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Climate change is increasing the frequency and intensity of extreme weather events and
altering local climates, with profound effects on ecosystems and society. If left unaddressed,
climate change will continue to accelerate. In the United States, agricultural lands, forests,
and wetlands are important stores of carbon, with the potential to act as natural climate
solutions by sequestering carbon from the atmosphere. 

However, recent research shows that climate change is weakening the ability of natural
systems to sequester carbon. In this report, we will examine how high temperatures, extreme
weather, and rising sea levels degrade farms, forests, and wetlands while reducing
productivity. Climate change simultaneously impacts the ability of natural systems to
mitigate climate change while increasing their contribution to climate change. 
 
This report then examines the policies proposed in the Climate Stewardship Act of 2021,
introduced to the U.S. Congress by Senator Cory Booker (D-NJ) as a response to the climate
crisis. The Act seeks to mitigate climate change and strengthen climate resilience through the
improved management of the three systems above. Better managed lands store more carbon
and are more resilient to extreme weather. 
  
To reach these goals the Act proposes wide-reaching programs to build resilience as well as
provide funding and employment to several economic sectors, with dedicated programs for
disadvantaged groups. This report will describe the approaches laid out in each of the bill’s
three titles. In Title I, the Act focuses on farming practices that improve soil health, returning
marginally productive lands to their natural state and incentivizing more sustainable
agricultural practices. In Title II, the Act sets the goal of planting 1.7 billion trees to increase
carbon sequestration and foster healthy forest systems that will act as carbon sinks and
better withstand future climate-driven stressors. Finally, in Title III, the Act supports the
restoration of 2.3 million acres of wetlands that will buffer storms surges and sequester
additional carbon.
 
The Act proposes changes at a scale far beyond what has been studied or implemented, and
therefore we will also consider potential limitations and unforeseen impacts. Additionally,
the report will look at tools to evaluate impact and efficacy that must be considered to
ensure the goals of the Act are met. The Climate Stewardship Act presents programs based
on climate science to build ecosystem and community resilience, while utilizing natural
systems to mitigate climate change.

EXECUTIVE SUMMARY
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INTRODUCTION
Anthropogenic climate change is one of the
greatest challenges currently facing human
society. Climate change is driven by the
emission of greenhouse gas into the
atmosphere which increases the global
average temperature. In 2019, approximately
80% of greenhouse gases emitted were
carbon dioxide (CO ) (EPA 2021). Unless CO
and other greenhouse gas emissions are
reduced drastically in the coming decades,
global warming of 1.5°C above pre-industrial
levels will be exceeded, according to the
Intergovernmental Panel on Climate
Change’s Sixth Assessment Report (IPCC
2021). The effects of this warming include
sea level rise and an increase in extreme
weather events, which cause huge damages
to human health and infrastructure.
Heatwaves and drought in some areas lead
to increases in heat-related deaths and lower
crop yields, while the rise in more frequent
heavy precipitation in others leads to more
extreme flooding, destroying homes and
farms (EPA 2021). These outcomes
demonstrate the urgent need for reducing
greenhouse gases in the atmosphere.

One scientifically proven method of reducing
greenhouse gas levels is biological carbon
sequestration, where CO  is captured by
plants and stored in soil and vegetation. In
2019, the EPA reported that biological
carbon sequestration offset 12.4% of total
U.S. greenhouse gas emissions that year (EPA
2021). Effective implementation of land
management practices can increase biological
carbon sequestration, reducing atmospheric 
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CO  and the associated climate warming
potential. 

The Climate Stewardship Act, hereafter
referred to as “the Act,” is a comprehensive
proposal that seeks to strengthen climate
mitigation efforts by increasing carbon
sequestration in agricultural lands, forests,
and coastal wetlands. To this end, the Act
deploys funding, technical assistance, and
economic development opportunities in
these three areas. The Act was introduced by
U.S. Senators Cory Booker (D-NJ) and
Kirsten Gillibrand (Co-Sponsor, D-NY), on
April 12, 2021. It has been referred to the
Senate Committee on Agriculture, Nutrition,
and Forestry and, as of August 2021, is
awaiting further action. 

The Act creates or modifies policies in the
agricultural, forestry, and wetland sectors
that aim to strengthen the U.S. response to
climate change by amending existing
government programs and enacting several
new programs with a focus on “climate
stewardship.” The Act defines climate
stewardship as a reduction in greenhouse gas
emissions, increased capacity for carbon
sequestration, and improved soil, plant, and
ecosystem health. Through its programs, the
Act seeks to help the U.S. meet its domestic
and global targets for climate change
mitigation, and also includes provisions to
provide employment and funding for socially
and economically disadvantaged groups in an
attempt to build a more equitable future.

2
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TITLE I:
AGRICULTURE



BACKGROUND
Agriculture and related industries comprise 10.6% of national employment and 5.2% of our
GDP (USDA 2021), making them an important sector in the U.S. economy. Agricultural lands
also comprise 37% of total land use in the U.S. (USDA 2019). Current widespread agricultural
practices are also large contributors to the drivers of climate change. In 2019, agriculture
accounted for 10% of the total greenhouse gas emissions in the U.S., primarily through
methane (CH ) and nitrous oxide (N O) emissions, two greenhouse gasses that are more
potent than CO . N O has a residence time of around 120 years in the atmosphere, and 298
times the global warming potential of CO  over a span of 100 years (EPA 2021). However,
farms have the potential to store carbon in vegetation and soils, while also reducing
greenhouse gas emissions if regenerative practices are used. 

22
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https://www.nass.usda.gov/Publications/Todays_Reports/reports/fnlo0220.pdf


CLIMATE CHANGE
IMPACTS AGRICULTURE
Farmers rely on regional climate patterns
and the timing of seasonal change to
determine when to plant, harvest, and till
their land. Although weather patterns
always have some degree of
unpredictability, climate change has
exacerbated these variations, leaving
farmers with less predictability and requiring
more frequent adaptation.
 
