North America. The illustration’s overall shape is inspired by the Lakota Star 7 
Quilt, representing the circle of life. Various topics discussed in the Assessment are 8 
depicted as illustrations within the blue and green lines to demonstrate that while the 9 
Assessment is divided into independent chapters, the topics are part of an interdependent 10 
whole: (starting at the top and moving counterclockwise) the star represents the Bright 11 
Spots chapter, the corn (Dine inspired) represents the Economy and Equity chapters; 12 
beaded art, the Culture chapter; red thunderbolts (Kiowa inspired), the Risk and Security 13 
chapter; the black mountain (Kiowa inspired), the Climate Change chapter; the deer 14 
(Ledger art inspired), the Terrestrial Ecosystems chapter; and the feather (Kiowa inspired), 15 
the Health and Well-Being chapter. In the center, hands holding a basket represent the 16 
Opportunities chapter; the basket also resembles a turtle, as some creation stories include 17 
a turtle, which can be thought of as either the continent of North America or as the entire 18 
Earth, depending on the storyteller. The light to dark blue lines in the image represent the 19 
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Inland Waters and Marine Ecosystems chapters, while the light to dark green lines 1 
represent the Drivers and Connection chapters. The illustration also includes elements of 2 
the medicine wheel to represent nature’s cycles, interconnectedness, and holistic health: 3 
the top white diamond  symbolizes north, stars, and intellect; the left black diamond is 4 
west, physical health, weaving and beading; the bottom red diamond is south, spiritual 5 
health, soul, and mountain (Kiowa inspired); and the right yellow diamond is east, growth, 6 
and flower (Yaqui inspired). Figure original to The Nature Record by Artist and Knowledge 7 
Holder, Lucilla Taryole, Kiowa and Muscogee Creek (Mvskoke). This figure was inspired by 8 
the Indigenous Holistic Worldview Illustration in The Status of Tribes and Climate Change 9 
Report 2021 (68).  10 

At the same time, acknowledging that science both shapes and is shaped by the systems it 11 
studies is essential for developing effective approaches for drawing on multiple knowledge 12 
systems in assessments (212). Doing so requires evidence-based methods that integrate 13 
data and values-based methods that engage with underlying assumptions and navigate 14 
ethical–political realities. For example, participatory research often treats reality as co-15 
created through relationships, whereas experimental or survey-based approaches tend to 16 
assume reality exists independently of observation, leading to potential tensions around 17 
research design and credit. Approaches to resolving such conflicts for nature assessment 18 
include explicitly examining questions of ontology (the reality of nature), epistemology 19 
(how reliable knowledge about nature is created), axiology (the ethical issues addressed), 20 
and the societal implications of research (37,212).  21 

Emerging Issues 22 

Technological advancements are accelerating and expanding data collection through 23 
satellite remote sensing, eDNA, acoustic monitoring, camera traps, networked sensors, 24 
and smartphone-based public science. At the same time, advances in AI and digital 25 
platforms are accelerating analysis and integration of these new data (213,214). These 26 
advances can greatly increase and enhance information used in nature assessments. For 27 
example, major increases in species occurrence data have emerged over the last decade 28 
through apps like iNaturalist and BirdNET, which now use AI image and audio data 29 
processing. These data are improving mapping of species distribution and range and 30 
monitoring of invasive species. New methods also enable identification of species from 31 
space (215,216) and can use higher-resolution image data to identify individuals, enabling 32 
measurement of the population size, which is a better indication of the health of a species 33 
than simply species occurrence (217). Advancements in identifying and tracking individual 34 
animals resulted from the recent development of globally unique animal IDs and a digital 35 
home for storing metadata and other information (218–220). Researchers are also using AI 36 
with image and other data processing to help identify new species (221). 37 

In addition to expanding data on species, AI can be used to build system models to 38 
generate credible counterfactuals (baselines) and scenarios for evaluation of conservation 39 
policy options, as can digital twin modeling, which is the process of creating a virtual 40 
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replica to simulate, analyze, and optimize its performance (222–224). Deep learning 1 
models can be used to look at existing land-use trends to predict future land-use change. 2 
AI can also be used to accelerate and automate data and literature review and analysis, 3 
which, if designed for a national nature assessment, could result in a living literature review 4 
approach with continual updating of core elements of the assessment (225,226). Finally, AI 5 
can help to incorporate research published in multiple languages and gray literature (227). 6 
To take advantage of the myriad opportunities in an ethical and responsible manner, future 7 
national-scale efforts could develop principles for ethical and responsible AI applications 8 
in nature assessment and also explore the reciprocal impacts of AI on nature via energy, 9 
land, and water use (228). As the first nation-scale report on nature in the US, the 10 
Assessment has the potential to inform conservation, natural resource, and development 11 
decisions at a variety of scales (Box 3.1) and to lay the groundwork for future nature 12 
assessments. Addressing the complex environmental and societal challenges laid out in 13 
this Assessment requires that a broad range of public and private actors interface at global 14 
to local levels. Multilevel governance that encourages knowledge sharing and promotes 15 
collaboration can help to facilitate learning and adaptation in complex social–ecological 16 
systems (229). The way in which The Nature Record navigated changes in the Federal 17 
Government to evolve from a government-led to a private-led influential scientific 18 
assessment suggests an opportunity for future assessments to explore polycentric 19 
governance as a way of coping with change. Co-management of future national nature 20 
assessments among diverse actors would help to distribute rights and responsibilities, 21 
foster competition and collaboration, and encourage learning and experimentation (230). 22 
Approaches to nature assessment that are in themselves resilient to societal change may 23 
be better equipped to inform long-term management of complex social–ecological 24 
systems and to realize nature’s benefits at multiple scales (231).  25 



Review Draft The Nature Record Ch. 3: Frameworks 

Do not cite, quote, or distribute. 3-31 

References 1 

1. Mace GM. Whose conservation? Science. 2014 Sep 26;345(6204):1558–60. 2 
https://doi.org/10.1126/science.1254704 3 

2. Pascual U, Balvanera P, Anderson CB, Chaplin-Kramer R, Christie M, González-Jiménez 4 
D, et al. Diverse values of nature for sustainability. Nature. 2023 Aug 5 
24;620(7975):813–23. https://doi.org/10.1038/s41586-023-06406-9 6 

3. Reyers B, Bennett EM. Whose conservation, revisited: how a focus on people-nature 7 
relationships spotlights new directions for conservation science. Philos Trans R Soc 8 
Lond B Biol Sci. 2025 Jan 9;380(1917):20230320. 9 
https://doi.org/10.1098/rstb.2023.0320 10 

4. US FWS. Species Status Assessment | U.S. Fish & Wildlife Service [Internet]. 2016 [2025 11 
Oct 20]. https://www.fws.gov/project/species-status-assessment 12 

5. N.C. Wetland Functional Assessment Team. N.C. Wetland Assessment Method (NC 13 
WAM) User Manual.v5. North Carolina Department of Environmental Quality; 2016.  14 

6. TNFD. The Taskforce on Nature-related Financial Disclosures [Internet]. 2025 [2025 Oct 15 
20]. https://tnfd.global/ 16 

7. Langhammer PF, Bull JW, Bicknell JE, Oakley JL, Brown MH, Bruford MW, et al. The 17 
positive impact of conservation action. Science. 2024 Apr 26;384(6694):453–8. 18 
https://doi.org/10.1126/science.adj6598 19 

8. MINEPDED. National biodiversity and ecosystem services assessment: Summary for 20 
policy makers. Knowledge support for policy and decision-making processes on the 21 
contribution of biodiversity and ecosystem services to economic growth and human 22 
well-being. [Internet]. 2022 [2025 Nov 1]. https://cm.chm-23 
cbd.net/sites/cm/files/2024-04/NBESA-final-En.pdf 24 

9. UK National Ecosystem Assessment. The UK National Ecosystem Assessment: 25 
Synthesis of the Key Findings. Cambridge, UK: UNEP-WCMC; 2011.  26 

10. National Ecosystem Accounts, experimental estimates, 2020-21 financial year | 27 
Australian Bureau of Statistics [Internet]. 2025 [2025 Oct 20]. 28 
https://www.abs.gov.au/statistics/environment/environmental-accounts/national-29 
ecosystem-accounts-experimental-estimates/latest-release 30 

11. IPBES. Summary for policymakers of the global assessment report on biodiversity and 31 
ecosystem services [Internet]. Zenodo; 2019 Nov [2025 Sep 15]. 32 
https://doi.org/10.5281/zenodo.3553579 33 

12. UN. The Second World Ocean Assessment. New York: United Nations; 2021.  34 

https://doi.org/10.1126/science.1254704
https://doi.org/10.1038/s41586-023-06406-9
https://doi.org/10.1098/rstb.2023.0320
https://www.fws.gov/project/species-status-assessment
https://tnfd.global/
https://doi.org/10.1126/science.adj6598
https://cm.chm-cbd.net/sites/cm/files/2024-04/NBESA-final-En.pdf
https://cm.chm-cbd.net/sites/cm/files/2024-04/NBESA-final-En.pdf
https://www.abs.gov.au/statistics/environment/environmental-accounts/national-ecosystem-accounts-experimental-estimates/latest-release
https://www.abs.gov.au/statistics/environment/environmental-accounts/national-ecosystem-accounts-experimental-estimates/latest-release
https://doi.org/10.5281/zenodo.3553579


Review Draft The Nature Record Ch. 3: Frameworks 

Do not cite, quote, or distribute. 3-32 

13. Pellow DN. Toward a Critical Environmental Justice Studies: Black Lives Matter as an 1 
Environmental Justice Challenge. Bois Rev Soc Sci Res Race. 2016 Oct;13(2):221–36. 2 
https://doi.org/10.1017/S1742058X1600014X 3 

14. Díaz S, Pascual U, Stenseke M, Martín-López B, Watson RT, Molnár Z, et al. Assessing 4 
nature’s contributions to people. Science. 2018 Jan 19;359(6373):270–2. 5 
https://doi.org/10.1126/science.aap8826 6 

15. Kojola E, Pellow DN. New directions in environmental justice studies: examining the 7 
state and violence. Environ Polit. 2021 Feb 23;30(1–2):100–18. 8 
https://doi.org/10.1080/09644016.2020.1836898 9 

16. Schlosberg D. Theorising environmental justice: the expanding sphere of a discourse. 10 
Environ Polit. 2013 Feb;22(1):37–55. https://doi.org/10.1080/09644016.2013.755387 11 

