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Summary

Terrestrial ecosystems in the United States include forests, grasslands, shrublands,
deserts, and tundra, all of which provide places for people to enjoy, inhabit, steward, and
use. All terrestrial ecosystems have been altered in some way by human activities through
land-use and land-cover (LULC) changes, climate change, or some form of ecosystem
degradation or restoration. LULC changes for forestry, agriculture, and urbanization benefit
people in critical ways, yet typically these practices diminish the resources needed for the
existence of plant, wildlife, and microbe species and cause declines in species
abundances and ecosystem functioning. Habitat degradation can occur from changes in
fire regimes, chemical pollutants, disease, invasive species, overharvest of species, and
climate change. Climate change affects ecosystems directly by altering physical
conditions, sometimes prompting species to shift their ranges. Climate change also
interacts with other factors—such as habitat loss, fragmentation, intensive agricultural
practices, degradation, overharvest, pollution, invasive species, and disease—often
amplifying the effects of these existing stressors on individuals, populations, and
ecosystems.

Ecosystem conservation and restoration efforts aim to reduce the negative impacts of
LULC change, climate change, and ecosystem degradation. These efforts are most
effective when they focus on landscapes with the ecological and cultural characteristics
essential for supporting diverse ecosystems and that have the capacity to adaptin
response to environmental change. Recent developments in analytical tools and the
recognition of the value of Indigenous and local knowledge enable spatially targeted
interventions that direct limited resources to priority ecosystems based on the goals of
maximizing biodiversity benefits, strengthening resilience, and reducing greenhouse gas
emissions or increasing carbon sequestration. In addition, there is growing recognition that
working landscapes such as rangelands, agricultural areas, and urban greenspaces, when
managed appropriately, can play a critical role in conserving biodiversity and promoting
human well-being. These ecosystems can support local biodiversity and serve as critical
connections for species moving between larger intact ecosystems.

Background

Terrestrial ecosystems in US states and territories span a wide range of environments,
including the spectacular temperate rainforests of the Pacific Northwest, the diverse
shrublands of coastal California, the fertile grasslands of the Great Plains, the vast deserts
of the Southwest, the arctic and alpine tundra above tree line in Alaska and in mountainous
regions, the richly diverse forests of the Pacific Islands, Hawai‘i, and the Caribbean, and
the temperate forests of the Eastern US. Terrestrial landscapes account for about 93% of
the area of the contiguous US, with inland waters covering about 7% of the area. The
condition of terrestrial ecosystems has broad implications for all of nature, since thereis a
close connection among terrestrial ecosystems, inland waters, marine ecosystems, and
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the atmosphere, with significant flows of nutrients, contaminants, soils, and species
among land, water, and air.

Since human colonization of North America, terrestrial ecosystems have been dramatically
altered. In the thousands of years before European colonization, people managed and
affected landscapes across what is now the US and its territories through cultural fire
practices, agriculture, water management, and other practices (see Chapter 9: Drivers).
Currently, about 13% of the area of terrestrial ecosystems and inland waters in US states is
under some form of protection—for example, in national, state, and local parks—for
people to visit and enjoy, though the percentage of land protected varies greatly by region
(1). For US territories, the percentage ranges from about 3% for the Northern Mariana
Islands to 16% for Guam. Forests and grasslands have been modified by timber harvest
and cultivation agriculture, and many shrublands and deserts have been used for livestock
grazing. Cities and towns have been built in most terrestrial ecosystems in the US other
than high mountain landscapes. The changes in land cover and land use to facilitate these
activities have had significant impacts on species and ecosystems, including increased
greenhouse gas emissions and altered energy balance of terrestrial ecosystems (2,3).

Despite the conversion and degradation of terrestrial ecosystems, there is a long history of
conservation and restoration of these lands. Many organizations and individuals, including
private landowners, nongovernmental organizations, Tribal nations, and government
agencies, have practiced sustainable use of lands and have actively engaged in restoration
and management to promote native species and ecosystem functioning. By drawing on
diverse forms of knowledge—including Indigenous knowledge, local practices, and
scientific research, as well as emerging tools from artificial intelligence and machine
learning—conservation and restoration actions can prioritize areas that most effectively
and efficiently promote ecosystem integrity and human well-being.

In addition to ecosystem protection garnered through conservation and restoration

actions, there is also a growing recognition that working landscapes, such as rangelands,
agricultural areas, and urban greenspaces, can play a critical role in conserving biodiversity
and ecosystem function while sustaining human well-being. For example, urban
greenspaces and green infrastructure provide habitat for many bird, plant, and pollinator
species, limit stormwater runoff, reduce vulnerability to extreme heat events by providing
shade and stimulating evapotranspiration, and promote human health through interactions
with nature.

Key Message 8.1 Land-use, land-cover change, and other
disturbances have degraded ecosystems and reduced biodiversity

Natural systems are experiencing increasing impacts from human activities, including land-
use and land-cover change, introduction of invasive species, diseases, changes in
disturbance regimes, pollution, and climate change (virtually certain). These environmental
drivers and changes have resulted in the loss, fragmentation, and degradation of
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ecosystems; contributed to species declines; and diminished the structure and functioning
of ecosystems across the US (virtually certain). These impacts are expected to continue
(virtually certain).

State of Knowledge 8.1
Land-Use and Land-Cover Change

Settler colonialism of North America physically separated Indigenous Peoples from their
lands—which were characterized by biocultural diversity and protected by place-based
ecosystem expertise—to support new land management practices (4) (see Chapter 9:
Drivers). Pressures on terrestrial ecosystems included land-use change (the shifting of
economic and cultural activities from one practice to another), such as introducing
livestock to a previously unmanaged grassland; land-cover change (including changes in
land’s primary physical characteristics), such as turning a forest into housing for people;
and intensification of land use practices. This conversion from natural ecosystems to
human activities results in the loss and fragmentation of habitats for many species. As
habitat area shrinks due to land-use and land-cover (LULC) change, many species decline
in abundance or disappear due to a lack of food, shelter, or breeding requirements.
Species declines have been particularly severe for grassland birds, specialist insects such
as monarch butterflies, and many large predators such as wolves and mountain lions that
require large areas for their home ranges.

Even in the absence of LULC changes, degradation of ecosystems has significant impacts
on species and ecosystems. More frequent and intense wildfires in recent decades (5-7)
alter forest and grassland ecosystems and may result in shifts in landscapes from forest to
shrubland (8). Introduced invasive species such as cheatgrass in the western US or the
hemlock wooly adelgid, an insect pest of eastern forests, cause changes in the
ecosystems’ dominant species (9,10). Pollutants such as sulfur and nitrogen oxides
produced by fossil fuel burning result in shifts in the chemistry of the atmosphere and
inland water ecosystems from acid rain (see Chapter 7: Inland Waters) and can harm plant
and soil organisms, causing tree die-offs (11). The overharvest of certain species, such as
top predators, can cause massive shifts in the abundance of interacting species, such as
the increase in deer populations throughout the eastern US due to reduction of predators
(12). And climate change due to human activities—primarily emissions of carbon dioxide
and other greenhouse gases—is associated with increased frequency and severity of
extreme events such as wildfires, droughts, and heat waves. All of these drivers result in
significant negative impacts on ecosystem structure and functioning.

Land-use change often replaces complex native vegetation with monocultures or paved
surfaces. The resulting homogenized species composition disrupts processes including
water infiltration, nutrient cycling, and carbon storage (13,14). LULC change creates
human-dominated landscapes, such as buildings, roads, parking lots, mines, and
agricultural land (15), and produces fragmented ecosystems that are often degraded in
structure, functioning, and composition compared to the original ecosystems. Remnants
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that remain undeveloped within fragmented landscapes are often degraded through
altered hydrology, increased edge effects (the ecological changes that happen at the
border of two different habitats), and disrupted connectivity (16).

