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Key Takeaways 
● Natural climate solutions are an important component of decarbonization because they 

involve natural sequestration and medium to long-term storage of carbon dioxide in 

lands, but natural climate solutions alone cannot generate enough negative emissions in 

the San Diego region to achieve net zero emissions. 

● To reach net zero, natural and working lands need to act as stronger net sinks than they 

currently do, which means investment in natural climate solutions and minimizing 

carbon emissions from the land. In order to accurately account for net carbon land use 

emissions, local data need to be collected and integrated into regional carbon 

calculations. 

● The most effective and most inexpensive natural climate solution in the San Diego 

region is to avoid land use change; however, this is neither feasible nor desirable 

because land use change will be important for other decarbonization actions, like siting 

renewable energy infrastructure. 

● Other important regional natural climate solutions considered here are less effective 

and more expensive and include carbon farming, wetland protection and expansion, and 

urban forestry. Other solutions are large-scale habitat restoration and reforestation, 

which is expensive and may not be effective. 

● The natural climate solutions considered here include co-benefits of ecosystem services 

(e.g., water and air quality improvements, ecological resilience, biodiversity protection) 

and economic, social, and public health benefits (e.g., energy savings and localized 

public health improvements from increased urban tree cover) that may help justify the 

cost of natural climate solutions, even in circumstances where carbon sequestration and 

storage may be relatively low. 

 

4.1  Executive Summary  

 

This document provides an overview of the natural climate solutions available for the San Diego 

region and for governments within the region. The opening part of this document reviews the 

ecological context and introduces terminology (for example, making the distinction between 
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carbon sequestration as a process and carbon storage as an accumulated quantity). It also 

introduces overarching concepts and themes (the effect of land use change on carbon 

sequestration and storage, and the co-benefits of natural carbon sequestration measures). The 

latter part of this document reviews a range of natural carbon sequestration measures available 

to regional governments like the County Board of Supervisors: land use change, agriculture, 

blue carbon, and urban trees and forestry. There is a section detailing an analysis, discussion, 

policy implications, and policy recommendations for each of these measures. 

Based on the analysis presented here, we conclude that the simplest, most effective, and least 

expensive of the solutions is to continue to protect and preserve natural and working lands 

because these lands sequester and store carbon naturally. The conservative estimates herein 

suggest that regional carbon storage is high (approximately 58 million metric tons of carbon 

dioxide equivalent (MMT CO2e) in plants, trees, leaf litter, and soil) and that annual 

sequestration is significant (over 2 MMT CO2e per year). The most important lands to protect 

are those with the highest storage and sequestration potential (such as the scrub and chaparral 

ecosystems throughout the county, which have the greatest total carbon storage potential 

overall, and coastal wetlands, which have the greatest storage potential per hectare), as well 

protecting those lands with the highest co-benefits (such as air and water quality 

improvements, biodiversity protection, and public health outcome improvements). 

Other important solutions considered in this report are to: 

1) research and incentivize carbon farming techniques like compost application, riparian 

restoration, and orchard tree retention, 

2) restore wetlands and surrounding areas, and 

3) increase urban tree canopy cover. 

Additionally, regional governments should utilize the most recent and localized data possible 

when estimating natural climate solutions’ contributions to decarbonization. These localized 

data are crucial because inaccurate data can lead to overestimating net negative emissions, 

thus leading to falling short of net zero goals, or underestimating net negative emissions, thus 

leading to inefficiencies or higher costs incurred in other sectors contributing to net zero goals. 