17. Marino EK, Maxwell K, Eisenhauer E, Zycherman A, Fussell E, Hendricks MD, et al. 12 
Chapter 20 : Social Systems and Justice. Fifth National Climate Assessment 13 
[Internet]. Crimmins AR, Avery CW, Easterling DR, Kunkel KE, Stewart BC, Maycock TK, 14 
editors. U.S. Global Change Research Program; 2023 [2026 Jan 28]. 15 
https://doi.org/10.7930/NCA5.2023.CH20 16 

18. Hill R, Díaz S, Pascual U, Stenseke M, Molnár Z, Van Velden J. Nature’s contributions to 17 
people: Weaving plural perspectives. One Earth. 2021 Jul;4(7):910–5. 18 
https://doi.org/10.1016/j.oneear.2021.06.009 19 

19. Comberti C, Thornton TF, Wyllie de Echeverria V, Patterson T. Ecosystem services or 20 
services to ecosystems? Valuing cultivation and reciprocal relationships between 21 
humans and ecosystems. Glob Environ Change. 2015 Sep 1;34:247–62. 22 
https://doi.org/10.1016/j.gloenvcha.2015.07.007 23 

20. Ojeda J, Salomon AK, Rowe JK, Ban NC. Reciprocal Contributions between People and 24 
Nature: A Conceptual Intervention. BioScience. 2022 Sep 30;72(10):952–62. 25 
https://doi.org/10.1093/biosci/biac053 26 

21. Bullard RD, Mohai P, Saha R, Wright B. Toxic Wastes and Race At Twenty: 1987-2007 27 
[Internet]. Cleveland, Ohio: United Church of Christ; 2007. https://www.ucc.org/wp-28 
content/uploads/2021/03/toxic-wastes-and-race-at-twenty-1987-2007.pdf 29 

22. Klompmaker JO, Hart JE, Bailey CR, Browning MHEM, Casey JA, Hanley JR, et al. 30 
Racial, Ethnic, and Socioeconomic Disparities in Multiple Measures of Blue and Green 31 
Spaces in the United States. Environ Health Perspect. 2023 Jan;131(1):017007. 32 
https://doi.org/10.1289/EHP11164 33 

23. National Environmental Justice Advisory Council. Fish consumption and 34 
environmental justice: A report developed from the National Environmental Justice 35 
Advisory Council Meeting of Dec 3-6, 2001 [Internet]. Seattle, WA; 2002 p. 185. 36 

https://doi.org/10.1017/S1742058X1600014X
https://doi.org/10.1126/science.aap8826
https://doi.org/10.1080/09644016.2020.1836898
https://doi.org/10.1080/09644016.2013.755387
https://doi.org/10.7930/NCA5.2023.CH20
https://doi.org/10.1016/j.oneear.2021.06.009
https://doi.org/10.1016/j.gloenvcha.2015.07.007
https://doi.org/10.1093/biosci/biac053
https://www.ucc.org/wp-content/uploads/2021/03/toxic-wastes-and-race-at-twenty-1987-2007.pdf
https://www.ucc.org/wp-content/uploads/2021/03/toxic-wastes-and-race-at-twenty-1987-2007.pdf
https://doi.org/10.1289/EHP11164


Review Draft The Nature Record Ch. 3: Frameworks 

Do not cite, quote, or distribute. 3-33 

https://www.epa.gov/sites/default/files/2015-02/documents/fish-consump-1 
report_1102.pdf 2 

24. Sze J. Race and power: An introduction to environmental justice energy activism. In: 3 
Power, Justice, and the Environment. Cambridge, MA: The MIT Press; 2005. p. 102–15.  4 

25. US GAO. Siting of hazardous waste landfills and their correlation with racial and 5 
economic status of surrounding communities [Internet]. Washington D.C.: US General 6 
Accounting Office.; 1983. Report No.: GAO/RCED-83-168. 7 
https://www.gao.gov/assets/rced-83-168.pdf 8 

26. Blumm MC, Wood MC. No Ordinary Lawsuit: Climate Change, Due Process, and the 9 
Public Trust Doctrine. Am Univ Law Rev. 2017 2018;67(1):1–88.  10 

27. Treves A, Santiago-Ávila FJ, Lynn WS. Just preservation. Biol Conserv. 2019 Jan 11 
1;229:134–41. https://doi.org/10.1016/j.biocon.2018.11.018 12 

28. Zimm C, Mintz-Woo K, Brutschin E, Hanger-Kopp S, Hoffmann R, Kikstra JS, et al. 13 
Justice considerations in climate research. Nat Clim Change. 2024 Jan 1;14(1):22–30. 14 
https://doi.org/10.1038/s41558-023-01869-0 15 

29. Taylor DE. Racial and Ethnic Differences in Connectedness to Nature and Landscape 16 
Preferences Among College Students. Environ Justice. 2018 Jun 1;11(3):118–36. 17 
https://doi.org/10.1089/env.2017.0040 18 

30. Whyte KP. The recognition dimensions of environmental justice in Indian Country. 19 
Environ Justice. 2011;4(4):199–205. https://dx.doi.org/10.2139/ssrn.1855591 20 

31. IPBES. Summary for policymakers of the methodological assessment of the diverse 21 
values and valuation of nature of the Intergovernmental Science-Policy Platform on 22 
Biodiversity and Ecosystem Services (IPBES) [Internet]. Bonn: Zenodo; 2022 Jul [2022 23 
Oct 1] p. 37. https://doi.org/10.5281/zenodo.6813144 24 

32. Bartlett C, Marshall M, Marshall A. Two-Eyed Seeing and other lessons learned within 25 
a co-learning journey of bringing together indigenous and mainstream knowledges 26 
and ways of knowing. J Environ Stud Sci. 2012 Nov;2(4):331–40. 27 
https://doi.org/10.1007/s13412-012-0086-8 28 

33. Basic call to consciousness. [Rev. ed.]. Summertown, Tenn.: Native Voices; 2005.  29 

34. Hatcher A, Bartlett C, Marshall M, Marshall A. Two-Eyed Seeing: Integrative Science. 30 
Green Teacher [Internet]. 2009 Fall [2025 Nov 1];(86). 31 
http://www.integrativescience.ca/uploads/articles/Green-Teacher-2009-Two-Eyed-32 
Seeing-Integrative-Science(cross-cultural-science-journey).pdf 33 

https://www.epa.gov/sites/default/files/2015-02/documents/fish-consump-report_1102.pdf
https://www.epa.gov/sites/default/files/2015-02/documents/fish-consump-report_1102.pdf
https://www.gao.gov/assets/rced-83-168.pdf
https://doi.org/10.1016/j.biocon.2018.11.018
https://doi.org/10.1038/s41558-023-01869-0
https://doi.org/10.1089/env.2017.0040
https://dx.doi.org/10.2139/ssrn.1855591
https://doi.org/10.5281/zenodo.6813144
https://doi.org/10.1007/s13412-012-0086-8
http://www.integrativescience.ca/uploads/articles/Green-Teacher-2009-Two-Eyed-Seeing-Integrative-Science(cross-cultural-science-journey).pdf
http://www.integrativescience.ca/uploads/articles/Green-Teacher-2009-Two-Eyed-Seeing-Integrative-Science(cross-cultural-science-journey).pdf


Review Draft The Nature Record Ch. 3: Frameworks 

Do not cite, quote, or distribute. 3-34 

35. IPBES. Methodological Assessment Report on the Diverse Values and Valuation of 1 
Nature of the Intergovernmental Science-Policy Platform on Biodiversity and 2 
Ecosystem Services [Internet]. Bonn, Germany: IPBES secretariat; 2022. 3 
https://doi.org/10.5281/zenodo.6522522 4 

36. Kawagley. Incorporation of the World Views of Indigenous Cultures: A Dilemma In the 5 
Practice and Teaching of Western Science. In Minneapolis, MN; 1995.  6 

37. Moon K, Pérez‐Hämmerle K. Inclusivity via ontological accountability. Conserv Lett. 7 
2022 Sep;15(5):e12888. https://doi.org/10.1111/conl.12888 8 

38. Whyte K. The Dakota Access Pipeline, Environmental Injustice, and U.S. Colonialism 9 
[Internet]. Rochester, NY: Social Science Research Network; 2017 Feb [2018 Aug 21]. 10 
Report No.: ID 2925513. https://papers.ssrn.com/abstract=2925513 11 

39. IPBES. Methodological assessment of the diverse values and valuation of nature of the 12 
Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services 13 
[Internet]. Bonn, Germany: IPBES secretariat; 2022 Apr [2022 Oct 24]. 14 
https://zenodo.org/record/6522523 15 

40. Almassi B. Reparative Environmental Justice in a World of Wounds. Place of 16 
publication not identified: Lexington Books; 2020. 1 p. 17 
https://doi.org/10.5040/9781978729872 18 

41. IPBES. IPBES. [2025 Oct 31]. IPBES Glossary. https://www.ipbes.net/glossary 19 

42. First National People of Color Environmental Leadership Summit. Principles of 20 
Environmental Justice [Internet]. 1991. http://www.ejrc.cau.edu/princej.html 21 

43. UN. Rio Declaration on Environment and Development. 1992. Report No.: UN Doc. 22 
A/CONF.151/26.  23 

44. David-Chavez DM, Gavin MC. A global assessment of Indigenous community 24 
engagement in climate research. Environ Res Lett. 2018 Dec;13(12):123005. 25 
https://doi.org/10.1088/1748-9326/aaf300 26 

45. IAP2 International Federation. IAP2 Spectrum of Public Participation [Internet]. 2018. 27 
https://cdn.ymaws.com/www.iap2.org/resource/resmgr/pillars/Spectrum_8.5x11_Pri28 
nt.pdf 29 

46. Norström AV, Cvitanovic C, Löf MF, West S, Wyborn C, Balvanera P, et al. Principles for 30 
knowledge co-production in sustainability research. Nat Sustain. 2020 Mar;3(3):182–31 
90. https://doi.org/10.1038/s41893-019-0448-2 32 

47. Ruano-Chamorro C, Gurney GG, Cinner JE. Advancing procedural justice in 33 
conservation. Conserv Lett. 2022;15(3):e12861. https://doi.org/10.1111/conl.12861 34 

https://doi.org/10.5281/zenodo.6522522
https://doi.org/10.1111/conl.12888
https://papers.ssrn.com/abstract=2925513
https://zenodo.org/record/6522523
https://doi.org/10.5040/9781978729872
https://www.ipbes.net/glossary
http://www.ejrc.cau.edu/princej.html
A/CONF.151/26
https://doi.org/10.1088/1748-9326/aaf300
https://cdn.ymaws.com/www.iap2.org/resource/resmgr/pillars/Spectrum_8.5x11_Print.pdf
https://cdn.ymaws.com/www.iap2.org/resource/resmgr/pillars/Spectrum_8.5x11_Print.pdf
https://doi.org/10.1038/s41893-019-0448-2
https://doi.org/10.1111/conl.12861