As much of the U.S. continues to warm,
rising temperatures have already affected
crop and pasture yields. Higher
temperatures can mean longer growing
seasons for many plants, but high
temperatures earlier in a plant’s
development can limit growth, leading to
reproductive failure and decreased yields
(Walthall et al. 2013). In order to maintain
productivity, farmers may need to relocate
their farms or change their practices or crop
types (Reidmiller et al. 2018). Furthermore,
changing climate patterns also shift the
potential for invasive weeds, pests, and
pathogens to spread due to increased
temperatures in more northern regions
(Dunne 2018). Changing precipitation
patterns are also causing some areas of the
country to experience extreme drought or
increased risk of flooding, both of which
negatively affect crop yields (EPA 2021).
Current agricultural practices, like
monocropping and frequent tilling, weaken a 

farm’s ability to withstand the effects of
climate change. These practices deplete the
soil of the nutrients necessary for a
productive harvest, degrade the soil
structure leading to greater erosion, and
limit water holding capacity thus reducing
drought resilience (Wright et al. 2020).

Droughts also disproportionately affect
minority and low-income populations,
making climate-driven impacts on agriculture
an environmental justice issue as well
(Wikstrom et. al 2019). In the Southwest,
droughts lead to economic stress and lost
employment in this region’s agricultural
sector, which consists of many migrant and
seasonal workers, about 73% of whom are
of Latin-American origin (NCFH 2012). 33%
of farmworkers live under the poverty line
and therefore are more vulnerable to
displacement and food insecurity (NCFH
2020). Migrant and seasonal workers are
traveling further for fewer and less reliable
farm work opportunities due to climate
change. 

A field that uses monocropping, only growing one crop variety a year
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CYCLICAL IMPACTS

Figure 1: 2019 Nitrous Oxide Emissions, by source
Figure from the United States Environmental Protection Agency

Agricultural Practices Release 
Greenhouse Gases 
About 52% of greenhouse gases produced by
agriculture are N O (EPA 2021). The most
substantial way that agricultural practices
generate N O emissions is through the
addition of nitrogen substrates in the form of
fertilizers. Global nitrogen-use efficiency, the
amount of applied N fertilizer that is taken up
by crops, is estimated to be less than 50% 
under most farm conditions (Reay et al.
2012). The excess synthetic fertilizer
stimulates N O production through increases
in nitrification and denitrification, microbial
processes that produce N O as a byproduct,
in both farm soils and in adjacent ecosystems
affected by farm runoff. 
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The amount of N O produced by agricultural
practices may be exacerbated by climate
change, specifically due to increased CO  in
the atmosphere. Though the exact impacts of
climate change on N O production are
difficult to predict, a recent study on
nitrification in paddy soils found that
elevated atmospheric CO  and temperature,
both alone and in combination, increased
nitrification rate by 58-133% due to
increases in microbial biomass, microbial
activity, and soil organic carbon content
(Waqas et al. 2021). Similarly, a study
modeling denitrification under changing
climate conditions in the northeastern U.S.
found that changing temperatures and
precipitation levels were projected to
increase denitrification rates across an
agricultural watershed in the Finger Lake
region by 23-41% (Barclay and Walter 2015).
These results suggest that climate change
may increase the rate of N O production, in
turn further exacerbating climate change. 
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THE PROPOSED SOLUTION
Title I of the Climate Stewardship Act aims
to improve the management of agricultural
lands in order to adapt to and mitigate the
effects of climate change. One of the most
prominent elements of this title is the
addition of “climate stewardship” to new and
existing programs. The Act establishes
climate stewardship as an overarching goal
and includes a list of practices to improve
climate resilience and mitigation, as well as
deliver environmental benefits such as
improved air and water quality, and
enhanced soil health. Overall, these policies
aim to increase climate stewardship practices
on American farms and ranches by providing
tens of billions of dollars in financial
incentives and technical resources for both
new and existing programs.

Incorporate climate stewardship
practices in over 100 million acres of
American farmland
Set aside 5% of allocated funds for
minority farmers and ranchers who have
historically faced barriers and lack of
resources
Triple resources for consulting and
technical assistance from the USDA
More than double funding for
agricultural research and development
Enroll an additional 19 million acres of
environmentally sensitive land in the
Conservation Reserve Program to
improve soil and enhance carbon
sequestration

 The goals of this title include:

The Conservation Stewardship Program (CSP) is
a program run by the USDA that encourages
farmers and ranchers to address resource
concerns by maintaining and improving their
existing conservation systems and practices.
Participants earn CSP payments on a scale
commensurate with their conservation
performance. Performance is measured by the
number of conservation actions taken, and
farmers and ranchers receive awards based on
state-specific payment rates (USDA 2021). The
Act proposes an expansion of funding for CSP
from $700 million in 2019 to $7 billion in 2024,
a ten-fold increase, and expands the definition
of “stewardship” to include climate stewardship
practice. 

CONSERVATION STEWARDSHIP
PROGRAM

A field managed using various climate stewardship practices
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 Alley cropping 
 Biochar Incorporation
 Compost application 
 Conservation activity plans 
 Conservation cover 
 Conservation crop rotation 
 Contour buffer strips 
 Contour farming 
 Cover crops 
 Critical area planting 
 Cross wind trap strips 
 Field borders 
 Filter Strips 
 Forage and biomass planting 
 Forest stand improvements 
 Grassed waterways 
 Hedgerow planting 
 Herbaceous wind barriers 
 Irrigation water management
 Mulching 
 Multistory cropping 
 Nutrient management
 Pollinator habitat establishment
 Prescribed grazing 
 Range planting 
 No-till agriculture 
 Reduced till agriculture
 Riparian forest buffers
 Riparian herbaceous buffers
 Silvopasture establishment
 Stripcropping
 Tree and shrub establishment
 Upland Wildlife habitat 
 Vegetative barriers 
 Wetland restoration
 Windbreak renovation
 Windbreaks and shelterbeds
 Woody residue treatment

1.
2.
3.
4.
5.
6.
7.
8.
9.

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.

