
1. Reduced atmospheric CO2
2. Lower cost than other carbon 

sequestration pathways
3. Improved air and water quality
4. Improved ecosystem and soil health
5. Reduced wildfire severity
6. Improved resilience to climate 

change, drought, and floods
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• Anthropogenic carbon emissions are a 
leading cause of climate change. 

• California has set an ambitious goal of 
being carbon neutral by 2045. 

• A combined approach of reducing 
emissions and sequestering carbon 
– physically removing CO2 from the 
atmosphere and storing it long-term – 
can help California reach its goals. 

• CO2 can be sequestered using either 
technological pathways or natural 
pathways. 

• Natural and working lands, such as 
forests, wetlands, grasslands, and 
agricultural lands, provide opportunities 
to remove CO2 from the air and serve as 
a place to store it. 
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Figure: Natural carbon sequestration pathways. Howard and Sutton Grier et al., 2017
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The natural carbon cycle maintains a balance 
between CO2 found in the atmosphere and 
CO2 held naturally by the environment. 
Human activities have dramatically increased 
atmospheric CO2. Historically, over a quarter 
of those increased emissions have been 
captured by natural and working lands.

Natural pathways for carbon sequestration 
rely on plants, which capture CO2 from the 
air during photosynthesis. Carbon can then be 
stored long term in soils or woody biomass.

Land management practices on natural and 
working lands can (1) increase the rate at 
which CO2 is removed from the atmosphere 
through natural pathways, and (2) reduce the 
rate at which naturally stored CO2 is released 
back to the atmosphere.

Over 90% of California is covered by natural and 
working lands. These lands include coastal areas, 
wetlands, forests, grasslands, farmland, and urban 
green spaces. Using natural solutions, California 
could achieve 25.5 million of the estimated 125 
million tons of CO2 in negative emissions needed 
annually by 2045, at a relatively low cost.1
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soils and remains relatively stable. Coastal wetlands also 
accumulate carbon transported by river systems and tides, 
in the form of vegetation and sediment from adjacent 
ecosystems (Kennedy et al. 2010; Mcleod et al. 2011).

Carbon in the plant biomass is stored for years to 
 decades (Mcleod et al. 2011), whereas carbon in the soil 
can remain sequestered for millennia (Duarte et al. 
2005b). Healthy coastal ecosystems continuously accrete 
carbon in the soil, which allows them to keep pace with 
sea-level rise; this means that they have a potentially 
limitless capacity to sequester carbon for long periods of 

time. Global estimates of carbon stocks in these systems 
range from 10.4–25.1 billion megagrams of carbon (Mg C; 
Table 1 and WebTable 2), but this is likely an underesti-
mate, because although organic- rich soil profiles may 
extend several meters deep, most studies account for 
carbon only in the topmost meter of soil. The vast stocks 
of stable carbon, as well as the high rates of sequestration, 
demonstrate why coastal wetlands are well suited for 
climate mitigation policy efforts.

Coastal wetlands are relevant to climate mitigation in 
another respect; human activities can convert these large 
natural carbon sinks into major carbon sources (of GHG 
emissions). For example, when mangrove forests are 
drained for development, microbial action in the soil, 
previously inhibited by tidal inundation, oxidizes the 
carbon and emits it to the atmosphere as CO2 (Figure 1b). 
Coastal wetland loss and drainage is estimated to be 
between 0.7–3% per year (depending on vegetation type 
and location), resulting in 0.23–2.25 billion Mg of CO2 
released (Table 1 and WebTable 2; Hiraishi et al. 2014). 
For mangroves and tidal marshes, this loss is largely due 
to human conversion and degradation related to coastal 
development, agriculture, and aquaculture. Loss of 
seagrass habitat is caused by several factors, but is mainly 
due to reduced water quality as a result of sediment and 
nutrient runoff from anthropogenic sources, and from 
direct impacts such as dredging and trawling (Pendleton 
et al. 2012). Managing coastal wetlands is not always 
straightforward, in part because it is typically subject to 
issues involving land tenure and jurisdictional bounda-
ries; however, these ecosystems have secured a prominent 
position in terms of climate mitigation strategies, given 
their inherent capacity to sequester large volumes of 
carbon, given the large amounts of carbon already stored 
therein, and given that proper initiatives can help to 
ensure that their stored  carbon is retained rather than 
released to the atmosphere.