Review Draft The Nature Record Ch. 3: Frameworks 

Do not cite, quote, or distribute. 3-35 

48. Shirk JL, Ballard HL, Wilderman CC, Phillips T, Wiggins A, Jordan R, et al. Public 1 
Participation in Scientific Research: a Framework for Deliberate Design. Ecol Soc 2 
[Internet]. 2012;17(2). https://doi.org/10.5751/ES-04705-170229 3 

49. Powell MC, Colin M. Meaningful Citizen Engagement in Science and Technology: What 4 
Would it Really Take? Sci Commun. 2008 Sep 1;30(1):126–36. 5 
https://doi.org/10.1177/1075547008320520 6 

50. Blanco-Wells G. Ecologies of Repair: A Post-human Approach to Other-Than-Human 7 
Natures. Front Psychol. 2021 Apr 8;12:633737. 8 
https://doi.org/10.3389/fpsyg.2021.633737 9 

51. Calderón-Argelich A, Benetti S, Anguelovski I, Connolly JJT, Langemeyer J, Baró F. 10 
Tracing and building up environmental justice considerations in the urban ecosystem 11 
service literature: A systematic review. Landsc Urban Plan. 2021 Oct;214:104130. 12 
https://doi.org/10.1016/j.landurbplan.2021.104130 13 

52. Barra MP, Jessee N. Restoration as Transformative Reparative Practice: Traditional 14 
Knowledges, Indigenous and Black Land Stewardship, and Solidarity. Environ Soc. 15 
2024 Sep 1;15(1):212–33. https://doi.org/10.3167/ares.2024.150111 16 

53. Walker MU. Restorative Justice and Reparations. J Soc Philos. 2006;37(3):377–95. 17 
https://doi.org/10.1111/j.1467-9833.2006.00343.x 18 

54. Brooks TM, Akçakaya HR, Burgess ND, Butchart SHM, Hilton-Taylor C, Hoffmann M, et 19 
al. Analysing biodiversity and conservation knowledge products to support regional 20 
environmental assessments. Sci Data. 2016 Feb 16;3(1):160007. 21 
https://doi.org/10.1038/sdata.2016.7 22 

55. Tengö M, Hill R, Malmer P, Raymond CM, Spierenburg M, Danielsen F, et al. Weaving 23 
knowledge systems in IPBES, CBD and beyond—lessons learned for sustainability. 24 
Curr Opin Environ Sustain. 2017 Jun 1;26–27:17–25. 25 
https://doi.org/10.1016/j.cosust.2016.12.005 26 

56. Wiegleb V, Bruns A. Working the boundary: science–policy interactions and uneven 27 
knowledge politics in IPBES. Sustain Sci. 2023 May 1;18(3):1069–84. 28 
https://doi.org/10.1007/s11625-022-01238-4 29 

57. Suter G, Nichols J, Lavoie E, Cormier S. Systematic Review and Weight of Evidence Are 30 
Integral to Ecological and Human Health Assessments: They Need an Integrated 31 
Framework. Integr Environ Assess Manag. 2020;16(5):718–28. 32 
https://doi.org/10.1002/ieam.4271 33 

58. Millenium Ecosystem Assessment. Ecosystems and Human Well-Being: Our Human 34 
Planet [Internet]. Island Press; 2005 [2022 Mar 1]. 35 
https://islandpress.org/books/ecosystems-and-human-well-being-our-human-planet 36 

https://doi.org/10.5751/ES-04705-170229
https://doi.org/10.1177/1075547008320520
https://doi.org/10.3389/fpsyg.2021.633737
https://doi.org/10.1016/j.landurbplan.2021.104130
https://doi.org/10.3167/ares.2024.150111
https://doi.org/10.1111/j.1467-9833.2006.00343.x
https://doi.org/10.1038/sdata.2016.7
https://doi.org/10.1016/j.cosust.2016.12.005
https://doi.org/10.1007/s11625-022-01238-4
https://doi.org/10.1002/ieam.4271
https://islandpress.org/books/ecosystems-and-human-well-being-our-human-planet


Review Draft The Nature Record Ch. 3: Frameworks 

Do not cite, quote, or distribute. 3-36 

59. USGCRP. Fifth National Climate Assessment [Internet]. Crimmins AR, Avery CW, 1 
Easterling DR, Kunkel KE, Maycock TK, editors. Fifth National Climate Assessment. 2 
Washington, DC: U.S. Global Change Research Program; 2023 [2024 Apr 29]. 3 
https://doi.org/10.7930/NCA5.2023 4 

60. USDA Forest Service. Resources Planning Act Assessment. 2022 Feb 11 [2024 Nov 5 
20]; https://doi.org/10.2737/WO-GTR-102 6 

61. IPBES. Global assessment report on biodiversity and ecosystem services of the 7 
Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services 8 
[Internet]. Brondizio ES, Settele J, Díaz S, Ngo HT, editors. Bonn, Germany: Secretariat 9 
of the Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem 10 
Services; 2019 [2024 May 18]. https://doi.org/10.5281/zenodo.6417333 11 

62. Berkes F. Sacred Ecology. 3rd ed. New York: Routledge; 2012. 392 p. 12 
https://doi.org/10.4324/9780203123843 13 

63. Gadgil, M., Berkes, F., Folke, C. Indigenous Knowledge for Biodiversity Conservation. 14 
AMBIO J Hum Environ [Internet]. 1993 Jan 1 [2025 Sep 15];(22:(2)). 15 
https://www.researchgate.net/publication/240046204_Indigenous_Knowledge_for_Bi16 
odiversity_Conservation 17 

64. Kimmerer RW. Braiding Sweetgrass: Indigenous Wisdom, Scientific Knowledge and 18 
the Teachings of Plants. New York: Milkweed Editions; 2013. 408 p.  19 

65. McGregor D. Coming Full Circle: Indigenous Knowledge, Environment, and Our Future. 20 
Am Indian Q. 2004;28(3/4):385–410.  21 

66. Whyte KP. On the role of traditional ecological knowledge as a collaborative concept: a 22 
philosophical study. Ecol Process. 2013 Apr 5;2(1):7. https://doi.org/10.1186/2192-23 
1709-2-7 24 

67. Nakashima D, Galloway McLean K, Thulstrup H, Ramos Castillo A, Rubis J. Weathering 25 
uncertainty: traditional knowledge for climate change assessment and adaptation 26 
[Internet]. Paris, UNESCO, and Darwin, UNU; 2012 [2025 Sep 15]. 120 p. 27 
https://unesdoc.unesco.org/ark:/48223/pf0000216613 28 

68. Status of Tribes and Climate Change Working Group (STACCWG). Status of Tribes and 29 
Climate Change Report [Internet]. Flagstaff, AZ: Institute for Tribal Environmental 30 
Professionals, Northern Arizona University; 2021. http://nau.edu/stacc2021 31 

69. McElwee P, Fernández-Llamazares Á, Aumeeruddy-Thomas Y, Babai D, Bates P, Galvin 32 
K, et al. Working with Indigenous and local knowledge (ILK) in large-scale ecological 33 
assessments: Reviewing the experience of the IPBES Global Assessment. J Appl Ecol. 34 
2020;57(9):1666–76. https://doi.org/10.1111/1365-2664.13705 35 

https://doi.org/10.7930/NCA5.2023
https://doi.org/10.2737/WO-GTR-102
https://doi.org/10.5281/zenodo.6417333
https://doi.org/10.4324/9780203123843
https://www.researchgate.net/publication/240046204_Indigenous_Knowledge_for_Biodiversity_Conservation
https://www.researchgate.net/publication/240046204_Indigenous_Knowledge_for_Biodiversity_Conservation
https://doi.org/10.1186/2192-1709-2-7
https://doi.org/10.1186/2192-1709-2-7
https://unesdoc.unesco.org/ark:/48223/pf0000216613
http://nau.edu/stacc2021
https://doi.org/10.1111/1365-2664.13705


Review Draft The Nature Record Ch. 3: Frameworks 

Do not cite, quote, or distribute. 3-37 

70. Carroll C, Noss RF, Dreiss LM, Hamilton H, Stein BA. Four challenges to an effective 1 
national nature assessment. Conserv Biol. 2023;37(5):e14075. 2 
https://doi.org/10.1111/cobi.14075 3 

71. Bennett HH. Soil Erosion--A National Menace. Sci Mon. 1934;39(5):385–404.  4 

72. Bennett HH, Chapline WR. Soil erosion a national menace. U S Gov Print Off. 5 
1928;(33).  6 

73. Soil Conservation and Domestic Allotment Act [Internet]. U.S.C. 1936. 7 
https://nationalaglawcenter.org/wp-8 
content/uploads/assets/farmbills/soilconserv1936.pdf 9 

74. Leopold A. A Sand County almanac, and sketches here and there. New York, NY, USA: 10 
Oxford University Press; 1949.  11 

75. SWCS. Soil and Water Conservation: A Celebration of 75 Years [Internet]. 2020 [2025 12 
Jan 29]. https://www.swcs.orghttps://www.swcs.org/resources/publications/soil-and-13 
water-conservation-a-celebration-of-75-years 14 

76. U.S. Department of Agriculture. Agriculture and the yearbook of agriculture, 1849-15 
1957. [Internet]. Washington; 1957 [2025 Jan 29]. 64 p. 16 
https://catalog.hathitrust.org/Record/009071373 17 

77. Schnepf M. A History of Natural Resource Inventories Conducted by the USDA’s Soil 18 
Conservation Service and Natural Resources Conservation Service: A Special Report 19 
by the Soil and Water Conservation Society [Internet]. Soil and Water Conservation 20 
Society; 2008. https://books.google.com/books?id=ixrPzgEACAAJ 21 

78. Carson R. Silent Spring [Internet]. Boston, MA, USA: Houghton Mifflin Company; 1962 22 
[2025 Jan 29]. https://www.rachelcarson.org/silent-spring 23 

79. Hardin G. The Tragedy of the Commons. Science. 1968;162(3859):1243–8.  24 

80. Wilderness Act. 1964.  25 

81. Water Pollution Control Act. PL. 89-234 1965.  26 

82. NPS. Law and Policy - Wilderness (U.S. National Park Service) [Internet]. 2024 [2025 27 
Jan 29]. https://www.nps.gov/subjects/wilderness/law-and-policy.htm 28 