For example, agricultural expansion across the contiguous US significantly increased in the
mid- to late 20th century, primarily through conversion of grasslands (15). From 1985 to
2021, 51,088 square miles (an area about the size of Louisiana) of natural vegetation were
converted to cropland in the contiguous US, according to the USGS Land Change
Monitoring, Assessment, and Projection (LCMAP) data (Figure 8.1) (17). During the same
timeframe, 11,765 square miles of croplands and 15,621 square miles of natural vegetation
were converted to development. Development largely takes the form of urbanization and
suburban sprawl, resulting in the loss of valuable wildlands in many rural and exurban
areas (18). Long-term land-cover monitoring data is less available outside of the
contiguous US, but one contrasting example is Hawai‘i, where there has been an overall
decline in croplands from 2000 to present and about 24 square miles of expansion in urban
development (19).
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1 Figure 8.1. Land-Use and Land-Cover Change in the US, 1985-2021

Land-Use and Land-Cover Change in the US, 1985-2021
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Land-use and land-cover changes caused by human and natural forces create
complex mosaics and patterns of terrestrial lLandscapes across the US.

N

This figure illustrates the dynamic and heterogeneous nature of land-use and land-cover
change across the United States in 1985-2021. Inset maps highlight localized changes:
(left) urban expansion in Palm Springs, California, (middle) forest loss associated with
increased wildfire in Idaho, and (right) cyclical forest harvesting and regeneration in
northern Maine. Together, these patterns demonstrate how land-cover change is driven by
a combination of natural processes and human land use, producing complex mosaics that
vary across regions and over time. Adapted from LCMAP Change Stories (20).
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Future projections for land-use change vary by land-cover type and by projection scenarios
(21). Inthe continental US, it is projected that forests will continue losing area to
development and forest plantations (22,23). Urban land demand is projected to continue
to increase, with long-term trends dependent on which shared socioeconomic pathway
(SSP) is followed (24,25). Regional projections for grass and shrubland systems show
evidence of region-specific conversion to development and agriculture (26), as well as
potential changes to ecosystems by encroachment of woody plants (27,28).

Additional Drivers of Impacts to Terrestrial Ecosystems

Land-use and land-cover changes are the primary drivers of ecosystem decline in the US,
but several other key drivers significantly impact their status (see also Chapter 9: Drivers),
including introduction of invasive species, diseases, changes in disturbance regimes,
pollution, and climate change. Many of these stressors compound the effects of others,
eroding ecosystems’ capacity to maintain characteristic structure, perform key functions,
or support native assemblages. Non-native species continue to accumulate across the US
(29), including more than 12,000 documented invasions (30), with high-impact invaders
fundamentally reorganizing ecosystems. For example, cheatgrass (Bromus tectorum) alters
fire regimes and eliminates sagebrush ecosystem structure in the western US (31,32).
White-nose syndrome, caused by the fungus Pseudogymnoascus destructans, has killed
millions of bats in North America, with some species declining more than 95% (33,34).
Subsequent reduction of insect pest control from bat predation means additional
pesticides applied to food crops, and modeling studies show greater risk to young children
from this increased pesticide use (35).

Natural disturbances, such as periodic wildfires and floods, have long shaped the
structure, functioning, and species composition of ecosystems (36-38). However, human
activities have significantly altered disturbance regimes. For example, decades of fire
suppression created hazardous fuel accumulations that, combined with climate warming
and drought, now produce larger, more severe wildfires (39-43).

Air and water pollution from chemicals generated by human activities harm ecosystems.
For example, fertilizers are commonly applied in agriculture to increase crop yields, and
insecticides, fungicides, and herbicides reduce pests and weeds. However, these
chemicals can have unintended negative effects (44,45). Fertilizers increase nitrogen
concentration of terrestrial and inland water ecosystems, which can dramatically alter
species composition and human health risks (46). Pesticides degrade terrestrial
ecosystems by killing non-target insect species like pollinators (e.g., bees) and some bird
and amphibian species through direct toxicity and hormone disruption (45). Pesticides may
have cascading trophic effects through bioaccumulation (i.e., increased concentrations of
a toxin as it moves from one trophic level to a higher one) and reductions in the abundance
and diversity of arthropod predators that help to control pest species (47). Burning of fossil
fuels led to increasing emissions of gaseous pollutants such as sulfur dioxide (SOx) and
nitrogen oxides (NOx), which in turn led to increased atmospheric deposition of sulfur and
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nitrogen to terrestrial and inland water ecosystems throughout the 20th century. SOX and
NOx emissions have declined more than 90% and 70%, respectively, since their peaks in
the 1990s (48), due to the US Clean Air Act in 1970 and its Amendments in 1990. Despite
declining emissions of SOx and NOx since the 1990s, their contribution to acid deposition
continues because it takes decades for terrestrial ecosystems to recover from soil
acidification and aluminum toxicity. Impact to human health continues as well, as it is
estimated that air pollution exposure is still associated with 100,000-200,000 deaths
annually in the US (49).

Climate change has affected ecosystems through increased air temperatures, rising sea
levels, reduced snowpacks, and extreme weather such as heat waves, droughts, and
hurricanes (Ch. 10: Climate) (50-55). Climate change interacts with stressors like LULC
change, overharvest, pollution, invasive species, and disease, to act as a threat multiplier,
magnifying their effects on individuals, populations, and ecosystems. For example, warmer
weather can allow invasive insect species to expand their range and active periods (56,57),
and drought can lower the pest and disease resistance of trees (58,59) and increase the
risk of wildfires (60,61). Compounding disturbances can create long-lasting changes
(62,63). For example, in the Jemez Mountains in New Mexico, a combination of extreme
heat and drought, insect outbreaks, and recurring wildfires converted much of the
landscape from forest to non-forest (64).

Although some species may increase in abundance or expand their ranges due to climate
change (65), most native species are negatively impacted (62). Many, although not all,
species are moving to higher latitudes or elevations (66,67), but high-elevation species risk
local extinction as the area of suitable habitat contracts (68-70). The timing of seasonal
events (known as phenology)—such as breeding, flowering, migration, and nesting—is
shifting due to climate change (71). Phenological mismatches occur when the timing of
activities of interacting species no longer aligns, such as migrant species arriving later than
the peak period of food availability (72). Warmer temperatures have increased the range
and prevalence of disease vectors like mosquitoes and ticks, increasing prevalence of
infectious disease (73).

Species Decline

Earth is experiencing its sixth mass extinction, primarily because of trends in LULC change
and additional drivers of change (74,75). As of 2025, 28% of species assessed by the
International Union for Conservation of Nature were threatened with extinction (76). North
America’s wildlife populations declined 39% between 1970 and 2020 (77). In the US, 34%
of plant species and 40% of animal species are currently at risk of extinction, and 41% of
ecosystems are at risk of range-wide collapse (78). Among US terrestrial animals, land
snails are most at risk (74% of species), followed by amphibians (42%), bees (37%), beetles
(35%), reptiles (22%), moths (20%), mammals (18%), butterflies (16%), and birds (12%)
(79). Many of the most imperiled are listed under the Endangered Species Act (as of
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October 2025, 742 animal and 938 plant species, subspecies, or distinct population
segments).

In the continental US and Canada, the number of birds declined by nearly 3 billion (57%)
between 1970 and 2017 (80). This decline occurred across all species groups, biomes, and
regions, with grassland birds showing the greatest decline (80). More than a third of US bird
species are now of high or moderate conservation concern, with 229 species requiring
urgent conservation action (81). In Hawai‘i, the arrival of humans, pigs, and rats around
1600 years ago drove half of the estimated 111 native bird species to extinction (82).
Mosquito-borne avian malaria is an existential threat to the remaining honeycreepers in
Hawai‘i, and the few high-altitude refuges from mosquitoes are rapidly disappearing as
temperatures increase (83).