SELECTED
STRATEGIES
FOR CLIMATE
STEWARDSHIP 
The Act defines climate stewardship
practices as “any highly effective vegetative
or management practice that significantly
reduces agricultural greenhouse gas
emissions, increases carbon sequestration,
or assists producers in adapting to, or
mitigating against, increasing weather
volatility” due to climate change. This broad
definition of climate stewardship practices
provides flexibility to farmers in choosing
the stewardship practices that will work best
for their crops, geography, and climate. 

Some of the climate stewardship practices
help farms to adapt to climate change by
improving soil health. Soil health is not only
integral to the productivity of crops, but also
the resiliency of agriculture fields to the
effects of climate change. A selection of
climate stewardship practices that seek to
achieve the goals defined in the Act by
improving soil health are discussed below. 

The Climate Stewardship PracticesClimate Stewardship Act



BENEFITS OF THE CLIMATE
STEWARDSHIP PRACTICES
Compost
Compost is created by curing a combination
of organic wastes over time. The application
of compost to soils can have a variety of
benefits including increased water-holding
capacity, decreased erosion from runoff,
improved crop yields, improved soil health
when applied to depleted soils, and
increased carbon sequestration (Mulligan et
al. 2020, Ashrap and Cathey 2019). 

No-till
In no-till agriculture, instead of plowing the
soil, farmers keep the soil intact prior to
planting the next crop and use a no-till
planter to create a small furrow for the new
seeds to be planted. Crop residue left on the
surface and remaining roots beneath the soil
help preserve the soil structure, reducing
erosion and retaining soil moisture in
between the growing season. (Duyck and
Petit 2021). 

When no-till is combined with other
stewardship practices, such as planting
cover crops, the abundance and variety of
microbial life in the soil increase, which in
turn increases the soil nutrients available to
facilitate plant growth (Galusha 2021). A
primary benefit of no-till agriculture is the
improvement of the soil’s resilience to the
effects of climate change, such as drought
and erosion When combined with other
climate stewardship practices like cover
cropping, non-tilled soil can also sequester
more carbon (Spears 2018).  

A corn field managed with no-till

Soil created using composted food scraps
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Additional Benefits
Practices such as no-till and compost
application may reduce or eliminate the
need to use pesticides or fertilizers, which
may additionally lead to improved health
outcomes of farmworkers, reduced
operating costs for farms, and reductions in
pollution. Increasing carbon in soil can
benefit farmers and ranchers by increasing
soil health and crop yields (Ranganathan et
al. 2020). 

Other Considerations
The efficacy of climate stewardship
practices in agriculture depends on climate 
and soil characteristics, and thus will have 

varying impact across the diverse geography
of the U.S. In order to maximize impact, the
technical assistance and education included
in the Act is crucial to help farmers
determine the most appropriate and
beneficial practices for their region. Thus, a
potential critique concerning the climate
stewardship practices for Title I is the
efficacy of these practices to increase
carbon sequestration and climate resilience
when not appropriately applied. Without
proper implementation, some of these
practices may actually be detrimental to the
goals of the Act and have a potential
economic cost in loss of yield. 

Cover crops beginning to grow in a wheat field
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https://www.wri.org/insights/regenerative-agriculture-good-soil-health-limited-potential-mitigate-climate-change


CASE STUDY:
APRICOT LANE FARMS

The Apricot Lane Farms market garden is abundant with diversity, focusing on building soil health by using regenerative methods to grow over 150 different crops.
Photo courtesy of Apricot Lane Farms

 



In California, a sustained drought in 2015 accounted for the loss of $900 million in revenue
and an estimated 10,000 jobs. It is estimated that 540,000 acres of cropland sat idle due to
the water shortages (Howitt 2015). In July of 2021, the majority of California was once again
stricken by extreme or exceptional drought conditions (NOAA 2021). Apricot Lane Farms in
Southern California is better equipped to withstand these effects due climate smart
management. 

Apricot Lane Farms occupies land that was farmed extractively for 50 years, growing only
two crops, limes, and avocados. The management practices depleted the soil of the nutrients
necessary for sustained crop production. These practices also left the farm more vulnerable
to the worsening drought conditions in the region. 

Founded in 2011 by Molly and John Chester, the goal of Apricot Lane Farms was to
regenerate the land that was degraded after years of poor management (Coyle 2019).
Apricot Lane uses many of the climate stewardship practices listed in the Act, including crop
rotation, pollinator habitat establishment, compost application, prescribed grazing, and cover
cropping (Apricot Lane Farms 2021). These regenerative practices improved soil health while
also increasing water-holding capacity, leading to increased drought resilience. While the
farm still deals with drought, fire, and pests, they have adapted to these challenges
throughout the years (Chester 2018).

While the future of farming in California hinges on several factors, farmers can use the
example of Apricot Lane Farm to improve their land management practices and better
position their land to withstand the effects of future climate change. Although these
regenerative practices are not a simple solution to climate change effects, they can help
equip farms to withstand increasingly harsh weather conditions.

The Apricot Lane Farms market garden is abundant with diversity, focusing on building soil health
by using regenerative methods to grow over 150 different crops.

Photo courtesy of Apricot Lane Farms

https://watershed.ucdavis.edu/files/biblio/Final_Drought%20Report_08182015_Full_Report_WithAppendices.pdf
https://www.drought.gov/states/california
https://apnews.com/article/f8a169330161402386ce62c1db5003a9
https://www.apricotlanefarms.com/about-the-farm/
https://www.apricotlanefarms.com/biggest-little-farm/


TITLE II:
FORESTRY



Forested lands comprise around one-third of the total U.S. land area, and serve as important
ecosystems, both biologically and economically. Forests are crucial carbon sinks, storing 58.7
billion metric tons of carbon in forest vegetation and soil in the U.S. alone as of 2020, the
equivalent to approximately three decades of U.S. greenhouse gas emissions (Hoover and
Riddel 2021). Additionally, in 2019 U.S. forests sequestered 216 million metric tons of
carbon, the equivalent to offsetting approximately 12% of U.S. greenhouse gas emissions
that year (Hoover and Riddel 2021). However, increasing forest disturbances from both
climate change and human management impact the ability of forests to store carbon.