83. UN. Stockholm Declaration and Action Plan for the Human Environment. 1972.  29 

84. WCRP. WCRP History [Internet]. 1980 [2025 Jan 29]. https://www.wcrp-30 
climate.org/about-wcrp/about-history 31 

https://doi.org/10.1111/cobi.14075
https://nationalaglawcenter.org/wp-content/uploads/assets/farmbills/soilconserv1936.pdf
https://nationalaglawcenter.org/wp-content/uploads/assets/farmbills/soilconserv1936.pdf
https://www.swcs.orghttps/www.swcs.org/resources/publications/soil-and-water-conservation-a-celebration-of-75-years
https://www.swcs.orghttps/www.swcs.org/resources/publications/soil-and-water-conservation-a-celebration-of-75-years
https://catalog.hathitrust.org/Record/009071373
https://books.google.com/books?id=ixrPzgEACAAJ
https://www.rachelcarson.org/silent-spring
https://www.nps.gov/subjects/wilderness/law-and-policy.htm
https://www.wcrp-climate.org/about-wcrp/about-history
https://www.wcrp-climate.org/about-wcrp/about-history


Review Draft The Nature Record Ch. 3: Frameworks 

Do not cite, quote, or distribute. 3-38 

85. UNEP. About Montreal Protocol [Internet]. 1987 [2025 Jan 29]. 1 
https://www.unep.org/ozonaction/who-we-are/about-montreal-protocol 2 

86. IPCC. Report of the First Session of thе WMO/UNEP Intergovernmental Panel On 3 
Climate Change (IPCC). Geneva, Switzerland; 1989.  4 

87. Meadows DH, Meadows DL, Randers J, Behrens III WW. The Limits to Growth: A Report 5 
for the Club of Rome’s Project on the Predicament of Mankind. New York, NY: Universe 6 
Books; 1972.  7 

88. Clean Air Act. 1970.  8 

89. Clean Water Act. 1972.  9 

90. Endangered Species Act. 1973.  10 

91. NEPA. NEPA | National Environmental Policy Act - International Environmental Impact 11 
Assessment [Internet]. [2025 Sep 15]. https://ceq.doe.gov/get-12 
involved/international_impact_assessment.html 13 

92. Marine Mammal Protection Act. PL. 92-522 1972.  14 

93. Magnuson–Stevens Fishery Conservation and Management Act. P.L. 94–265, 90 Stat. 15 
331 1976.  16 

94. NOAA. National Acid Precipitation Assessment Program Report to Congress: An 17 
Integrated Assessment [Internet]. 2005 Aug [2025 Sep 15] p. DOE/ER/62639-1, 18 
876498. Report No.: DOE/ER/62639-1, 876498. https://doi.org/10.2172/876498 19 

95. UN. United Nations Framework Convention on Climate Change. 1992;  20 

96. UN. United Nations Convention to Combat Desertification. 1992.  21 

97. UN. Convention on Biological Diversity. 1992.  22 

98. IPCC. History — IPCC [Internet]. [2025 Jan 29]. https://www.ipcc.ch/about/history/ 23 

99. Colwell RR, Heinz T, Barer S, Blinken M, Boehlert S, Byers AM, et al. State of the 24 
Nations Ecosystems. The Heinz Center Board of Trustees; 2008.  25 

100. Sen. Hollings EF [D S. Global Change Research Act of 1990 [Internet]. Sect. S. 169, P.L. 26 
101-606 Nov 16, 1990. https://www.congress.gov/bill/101st-congress/senate-bill/169 27 

101. Sen. Hollings EF [D S. S.169 - 101st Congress (1989-1990): Global Change Research 28 
Act of 1990 [Internet]. 1990 [2025 Oct 31]. https://www.congress.gov/bill/101st-29 
congress/senate-bill/169 30 

https://www.unep.org/ozonaction/who-we-are/about-montreal-protocol
https://ceq.doe.gov/get-involved/international_impact_assessment.html
https://ceq.doe.gov/get-involved/international_impact_assessment.html
https://doi.org/10.2172/876498
https://www.ipcc.ch/about/history
https://www.congress.gov/bill/101st-congress/senate-bill/169
https://www.congress.gov/bill/101st-congress/senate-bill/169
https://www.congress.gov/bill/101st-congress/senate-bill/169


Review Draft The Nature Record Ch. 3: Frameworks 

Do not cite, quote, or distribute. 3-39 

102. USGCRP. Fifth National Climate Assessment. Washington, DC, USA: U.S. Global 1 
Change Research Program; 2023. https://doi.org/10.7930/NCA5.2023 2 

103. Teaming with Life: Investing in Science to Understand and Use America’s Living 3 
Capital - Rice University Digital Collections [Internet]. [2026 Jan 16]. 4 
https://digitalcollections.rice.edu/Documents/Detail/teaming-with-life-investing-in-5 
science-to-understand-and-use-americas-living-capital/266545 6 

104. Energy Policy Act. PL. 109-58 2005.  7 

105. CEAP. Conservation Effects Assessment Project (CEAP) | Natural Resources 8 
Conservation Service [Internet]. 2024 [2025 Sep 15]. https://www.nrcs.usda.gov/ceap 9 

106. Harvey CJ, Fluharty DL, Fogarty MJ, Levin PS, Murawski SA, Schwing FB, et al. The 10 
Origin of NOAA’s Integrated Ecosystem Assessment Program: A Retrospective and 11 
Prospective. Coast Manag. 2021 Jan 2;49(1):9–25. 12 
https://doi.org/10.1080/08920753.2021.1846110 13 

107. UN Environment Programme. Report of the third ad hoc intergovernmental and multi-14 
stakeholder meeting on an intergovernmental science-policy platform on biodiversity 15 
and ecosystem services. 2010.  16 

108. Griscom BW, Adams J, Ellis PW, Houghton RA, Lomax G, Miteva DA, et al. Natural 17 
climate solutions. Proc Natl Acad Sci. 2017 Oct 31;114(44):11645–50. 18 
https://doi.org/10.1073/pnas.1710465114 19 

109. Pörtner HO, Scholes RJ, Agard J, Archer E, Arneth A, Bai X, et al. Scientific outcome of 20 
the IPBES-IPCC co-sponsored workshop on biodiversity and climate change 21 
[Internet]. Zenodo; 2021 Jun [2024 Dec 18]. https://doi.org/10.5281/zenodo.5101125 22 

110. Conrad-Rooney E, Avery C, Bowser G, Crimmins A, Grade A, McElwee P, et al. Analysis 23 
of nature-related themes and terminology in U.S. climate assessments. Clim Change. 24 
2025 Apr 15;178(4):86. https://doi.org/10.1007/s10584-025-03899-3 25 

111. European Commission, United Nations Organisation, Food and Agriculture 26 
Organization, International Monetary Fund, Organisation for Economic Co-operation 27 
and Development, World Bank, editors. System of environmental-economic 28 
accounting 2012: central framework [Internet]. New York: UNO; 2014. 1 p. 29 
https://seea.un.org/sites/seea.un.org/files/seea_cf_final_en.pdf 30 

112. United Nations. System of Environmental-Economic Accounting. New York: United 31 
Nations; 2024. 1 p.  32 

113. Global Forest Watch. Forest Monitoring, Land Use & Deforestation Trends | Global 33 
Forest Watch [Internet]. [2025 Oct 28]. https://www.globalforestwatch.org/ 34 

https://doi.org/10.7930/NCA5.2023
https://digitalcollections.rice.edu/Documents/Detail/teaming-with-life-investing-in-science-to-understand-and-use-americas-living-capital/266545
https://digitalcollections.rice.edu/Documents/Detail/teaming-with-life-investing-in-science-to-understand-and-use-americas-living-capital/266545
https://www.nrcs.usda.gov/ceap
https://doi.org/10.1080/08920753.2021.1846110
https://doi.org/10.1073/pnas.1710465114
https://doi.org/10.5281/zenodo.5101125
https://doi.org/10.1007/s10584-025-03899-3
https://seea.un.org/sites/seea.un.org/files/seea_cf_final_en.pdf
https://www.globalforestwatch.org/


Review Draft The Nature Record Ch. 3: Frameworks 

Do not cite, quote, or distribute. 3-40 

114. Taylor R, Davis C, Brandt J, Parker M, Stäuble T, Said Z. The rise of big data and 1 
supporting technologies in keeping watch on the world’s forests. Int For Rev. 2020 Jun 2 
1;22(1):129–41. https://doi.org/10.1505/146554820829523880 3 

115. BIA. BIA Tribal Climate Resilience Program | Adaptation Clearinghouse [Internet]. 2014 4 
[2025 Sep 15]. https://www.adaptationclearinghouse.org/resources/bia-tribal-5 
climate-resilience-program.html 6 

116. BIA. Bureau of Indian Affairs Tribal Climate Resilience Program 2021 Funding Awards 7 
Summary. 2021.  8 

117. White House. Justice40 Initiative | Environmental Justice [Internet]. The White House. 9 
2025 [2025 Sep 15]. 10 
https://bidenwhitehouse.archives.gov/environmentaljustice/justice40/ 11 

118. White House. Federal Register. 2021 [2025 Oct 28]. Tackling the Climate Crisis at 12 
Home and Abroad. https://www.federalregister.gov/documents/2021/02/01/2021-13 
02177/tackling-the-climate-crisis-at-home-and-abroad 14 

119. DOI. Memorandum of Understanding Regarding Interagency Coordination and 15 
Collaboration for the Protection of Indigenous Sacred Sites. 2021.  16 

120. White House. Executive Order on Strengthening the Nation’s Forests, Communities, 17 
and Local Economies [Internet]. 2022 [2025 Oct 28]. 18 
https://bidenwhitehouse.archives.gov/briefing-room/presidential-19 
actions/2022/04/22/executive-order-on-strengthening-the-nations-forests-20 
communities-and-local-economies/ 21 

121. White House. Ocean Justice Strategy [Internet]. Ocean Policy Committee; 2023. 22 
https://bidenwhitehouse.archives.gov/wp-content/uploads/2023/12/Ocean-Justice-23 
Strategy.pdf?cb=1701982354#:~:text=Ocean%20Economy.18-24 
,The%20Strategy%20is%20motivated%20by%20the%20recognition%20that%20many25 
%20communities,the%20benefits%20the%20ocean%20provides. 26 

122. White House. National Strategy to Develop Statistics for Environmental Economic 27 
Decisions: [Internet]. Office of Science and Technology Policy, Office of Management 28 
and Budget, Department of Commerce; 2023 Jan. 29 
https://bidenwhitehouse.archives.gov/wp-content/uploads/2023/01/Natural-Capital-30 
Accounting-Strategy-final.pdf 31 

123. White House. Building a Clean Energy Economy: a Guidebook to the Inflation 32 
Reduction Act’s Investments in Clean Energy and Climate Action. 2023.  33 