Across North America, some mammals, such as bison and gray wolves, have begun to
recover because of federal and state protections and reintroductions. However, many other
species are declining, especially small mammals (84), bats (85) (34,86), and animals with
narrow habitat needs (87). Alpine species like the American pika (Ochotona princeps) are
seeing their habitat disappear as temperatures increase (88). Unlike birds, there is no
continent-wide monitoring system for mammals, which means that many declines are
likely going undetected (89,90).

Reptiles show widespread signs of stress, especially turtles, which are one of the most
threatened vertebrate groups globally (91). Many turtle species have declined due to
habitat loss, road mortality, collection for the pet trade, and predation by invasive species
(92). Snakes and lizards also face pressures from LULC change, climate change, and
disease outbreaks such as snake fungal disease (93). Although a few species have stable
or increasing populations, the majority show declining trends or shrinking ranges (94).
These trends indicate that reptiles face several threats that could lead to further losses
without targeted conservation action.

Globally, amphibians are at greater risk than any other class of terrestrial vertebrates
(95,96), with an estimated half of all species imperiled (97). In the US, habitat loss is the
main reason for decline, but the fungus Batrachochytrium dendrobatidis also impacts
amphibian populations (98). Another pathogen, B. salamandrivorans, has seriously
affected salamander populations in Europe, and may soon arrive in the US (99). Twenty-six
frog, toad, and salamander species are listed as endangered and 18 as threatened (100). At
current rates of decline, amphibian species may be extirpated from half their locations in
the next 20 years (98).

Insects are highly diverse and provide essential functions such as pollination and
biological control (101). Many insect species have declined, with common species
showing the sharpest drops (-7.72% annually) (102). The principal stressors include LULC
change, climate change, pesticides, and invasive species (101). Many insects feed on
specific plants and therefore disappear when their host plants are lost. In forests
dominated by a single tree species such as hemlock (Tsuga canadensis) or ash (Fraxinus
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spp.), the loss of these trees to invasive pests (e.g., hemlock wooly adelgid, emerald ash
borer) can also eliminate an entire community of arthropods (103,104).

Butterfly abundance dropped 22% between 2000 and 2020, with more than 100 species
declining by over 50% and 22 species by 90% or more (105). Agricultural intensification
reduces the abundance of milkweed (Asclepias spp.), the host plant for monarch
butterflies (Danaus plexippus) (106,107), resulting in a decline in the overwintering
population size of monarch butterflies (108-111). In December 2024, the monarch was
proposed to be listed as threatened under the Endangered Species Act (111).

Plants form the base of terrestrial food webs and provide ecosystem structure, refuge, and
food. The flora of the US and its territories is highly diverse, with 38,000 species and
subspecies of vascular (ferns, conifers, flowering plants) and non-vascular (mosses,
liverworts, hornworts, and lichens) plants (112). However, 34% of America’s plant species
are at risk of extinction, including 48% of cactus species, 31% of ferns, 27% of orchids,
20% of trees, 19% of grasses, and 14% of sedges (79). AlL US tropical forests (primarily
located in Puerto Rico and Hawai‘i) are imperiled, as are many temperate and boreal
ecosystems (79). Key drivers of plant diversity loss in the US include LULC change, invasive
species, pollution, overharvesting, and, increasingly, climate change (113-117).

Current global estimates of microbial and fungal diversity range from up to a trillion species
of bacteria and archaea (118) and from 2.2 to 3.8 million of fungi (119), with minimal
understanding of extinction rates. A comprehensive checklist of North American fungi
identified 44,488 species of nonlichenized fungi including mushrooms and microfungi (i.e.,
molds, yeasts, mildews), though this is likely a significant underestimate (120). Only 1,300
fungi (less than 1% of known taxa) have been assessed by the IUCN Red List of Threatened
Species. Of the 557 species of North America fungi listed, 126 are considered critically
endangered, endangered, or vulnerable. Despite threats from LULC change and pollution,
microbes and fungi remain largely excluded from conservation efforts. Although the US
Endangered Species Act does not explicitly protect fungi, recent efforts of the [IUCN
Microbial Conservation Specialist Group argue for raising awareness for their conservation
alongside rare and endangered plants and animals.

Impacts of LULC change, ecosystem degradation, pollution, climate change, and invasive
species continue to outpace conservation and restoration initiatives, posing ongoing
threats to ecosystems throughout the US (Figure 8.2). These pressures have contributed to
species declines and diminished structure and functioning of ecosystems (121), and such
impacts are expected to continue. Protecting terrestrial biodiversity will require science-
informed, adaptive strategies and actions that achieve the highest impact given available
funding and other resources.
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Figure 8.2. Conservation Status of Plants and Animals in the US

Conservation Status of Plants and Animals in the United States
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Many terrestrial plant and animal species in the US are at risk of extinction.

The proportion of plant and animal species in the United States classified across risk
categories by NatureServe, highlighting patterns of extinction risk among major taxonomic
groups. Plants (a) exhibit substantial risk, ranging from 14% of sedges to nearly 50% of cacti
considered vulnerable (yellow bars), imperiled (orange bars), critically imperiled (red bars),
or possibly extinct (grey bars). Animals (b) show especially high risk (up to 75%) among
freshwater-associated taxa, highlighting the vulnerability of freshwater ecosystems. These
patterns illustrate that extinction risk is widespread across diverse taxonomic groups, with
implications for ecosystem function and resilience. Adapted with permission from
NatureServe 2023 (79).

Description of Evidence Base

The finding that natural systems are experiencing increasing impacts from human
activities, including land-use and land-cover change, introduction of invasive species,
diseases, changes in disturbance regimes, pollution, and climate change is assessed to
be virtually certain, as it is based on hundreds of published studies across many
ecosystem types, regions, and species that show consistent patterns of impacts based on
observations, experiments, and modeling analyses of terrestrial ecosystems. The finding
that these environmental drivers and changes have resulted in the loss, fragmentation, and
degradation of ecosystems; contributed to species declines; and diminished the structure
and functioning of ecosystems across the US is virtually certain, based on comprehensive
analyses of many species and ecosystems from empirical field studies as well as remotely
sensed imagery. Current observations cited in published studies based on trends in human
activities and model projections indicate that it is virtually certain that these impacts are
expected to continue.

Key Message 8.2: Effective ecosystem conservation and restoration
actions promote biodiversity and strengthen resilience

Efforts to protect terrestrial biodiversity are most effective when they prioritize landscapes
with the ecological and cultural characteristics most essential for sustaining life and
adapting to changes (very well established). Advances in data and analytical tools, further
informed by Indigenous and local knowledge, allow targeting interventions at specific
locations to maximize biodiversity, increase conservation benefits, and strengthen
resilience (well established). Threats to species and ecosystems can be addressed through
active conservation, targeted interventions, adaptive management, restoration, real-time
monitoring, information sharing, and collaboration (very well established).
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State of Knowledge 8.2
Prioritizing Essential Ecological and Biocultural Characteristics

Conservation faces a fundamental challenge: There are not enough resources to protect
and restore all the places that are important for ecosystem resilience, biodiversity, and
cultural values. However, conservation planning can help identify the most effective use of
available resources. Foundational works in systematic conservation planning and
biodiversity science (122-125) provide clues to identifying these characteristics to resolve
this challenge. Eight interrelated principles, identified in the conservation planning
literature, can help identify landscapes of highest priority for conservation:
representation, protecting all ecosystem types (126-128); connectivity, maintaining
linkages for movement and adaptation(126,129-134); intactness, keeping the least-
modified cores (135-142); complementarity and irreplaceability, maximizing unique
biodiversity coverage (131,132,143-148); climate resilience, ensuring persistence under
changing conditions (147-155); ecosystem functions and processes, sustaining the
systems that support life; species at risk, preventing extinctions (156); and biocultural
significance, honoring the inseparable relationship between people, place, and nature.
Together, these principles provide a science-based foundation for identifying landscapes
most vital to the persistence of biodiversity and ecosystem functioning.