BACKGROUND

https://fas.org/sgp/crs/misc/R46313.pdf


CLIMATE CHANGE
IMPACTS FORESTS
Climate change impacts the health and
function of forest ecosystems. Climate
change will shift the ranges of pests and
pathogens, increase insect and disease
outbreaks, and increase extreme weather
events, droughts, and wildfires, all with
potentially major effects on forest carbon
storage (Kirilenko and Sedjo 2007). 

Climate change puts forests at increased risk
for disease, both because climatically-
stressed plants are more susceptible to
infection, and because shifting climates open
up new habitats for pathogens (Agne et al.
2018). Disease can kill trees, increasing
emissions as those trees decompose.
Increasing insect and disease outbreaks
exacerbated by climate change may turn
forests into net carbon sources, rather than
net carbon sinks (Kurz et al. 2008).

Drought is associated with reduced carbon
assimilation in forests, as plants reduce
transpiration to protect against dehydration
by increased stomatal closure. This also
reduces the plant’s access to CO , thus
decreasing photosynthesis and carbon
sequestration (Agne et al. 2018). 

Additionally, climate change is directly tied
to an increase in the extent and severity of
wildfires. From the 1980s to the mid-2010s,
the length of fire seasons around the globe
increased 19% (Jolly et al. 2015). Fire
seasons with high temperatures, low
humidity, low precipitation, and high wind —
conditions that are predicted to increase
with climate change — are correlated with
increased burn area. High winds can damage
trees, weakening the vegetation and making
it more susceptible to fire, while increased
temperatures can lead to higher ignition
rates (Jolly et al. 2015). Climate change also
increases the length of growing seasons,
increasing biomass production thus
increasing fuel, and when paired with hot
dry weather, results in more severe fire
seasons (Loehman 2020). 

Smoke from the Ranch 2 Wildfire in California, 2020 

2

Climate Stewardship Act 19



CYCLICAL IMPACTS
Forest management has also caused forest
systems to be especially susceptible to the
impacts of climate change as well as
decreased their ability to act as carbon sinks.
Human alterations to forest systems, such as
deforestation for agriculture and
development or short-rotation timber
management, contribute to forest
degradation and compromise the ability of
forests to sequester carbon (Sanchez et al.
2021). These disturbances diminish forests’
abilities to act as carbon sinks and are
economically costly as well. 

Decades of historic wildfire suppression
have caused a buildup of forest biomass and
created conditions for megafires in the U.S.
west (Cochrane and Bowman 2021). The
increase in fire exacerbates climate change

by rapidly releasing CO  into the atmosphere
from the combustion of vegetation and soil
organic matter, and from the subsequent
decomposition of vegetation that was killed
but not consumed by the fire. Even small
increases in fire above normal levels can
offset the carbon sequestration gains from a
longer growing season that may occur under
a warmer climate (Loehman 2020). In
addition to increasing carbon emissions,
forest fires decrease potential carbon
sequestration by reducing the lifespan of
trees. The future cost of potential climate
change to society resulting from carbon
emissions, from fire and insect-related forest
death from 2003 to 2012 is estimated to be
$26 billion total (Sanchez et al. 2021).

Figure 2: Burned area in the United States due to wildfire in millions of acres per year from 1984-2004 and 2001-2017.
Figure from the United States Environmental Protection Agency 
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The Reforestation Trust Fund requires
reforestation to be based on ecological
and climate science to enhance forest
resilience, health, and biodiversity 
Community Forest and Open Space
Program makes reforestation
opportunities available to as many
participants as possible
The Reforest America Grant Program
subsidizes tree planting through cost-
share grants for states, municipalities,
indigenous tribes, and nonprofit
organizations
The Forest Stewardship Practice
Program incentivizes carbon-
sequestering land management for
private landowners
The Urban Wood Program provides
funding and aid in disadvantaged
communities for the reuse of lumber
from abandoned buildings, both creating
jobs and retaining sequestered carbon
The Climate Stewardship Corps inspired
by Roosevelt’s Civilian Conservation
Corps of the New Deal

THE PROPOSED SOLUTION
Title II simultaneously utilizes forest
restoration efforts for climate mitigation
while promoting economic recovery and
environmental justice. The Title largely
focuses on increasing investment in federal
support for reforestation: one significant
provision of this Title scales up funding more
than 18,000%, an increase from $30 million
to $5.5 billion, for the Reforestation Trust
Fund and other restoration activities. The
funding outlined in Title II is explicitly
designated for climate stewardship actions
that use ecologically based practices for site
preparation, tree planting, and continued
management of forests to decrease carbon
emissions and increase carbon
sequestration. 

Additional goals outlined include enhanced
forest health, increased habitat connectivity
for wildlife, enriched ecosystem diversity,
and reduced vulnerability to forest mortality
and wildfires, as well as addressing
environmental justice disparities. Priority is
given to restoration efforts in disadvantaged
communities, such as low-income
neighborhoods and indigenous lands, where
people are most heavily impacted by
deforestation. Title II takes a comprehensive
approach by creating four new forestry
programs and expanding two existing
programs, listed at right. 

1.7BNumber of trees to
 be planted:

Member of the Civilian Conservation Corps planting a tree, mid-1930s

Climate Stewardship Act 21



In total, Title II calls for 1.7 billion trees to be
planted by 2030, a massive job to be carried
out in large part by the Climate Stewardship
Corps and a key solution to increase carbon
sequestration. 

CLIMATE STEWARDSHIP CORPS
The Climate Stewardship Corps is a key
component of the Act and an example of how
climate stewardship can further both
environmental and social justice goals. The
program will provide youth from low-income
communities, indigenous communities, and
communities of color with skills training,
workforce development opportunities, and
career advancement in the environmental
restoration industry. The Climate Stewardship
Corps bolsters the workforce by creating a
pipeline of trained professionals while
championing diversity, equity, and inclusion in
forestry through vocational training for
disadvantaged youth and payment of
prevailing wages for labor. The Corps will
focus on restoration work that strengthens
climate resilience and mitigation through the
use of proven techniques in carbon
sequestration such as carrying out ambitious
reforestation efforts.