124. NSTC. National Ocean Biodiversity Strategy. 2024.  34 

https://doi.org/10.1505/146554820829523880
https://www.adaptationclearinghouse.org/resources/bia-tribal-climate-resilience-program.html
https://www.adaptationclearinghouse.org/resources/bia-tribal-climate-resilience-program.html
https://bidenwhitehouse.archives.gov/environmentaljustice/justice40
https://www.federalregister.gov/documents/2021/02/01/2021-02177/tackling-the-climate-crisis-at-home-and-abroad
https://www.federalregister.gov/documents/2021/02/01/2021-02177/tackling-the-climate-crisis-at-home-and-abroad
https://bidenwhitehouse.archives.gov/briefing-room/presidential-actions/2022/04/22/executive-order-on-strengthening-the-nations-forests-communities-and-local-economies
https://bidenwhitehouse.archives.gov/briefing-room/presidential-actions/2022/04/22/executive-order-on-strengthening-the-nations-forests-communities-and-local-economies
https://bidenwhitehouse.archives.gov/briefing-room/presidential-actions/2022/04/22/executive-order-on-strengthening-the-nations-forests-communities-and-local-economies
https://bidenwhitehouse.archives.gov/wp-content/uploads/2023/12/Ocean-Justice-Strategy.pdf?cb=1701982354#:~:text=Ocean%20Economy.18-,The%20Strategy%20is%20motivated%20by%20the%20recognition%20that%20many%20communities,the%20benefits%20the%20ocean%20provides
https://bidenwhitehouse.archives.gov/wp-content/uploads/2023/12/Ocean-Justice-Strategy.pdf?cb=1701982354#:~:text=Ocean%20Economy.18-,The%20Strategy%20is%20motivated%20by%20the%20recognition%20that%20many%20communities,the%20benefits%20the%20ocean%20provides
https://bidenwhitehouse.archives.gov/wp-content/uploads/2023/12/Ocean-Justice-Strategy.pdf?cb=1701982354#:~:text=Ocean%20Economy.18-,The%20Strategy%20is%20motivated%20by%20the%20recognition%20that%20many%20communities,the%20benefits%20the%20ocean%20provides
https://bidenwhitehouse.archives.gov/wp-content/uploads/2023/12/Ocean-Justice-Strategy.pdf?cb=1701982354#:~:text=Ocean%20Economy.18-,The%20Strategy%20is%20motivated%20by%20the%20recognition%20that%20many%20communities,the%20benefits%20the%20ocean%20provides
https://bidenwhitehouse.archives.gov/wp-content/uploads/2023/01/Natural-Capital-Accounting-Strategy-final.pdf
https://bidenwhitehouse.archives.gov/wp-content/uploads/2023/01/Natural-Capital-Accounting-Strategy-final.pdf


Review Draft The Nature Record Ch. 3: Frameworks 

Do not cite, quote, or distribute. 3-41 

125. The White House. National Security Strategy [Internet]. Washingtion D.C.; 2022. 1 
https://bidenwhitehouse.archives.gov/wp-content/uploads/2022/11/8-November-2 
Combined-PDF-for-Upload.pdf 3 

126. White House Council on Environmental Quality, White House Office of Science and 4 
Technology Policy, White House Office of Domestic Climate Policy. Opportunities to 5 
Accelerate Nature-Based Solutions: A Roadmap for Climate Progress, Thriving Nature, 6 
Equity, and Prosperity. Washington, DC: Report to the National Climate Task Force; 7 
2022.  8 

127. Office of Management and Budget. Circular No. A-4: Regulatory Analysis. White 9 
House; 2023.  10 

128. Office of Management and Budget (OMB). Circular No. A-94: Guidelines and Discount 11 
Rates for Benefit-Cost Analysis of Federal Programs [Internet]. Washingtion D.C.: The 12 
White House; 2023. Report No.: A-94. https://bidenwhitehouse.archives.gov/wp-13 
content/uploads/2023/11/CircularA-94.pdf 14 

129. Crimmins AR, Avery CW, Reidmiller DR, Grade AM. Innovations in the climate 15 
assessment development process. Clim Change. 2025 Oct 1;178(10):175. 16 
https://doi.org/10.1007/s10584-025-04023-1 17 

130. IPBES. IPBES Guide on the production of assessments. Bonn, Germany: Zenodo; 2018 18 
Dec.  19 

131. IPCC. Climate Change 2023: Synthesis Report [Internet]. Contribution of Working 20 
Groups I, II and III to the Sixth Assessment Report of the Intergovernmental Panel on 21 
Climate Change. Core Writing Team, Lee H, Romero J, editors. Geneva, Switzerland: 22 
IPCC; 2023. https://doi.org/10.59327/IPCC/AR6-9789291691647 23 

132. Gove JM, Lecky J, Walsh WJ, Ingram RJ, Leong K, Williams ID (Ivor D, et al. West Hawai’i 24 
Integrated Ecosystem Assessment Ecosystem Status Report. NOAA Pac Isl Fish Sci 25 
Cent [Internet]. 2019 [2025 Jan 28]; 26 
https://repository.library.noaa.gov/view/noaa/19771 27 

133. World Bank Group. The Changing Wealth of Nations: Revisiting the Measurement of 28 
Comprehensive Wealth. Washington, DC: International Bank for Reconstruction and 29 
Development / The World Bank; 2024.  30 

134. WWF. Living Planet Report 2024 – A System in Peril. Gland, Switzerland: WWF; 2024.  31 

135. Keith DA, Rodríguez JP, Brooks TM, Burgman MA, Barrow EG, Bland L, et al. The IUCN 32 
Red List of Ecosystems: Motivations, Challenges, and Applications. Conserv Lett. 33 
2015;8(3):214–26. https://doi.org/10.1111/conl.12167 34 

https://bidenwhitehouse.archives.gov/wp-content/uploads/2022/11/8-November-Combined-PDF-for-Upload.pdf
https://bidenwhitehouse.archives.gov/wp-content/uploads/2022/11/8-November-Combined-PDF-for-Upload.pdf
https://bidenwhitehouse.archives.gov/wp-content/uploads/2023/11/CircularA-94.pdf
https://bidenwhitehouse.archives.gov/wp-content/uploads/2023/11/CircularA-94.pdf
https://doi.org/10.1007/s10584-025-04023-1
https://doi.org/10.59327/IPCC/AR6-9789291691647
https://repository.library.noaa.gov/view/noaa/19771
https://doi.org/10.1111/conl.12167


Review Draft The Nature Record Ch. 3: Frameworks 

Do not cite, quote, or distribute. 3-42 

136. Leadley P, Gonzalez A, Obura D, Krug CB, Londoño-Murcia MC, Millette KL, et al. 1 
Achieving global biodiversity goals by 2050 requires urgent and integrated actions. 2 
One Earth. 2022 Jun 17;5(6):597–603. https://doi.org/10.1016/j.oneear.2022.05.009 3 

137. Harvey CJ, Clay PM, Selden R, Moore SK, Andrews KS, deReynier YL, et al. Embracing 4 
social-ecological system complexity to promote climate-ready fisheries. Rev Fish Biol 5 
Fish [Internet]. 2025 Jun [2025 Oct 28];35(2):633–58. https://doi.org/10.1007/s11160-6 
025-09926-x 7 

138. Pomara LY, Lee DC. The Role of Regional Ecological Assessment in Quantifying 8 
Ecosystem Services for Forest Management. Land. 2021 Jul;10(7):725. 9 
https://doi.org/10.3390/land10070725 10 

139. IUCN. IUCN Red List of Ecosystems [Internet]. [2026 Jan 28]. 11 
https://iucn.org/resources/conservation-tool/iucn-red-list-ecosystems 12 

140. Living Planet Index. Living Planet Index [Internet]. [2026 Jan 28]. 13 
https://www.livingplanetindex.org/ 14 

141. Phillips H, Palma AD, Gonzalez RE, Contu S, Hill SLL, Baselga A, et al. The Biodiversity 15 
Intactness Index. 2021 Oct 4 [2026 Jan 28]; https://doi.org/10.5519/he1eqmg1 16 

142. Re:wild, Synchronicity Earth, IUCN SSC Amphibian Specialist Group. State of the 17 
World’s Amphibians: The Second Global Amphibian Assessment. Texas, USA; 2023.  18 

143. Levin PS, Fogarty MJ, Murawski SA, Fluharty D. Integrated Ecosystem Assessments: 19 
Developing the Scientific Basis for Ecosystem-Based Management of the Ocean. 20 
PLOS Biol. 2009 Jan 20;7(1):e1000014. https://doi.org/10.1371/journal.pbio.1000014 21 

144. Spooner E, Karnauskas M, Harvey CJ, Kelble C, Rosellon-Druker J, Kasperski S, et al. 22 
Using Integrated Ecosystem Assessments to Build Resilient Ecosystems, 23 
Communities, and Economies. Coast Manag [Internet]. 2021 Jan 2 [2024 Nov 20]; 24 
https://www.tandfonline.com/doi/abs/10.1080/08920753.2021.1846152 25 

145. Convention on Biological Diversity. Kunming-Montreal Global Biodiversity Framework 26 
[Internet]. 2022 Dec. Report No.: CBD/COP/DEC/15/4. 27 
https://www.cbd.int/doc/decisions/cop-15/cop-15-dec-04-en.pdf 28 

146. IPBES. Summary for policymakers of the global assessment report on biodiversity and 29 
ecosystem services of the Intergovernmental Science-Policy Platform on Biodiversity 30 
and Ecosystem Services. IPBES secretariat, Bonn, Germany; 2019.  31 

147. United Nations Environment Programme. Making Peace with Nature: A scientific 32 
blueprint to tackle the climate, biodiversity and pollution emergencies [Internet]. 33 
Nairobi; 2021. https://www.unep.org/resources/making-peace-nature 34 

https://doi.org/10.1016/j.oneear.2022.05.009
https://doi.org/10.1007/s11160-025-09926-x
https://doi.org/10.1007/s11160-025-09926-x
https://doi.org/10.3390/land10070725
https://iucn.org/resources/conservation-tool/iucn-red-list-ecosystems
https://www.livingplanetindex.org/
https://doi.org/10.5519/he1eqmg1
https://doi.org/10.1371/journal.pbio.1000014
https://www.tandfonline.com/doi/abs/10.1080/08920753.2021.1846152
https://www.cbd.int/doc/decisions/cop-15/cop-15-dec-04-en.pdf
https://www.unep.org/resources/making-peace-nature


Review Draft The Nature Record Ch. 3: Frameworks 

Do not cite, quote, or distribute. 3-43 

148. UN Environment Programme. Inclusive Wealth Report 2023: Measuring Sustainability 1 
and Equity. Nairobi: United Nations Environment Programme; 2023.  2 