Biocultural significance is increasingly recognized in conservation as a critical component
of prioritization. Since time immemorial, Indigenous People have had intimate knowledge
of ecosystems by living directly with their land and have evolved effective land
management practices based on these intergenerational relationships. This deep and
dynamic understanding of biocultural heritage built over generations is referred to as
Indigenous Knowledge (IK) or Traditional Ecological Knowledges (TEK) (157). Rooted in
culture and the natural environment, IKis a continually evolving system of understanding,
interpretation, and meaning. It is collectively held and expressed through stories, songs,
folklore, proverbs, naming and classification systems, resource use, rituals, spirituality,
cultural values, community laws, local languages, and ecosystem-based practices. IK-
informed Indigenous land stewardship practices are increasingly recognized as having
positive outcomes for biodiversity conservation and climate adaptation (158-160).

Data, Tools, and Knowledge

Artificial intelligence (Al), neural networks, and machine learning offer new strategies for
spatially informed conservation, transforming it from broad, reactive protection toward a
more proactive practice that directs effort to the right places at the right times. The use of
Al forimage and sound classification, species identification, and refining deep learning
models demonstrate broad applications for biodiversity conservation (161). However,
application of such technologies should consider the needs and data sovereignty
considerations of local communities and Indigenous Peoples who may have data privacy
concerns and assure the proper data governance protocols are in place (162).
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Expanding and Integrating Data for Conservation Prioritization

Over the past decade, the amount, quality, and accessibility of environmental data have
expanded dramatically, providing opportunities for more strategic conservation decisions
(Figure 8.3). For example, high-resolution remote-sensing, national biodiversity inventories,
and community-science initiatives now provide near-continuous information on species,
habitats, and ecological processes, producing over 274 terabytes of observations on a daily
basis (163).

Figure 8.3. Integrating Data for Conservation Prioritization

Integrating Data for Conservation Prioritization
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Ecological integrity, species distribution, connectivity, and climate resilience data can
reveal overlapping conservation priorities.

Three small maps show distribution of lands identified as providing (a) connectivity (climate
flow, ranked from dark brown for very low to dark blue for very high), (b) resilience (from
dark brown for least to dark green for most), and (¢) recognized biodiversity value (for four
categories). The large map (d) shows that combining resilience and biodiversity (light
green), resilience and flow (blue), or all three (dark green) highlights where conservation
and protection efforts might yield multiple benefits. When combined with datasets
describing cultural or historical significance, for example, Federally Recognized Indigenous
Lands, such information helps define landscapes that support both ecological and societal
resilience. Adapted from The Nature Conservancy’s Resilient and Connected Network Map
(164).

National programs such as the US Geological Survey’s Gap Analysis Project and Protected
Areas Database have enabled systematic evaluation of ecosystem representation,
enabling systematic assessment of ecosystem coverage within conservation networks.
These data reveal that roughly two-thirds of US ecosystems remain below minimum
protection thresholds (165). Complementary datasets, including the Multiscale Index of
Landscape Intactness, support integrity and intactness by mapping the relative human
footprint and identifying remaining core areas with high ecological integrity. Together these
resources highlight progress in conserving intact landscapes and the vast
underrepresentation of grasslands, arid shrublands, and some forest types.

Advances in species-level data have expanded the use of additional prioritization
principles. The Map of Biodiversity Importance uses machine learning to model habitat for
more than 2,000 imperiled species, directly supporting identification of species at risk and
highlighting irreplaceable locations where protection will most effectively reduce
extinction risk. Dynamic datasets such as eBird’s Weekly Abundance Maps provide a
temporal dimension, revealing how migratory species move across regions and seasons
and enabling an understanding of critical stopovers and corridors important for
connectivity. Increasingly, these data streams are complemented by emerging
technologies, such as ForWarn Il for near-real-time detection, Wildlife Insights for Al-based
image recognition from camera traps, environmental DNA (eDNA) for detecting rare or
cryptic species, Motus for wildlife tracking with automated radio telemetry, and acoustic
monitoring networks that can track biodiversity through sound. Collectively, these sources
give conservation practitioners an unprecedented, multi-scale view of ecological change,
further strengthening application of these principles by improving detection of population
change, disturbance impacts, and movement pathways.

Data supporting climate resilience are now relatively well established in the US, and
analyses increasingly integrate a range of climate data with connectivity datasets to
identify landscapes likely to sustain biodiversity under climate change. Climate velocity
layers quantify the rate at which species must move to track suitable climate conditions
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(166), and The Nature Conservancy’s Resilient and Connected Landscapes framework
builds on this approach, combining geophysical diversity and microclimate heterogeneity
with habitat maps to identify climate-resilient cores and corridors across the US (164).

In contrast, data supporting ecosystem functioning, cultural significance, and Indigenous
co-stewardship are more distributed and context dependent. Ecosystem functioning is
informed by measurements of carbon flux, hydrology, productivity, and disturbance
regimes, but these indicators are not yet integrated into a single national prioritization layer.
Cultural significance is supported by cultural resource inventories and place-based
knowledge systems, often governed by Tribal sovereignty and ethical considerations that
limit centralized aggregation (but see Indigenous Knowledge section below). Although the
quantity of information is growing rapidly, the greatest value lies in integrating ecological
integrity, species distribution, connectivity, and climate resilience data to reveal
overlapping priorities. When combined with datasets describing cultural or historical
significance, such information defines landscapes that support both ecological and
societal resilience.

Integration of Decision-Support and Analytical Tools into Targeted Action

This proliferation of data has been matched by parallel advances in analytical and
decision-support tools that translate information into action. Early spatial planning
systems such as Marxan and NatureServe Vista established the foundation for
conservation planning, optimized protected-area design, connectivity, and cost-
effectiveness. These tools remain widely used by agencies and nongovernmental
organizations to evaluate trade-offs among ecological representation, land cost, differing
priorities, and sociopolitical feasibility. More recent platforms employ Al and optimization
algorithms to handle the complexity of modern conservation problems. For example, open-
source software called Prioritizr allows users to integrate multiple objectives (e.g.,
biodiversity, carbon, connectivity, and cost) within flexible scenarios. CAPTAIN, an Al-
based system that uses adaptive learning, simulates how conservation priorities might
adapt through time as threats, budgets, or climate conditions shift. These tools are moving
conservation from static protected area desighation toward dynamic, adaptive planning
that recognizes a diversification of actions involved, each with different impacts (167).
When coupled with open-access data platforms and participatory planning processes,
these systems can democratize conservation decisions, increasing transparency and
accountability while improving return on investment. By bringing together robust data,
advanced analytical tools, and diverse knowledge systems, conservation planning has
become more strategic and inclusive. This requires investment not only in technology but
also in social infrastructure—such as capacity, training, collaboration, and governance—
that allows data and tools to be used equitably and effectively (159). When fully realized,
the combination of these advances will enable conservation that is more precise, efficient,
and just, directing limited resources toward the places and practices that yield the greatest
ecological and societal benefit.
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Indigenous Knowledge

Indigenous Peoples and local community knowledge systems are intergenerational, place-
based expertise that have long guided land stewardship practices. When meaningfully and
collaboratively included in long-term decision-making, these knowledge systems provide
fine-scale understanding of ecosystem change and cultural significance that are
complementary to scientific data and analytic models. Emerging frameworks for
knowledge co-production (168), relational science (169), and Indigenous data sovereignty
(“the inherent right of Indigenous Peoples and nations to govern the collection, ownership,
and application of data that pertains to their people, lands, resources, and knowledge
systems”) (162,170,171) are creating clearer pathways for ethical and effective integration.
Technologies and networks such as culturally informed GIS platforms that are based on
Indigenous data sovereignty practices (such as Terrastories, NativeLands.Ca, and NPS
Cultural Resources GIS), community-driven historical mapping of culturally significant
ecosystems (such as Mapeo, Native Land Information System, and OpenHistoricalMap),
and mapping of cultural regions further support the inclusion of Indigenous Peoples and
local community knowledge in biodiversity and climate assessments. The data generated
from these tools must also be accessible to communities at large, not just researchers
(172,173), to support the rights of Indigenous Peoples and local communities, from the
physical ecosystem into digital ecosystems.