URBAN REFORESTATION
In urban areas, temperatures can range from 1℉ to 7℉ hotter than surrounding areas due to
lack of vegetation and high density of heat-absorbing structures (EPA 2021). Low-income
neighborhoods and communities of color are more likely to live in less vegetated and hotter
parts of cities and are thus at higher risk of heat-related illness or death and exposure to
pollution (Jesdale et al. 2013). 

Planting trees in urban, treeless areas can decrease temperatures by up to 7℉ due to
evapotranspiration, shade cooling, and absorbing the heat radiated from urban buildings
(Hibbard et al. 2017). Notably, the Act directs 100 million trees to be planted as canopy cover
in historically disadvantaged urban neighborhoods that suffer from increased temperatures, in
an attempt to mitigate the resulting higher risk of negative health outcomes. 

View of South Harlem, New York City, from local urban green space
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SELECTED STRATEGIES TO
INCREASE CARBON STORAGE
According to the IPCC, increasing the total
area of natural forests around the globe
through restoration and regeneration could
store approximately one-quarter of the
atmospheric carbon necessary to limit global
warming to 1.5°C above pre-industrial levels
by 2030 (Lewis et al., 2019). Forests
currently sequester up to 14% of U.S. annual
emissions but have the potential to increase
sequestration by 20% per year by
accelerated reforestation (Domke et al.
2020).  

The Act prioritizes reforestation to build
resilient landscapes and increase long-term
carbon sequestration. Climate-considerate
reforestation incorporates practices that
maximize the carbon sequestration of
reforested lands and the forest’s climate
resilience such as planting diverse and
carbon-dense trees. Research demonstrates
that forests with multiple species of trees
can sequester twice the amount of carbon of
a monoculture forest through increased
structural complexity and higher density of
trees (Liu et al 2018, Gough et al 2019). 

Old growth forests can contain up to three-
quarters of their carbon in their soils, with
forest age correlated to soil carbon density
(American Forests 2021). This fact
encourages reforestation plans that
prioritize the propagation of long-lived trees 

in protected forest areas. To increase soil
carbon storage in forests managed for
timber, encouraged practices include longer
stand rotations and less intense harvests to
reduce soil erosion, a primary method of soil
carbon loss to the atmosphere (D'Amore and
Kane 2016). Mulching also reduces soil
erosion in reforested areas; reforestation
after the 2002 Fox-Creek wildfire in
Montana showed that mulching reduced soil
erosion by 86% (Robichaud et al. 2021).
Additionally, forest management can help
prevent extreme wildfire and reduce fire
spread. In fire-adapted ecosystems,
controlled burning and the establishment of
natural or artificial fuel breaks slow the
spread of wildfires (Ontl et al 2020). 

A forest with mulch applied to reduce soil erosion
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Forest with a controlled burn in progress 

Additional Considerations
The comparative effectiveness of
reforestation to mitigate climate change is
still the subject of debate among scientists.
Studies place the potential range of carbon
sequestration from reforestation and
afforestation globally between 0.5 and 3.6
gigatons of CO  per year (Gt CO /yr) (Fuss et
al. 2018). This is less than the estimated
ranges of other methods, including
bioenergy carbon capture (with an estimated
sequestration rate of 0.5–5.0 Gt CO /yr),
enhanced weathering (2.0–4.0 Gt CO /yr),
direct air carbon capture (0.5–5.0 Gt CO /yr),
and soil carbon sequestration (5.0 

Gt CO /yr) (Fuss et al. 2018). Variable
management practices can substantially
impact the amount of carbon sequestered in
forests, resulting in large variability and low
predictability of carbon dynamics (Fuss et al.
2018). While reforestation and afforestation
are low cost and shovel-ready, the variability
in actual carbon stored means it will be hard
to predict the return on investment in the
fight against climate change. Thus, some
have argued that the focus on reforestation
as a climate change mitigator distracts from
other policies that target reducing emissions
that may have greater impact (Amundson
and Biardeau 2018).

2 2

2
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CASE STUDY:
PACIFIC

NORTHWEST

Photo of the Bootleg Fire in Oregon, courtesy of Mason Trinca



In the Pacific Northwest, increased temperatures and decreasing precipitation levels have
increased wildfire risk (Halofsky et al. 2020). Climate change has contributed to the burning
of double the land area in the western U.S. from 1984 to 2015 (Abatzoglou and Williams
2016). As the effects of climate change continue to intensify, wildfire frequency, severity,
and extent are projected to further increase in the region’s dry coniferous forests (Halofsky
et al. 2020). 

In 2020, Oregon experienced a series of some of the most severe wildfires in state history,
resulting in 1.2 million acres burned and 5,000 homes and structures destroyed at an
estimated cost of $1.15 billion (Garrett and Le Chevallier 2021). In the region, many of the
communities most threatened by severe wildfire are also facing vulnerability from poverty
and housing instability (Fairley 2021).  

The July 2021 Bootleg fire in Southern Oregon, the fourth largest wildfire in state history,
provided insight into the impacts of forest management practices of thinning and prescribed
burns. Historic fire management in the region included the suppression of naturally burning
wildfires, leading to the buildup of flammable fuel load in forests (Cochrane and Bowman
2021). Within the burn area, the Sycan Marsh, managed for decades by The Nature
Conservancy through controlled burning of underbrush and thinning of trees for fire
prevention, demonstrated the potential efficacy of proper management on wildfire
mitigation. Initial evaluation from firefighters on the ground indicates that though the fire still
burned through parts of the managed land, it burned slower and less intensely than in
surrounding lands not using these management techniques (The Associated Press 2021). This
example illustrates the potential to improve land management for wildfire prevention.
Additionally, the burned area can become a focus of the Act’s reforestation efforts to reduce
wildfire vulnerability by planting trees with wildfire risk considerations in mind. 

CASE STUDY: Pacific Northwest
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TITLE III:
WETLANDS



Coastal wetlands are important carbon sinks, holding 20% to 30% of all estimated soil carbon
globally, despite occupying only 5% to 8% of Earth’s terrestrial surface. In the U.S., tidal
saline coastal wetlands store an estimated 8.7 billion metric tons of carbon within their soils,
the equivalent of approximately 1.3 years of U.S. greenhouse gas emissions (Nahlik and
Fennessy 2016, EPA 2021).
 