Further, the uncertainties surrounding carbon cycling under droughts, wildfire recovery, or 

unseasonable rain compound the existing uncertainties of carbon accounting under normal 

conditions and justify better, more localized data. Several studies of local chaparral and blue 

carbon storage and sequestration are currently underway and these data will be critical to 

understanding and valuing regional land contributions to negative emissions and long-term 

carbon storage. 
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Finally, governments in the region - including the County of San Diego, city governments, tribal 

governments, and federal agencies - should quantify economically and socially important 

ecosystem service co-benefits provided by natural and working lands, carbon farming, blue 

carbon, and urban forestry. In particular, co-benefits like water savings, ground water 

recharging, air and water quality improvements, equity improvements, property damage 

reductions from storm surges and other natural phenomena, biodiversity protection, climate 

and other refugia protection, and wildfire prevention should be considered, quantified, and 

maximized in addition to carbon sequestration and storage. 

 

4.2  Introduction 

 
San Diego region’s ecology 

The San Diego region and the larger California Floristic Province are generally considered 

“biodiversity hotspots,” or areas characterized by high levels of endemism and habitat 

intactness while facing threats of extinction or biodiversity loss.1–3 San Diego County is widely 

regarded as the most biodiverse county in the nation, in large part due to its high diversity of 

plants, native bees, birds, reptiles, and mammals,2,4–7 and the region is characterized by being 

largely shrub-dominated, having cool, wet winters with warm, dry summers, and having highly 

fragmented habitats near urban and suburban development (Figure 4.1; Table 4.1).2,8 The San 

Diego region is also home to over 70 species that are listed as either threatened or endangered 

at either the state or federal level and over 100 more species that are considered to be at-risk.9 

Further, the San Diego region contains areas that are considered refugia - or areas that are 

relatively protected from stressors that can negatively affect species or ecosystem survival - 

from fire, climate change, water stress, and recreational impacts.10 These regions will be 

increasingly important for maintaining ecosystem functioning and for protecting ecosystem 

services, like carbon storage,10,11 thus highlighting the importance of land use planning at the 

ecosystem level across the entire region.12,13 

 

Natural climate solutions 

Land use and land use change contribute to both negative and positive emissions in the San 

Diego region, though the emissions are generally net negative and therefore mean that lands 

are carbon sinks (Figure 4.2).12,14,15 Land management practices and natural resource uses can 

maintain, increase, or decrease negative emissions and therefore affect the associated strength 

of the land as a carbon sink accordingly. Those actions which maintain or increase negative 

emissions and bolster carbon sinks are commonly known as natural climate solutions.12,16,17 
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Figure 4.1. Vegetation categories within the San Diego County boundary. All data from SanGIS (SanGIS.org). 

Agricultural lands are categorized as “Disturbed or Developed Areas.” 

 

  

https://www.sangis.org/
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Table 4.1. Areas (km2) and percent of total areas in the San Diego County boundary per 

vegetation category and total areas and percentages of total areas per vegetation category that 

are conserved, calculated in QGIS 3.16 from Figure 4.1. 

 Regionwide totals Conserved land totals 

Vegetation Categories Area (km2) Percent Area (km2) Percent 

Disturbed or Developed Areas, including 

Agriculture (pasture, orchards, row crops, etc.) 
2218.226 20.100 95.887 4.323 

Dune Community 190.471 1.726 181.547 95.315 

Scrub and Chaparral 6503.742 58.932 4234.537 65.109 

Grasslands, Vernal Pools, Meadows, and Other 

Herb Communities 
655.067 5.936 182.41 27.846 

Bog and Marsh 25.289 0.229 15.142 59.876 

Riparian and Bottomland Habitat, including open 

water, bays, and freshwater 
415.411 3.764 193.742 46.639 

Woodland 681.826 6.178 355.519 52.142 

Forest 345.971 3.135 172.787 49.943 

TOTAL 11036.003 100% 5431.571 49.217% 

 

 

Natural climate solutions will play a significant role in removing and storing atmospheric carbon 

dioxide. One study suggests that terrestrial and coastal lands and associated natural climate 

solutions could contribute up to 30% of the mitigation needed in 2050 to keep warming to 1.5 

degrees.18 This finding, and others, demonstrate the importance of maintaining and enhancing 

ecosystem carbon sequestration. The finding also underscores the fact that other mitigation 

and negative emissions technologies will be needed to offset natural and anthropogenic 

emissions.xi; 12,16,18–20 In other words, natural climate solutions are not a panacea. 