Active Conservation, Monitoring, and Collaboration

The negative impacts of LULC change can be remedied through active conservation,
intervention, management, and restoration (Figure 8.4). These actions are most effective
when they are forward-looking and adaptive and incorporate the effects of climate change.
Protected areas are crucial for biodiversity conservation because they reduce the loss and
degradation of habitat and slow the rate of species extinctions, including threatened
species. Over 316 million acres across the US are permanently protected with the goal of
biodiversity conservation, including in locations such as national, state, and local parks
and wilderness areas. The US has more than 51,000 protected areas covering just under
13% of the nation’s land area and 19% of the nation’s marine environments (165), which is
short of global goals to protect 30% of land and sea by 2030 (174).
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Figure 8.4. Addressing Species Decline Through Conservation Actions

Addressing Species Decline through Conservation Actions
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Species imperilment can be addressed through conservation, targeted intervention,
adaptive management, restoration, active collaboration, and other actions.

This figure summarizes the range of conservation actions identified for species in the
United States across taxonomic groups, illustrating both actions in place (a) and those
determined by International Union for Conservation of Nature as needed to reduce
extinction risk (b). The underlying data include all US species across all conservation
statuses except Least Concern, highlighting opportunities for conservation actions before
the species reach the highest risk levels. The results demonstrate that a diverse set of
management, conservation, and restoration actions can address species imperilment and
improve conservation outcomes when applied proactively and collaboratively. Figure
original to The Nature Record.
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Land management tools are often employed to preserve the structure and functioning of
protected, restored, and otherwise managed landscapes. Prescribed fire, grazing, and
invasive species control are the most widely adopted management practices in terrestrial
ecosystems of the US (175). For example, after a brief increase in fire occurrence in the
period following colonial settlement, when vast areas of forest were subjected to slash-
and-burn logging for agriculture (39), the amount of burned area in the US has steadily
decreased since first European contact with Indigenous communities (40,176), and
particularly since the 1920s when federal, state, and local governments adopted fire
suppression as a cornerstone strategy to manage woody and other fire-adapted
ecosystems (39,177).

Beyond conserving and managing relatively intact ecosystems, ecological restoration is
commonly employed to repair damaged ecosystems and ensure imperiled species have
the critical habitat they need to thrive. Restoration improves biodiversity and ecosystem
functioning relative to degraded ecosystems, but restored systems rarely recover fully
(178,179). This underscores the importance of conserving relatively intact ecosystems and
preventing ecosystem damage in the first place. Conservation and restoration have both
been used successfully to increase both nature and people’s ability to adapt to climate
change, an approach often termed nature-based solutions (see Chs. 2, 4, 8,10, 12, 13,
14).

Restoration goals have undergone significant change since Western science perspectives
on ecosystem restoration were first developed in the early 1900s, as well as since
restoration ecology was formalized as a science in the late 1990s (180). Although it is still
common to aim to restore ecosystems to the state they were at some particular time point
in the past (e.g., before European colonization), there is increasing recognition that such
goals are unrealistic (178,180). Because ecosystems are dynamic, using a snapshot in time
may not fully capture the variation that regularly occurs in that ecosystem. Therefore, many
practitioners seek to combine historical information with a projected vision of a future
ecosystem to create restoration plans (181). Such goals account for ecological and social
aspirations (181) and may take innovative approaches such as sourcing plants or animals
targeted for restoration from climates similar to the projected state, in addition to using
local genotypes or ecotypes (Ch. 10: Climate Change) (182).

Beyond publicly protected areas and those owned by nonprofit organizations, restoration
and ecosystem management on privately owned lands play a critical role in shaping
working lands in the US, given that they make up much more land area than protected
areas. Approximately two-thirds of land in the lower 48 states is privately owned. A large
share of this private land is working agricultural land (cropland, pastureland, rangeland).
Rangeland alone accounts for over 400 million acres, most of which is on private land in
the Midwest and West. There are numerous examples of successful programs that improve
water quality, soil health, biodiversity, fire resilience, and carbon sequestration on active
working lands (183-187). The most common conduit to protect private lands is
conservation easements, which are voluntary legal agreements to increase conservation
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value. Conservation easements cover almost 38 million acres in the US (188) and,
compared to public lands, are often located in higher-priority areas for conservation, hold
significantly higher average species richness, and sequester more carbon per unit area
(189). Successful conservation initiatives on working lands are likely to succeed when they
are voluntary and driven by landowners, collaborative (involving strong partnerships and
technical support), economically viable (with the financial incentives of all participants
aligned), monitored (to ensure progress toward adaptive management goals), and rooted in
community values and local stewardship.

Description of Evidence Base

The finding that efforts to protect terrestrial biodiversity are most effective when they
prioritize landscapes with the ecological and cultural characteristics most essential for
sustaining life and adapting to changes is very well established, based on examples from
published studies and reports documenting consistent results of biodiversity protection by
federal and state agencies and non-governmental conservation organizations for many
ecosystems and species. The assessment that the use and effectiveness of new advances
in data and analytical tools, further informed by Indigenous and local knowledge, allow
targeting interventions at specific locations to maximize biodiversity, increase conservation
benefits, and strengthen resilience is well established is based on a growing, but limited,
number of successful examples to date of artificial intelligence and machine learning tools
in conservation actions for several ecosystem types. The finding that threats to species and
ecosystems can be addressed through active conservation, targeted interventions,
adaptive management, restoration, real-time monitoring, information sharing, and
collaboration is very well established, based on a substantial body of conservation actions
documented in decades of published research by researchers and conservation
practitioners.

Key Message 8.3: Human-dominated landscapes can provide
benefits to nature and people

Many terrestrial ecosystems in human-dominated landscapes, such as urban greenspaces
and agricultural lands, are critical for biodiversity habitat, air and water filtration, adaptation
to and mitigation of climate change, and human well-being (very well established). Effective
management in these landscapes has the potential to restore nature so that it can
equitably provide a range of social and ecological co-benefits (well established).

State of Knowledge 8.3

Although formal protected areas remain critical for many species and communities, there
is growing recognition that working lands—such as rangelands and agricultural areas —
and urban greenspaces can play an important role in conserving biodiversity while
sustaining nature’s contributions to people (190,191) (see Chs. 11 and 13). These
ecosystems, ranging in size from small urban parks to large swaths of timberlands, can
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support local biodiversity and also serve as stepping stones for species movement
between larger intact ecosystems (192). These ecosystems’ conservation benefits are not
guaranteed, however, and they depend on context-specific management practices that
promote functioning landscapes.