In coastal wetlands, such as mangroves, seagrass, and salt marshes, carbon sequestered in
wetland soils is known as “blue carbon.” Since this soil is waterlogged, the wetland
environment is often anoxic, which prevents the decomposition of organic matter and allows
it to be stored for centuries (Li et al. 2018). When wetland soil and hydrology are left
undisturbed, carbon sequestration rates in coastal wetlands can be over ten times the rates
seen in forests (Mcleod et al. 2011).
 
In addition to their carbon sequestration potential, wetlands also provide key ecosystem
services. They are home to over one-third of all threatened and endangered species in the
U.S. (EPA 2018), sustain 75% of all commercial seafood production (Lotze 2006), and play an
important role in buffering coastal communities from the impact of flooding and storm
surges. However, climate change and human activity threaten the ability of wetlands to
provide these vital functions. From 2004 to 2009, the U.S. lost 80,000 acres of coastal
wetlands, primarily due to human interference (EPA 2021).

BACKGROUND

https://www.nature.com/articles/ncomms13835


CLIMATE CHANGE
IMPACTS WETLANDS
As sea levels rise, coastal wetlands erode,
converting the vegetated zones at the edges
of wetlands into open water. Organic matter
from eroded wetlands is either redeposited
in sediments of adjacent water bodies or
transported to the open ocean where it is
consumed by microbes or plankton
(Steinmuller and Chambers 2019). Both
erosion pathways impact greenhouse gas
emissions by releasing the previously stored
carbon into the atmosphere (Haywood et al.
2020).
 
Human degradation of wetlands has also
increased the threat that climate change
poses to these systems. For example, levees
 

were often used to protect surrounding
coastal communities from flooding or to
convert wetlands into land for agriculture or
other uses. Levees and dams can sever
wetland connection to rivers or the ocean,
both of which carry sediment crucial for
wetland formation (Restore the Mississippi
River Delta 2021). Without these hydrologic
connections to other bodies of water,
wetlands are at an increased risk from sea
level rise. If surface accrual of sediment does
not occur at a rate equal to, or greater than,
that of the relative sea level rise in an area,
wetlands may be inundated and their
productivity reduced (Jankowski et al. 2017).

Portion of salt marsh caving into the water at Bailey Flat in Buzzards Bay, MA. Photo courtesy of Christopher Neill
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The degradation and loss of wetlands also
mean the loss of a protective buffer that can
help shield coastal communities from
increased flooding and storm surge events
exacerbated by climate change. Without a
productive wetland buffer to slow and
absorb surges, coastal communities feel the
impact of these storm events more acutely.
Marginalized communities are particularly
impacted. Of the approximately 124 million
people who live in coastal counties, 39% are
considered to be at an elevated risk of
coastal hazards due to poverty and/or
language barriers (NOAA 2020). 

Additionally, there are strong correlations
between areas of increased flood risk and
Black and Hispanic populations (Housing
Assistance Council 2013).

New Orleans before (left) and after (right) after flooding from
Hurricane Katrina that heavily impacted coastal communities.  

39%
Coastal communities

at higher risk
 of flooding

 from poverty or
 language barriers:

Indigenous communities also often rely on
wetland systems for their livelihoods
(Oviedo and Ali 2018); the Seminole peoples
of the Everglades are a prime example.
Many of the tribe’s cultural traditions,
including religious ceremonies and
preparation of certain foods, are linked to
the wetlands. Furthermore, tourism of the
wetlands is an economic resource for the
tribe today (Seminole Tribe of Florida 2021).

Wetland conservation is thereby an
environmental justice issue, and efforts to
restore and strengthen coastal wetlands are
imperative to ensure that the impacts of
climate change do not disproportionately
harm already marginalized communities.
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CYCLICAL IMPACTS
Similar to the challenges in agriculture and
forestry, the problems associated with
coastal wetlands are cyclical in that they
both contribute to climate change and are
exacerbated by its impacts.
 
Erosion of wetlands, through either human
degradation or sea level rise, contributes to
greenhouse gas emissions through the
release of the previously stored soil carbon
into the atmosphere. When eroded wetland
sediments are deposited into coastal waters,
the sediment shifts from the anoxic
environment of the wetlands to the more
oxygen-rich environment of the oceans or
bays. The oxygen-rich environment
increases microbial activity, decomposing
the organic components of the sediment,
releasing their stored carbon (Haywood et
al. 2020). Furthermore, when sediment
travels to the open ocean it breaks down
into smaller particles and is exposed to
oxygenated seawater, again increasing
aerobic microbial respiration. The aerobic
conditions of the seawater can increase CO
emissions by 66% relative to the anaerobic
conditions found in wetland soil prior to
erosion (Steinmuller et al. 2019).

Wetlands also naturally emit methane via
microbial respiration, and globally account
for one third of total methane emissions.
Freshwater wetlands contribute to the
majority of these emissions, but climate
change and anthropogenic changes can
increase the relative emissions of coastal 

majority of these emissions, but climate
change and anthropogenic changes can
increase the relative emissions of coastal
wetlands if they are cut off from the ocean.
For example, increased precipitation due to
climate change, in combination with human-
altered hydrology of wetlands that cut them
off from receiving ocean tides, can cause an
increase in methane production within
wetland soil by altering microbial processes.
Sulfate ions are a key metabolic pathway for
microbial decomposition of organic matter
and are usually abundant in oxygenated
saline ocean water that enters coastal
wetlands with the tide. When coastal
wetlands are hydrologically isolated from the
ocean, they lose their source of salinity and
sulfate ions. When this happens, microbes
rely on methanogenesis as the mechanism
by which they decompose organic matter,
leading to an increase in methane emissions
(Kroeger et al. 2017).

 
When humans alter hydrology and
contribute to the destruction of wetlands,
not only are carbon and methane emissions
increasing, but the potential of future carbon
sequestration is also diminished. Climate
change further contributes to wetland loss
as the rate of sea level continues to rise.