 

 

 

                                                                 
xi It is worth noting that the degree to which natural climate solutions are needed will depend on other factors in 
decarbonization. For example, in the Evolved Energy Research (EER) model technical appendix (Appendix A of this 
report), the “No Sequestration” model, which assumes no carbon capture and sequestration of fossil fuel 
combustion energy sources, would require less natural sequestration because it would rely more heavily on 
renewable energy production rather than fossil fuel production. 
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Figure 4.2. Total 2019 natural and working lands carbon dioxide equivalent (CO2e) net emissions per land use and 

land use change sector and for total forestry and total agricultural sectors in the United States. Negative values are 

net negative emissions, or sequestration, and positive values are net positive emissions. Data are from the 2021 

EPA report of national greenhouse gas emissions, tables 5-1 and 6-1.15 *The “existing settlements” sector includes 

urban trees, which offer large sequestration gains. Without urban trees, existing settlements would have net 

positive emissions. 

 

Globally, nationally, and in California, most of the natural mitigation will occur through 

reforestation, afforestation, forest management, agroforestry, and other tree-based 

solutions.12,18,21,22 The San Diego region is shrub-dominated2 (Figure 4.1), so there are fewer 

tree-based natural climate solutions beyond restoring riparian areas and increasing the urban 

tree canopy cover.12,17 Instead, local natural climate solution such as non-forest management of 

shrublands and shrubland restoration may be important, despite not being important 

globally.12 These warrant further research but are not considered in this report. 

There are two major considerations for land use and natural climate solutions in the San Diego 

Regional Decarbonization Framework: 1) maintaining or increasing annual greenhouse gas 

(GHG) sequestration in natural and working lands and 2) decreasing or maintaining potential 

GHG emissions from the land and coastal ecosystems after a disturbance or land use change. 

This analysis focuses on net carbon dioxide equivalent (CO2e) emissions of land use and natural 

climate solutions, though it is important to note that there are numerous co-benefits associated 

with land use management and natural climate solutions including, but not limited to: 
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biodiversity and endemism conservation, natural resource availability, ecological resilience, 

ecosystem services, and more. 

Sequestration 

Carbon sequestration is the flow of carbon dioxide from the atmosphere into soils, biomass, 

geological formations, etc. Natural and working lands, the latter of which includes agricultural 

lands, like orchards, plant nurseries, row crops, and pasture lands, can sequester carbon dioxide 

through photosynthesis and can sequester methane and nitrous oxide through bacterial 

metabolic reactions,23–25 though natural and working lands tend to be sources of methane and 

nitrous oxide rather than sinks.24,26–28 Natural and working lands, as opposed to settlements or 

other built up areas, therefore can act provide net negative emissions and counteract some 

GHG emissions in other sectors.20,21,24 Given that natural lands tend to only have net negative 

emissions of carbon dioxide, this report will focus on methods to sequester carbon dioxide 

annually. 

Annual carbon sequestration rates vary by prevailing climate, disturbance, and dominant plant 

species,29 as will be described in some detail in section 4.3, but generally landscapes with older, 

more photosynthetic biomass, or tissues and other materials from plants that are or were a 

part of an organism, have higher sequestration rates.29,30 As such, forests tend to have higher 

sequestration rates than grasslands, for instance, with forests being able to sequester up to 

twice as much carbon as grasslands.20,21,24 While the emphasis is often on simply planting trees, 

the International Panel on Climate Change’s most recent report highlights the scientific 

consensus that afforestation, or planting trees in lands like grasslands or savannas that 

historically did not have any or many trees, should be avoided, as it replaces native and 

adaptive vegetation with ill-adapted trees and is therefore more vulnerable to carbon 

emissions and provides fewer co-benefits.20,31 Further, the report emphasizes that the type of 

tree matters20,32 and that non-forest ecosystem protection and restoration are also critical.20 