149. Basile S, Crimmins A, Lipschultz F, Kunkel KE, Marvel K, Terando A, et al. Projections of 3 
future climate for U.S. national assessments: past, present, future. Clim Change. 2025 4 
Apr 15;178(4):84. https://doi.org/10.1007/s10584-025-03888-6 5 

150. Hotes S, Opgenoorth L. Trust and Control at the Science–Policy Interface in IPBES. 6 
BioScience. 2014 Apr 1;64(4):277–8. https://doi.org/10.1093/biosci/biu019 7 

151. Báldi A, Palotás B. How to diminish the geographical bias in IPBES and related 8 
science? Conserv Lett. 2021;14(1):e12786. https://doi.org/10.1111/conl.12786 9 

152. Chu EK, Bowser G, Frazier AG, Quintyne A, Shi L, McElwee P. Broadening diversity, 10 
equity, accessibility, and inclusion in the process and development of climate 11 
assessments. Clim Change. 2025 Mar 20;178(4):63. https://doi.org/10.1007/s10584-12 
025-03873-z 13 

153. Gustafsson KM, Berg M, Lidskog R, Löfmarck E. Intersectional boundary work in 14 
socializing new experts. The case of IPBES. Ecosyst People. 2019 Jan 1;15(1):181–91. 15 
https://doi.org/10.1080/26395916.2019.1628105 16 

154. Krug CB, Sterling E, Cadman T, Geschke J, Drummond de Castro PF, Schliep R, et al. 17 
Stakeholder participation in IPBES: connecting local environmental work with global 18 
decision making. Ecosyst People. 2020 Jan 1;16(1):197–211. 19 
https://doi.org/10.1080/26395916.2020.1788643 20 

155. Suter II GW, Cormier SM. Bias in the development of health and ecological 21 
assessments and potential solutions. Hum Ecol Risk Assess Int J. 2016 Jan 2;22(1):99–22 
115. https://doi.org/10.1080/10807039.2015.1056062 23 

156. Joly CA, Scarano FR, Bustamante M, Gadda TMC, Metzger JPW, Seixas CS, et al. 24 
Brazilian assessment on biodiversity and ecosystem services: summary for policy 25 
makers. Biota Neotropica. 2019 Oct 24;19:e20190865. https://doi.org/10.1590/1676-26 
0611-BN-2019-0865 27 

157. Lustig AR, Grade A, Grecni ZN, Hoffman JS, Matouka N, Meeker D, et al. Public 28 
engagement in climate assessment: lessons and opportunities. Clim Change. 2025 29 
May 21;178(6):107. https://doi.org/10.1007/s10584-025-03932-5 30 

158. Ramírez F, Sbragaglia V, Soacha K, Coll M, Piera J. Challenges for Marine Ecological 31 
Assessments: Completeness of Findable, Accessible, Interoperable, and Reusable 32 
Biodiversity Data in European Seas. Front Mar Sci [Internet]. 2022 Jan 27 [2024 Nov 33 
15];8. https://doi.org/10.3389/fmars.2021.802235 34 

https://doi.org/10.1007/s10584-025-03888-6
https://doi.org/10.1093/biosci/biu019
https://doi.org/10.1111/conl.12786
https://doi.org/10.1007/s10584-025-03873-z
https://doi.org/10.1007/s10584-025-03873-z
https://doi.org/10.1080/26395916.2019.1628105
https://doi.org/10.1080/26395916.2020.1788643
https://doi.org/10.1080/10807039.2015.1056062
https://doi.org/10.1590/1676-0611-BN-2019-0865
https://doi.org/10.1590/1676-0611-BN-2019-0865
https://doi.org/10.1007/s10584-025-03932-5
https://doi.org/10.3389/fmars.2021.802235


Review Draft The Nature Record Ch. 3: Frameworks 

Do not cite, quote, or distribute. 3-44 

159. Costello MJ, Michener WK, Gahegan M, Zhang ZQ, Bourne PE. Biodiversity data should 1 
be published, cited, and peer reviewed. Trends Ecol Evol. 2013 Aug 1;28(8):454–61. 2 
https://doi.org/10.1016/j.tree.2013.05.002 3 

160. Jetzkowitz J, van Koppen CSA (Kris), Lidskog R, Ott K, Voget-Kleschin L, Wong CML. The 4 
significance of meaning. Why IPBES needs the social sciences and humanities. Innov 5 
Eur J Soc Sci Res. 2018 Mar 30;31(sup1):S38–60. 6 
https://doi.org/10.1080/13511610.2017.1348933 7 

161. Polasky S, Segerson K. Integrating Ecology and Economics in the Study of Ecosystem 8 
Services: Some Lessons Learned. Annu Rev Resour Econ. 2009 Oct 10;1(1):409–34. 9 
https://doi.org/10.1146/annurev.resource.050708.144110 10 

162. Chan KMA, Balvanera P, Benessaiah K, Chapman M, Díaz S, Gómez-Baggethun E, et 11 
al. Why protect nature? Rethinking values and the environment. Proc Natl Acad Sci. 12 
2016 Feb 9;113(6):1462–5. https://doi.org/10.1073/pnas.1525002113 13 

163. Kenter JO, Carmenta R, Christie M, Griffiths H, Ihemezie E, Martin A, et al. Toward a 14 
relational biodiversity economics: Embedding plural values for sustainability 15 
transformation. Proc Natl Acad Sci. 2025 Oct 7;122(40):e2314586122. 16 
https://doi.org/10.1073/pnas.2314586122 17 

164. Nelson GC, Bennett E, Berhe AA, Cassman K, DeFries R, Dietz T, et al. Drivers of 18 
change in ecosystem condition and services. In: Carpenter SR, editor. Ecosystems 19 
and Human Well Being, Volume 2: Scenarios, Millennium Ecosystem Assessment 20 
[Internet]. Washington DC: Island Press; 2005 [2025 Oct 30]. 21 
https://pure.iiasa.ac.at/id/eprint/7557/ 22 

165. Asner GP, Vaughn NR, Martin RE, Foo SA, Heckler J, Neilson BJ, et al. Mapped coral 23 
mortality and refugia in an archipelago-scale marine heat wave. Proc Natl Acad Sci. 24 
2022 May 10;119(19):e2123331119. https://doi.org/10.1073/pnas.2123331119 25 

166. Kleinhesselink AR, Kachergis EJ, McCord SE, Shirley J, Hupp NR, Walker J, et al. Long-26 
Term Trends in Vegetation on Bureau of Land Management Rangelands in the Western 27 
United States. Rangel Ecol Manag. 2023 Mar 1;87:1–12. 28 
https://doi.org/10.1016/j.rama.2022.11.004 29 

167. Lyons MB, Murray NJ, Kennedy EV, Kovacs EM, Castro-Sanguino C, Phinn SR, et al. 30 
New global area estimates for coral reefs from high-resolution mapping. Cell Rep 31 
Sustain. 2024 Feb 23;1(2):100015. https://doi.org/10.1016/j.crsus.2024.100015 32 

168. Scherzinger F, Schädler M, Reitz T, Yin R, Auge H, Merbach I, et al. Sustainable land 33 
management enhances ecological and economic multifunctionality under ambient 34 
and future climate. Nat Commun. 2024 Jun 10;15(1):4930. 35 
https://doi.org/10.1038/s41467-024-48830-z 36 

https://doi.org/10.1016/j.tree.2013.05.002
https://doi.org/10.1080/13511610.2017.1348933
https://doi.org/10.1146/annurev.resource.050708.144110
https://doi.org/10.1073/pnas.1525002113
https://doi.org/10.1073/pnas.2314586122
https://pure.iiasa.ac.at/id/eprint/7557
https://doi.org/10.1073/pnas.2123331119
https://doi.org/10.1016/j.rama.2022.11.004
https://doi.org/10.1016/j.crsus.2024.100015
https://doi.org/10.1038/s41467-024-48830-z


Review Draft The Nature Record Ch. 3: Frameworks 

Do not cite, quote, or distribute. 3-45 

169. Erb KH, Luyssaert S, Meyfroidt P, Pongratz J, Don A, Kloster S, et al. Land management: 1 
data availability and process understanding for global change studies. Glob Change 2 
Biol. 2017;23(2):512–33. https://doi.org/10.1111/gcb.13443 3 

170. Pongratz J, Dolman H, Don A, Erb KH, Fuchs R, Herold M, et al. Models meet data: 4 
Challenges and opportunities in implementing land management in Earth system 5 
models. Glob Change Biol. 2018;24(4):1470–87. https://doi.org/10.1111/gcb.13988 6 

171. Halpern BS, Frazier M, Afflerbach J, Lowndes JS, Micheli F, O’Hara C, et al. Recent 7 
pace of change in human impact on the world’s ocean. Sci Rep. 2019 Aug 8 
12;9(1):11609. https://doi.org/10.1038/s41598-019-47201-9 9 

172. Cooke SJ, Piczak ML, Singh NJ, Åkesson S, Ford AT, Chowdhury S, et al. Animal 10 
migration in the Anthropocene: threats and mitigation options. Biol Rev. 11 
2024;99(4):1242–60. https://doi.org/10.1111/brv.13066 12 

173. Hardesty-Moore M, Deinet S, Freeman R, Titcomb GC, Dillon EM, Stears K, et al. 13 
Migration in the anthropocene: How collective navigation, environmental system and 14 
taxonomy shape the vulnerability of migratory species. Philos Trans R Soc B Biol Sci. 15 
2018 May 19;373(1746). https://doi.org/10.1098/RSTB.2017.0017 16 

174. Lundgren EJ, Wallach AD, Svenning JC, Schlaepfer MA, Andersson ALA, Ramp D. 17 
Preventing extinction in an age of species migration and planetary change. Conserv 18 
Biol. 2024 Dec 1;38(6):e14270. https://doi.org/10.1111/COBI.14270 19 

175. Lindenmayer DB, Lavery T, Scheele BC. Why We Need to Invest in Large-Scale, Long-20 
Term Monitoring Programs in Landscape Ecology and Conservation Biology. Curr 21 
Landsc Ecol Rep. 2022 Dec 1;7(4):137–46. https://doi.org/10.1007/s40823-022-22 
00079-2 23 

176. Bagstad KJ, Ingram JC, Shapiro CD, La Notte A, Maes J, Vallecillo S, et al. Lessons 24 
learned from development of natural capital accounts in the United States and 25 
European Union. Ecosyst Serv. 2021 Dec 1;52:101359. 26 
https://doi.org/10.1016/j.ecoser.2021.101359 27 

177. Valuing Ecosystem Services: Toward Better Environmental Decision-Making [Internet]. 28 
Washington, D.C.: National Academies Press; 2004 [2025 Dec 8]. 29 
https://doi.org/10.17226/11139 30 