2 10x more carbon stored
in wetland soils
than forest soils
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THE PROPOSED SOLUTION
Title III of the Act proposes funding,
resources, and assistance for coastal
wetland restoration and management to
mitigate and protect against climate change.
Coastal wetlands are defined by the Act as
any estuarine vegetated coastal habitat,
which includes salt marshes, seagrass
meadows, mangrove forests, and other
vegetated marine habitats. 

Title III proposes $37.5 billion in grants
through 2030 to restore 2.36 million acres
of coastal wetlands. This money would be
distributed on an annual basis, starting at 

$1.25 billion per year in 2022, a nearly
3,500% increase in annual funding compared
to the $34 million available under the
National Coastal Resiliency Fund in 2021
(NOAA 2021). Annual funding will
subsequently increase up to $5.625 billion
by 2030. 

The funds will be distributed through the
Coastal and Estuary Resilience Grant
Program under the direction of the National
Atmosphere and Oceanic Administration
(NOAA), with additional management by the
U.S. Fish and Wildlife Service.

Mangrove re-vegetation for wetland restoration
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Coastal and Estuary Resilience Grant Program
The Coastal and Estuary Resilience Grant Program provides funding to eligible
state and local governments, higher education institutions, nonprofit organizations,
and indigenous communities for coastal wetland restoration projects that either
sequester CO  or reduce current CO  or methane emissions. Priority is given to
projects that focus on restoring impounded or drained wetlands through the
improvement of water flows and hydrological conditions, reconnection of
wetlands, and controlling wetland edges. Additionally, the program aims to protect
vulnerable coastal communities by prioritizing projects that reinforce coastal
resilience and adaptation through wetland restoration and job creation in these
communities, while building collaboration at a local level to aid in project planning
and implementation. 

22
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STRATEGIES FOR RESTORING
COASTAL WETLANDS
Successful coastal wetland restoration can
restore sedimentation rates and allow
wetland soil to build up, or accrete, creating
resiliency against sea level rise. Restoration
can increase accretion rates by 19.58 ± 6.66 
mm/year in salt marshes and 2.91 ± 0.63 
mm/year in mangroves, allowing wetland to
gain elevation above sea level, further
contributing to coastal restoration and
landscape resiliency (Liu et al. 2021). Two of
the main methods of coastal wetland
restoration are hydrological correction and
increased vegetation.

Restoring Hydrology
Restoring the natural hydrology of coastal
wetlands can significantly aid in wetland
preservation and restoration. 27% of coastal
wetlands in the U.S. have severed
connections to the ocean (Fargione et al.
2018). Breaching man-made barriers such as
dikes and levees can reconnect coastal
wetlands with the sea, which increases
mineral sediment deposition. An increase in
sediment deposition accelerates wetland
vegetation growth, increasing accretion
rates (Liu et al. 2021). Additionally, restoring
the natural hydrological connection between
wetlands and the ocean can also decrease
methane emissions. (Kroeger et al. 2017).

Increasing Vegetation
Salt marsh grass and mangroves are the
main types of plants used in revegetation
projects to increase sedimentation. Dense
plantings in coastal wetlands can reduce
tidal current speeds, decreasing the effects
of erosion and increasing sediment trapping,
which in turn increases accretion rates and
elevation (Liu et al. 2021). The roots of the
plants contribute significantly to the
sediment trapping process, and the root
structure and belowground expansion
contribute to elevation independent of
sedimentation (Krauss et al. 2017). A study
of degraded marshland in Louisiana found
that wetland areas that were planted with
additional vegetation increased in elevation
by 13.3 mm/year, compared to unplanted
sections, which lost 9.4 mm/year of
elevation due to erosion and sea level rise.
(Baustian et al. 2012). 

Mangrove roots in a wetland
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Vegetation also has implications for the
carbon balance of wetland soils. In restored
wetlands, an increase in vegetation results in
more photosynthesis, which removes CO
from the atmosphere. Carbon is then stored
in the roots of the plants and the soil
beneath. For example, the soil of restored
mangrove wetlands can store 218 grams of
carbon/m  per year (Krauss et al. 2017). In
restored wetlands, additional vegetation
increases accretion and carbon storage,
which can have positive implications for
coastal wetlands’ resilience and productivity.

Additional Considerations
Potential critiques of wetland restoration
and sequestration solutions focus on the
unpredictability of restoration practices in
the face of rising sea levels. The Act seeks to
both use wetlands to help mitigate global
warming and improve their reliance against
the effects of climate change. 

Researchers differentiate between
restoration and resilience, describing
restoration as a return of ecosystem
function and resilience as the capacity to
withstand climate change pressures. The
solutions in the Act have been shown to
restore wetlands; however, there is less
evidence on whether restoration will lead to
increased resilience. Some researchers call
for more models and predictions to quantify
wetland resilience, without which large
investments are harder to justify (White and
Kaplan 2017). While the sequestration
capacity and resilience potential from
coastal wetland and estuary restoration
remain uncertain, the Act outlines
monitoring and data collection requirements
to adjust and improve future wetland
restoration strategies. If the Act is passed,
there will be more data available to evaluate
whether these practices are successful. 

2
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CASE STUDY:
SNOHOMISH ESTUARY

The Snohomish Estuary in Washington State



CASE STUDY: THE SNOHOMISH ESTUARY
The Snohomish Estuary, located in Washington State’s Puget Sound, is an example of a
landscape showing the possible benefits of restoration via hydrological correction. The
estuary, which is the second largest in the Puget Sound, was impacted by a number of dikes
originally built to convert sections of the wetland into farmland. In an effort to improve
salmon habitat and increase the carbon sequestration potential of this estuary, a cross-
governmental coalition initiated a number of restoration projects, facilitated by Snohomish
County, Washington Department Fish and Wildlife, and other NGOs in collaboration with
the Tulalip Tribe (Crooks et al. 2014). Prior to these restoration efforts, approximately 90%
of the estuary’s tidal connections were disrupted (Hall et al. 2018).