Coral reefs

Coral reefs support numerous taxa and are formed by 
calcium carbonate (CaCO3) deposits secreted over time, 
mainly by hard corals and calcareous algae. At present, 
shallow coral reefs cover an estimated 28.4 million ha 
globally (Spalding et al. 2001). Reefs not only provide 
coastal protection from storms and erosion, spawning 
and nursery grounds for economically important fish 
species, and jobs and income to local economies, but 
also represent hotspots of marine biodiversity.

Whether coral reef ecosystems are sources or sinks of 
atmospheric CO2 depends on the balance between two 
sets of processes: photosynthesis/respiration and calcifica-
tion/dissolution (Figure 2a). Symbiotic algae that live 
within coral polyps take up carbon through photosyn-
thesis, but on most reefs this carbon is equal to or only 
slightly greater than the carbon released through coral, 
algal, and microbial respiration, resulting in low to no net 

Figure 1. (a) In intact coastal wetlands (from left to right: 
mangroves, tidal marshes, and seagrasses), carbon is taken up 
via photosynthesis (purple arrows) where it gets sequestered long 
term into woody biomass and soil (red dashed arrows) or respired 
(black arrows). (b) When soil is drained from degraded coastal 
wetlands, the carbon stored in the soils is consumed by 
microorganisms, which respire and release CO2 as a metabolic 
waste product. This happens at an increased rate when the soils 
are drained (when oxygen is more available), which leads to 
greater CO2 emissions. The degradation, drainage, and conver-
sion of coastal blue carbon ecosystems from human activity 
(ie deforestation and drainage, impounded wetlands for agri cul-
ture, dredging) results in a reduction in CO2 uptake due to the 
loss of vegetation (purple arrows) and the release of globally 
important GHG emissions (orange arrows). This is a unique 
trait of coastal blue carbon ecosystems compared to the other 
ecosystems discussed in the main text.

(a)

(b)

1 Values from LLNL Negative Emissions Report (2020)
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Photo: Farm in Monterey County, John Chacon, CA DWR

Wetlands and marshes can take up large amounts of carbon 
into the soil, where it can be stored for thousands of 
years. As wetlands grow, they draw in more carbon. When 
wetlands are deteriorated, they release their stored carbon 
back to the atmosphere. 
Example:
• Restoration of corn fields and irrigated pasture to tidal or 

managed wetlands.
Sequestration potential in California by 2045: 
• 1.1 million tons of CO2 equivalent per year1 

WETLANDS AND MARSHES 
Photo: Restored tidal marsh, SF Bay (Patty Oikawa)
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Modern techniques have reduced the amount of carbon 
in agricultural soils. Carbon sequestration depends on 
the balance of carbon uptake into soils via photosynthesis 
and the decomposition of carbon sources by microbes. 
Increasing the amount of carbon stored in deeper layers 
of soil, or the amount of carbon bound to the surface of 
minerals can increase sequestration potential.

Example:
• Cover cropping, reduced tilling, compost application, 

conversion to deeply-rooted perennial crops

Sequestration potential in California by 2045: 
• 3.9 million tons of CO2 equivalent per year1  

AGRICULTURAL LANDS 

4

GRASSLANDS
Grasslands sequester most of their carbon 
underground in roots and soils. Much of this carbon 
remains sequestered when grasslands burn, making 
grasslands a relatively stable carbon sink as the 
severity of wildfires increases.  

Example:
• Restoration of grasslands from annual row crops or 

tree crop cultivation. 

Sequestration potential in California by 2045:
• 0.1 million tons of CO2 equivalent per year1

Photo: Antelope Valley CA Poppy Reserve, Florence Low, CA DWR
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Photo: Lassen Volcanic National Park (NPS)
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FORESTS AND WOODLANDS
Forests and woodlands store carbon primarily in the 
trunks, branches, foliage, and roots of trees and to some 
extent in soils. Carbon continues to be sequestered in 
durable wood products. 

Examples: 
• Reforestation of degraded habitats
• Enhanced management of timber land

Sequestration potential in California by 2045:
• 20.4 million tons of CO2 equivalent per year1
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