178. NATIONAL SCIENCE AND TECHNOLOGY COUNCIL. ADVANCING THE FRONTIERS OF 31 
BENEFITCOST ANALYSIS: FEDERAL PRIORITIES AND DIRECTIONS FOR FUTURE 32 
RESEARCH [Internet]. 2023 Dec. https://bidenwhitehouse.archives.gov/wp-33 
content/uploads/2023/12/FINAL-SFBCA-Annual-Report-2023.pdf 34 

179. National Science and Technology Council. ADVANCING THE FRONTIERS OF BENEFIT-35 
COST ANALYSIS: PROGRESS ON FEDERAL PRIORITIES, INSIGHTS FOR THE 36 

https://doi.org/10.1111/gcb.13443
https://doi.org/10.1111/gcb.13988
https://doi.org/10.1038/s41598-019-47201-9
https://doi.org/10.1111/brv.13066
https://doi.org/10.1098/RSTB.2017.0017
https://doi.org/10.1111/COBI.14270
https://doi.org/10.1007/s40823-022-00079-2
https://doi.org/10.1007/s40823-022-00079-2
https://doi.org/10.1016/j.ecoser.2021.101359
https://doi.org/10.17226/11139
https://bidenwhitehouse.archives.gov/wp-content/uploads/2023/12/FINAL-SFBCA-Annual-Report-2023.pdf
https://bidenwhitehouse.archives.gov/wp-content/uploads/2023/12/FINAL-SFBCA-Annual-Report-2023.pdf


Review Draft The Nature Record Ch. 3: Frameworks 

Do not cite, quote, or distribute. 3-46 

RESEARCH COMMUNITY, AND EMERGING TOPICS. 2024 Oct. 1 
(https://bidenwhitehouse.archives.gov/wp-content/uploads/2024/10/2024-2 
Advancing-the-Frontiers-of-Benefit-Cost-Analaysis-Report.pdf).  3 

180. Bagstad KJ, Balbi S, Adamo G, Athanasiadis IN, Affinito F, Willcock S, et al. 4 
Interoperability for ecosystem service assessments: Why, how, who, and for whom? 5 
Ecosyst Serv. 2025 Apr 1;72:101705. https://doi.org/10.1016/j.ecoser.2025.101705 6 

181. Donadio Linares LM. The awkward question: What baseline should be used to 7 
measure biodiversity loss? The role of history, biology and politics in setting up an 8 
objective and fair baseline for the international biodiversity regime. Environ Sci Policy. 9 
2022 Sep 1;135:137–46. https://doi.org/10.1016/j.envsci.2022.04.019 10 

182. Gillson L, Ladle R, Araújo M. Baselines, Patterns and Process. In: Conservation 11 
Biogeography. 2011. p. 31–44. https://doi.org/10.1002/9781444390001.ch3 12 

183. Willis KJ, Gillson L, Brncic TM, Figueroa-Rangel BL. Providing baselines for biodiversity 13 
measurement. Trends Ecol Evol. 2005 Mar 1;20(3):107–8. 14 
https://doi.org/10.1016/j.tree.2004.12.003 15 

184. Collins AC, Böhm M, Collen B. Choice of baseline affects historical population trends 16 
in hunted mammals of North America. Biol Conserv. 2020 Feb 1;242:108421. 17 
https://doi.org/10.1016/j.biocon.2020.108421 18 

185. Van Houtan KS, McClenachan L, Kittinger JN. Seafood menus reflect long-term ocean 19 
changes. Front Ecol Environ. 2013;11(6):289–90. https://doi.org/10.1890/13.WB.015 20 

186. Pereira LM, Davies KK, den Belder E, Ferrier S, Karlsson-Vinkhuyzen S, Kim H, et al. 21 
Developing multiscale and integrative nature–people scenarios using the Nature 22 
Futures Framework. People Nat. 2020;2(4):1172–95. 23 
https://doi.org/10.1002/pan3.10146 24 

187. Rosa IMD, Purvis A, Alkemade R, Chaplin-Kramer R, Ferrier S, Guerra CA, et al. 25 
Challenges in producing policy-relevant global scenarios of biodiversity and 26 
ecosystem services. Glob Ecol Conserv. 2020 Jun 1;22:e00886. 27 
https://doi.org/10.1016/j.gecco.2019.e00886 28 

188. Chaplin-Kramer R, Polasky S, Alkemade R, Burgess ND, Cheung WWL, Fetzer I, et al. 29 
Integrated modeling of nature’s role in human well-being: A research agenda. Glob 30 
Environ Change. 2024 Sep 1;88:102891. 31 
https://doi.org/10.1016/j.gloenvcha.2024.102891 32 

189. Duncan B, Meysohn S, Nautiyal A. The National Nature Assessment Engagement 33 
Summary Report. Kearns & West, Inc.; 2023 Jun.  34 

(https:/bidenwhitehouse.archives.gov/wp-content/uploads/2024/10/2024-Advancing-the-Frontiers-of-Benefit-Cost-Analaysis-Report.pdf)
(https:/bidenwhitehouse.archives.gov/wp-content/uploads/2024/10/2024-Advancing-the-Frontiers-of-Benefit-Cost-Analaysis-Report.pdf)
https://doi.org/10.1016/j.ecoser.2025.101705
https://doi.org/10.1016/j.envsci.2022.04.019
https://doi.org/10.1002/9781444390001.ch3
https://doi.org/10.1016/j.tree.2004.12.003
https://doi.org/10.1016/j.biocon.2020.108421
https://doi.org/10.1890/13.WB.015
https://doi.org/10.1002/pan3.10146
https://doi.org/10.1016/j.gecco.2019.e00886
https://doi.org/10.1016/j.gloenvcha.2024.102891


Review Draft The Nature Record Ch. 3: Frameworks 

Do not cite, quote, or distribute. 3-47 

190. Interior Department. Draft Prospectus for the First National Nature Assessment. Fed 1 
Regist. 2023;88 FR 51853(2023–16794):51853–5.  2 

191. Interior Department. Draft Outline for the First National Nature Assessment. Fed 3 
Regist [Internet]. 2024;89 FR 76867(2024–21558). 4 
https://www.federalregister.gov/documents/2024/09/19/2024-21558/draft-outline-5 
for-the-first-national-nature-assessment 6 

192. Science and Technology Policy Office. Framing the National Nature Assessment. Fed 7 
Regist. 2022;87 FR 65622(2022–23593):65622–4.  8 

193. Moss RH, Avery S, Baja K, Burkett M, Chischilly AM, Dell J, et al. Evaluating Knowledge 9 
to Support Climate Action: A Framework for Sustained Assessment. Report of an 10 
Independent Advisory Committee on Applied Climate Assessment. Weather Clim Soc. 11 
2019 Jul 1;11(3):465–87. https://doi.org/10.1175/WCAS-D-18-0134.1 12 

194. Association of Fish & Wildlife Agencies [Internet]. State Wildlife Action Plans. 13 
https://www.fishwildlife.org/afwa-informs/state-wildlife-action-plans 14 

195. The NatureServe Network | NatureServe [Internet]. 2021 [2025 Dec 8]. 15 
https://www.natureserve.org/natureserve-network 16 

196. Cash DW, Clark WC, Alcock F, Dickson NM, Eckley N, Guston DH, et al. Knowledge 17 
systems for sustainable development. Proc Natl Acad Sci. 2003 Jul 8;100(14):8086–18 
91. https://doi.org/10.1073/pnas.1231332100 19 

197. Pereira LM, Davies KK, den Belder E, Ferrier S, Karlsson-Vinkhuyzen S, Kim H, et al. 20 
Developing multiscale and integrative nature–people scenarios using the Nature 21 
Futures Framework. People Nat. 2020;2(4):1172–95. 22 
https://doi.org/10.1002/pan3.10146 23 

198. Federal-Tribal Consultation: Background and Issues for Congress [Internet]. 2024 24 
[2025 Dec 4]. https://www.congress.gov/crs-product/R48093 25 

199. Yua E, Raymond-Yakoubian J, Daniel RA, Behe C. A framework for co-production of 26 
knowledge in the context of Arctic research. Ecol Soc. 2022;27(1):art34. 27 
https://doi.org/10.5751/ES-12960-270134 28 

200. Almack K, Dunlop ES, Lauzon R, Nadjiwon S, Duncan AT. Building trust through the 29 
Two-Eyed Seeing approach to joint fisheries research. J Gt Lakes Res. 2023 Jun 30 
1;49:S46–57. https://doi.org/10.1016/j.jglr.2022.11.005 31 

201. Martin DH. Two-eyed seeing: a framework for understanding indigenous and non-32 
indigenous approaches to indigenous health research. Can J Nurs Res Rev Can Rech 33 
En Sci Infirm. 2012 Jun;44(2):20–42.  34 

https://www.federalregister.gov/documents/2024/09/19/2024-21558/draft-outline-for-the-first-national-nature-assessment
https://www.federalregister.gov/documents/2024/09/19/2024-21558/draft-outline-for-the-first-national-nature-assessment
https://doi.org/10.1175/WCAS-D-18-0134.1
https://www.fishwildlife.org/afwa-informs/state-wildlife-action-plans
https://www.natureserve.org/natureserve-network
https://doi.org/10.1073/pnas.1231332100
https://doi.org/10.1002/pan3.10146
https://www.congress.gov/crs-product/R48093
https://doi.org/10.5751/ES-12960-270134
https://doi.org/10.1016/j.jglr.2022.11.005


Review Draft The Nature Record Ch. 3: Frameworks 

Do not cite, quote, or distribute. 3-48 

202. Reid AJ, Eckert LE, Lane J, Young N, Hinch SG, Darimont CT, et al. “Two‐Eyed Seeing”: 1 
An Indigenous framework to transform fisheries research and management. Fish Fish. 2 
2021 Mar;22(2):243–61. https://doi.org/10.1111/faf.12516 3 

203. Nelson MK, Shilling D. Traditional ecological knowledge: learning from Indigenous 4 
practices for environmental sustainability. Cambridge University Press; 2018.  5 

204. Cajete G. Native Science: Natural Laws of Interdependence. Santa Fe, NM: Clear Light 6 
Publishers; 2000.  7 

205. Lavallée LF. Practical Application of an Indigenous Research Framework and Two 8 
Qualitative Indigenous Research Methods: Sharing Circles and Anishnaabe Symbol-9 
Based Reflection. Int J Qual Methods. 2009 Mar;8(1):21–40. 10 
https://doi.org/10.1177/160940690900800103 11 