Agriculture and Rangelands

The conservation value of working lands is especially important in regions where most land
is privately owned. For example, more than 100 bird species have more than 50% of their
US breeding ranges on private lands, and more than 80% of the ranges of grassland birds is
privately held (193). Unfortunately, ecological conditions in many working landscapes in
the US continue to decline. LULC changes remain serious threats to biodiversity in many
agricultural landscapes (194), with 10-year average annual conversion rates of grasslands
to croplands at 2.6 million acres in the Great Plains (195) (Box 8.1). In 2022 alone, nearly 2
million acres of grassland were lost in the Great Plains, including 480,000 from the
Northern Great Plains—one of the world’s largest intact temperate grasslands (195).
Degradation of rangelands and pasturelands since 1995 can be attributed largely to
climate change, invasive species, wildfire, and woody encroachment, especially by
junipers (196).

Box 8.1 Central Grasslands and Prairie

Many environmental challenges in America’s heartland reflect a kind of “death by a
thousand cuts” because they represent the cumulative effect of countless decisions made
at the scale of individual farms or fields. Seemingly benign choices about nutrient and
livestock management, pesticide application, tillage, cover crops, vegetative buffers, and
wetlands aggregate in ways that profoundly affect species and ecosystems, both terrestrial
and aquatic. Often choices made to improve agricultural productivity lead to only marginal
gains (197). In the Corn Belt, annual crop production is estimated to be reduced by up to
6% because of topsoil loss and tillage erosion (198). Consequences are not limited to local
or regional scales but result in continental impacts like hypoxia (areas of low oxygen levels)
in the Gulf of Mexico, which is largely attributed to agricultural runoff into the Mississippi
River Basin (199,200). Fortunately, relatively simple adjustments to management practices
can result in meaningful ecological benefits.
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1 Figure 8.5. Population Declines in Grassland Birds at Landscape Scales

Population Declines in Grassland Birds at Landscape Scales
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13  (a) Figure original to The Nature Record, (b) permission to reproduce is pending.
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One cornerstone strategy used in sustainable agriculture is reducing runoff of water,
nutrients, pesticides, or soil by using native plants to create vegetated buffers or “prairie
strips” along field or riparian edges (201-203). Research shows that prairie strips need not
be associated with lower yields and ultimately return disproportionate benefits to
ecosystem services and biodiversity compared to croplands lacking strips (201). Indeed, a
multiyear, large-scale experiment in lowa showed that replacing only 10% of cropland with
prairie strips doubled species richness of insects and birds and increased pollinator
abundance by 3.5 times, while also reducing runoff such that 20 times more soil and 4.3
times more phosphorus were retained (202). Some of these benefits, like soil health, can
accrue for decades (204). As many as 69 million hectares of cropland in the United States
could benefit from inclusion of prairie strips (201), indicating an enormous opportunity to
improve the sustainability of agricultural landscapes with relatively modest investment.

With careful design, these buffers also can provide essential resources to threatened
species. For example, milkweed (Asclepias spp.), the host plant for the declining monarch
butterfly, plummeted after the introduction of glyphosate-tolerant corn and soybean that
significantly increased use of herbicides (205-207). Monarch caterpillars rely on milkweed
as their only food source; without milkweed there are no monarchs (208,209). When native
plants dwindle, a wide assortment of other species—pollinators, songbirds, game birds,
and waterfowl—also struggle to find sufficient food and cover resources. To the extent that
milkweed and other native plants can be incorporated into prairie strips and buffers,
growers can both reduce runoff and help to reverse shocking declines in native wildlife.
Moreover, managing agricultural systems to include natural elements that are floristically
diverse—especially among grasses, legumes, and forbs (herbaceous plants)—can improve
forage yield and quality, soil nitrogen levels, abundance of pollinators and birds, and
populations of natural predators of agricultural pests (203,210). Ultimately, relatively
straightforward adjustments to agricultural practices return benefits that extend far beyond
farm and landscape-scale benefits, including much-needed reductions to nutrient flows
that contribute to hypoxia in the gulf (200,211).

[BOX 8.1 ENDS HERE]

These changes can profoundly affect wildlife populations across western states, where
67% of species—including more than 125 species of conservation concern—use
rangelands (212). Grassland birds in particular have sharply declined in abundance since
1970 (213), with recent declines steepest in locations where species formerly were most
abundant (214). Insects, including iconic monarch butterflies and once-common
pollinators, have also experienced widespread declines (215). As biodiversity is lost from
these working landscapes, so too are many of the benefits provided by species, such as
pollination, pest control, and seed dispersal—all of which improve the health and
productivity of agroecosystems (216-218).

Fortunately, many opportunities exist to manage working lands for benefits to both people

and ecosystems (Figure 8.6; see Chapter 11). Maintaining at least 20% native or
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seminatural habitat—such as hedgerows, field borders, and road edges—can support
some biodiversity and ecosystem services, as well as food security, with optimal outcomes
accruing when more than 50% is maintained (190,219,220). Notably, even working lands
managed to maximize biodiversity cannot support the same species as intact ecosystems
(190). For example, working lands cannot support species that specialize in unmodified
habitats such as mature, intact native forests (e.g., ‘akiapola‘au, or Hemignathus wilsoni)
or species with large home ranges (e.g., wolverines, or Gulo gulo luscus). Crop
diversification and seminatural habitats benefit biodiversity within agricultural landscapes
(221,222), which is associated with improved agricultural yields, ecosystem resilience, and
human well-being (221). Even on-farm practices matter: crop diversification was as
effective as non-crop-diversification measures (e.g., natural areas, landscape
heterogeneity) in managing pests (223). In contrast, landscapes with less than 5% native
habitat that are dominated by intensive practices like tillage and pesticide use suffer
significant losses in biodiversity (190,224). Nature-positive interventions are increasingly
important with climate change, which may exacerbate environmental impacts of
agricultural production (225).

Figure 8.6. Co-Benefits of Working Landscapes

Co-Benefits of Working Landscapes

Riparian woodlands
enhance water quality
and reduce soil erosion.

Forest patches provide
habitat for birds and
bats that predate on

crop pests.

Diversified crops Wildflowers attract
enhance soil fertility pollinators, improving
and biodiversity. crop yields.

Integrating ecological components into working agricultural landscapes can generate
multiple benefits for both nature and people.

A working agricultural landscape is designed to integrate ecological components, providing
resilience to climate change, biodiversity loss, and food insecurity. Native wildflowers
support pollinators that enhance crop yields, riparian woodlands enhance water quality
and reduce soil erosion, forest patched provide habitat for birds and bats that predate crop
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pests, and diversified crops enhance soil fertility and biodiversity. Diversified agricultural
systems can sustain productivity while supporting resilient ecosystems. Adapted from
Peterson-Rockney et al., 2021 (226).

Because most working lands are privately owned, conservation incentive programs are
crucial for engaging landowners. The widespread presence of farms and ranches that are
not owner-operated poses a challenge for the broad adoption of nature-friendly practices,
as absentee landownership complicates incentive structures (227). Furthermore, funding
for the Conservation Reserve Program—the largest federal source of funding for
conservation—has declined by over one-third in the past 15 years after reaching a peak of
supporting nearly 37 million acres. This decline is largely due to fewer resources being
offered for the program rather than to declining interest from farmers. Support for
conservation by Tribal Nations is equally important; 80% of Tribal lands in the Great Plains
remain intact grasslands, compared to 55% of total land in the region (195).

The National Audubon Society’s Conservation Ranching Program is a land-based, market-
connected initiative that conserves grasslands while supporting economic outcomes for
rural communities. Ranchers voluntarily implement habitat management plans that
promote regenerative grazing, control invasive species, and restore native vegetation. In
return, they market beef and bison products under the Audubon Certified Bird-Friendly
Land designation, signaling to consumers the use of sustainable practices through the
Bird-Friendliness Index (BFI) (228). Since 2016, BFI scores across more than 100 ranches in
the Great Plains, Upper Midwest, and West have increased by 8.4% annually and 76%
overall.