Much of the restoration occurring in the Snohomish Estuary includes breaching of existing
dikes to restore the estuary’s tidal connection. Studies of the restoration of Snohomish
Estuary found that restoration projects to date will result in over 2.55 million tons of CO
being sequestered over the next 100 years. If the entire estuary is restored, an estimated 8.9
million tons of CO  could be sequestered (Crooks et al. 2014). This restoration has also
improved salmon habitats. The Snohomish estuary did not support salmon populations prior
to the restoration, but since 2015 scientists estimate that between 10 to 100 thousand
juvenile Chinook salmon use the restored estuary each year (Morrow 2019).
 
Nature-based solutions such as vegetation planting and hydrological correction increase the
potential for coastal wetlands to withstand erosion and sea level rise. Unsustainable coastal
wetland management can lead to an increase in greenhouse gas emissions and general loss
of wetlands, but effective restoration solutions can restore degraded wetlands to their
natural state as greenhouse gas sinks, diverse ecosystems, and flood prevention systems.

2
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MEASURING
SUCCESS



MEASURING SUCCESS
The Act includes programs to increase
carbon sequestration and decrease
greenhouse gas emissions in all three
systems previously discussed. Some
indicators of carbon dynamics can be used in
all three ecosystems while others will
depend on the type of land use being
measured. The Act also increases the land
area managed with natural climate solutions
that benefit humans and the environment
alike.

One measure that can be used to determine
the efficacy of the practices proposed in the
Act is soil carbon content, which is most
commonly measured through field sampling
of soil cores (Smith et al. 2019). Because
total carbon stocks in soil are large and soil
carbon gains are slow, measurements of soil
carbon change often require long study
periods (Smith et al. 2019). Meaningful soil
carbon measurement thus requires
sustained mobilization of labor and
resources, but it is a necessary indicator for 
understanding how land management
practices impact carbon sequestration in soil
over time. Additionally, a baseline of soil

carbon levels will need to be established
across a wider range of ecosystems to
determine how much impact the Act has had
on carbon sequestration beyond what was
already stored.

The Act also seeks to reduce the direct
greenhouse gas emission from soils. One
commonly used method of measuring short-
term fluxes of greenhouse gases from
terrestrial ecosystems to the atmosphere is
enclosure-based, or “chamber”
measurements (Rosenstock et al. 2016).
Chamber measurements involve trapping
gases emitted from soil surfaces within a
specialized chamber, and then regularly
analyzing samples to determine changes in
gas concentration (Collier et al. 2014). This
method of measurement is highly adaptable,
as chambers are specialized for different
ecosystems and can be used to measure
specific gases. 

Measuring management in terms of the land
area gained or lost can also be a useful tool in
establishing baselines for land management
projects and monitoring success over time.
Several indices are used to this effect in the
satellite mapping of wetlands. Measurements
like the Normalized Difference Vegetation
Index (NDVI), which contrasts infrared and
visible satellite imagery to measure
vegetation cover, can help identify ecosystem
boundaries and ultimately measure square
kilometers gained and lost over time (Kaplan
and Avdan 2017).

Scientist taking a chamber measurement of greenhouse gas emissions
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CONCLUSION
American farms, forests, and wetlands are
suffering from the impacts of climate
change. Changing precipitation patterns
cause some agricultural lands to experience
drought, while others experience increased
precipitation and a higher risk of flooding. In
some forests, increasing temperatures and
decreasing precipitation levels are increasing
insect and disease outbreaks, and causing
more intense and frequent extreme weather
events, droughts, and wildfires, all of which
can destroy forests. Finally, the United
States has lost 80,000 acres of wetlands to
erosion, primarily due to human interference
and rising sea levels. All of these impacts
have negative consequences for local
communities and increase vulnerability to
climate change.  

As these systems are impacted by climate
change and poor management, they increase
greenhouse gas emissions and reduce
carbon sequestration. In agriculture,
elevated atmospheric CO  and higher
temperatures are increasing nitrification
rates and therefore N O release. In forests,
habitat degradation and forest fires release
CO  in vast quantities. Although forest
systems remain net carbon sinks overall,
disturbed forests fall far below their historic
carbon sequestration ability. The improper
human management of wetland systems has
increased methane emissions beyond their
natural rate. 

However, the Climate Stewardship Act
outlines solutions to combat climate change
through land management. In Title I, the Act
seeks to increase the adoption of climate
stewardship practices in farms across the
country by increasing funding for key
programs and encouraging higher
enrollment. Such practices will lead to
increased soil health and soil carbon levels.
In Title II, the Act would greatly increase
forest cover across the U.S., sequestering
additional carbon in biomass and soils. To
accomplish this lofty goal, the Act calls for
1.7 billion trees to be planted by 2030. In
Title III, the Act aims to restore 2.36 million
acres of U.S. wetlands using nature-based
solutions and grant funding. Restoration will
help sequester carbon and protect wetlands
against the effects of climate change. 

2

2
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While climate stewardship practices under
the Act are well-established, there is
uncertainty about the success of solutions
given the scale of implementation. Most
scientific literature on these solutions are
limited in geography and time-scale and test
climate stewardship practices in isolation.
Therefore, it is possible that carbon
sequestration capacity will vary, depending
on location and management practices
implemented. Additionally, much climate
stewardship research has been short-term,
complicating the potential to predict how
these practices will impact these systems’
resilience to climate change. However,
additional research is a critical component of
the Act, improving the future potential to
predict the success of climate stewardship
practices once implemented. 

The Climate Stewardship Act seeks to tackle
a monumental challenge. Climate change is
seriously degrading many biological systems,
both human developed and naturally
occurring. However, if implemented fully,
the Act would reduce atmospheric carbon
and improve America’s resilience to climate
change. While it represents just one part of
the fight against climate change, the Climate
Stewardship Act is critical to helping
America’s lands and natural systems mitigate
and adapt to a changing climate.
Additionally, the Act would create green
jobs and implement programs to decrease
historical environmental injustices. The
Climate Stewardship Act presents innovative
environmental and economic measures that
restore these ecosystems, promote social
equity, and engage Americans in climate
resilience work in response to the climate
crisis. 
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