206. The Vermont Climate Assessment 2020 [Internet]. Burlington, VT: Gund Institute of 12 
Environment, University of Vermont; 2021 [2025 Oct 29]. 13 
https://site.uvm.edu/vtclimateassessment/files/2022/08/VCA-entire-8-3-22-web.pdf 14 

207. MacCall AD, Francis TB, Punt AE, Siple MC, Armitage DR, Cleary JS, et al. A heuristic 15 
model of socially learned migration behaviour exhibits distinctive spatial and 16 
reproductive dynamics. Andersen K, editor. ICES J Mar Sci. 2019 Apr 1;76(2):598–608. 17 
https://doi.org/10.1093/icesjms/fsy091 18 

208. Ijatuyi EJ, Lamm A, Yessoufou K, Suinyuy T, Patrick HO. Integration of indigenous 19 
knowledge with scientific knowledge: A systematic review. Environ Sci Policy. 2025 20 
Aug 1;170:104119. https://doi.org/10.1016/j.envsci.2025.104119 21 

209. Goodchild M. Relational Systems Thinking: That’s How Change is Going to Come, 22 
From Our Earth Mother. J Aware-Based Syst Change. 2021 Feb 25;1(1):75–103. 23 
https://doi.org/10.47061/jabsc.v1i1.577 24 

210. Wilson S. Research Is Ceremony: Indigenous Research Methods. Black Point, N.S: 25 
Fernwood Publishing; 2008. 144 p.  26 

211. Latchmore T, Schuster-Wallace CJ, Longboat DR, Dickson-Anderson SE, Majury A. 27 
Critical elements for local Indigenous water security in Canada: a narrative review. J 28 
Water Health. 2018 Dec 1;16(6):893–903. https://doi.org/10.2166/wh.2018.107 29 

212. West S, Schill C. Negotiating the ethical-political dimensions of research methods: a 30 
key competency in mixed methods, inter- and transdisciplinary, and co-production 31 
research. Humanit Soc Sci Commun. 2022 Aug 26;9(1):294. 32 
https://doi.org/10.1057/s41599-022-01297-z 33 

https://doi.org/10.1111/faf.12516
https://doi.org/10.1177/160940690900800103
https://site.uvm.edu/vtclimateassessment/files/2022/08/VCA-entire-8-3-22-web.pdf
https://doi.org/10.1093/icesjms/fsy091
https://doi.org/10.1016/j.envsci.2025.104119
https://doi.org/10.47061/jabsc.v1i1.577
https://doi.org/10.2166/wh.2018.107
https://doi.org/10.1057/s41599-022-01297-z


Review Draft The Nature Record Ch. 3: Frameworks 

Do not cite, quote, or distribute. 3-49 

213. Reynolds SA, Beery S, Burgess N, Burgman M, Butchart SHM, Cooke SJ, et al. The 1 
potential for AI to revolutionize conservation: a horizon scan. Trends Ecol Evol. 2025 2 
Feb 1;40(2):191–207. https://doi.org/10.1016/j.tree.2024.11.013 3 

214. Tuia D, Kellenberger B, Beery S, Costelloe BR, Zuffi S, Risse B, et al. Perspectives in 4 
machine learning for wildlife conservation. Nat Commun. 2022 Feb 9;13(1):792. 5 
https://doi.org/10.1038/s41467-022-27980-y 6 

215. Cubaynes HC, Fretwell PT, Bamford C, Gerrish L, Jackson JA. Whales from space: Four 7 
mysticete species described using new VHR satellite imagery. Mar Mammal Sci. 8 
2019;35(2):466–91. https://doi.org/10.1111/mms.12544 9 

216. Duporge I, Isupova O, Reece S, Macdonald DW, Wang T. Using very-high-resolution 10 
satellite imagery and deep learning to detect and count African elephants in 11 
heterogeneous landscapes. Remote Sens Ecol Conserv. 2021;7(3):369–81. 12 
https://doi.org/10.1002/rse2.195 13 

217. de Lorm TA, Horswill C, Rabaiotti D, Ewers RM, Groom RJ, Watermeyer J, et al. 14 
Optimizing the automated recognition of individual animals to support population 15 
monitoring. Ecol Evol. 2023;13(7):e10260. https://doi.org/10.1002/ece3.10260 16 

218. Blount D, Gero S, Van Oast J, Parham J, Kingen C, Scheiner B, et al. Flukebook: an 17 
open-source AI platform for cetacean photo identification. Mamm Biol. 2022 Jun 18 
1;102(3):1005–23. https://doi.org/10.1007/s42991-021-00221-3 19 

219. Wikelski M, Quetting M, Bates J, Berger-Wolf T, Bohrer G, Börger L, et al. Introducing a 20 
unique animal ID and digital life history museum for wildlife metadata. Methods Ecol 21 
Evol. 2024;15(10):1777–88. https://doi.org/10.1111/2041-210X.14407 22 

220. Wild Me by Conservation X Labs [Internet]. [2025 Dec 8]. Platforms. 23 
https://www.wildme.org/platforms.html 24 

221. Zhao B, Lang N, Belongie S, Aodha OM. Labeled Data Selection for Category Discovery 25 
[Internet]. arXiv; 2024 [2025 Oct 20]. https://doi.org/10.48550/arXiv.2406.04898 26 

222. Keith DA, Ferrer-Paris JR, Nicholson E, Bishop MJ, Polidoro BA, Ramirez-Llodra E, et al. 27 
A function-based typology for Earth’s ecosystems. Nature. 2022 Oct;610(7932):513–8. 28 
https://doi.org/10.1038/s41586-022-05318-4 29 

223. Leclère D, Obersteiner M, Barrett M, Butchart SHM, Chaudhary A, De Palma A, et al. 30 
Bending the curve of terrestrial biodiversity needs an integrated strategy. Nature. 2020 31 
Sep;585(7826):551–6. https://doi.org/10.1038/s41586-020-2705-y 32 

224. Newbold T, Tittensor DP, Harfoot MBJ, Scharlemann JPW, Purves DW. Non-linear 33 
changes in modelled terrestrial ecosystems subjected to perturbations. Sci Rep. 2020 34 
Aug 20;10(1):14051. https://doi.org/10.1038/s41598-020-70960-9 35 

https://doi.org/10.1016/j.tree.2024.11.013
https://doi.org/10.1038/s41467-022-27980-y
https://doi.org/10.1111/mms.12544
https://doi.org/10.1002/rse2.195
https://doi.org/10.1002/ece3.10260
https://doi.org/10.1007/s42991-021-00221-3
https://doi.org/10.1111/2041-210X.14407
https://www.wildme.org/platforms.html
https://doi.org/10.48550/arXiv.2406.04898
https://doi.org/10.1038/s41586-022-05318-4
https://doi.org/10.1038/s41586-020-2705-y
https://doi.org/10.1038/s41598-020-70960-9


Review Draft The Nature Record Ch. 3: Frameworks 

Do not cite, quote, or distribute. 3-50 

225. Berger-Tal O, Wong BBM, Adams CA, Blumstein DT, Candolin U, Gibson MJ, et al. 1 
Leveraging AI to improve evidence synthesis in conservation. Trends Ecol Evol. 2024 2 
Jun 1;39(6):548–57. https://doi.org/10.1016/j.tree.2024.04.007 3 

226. Elliott J, Lawrence R, Minx JC, Oladapo OT, Ravaud P, Tendal Jeppesen B, et al. 4 
Decision makers need constantly updated evidence synthesis. Nature. 2021 5 
Dec;600(7889):383–5. https://doi.org/10.1038/d41586-021-03690-1 6 

227. Zenni RD, Barlow J, Pettorelli N, Stephens P, Rader R, Siqueira T, et al. Multi-lingual 7 
literature searches are needed to unveil global knowledge. J Appl Ecol. 8 
2023;60(3):380–3. https://doi.org/10.1111/1365-2664.14370 9 

228. Siddik MAB, Shehabi A, Marston L. The environmental footprint of data centers in the 10 
United States. Environ Res Lett. 2021 May;16(6):064017. 11 
https://doi.org/10.1088/1748-9326/abfba1 12 

229. Armitage D, de Loë R, Plummer R. Environmental governance and its implications for 13 
conservation practice. Conserv Lett. 2012;5(4):245–55. 14 
https://doi.org/10.1111/j.1755-263X.2012.00238.x 15 

230. Ostrom E. A Polycentric Approach for Coping with Climate Change. Ann Econ Finance. 16 
2014 May 1;15(1):97–134.  17 

231. Clark WC, Kerkhoff L van, Lebel L, Gallopin GC. Crafting usable knowledge for 18 
sustainable development. Proc Natl Acad Sci. 2016 Apr 26;113(17):4570–8. 19 
https://doi.org/10.1073/pnas.1601266113 20 

 21 

https://doi.org/10.1016/j.tree.2024.04.007
https://doi.org/10.1038/d41586-021-03690-1
https://doi.org/10.1111/1365-2664.14370
https://doi.org/10.1088/1748-9326/abfba1
https://doi.org/10.1111/j.1755-263X.2012.00238.x
https://doi.org/10.1073/pnas.1601266113

	Summary
	Background
	Box 3.1. Example Uses, Applications, and Decision Contexts for Nature Assessment

	Considering Multiple Dimensions of Equity and Justice in Nature Assessments
	Figure 3.1.       Dimensions of Environmental Justice as They Relate to Nature Assessment

	Historical and Current Practices of Assessing Nature
	Precolonial Period to the Present
	1930s–1940s: The Bennett Era—the Dust Bowl and Soil Conservation
	1950s–1960s: The Carson Era—Foundation of Modern Nature Assessments
	1970s–1980s: Era of Institutionalization of Nature Assessments
	1990s–2000s: Era of Linking Ecosystem Services to Human Well-Being
	2010s–2020s: Era of Equity, Resilience, Natural Capital, and Technological Integration
	Nature Assessment Methods and Effective Practices
	Table 3.1 Assessment Characteristics
	Figure 3.2. Approaches of Previous Assessments


	Frameworks and Approaches for The Nature Record National Assessment
	Setting the Stage: Conceptualizing People–Nature Relationships
	Figure 3.3. The  Nature Record National Assessment Approaches to Assessing Social–Ecological Systems

	Approaches to Assessing the Status and Trends of Nature
	Geographic Scope and Ecosystems
	Drivers of Nature
	Benefits Assessed
	Metrics and Methods


	Building on The Nature Record National Assessment in Future US Nature Assessments
	Data and Information Gaps and Opportunities
	Baselines, Scenarios, and Modeling
	Engagement and Communication
	Figure 3.4. A Framework for Co-Production of Knowledge

	Weaving Diverse Ways of Knowing in Nature Assessment
	Figure 3.5. Woven Around the Basket, Weaving Interconnections


	Emerging Issues
	References