Forests

Working forest landscapes include privately owned forests and public lands managed for
multiple uses. These forests provide timber and other wood products, biomass fuel, non-
timber forest products (e.g., medicinal plants such as ginseng in the Appalachians and
noni in Hawai’i and American Samoa, as well as edible mushrooms and fruits), wildlife
habitat, and opportunities for hunting, fishing, birdwatching, hiking, and other outdoor
recreation (229-234). Of these benefits, timber production has the largest ecological
impact, as logging and silviculture can change the structure and composition of forests,
reduce habitat for old-growth forest specialist species, increase habitat fragmentation, and
alter local hydrology (235-238). Working forests include both natural and planted forests
(plantations) (239), although in the US only 11% of forests managed for timber production
are planted (240), and more than 70% of those (i.e., 45 million acres) are located in the
southeastern US (241). While private forests account for more than three-quarters of
timber harvest in the US, public lands (e.g., National Forests, Bureau of Land Management
forests) also produce timber (242).

LULC change and timber harvesting cleared an estimated 256 million acres of forest in US
states from 1630 to the present, with the steepest declines in forest cover in the late 19th
century (242). There was a net increase in forest cover from 754 million acres in 1910 to
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more than 765 million acres in 2022 (242,243), with reforestation outpacing an increase in
timber harvest from the 1950s to 2000 (244). Over the last century, the geographic
distribution of forests has changed across the US through processes including logging,
urban growth, rural development, and reforestation (245,246). Notably, while forested area
increased in the Northeast, Puerto Rico, and the US Virgin Islands through reforestation
over the 20th century, forest area declined in the West, Texas, and Florida (247-249).

Working forests can be managed through practices that seek to optimize a range of
objectives, including timber production, biodiversity, and carbon storage (245). Ecosystem-
based management—a holistic approach to management that considers the entire forest
ecosystem and its ecological and socioeconomic values (250,251)—and improved forest
management—encompassing activities that seek to increase forest carbon stocks (252)—
promote a mix of stand ages across the landscape to provide habitat for specialist species,
retain dead and downed trees, maintain tree diversity, and increase carbon storage (253-
255). Forest certification programs such as the Sustainable Forestry Initiative, the Forest
Stewardship Council, and the American Tree Farm System provide forest managers and
owners with recognition for meeting standards for sustainable management (245,256
260). However, in situations where the goal of improved forest management is to increase
carbon storage, biodiversity co-benefits are not guaranteed: forest management practices
that optimize for carbon storage by maximizing stand density may decrease abundance of
some species (261), such as the federally endangered red-cockaded woodpecker (Picoides
borealis) in the southeastern Coastal Plain (262), as well as overall bird biodiversity in
riparian forests in California and northern hardwood-conifer forests in the Northeast
(263,264).

Despite efforts to promote sustainable management of working forests, forests across the
US are changing in response to wildfire, insect and disease outbreaks, climate change, and
harvesting (265,266). For example, insects and disease affected more than 7 million
hectares of US forest each year from 1997 to 2013, with larger areas impacted in years with
outbreak events (267). Native bark beetles (e.g., fir engraver [Scolytus ventralis], western
pine beetle [Dendroctonus brevicomis], and spruce beetle [Dendroctonus rufipennis])
have caused large areas of tree mortality in forests of the western US and Alaska, while
introduced species, including the hemlock woolly adelgid (Adelges tsugae), emerald ash
borer (Agrilus planipennis), and spongy moth (Lymantria dispar) have affected forests in the
East (267,268). The spread of fungi and pathogens has also caused tree mortality, including
rapid ‘0hi‘a death in Hawai‘i and Dutch elm disease in urban forests (268,269). As new
forest pests are introduced each year and established species increase their ranges, the
impacts of biotic disturbances are expected to increase (270).

On average, the area of forest in the western US experiencing wildfire each year has
increased since the mid-1980s, as have high-severity fires (271-274). These trends appear
to be accelerating: All regions of the contiguous US experienced more fire events post-2000
than during the period 1984-1999; fires in the western US were larger; and extreme fire
activity increased in the West (275). Crucially, the proportion of forest area burned at high
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severity in the western US increased by a factor of 15 from 1985 to 2022 (276). Despite
these increases in fire activity, all forest types in the contiguous US are still burning less
frequently than they did prior to the late 1800s, when forest management shifted towards a
policy of aggressive fire suppression (277). Changes to fire regimes have reshaped forest
composition, structure, and functioning across the western US (Box 8.2) (278). Climate
change, human development, and invasion by hon-native grass species has also increased
wildfire impacts on Hawai‘i’s forests (279), while wildfires driven by human ignitions and
flammable grasses threaten forests in Guam and the Northern Mariana Islands (280,281).
Changes in the frequency, severity, and duration of drought have also affected forests in the
western US. While forests in the eastern US experienced wetter-than-average conditions
over 2000-2021, western forests experienced record drought over the same period (282-
284). Drought can directly cause tree mortality (285), and it can make surviving trees more
susceptible to insect and pathogens (286-288) while increasing fuel aridity for wildfires
(289).

Box 8.2 Western Forests

US wildfire management has focused on aggressive fire suppression for more than a
century (290), dramatically reshaping forest structure, composition, and functioning across
the western US (278). These shifts make forests more vulnerable to stressors such as
drought, insect infestations, pathogens, and wildfire (291-293). By facilitating fuel
accumulation, fire suppression paradoxically leads to higher-severity wildfires (294). As the
frequency and extent of high-severity fires increases with climate change, some conifer
forests are transitioning toward dominance by fire-adapted hardwoods, while in other
locations forests are failing to regenerate, leading to ecological transformations to
shrublands, meadows, and grasslands (295-297).
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Ch. 8: Terrestrial Ecosystems

3  Mixed- versus high-severity fires reshape forests in very different ways, with
4  implications for tree regeneration, wildlife, ecosystems, and carbon emissions.
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Climate change is leading to more, and more frequent, fires of high severity. High-severity
fires alter the otherwise stable fire cycle, causing additional, less predictable damage to
wildlife and the ecosystem, including high tree mortality, establishment by nhon-native
species, and regeneration failure. Mixed-severity fire cycles are stable, resulting in low tree
mortality, native tree persistence and regeneration, and support for wildlife. At a large scale,
high-severity fires can be very damaging to wildlife and the ecosystem. Adapted from Zhao
etal. 2024 (298) (CC-BY-4.0) and USFWS 2022 (299).

Changes to fire regimes in western forests have diverse ecological impacts. Whereas
mixed-severity fires may promote biodiversity (300), high-severity fires can negatively
impact wildlife habitat and plant species such as the iconic, declining giant sequoia
(Sequoiadendron giganteum) (301,302). Habitat degradation from fire suppression and
changing fire regimes impacts local hydrology and water resources (303,304) and has
contributed to the decline of over half of western forest bird species (305-307). Increases
in the frequency and extent of high-severity fire also threaten carbon storage by releasing
carbon stored in aboveground biomass (308,309).

Changing fire regimes also have stark social and health consequences, including loss of
human lives and property and increased exposure to hazardous air and water quality (310-
312), as well as potential economic losses for the timber industry and investors in forest
carbon markets (233,313). Annual costs can reach over a hundred billion dollars annually
(314).

Despite the challenges posed for fire management in the western US, there are bright
spots. Management practices such as prescribed fire and mechanical thinning can reduce
the risk of high-severity wildfire (315), and advances in remote sensing and machine
learning tools enable more-targeted interventions (316,317). Critically, Indigenous groups
are working to bring cultural burning practices back to western forests (318,319),
conserving biocultural diversity and supporting Indigenous sovereignty (320,321) while
increasing resilience to drought and wildfire.

[BOX 8.2 ENDS HERE]
Renewable Energy and Other Land Uses

Renewable energy in the US continues to show rapid growth, with solar and wind leading
the expansion and accounting for most newly installed capacity in recent years (48). The
large spatial footprint of renewable energy may involve trade-offs among the competing
priorities of decarbonization, protecting natural habitats, preserving productive croplands
and rangelands, and benefitting communities.

Land-saving approaches and technology implementation strategies that include input from
all relevant government agencies, landholders, and local communities can mitigate some
of the challenges related to large-scale implementation of renewable energy. For example,
the co-location of wind and solar projects minimizes habitat disturbance. In the Bureau of
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Land Management’s updated Western Solar Plan, more than 31 million acres of public land
were identified as suitable for solar development through an approach that prioritizes
areas near transmission lines or on previously disturbed lands while excluding sensitive
areas like critical wildlife habitats and cultural resources (322).

Agrivoltaic systems co-locate agriculture and solar technologies on the same land to
preserve croplands and rangelands while producing energy, thereby improving efficiencies
in land and water use and energy generation (323). Agrivoltaic systems reduce the need to
convert additional land solely for solar energy production and therefore reduce the
competition between energy generation and food production. There is growing evidence
that agrivoltaic systems provide additional benefits, including the establishment of native
plants, soil carbon sequestration, and erosion control (324).

Urban Greenspace and Green Infrastructure

Urban green spaces and associated green infrastructure are essential components of
landscapes in human-dominated areas, providing habitat, climate regulation, and air and
water filtration, in addition to enhancing human well-being (Ch. 13: Health and Well-Being).
In the US, current trends reveal both increasing recognition of these contributions and
persistent structural gaps in implementation and equity.

National assessments indicate that urban green space in the US follows divergent
trajectories—expanding in some metropolitan areas through targeted greening initiatives
while declining overall in the extent of tree canopy. Analyses of high-resolution imagery
revealed a net annual loss of approximately 175,000 acres of urban tree cover, equivalent
to roughly 36 million trees per year (325). This decline has continued in several regions,
particularly in fast-growing metropolitan areas of the South and Great Plains where
development pressures are highest, and where drought, heat, pests, and storm damage
have contributed to sustained canopy loss (326). Local trends vary substantially across
cities: some metropolitan areas report pockets of stability or modest gains associated with
sustained greening programs, while others continue to experience net declines when
redevelopment and disturbance outpace new plantings.

Persistent distributional inequities compound these trends. Urban neighborhoods with a
majority of people of color have, on average, 11% less tree canopy and 14% more
impervious surface than predominantly white neighborhoods (327). Low-income blocks
also experience higher surface temperatures and lower vegetation density (328) than
higher-income neighborhoods. These patterns highlight overall decline as well as uneven
urban green space trajectories: progress in some cities and neighborhoods is offset by
losses in others.

Urban green space and green infrastructure in the US are increasingly assessed not only by
their extent but by their capacity to deliver multiple ecosystem functions under changing
climate conditions. Empirical studies demonstrate that vegetation structure and
composition strongly influence local microclimate regulation, water retention, and
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biodiversity. For example, urban canopy cover can substantially reduce land-surface
temperatures during extreme heat events (329), while infrastructure such as bioswales and
green roofs substantially decrease stormwater runoff and pollution loads (330). Moreover,
the selection of tree species for urban canopy plantings is critical, given that some species
emit high levels of volatile organic compounds or produce high pollen volumes, further
exacerbating human health conditions such as asthma or respiratory distress (331).

Recent assessments of the functional performance of urban green space and green
infrastructure emphasize their multifunctionality, meaning their ability to simultaneously
deliver hydrological, ecological, and social co-benefits (332). Integrated assessments of
urban green infrastructure reveal that multifunctional performance peaks when green
infrastructure networks are spatially connected and embedded within broader ecological
corridors (333). However, most municipal monitoring programs still rely on single
indicators, such as canopy cover or green acreage, without evaluating co-benefits or
resilience under climate stress. Establishing standardized indicators of ecological
function, maintenance intensity, and adaptive capacity will be critical for linking green
infrastructure investments with measurable outcomes.

Description of Evidence Base

The finding that many terrestrial ecosystems in human-dominated landscapes, such as
urban greenspaces and agricultural lands, are critical for biodiversity habitat, air and water
filtration, adaptation to and mitigation of climate change, and human well-being is very well
established, based on hundreds of published studies of field observations and
experiments across a wide range of working landscape types and locations that show
consistent patterns. The assessment that effective management in these landscapes has
the potential to restore nature so that it can equitably provide a range of social and
ecological co-benefits is well established, based on a growing but limited number of
published studies of direct measurements of ecological and social benefits of these
landscapes.

Environmental Justice and Equity Highlights

This review of status and trends in terrestrial ecosystems reveals patterns of environmental
disparities in land-use and land-cover change, and in responsive conservation and
restoration actions, including instances of inequitable exposure among demographic
groups. For example, trends in tree canopy cover in urban landscapes show that some
cities with strong green protection ordinances or large-scale planting campaigns (e.g.,
Atlanta, New York, Baltimore) show localized canopy gains, while other cities continue to
experience net losses in tree canopy cover.

Landscape conservation and restoration trends also show disparities in distribution.
Despite the emphasis of international restoration goals on equitable restoration, traditional
ecological knowledge, and BIPOC (Black, Indigenous, and People of Color)-led restoration
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(834), social responses to restoration, BIPOC knowledge, and the socioecological
dynamics of restoration are rarely incorporated (335-338). This lack of focus likely reduces
restoration efficacy and means those communities most vulnerable to the impacts of ailing
ecosystems are not reaping the benefits of ecosystem repair.

Emerging Issues

Several emerging issues would benefit from additional attention in research, practice, or
policy. First, the recognition of nature as a valuable asset to business operations has led to
the development of frameworks to support market-driven, nature-based solutions, which
are expected to influence future patterns of LULC change. For example, the Task Force on
Nature-Based Financial Disclosures will provide guidance and metrics for reporting on how
organizational activities affect the status of nature (339). Second, the proliferation of
artificial intelligence and machine learning tools for quantifying and monitoring ecosystem
status will provide greater real-time access to information from global to local scales.
Ongoing efforts ensure that the data is both FAIR (findable, accessible, interoperable, and
reusable) (340) and CARE (collective benefit, authority to control, responsibility, and
ethics) (170), by involving Indigenous communities in decision-making about how data is
collected, used, and shared; recognizing their sovereignty over data; and ensuring benefits
from data use flow back to the communities environmental stewardship (162). Third, there
is increasing recognition of the critical importance of the deep knowledge held by local
communities and Indigenous Peoples related to ecosystem status and change. Projects
that privilege such understanding produce more enduring conservation and restoration
outcomes for both nature and people. Fourth, the implementation of renewable energy
production has increased dramatically over the past decade. Further attention to research,
planning, and policy would help decision-makers understand and quantify the co-benefits
of renewable energy production related to enhancing biodiversity conservation, reducing
water use, and improving soil health. Fifth, climate change is accelerating, increasing the
need for adaptive solutions. Translocations to suitable future habitats require
consideration of potential impacts to both the relocated species and the receiving
ecosystem, as well as long-term monitoring and possible changes in management tactics.
Sixth, nature-based solutions (NBS) are increasingly deployed across terrestrial systems,
yet their long-term effectiveness cannot be assumed. Ensuring that expanding NBS
investments translate into sustained ecological function and climate risk reduction
requires explicit evaluation of their long-term ecological dynamics under ongoing
environmental change.
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