Storage 

Natural and working lands hold large quantities of carbon in both biomass, living and dead, and 

in soils.21,24 Carbon storage is an accumulated stock of carbon dioxide stored as carbohydrates 

and other carbon-containing molecules. Carbon storage in plant tissues occurs when net 

primary production (NPP) is positive, which is when carbon sequestration occurs. Primary 

production is the process by which photosynthetic organisms create sugar and oxygen via water 

and carbon dioxide. NPP is the sugar creation minus the carbon dioxide released through 

respiration. When NPP is positive, the plant sequesters more carbon dioxide through sugar 

production than in releases through respiration.13–15 As plants grow, they store carbon in their 
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tissues in both aboveground (e.g., stems, leaves, trunks) and belowground (roots) biomass. The 

fate of that carbon is highly dependent on local conditions, however, generally, some 

belowground biomass will become soil carbon as the root tissues die and are partially 

decomposed. Aboveground biomass can store carbon in the system as dead/downed woody 

debris. This storage is especially important in low humidity systems where decomposition rates 

are lower, as they are in Southern California. 

Despite the fact that natural systems are adept at storing carbon on average and in the long-

term, there is large variability by ecosystem type in the San Diego region. For instance, though 

forests and woodlands store and sequester more carbon globally, they play a smaller role in 

Southern California. This is largely due to the relative lack of forests in the San Diego region 

(Figure 4.1, Table 4.1), but is also due to the fact that existing trees and forests grow more 

slowly in the majority of Southern California than in more humid regions.13,17,22 

Similarly, the San Diego region is dominated by shrubs and other woody, non-tree plants, as 

nearly 60% of the region is classified as scrub or chaparral habitats (Table 4.1), which are locally 

important for carbon storage2,12,30 and for nitrogen storage.33 Scrub habitats, including coastal 

sage scrub (CSS) and chaparral, are somewhat unique in that they continue to provide high 

sequestration rates and storage even when they are invaded by non-native grasses, which are 

themselves inefficient carbon storage systems.33 Further, because Southern Californian scrub-

dominated ecosystems have longer historic fire regimes than forest-dominated or more 

northerly regions,34–37 San Diego’s scrub ecosystems have low carbon “turnover” from their 

dead, woody tissues.33 

Though marsh and wetland ecosystems are slow to sequester carbon on an annual basis, they 

hold large quantities in stable reserves38,39 and can even transport some carbon to the deep 

ocean, thereby storing it for millennia or longer.40 For California, salt marshes, salt pans, 

mudflats, and seagrass beds are the crucial “blue carbon” ecosystems that store marine 

carbon.39,41,42 

Preventing emissions from land use change 

Avoided emissions are those emissions that would come from natural and working lands if not 

for some protection or prevention. In California, the majority of avoidable emissions come from 

large-scale, crown wildfires in forests and from land use change in forests, shrub, wetlands, 

grasslands, and agriculture (roughly in that order) from natural to human-made 

environments.12,13,43 In the case of wildfires, centuries of fire suppression have left areas with 

excess downed woody debris on the forest floor, which fuels faster, hotter fires.36 Additionally, 

pest and noxious weed invasions have fueled large, destructive fires, even in the face of forest 
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management, by creating larger pools of downed woody debris through tree die-offs and 

swaths of dead grasses or excessively flammable leaf litter, respectively.36,44 Further, worsening 

droughts reduce the likelihood that a healthy forest or scrub will withstand a wildfire and 

drastically reduce the likelihood that an invaded forest or scrub will withstand a wildfire.12,36,44 

This was the case in San Diego’s 2003 and 2007 super fires, where large quantities of dead pine 

trees, oak trees, and annual grasses fueled historic fires and permanently altered 

ecosystems.35,44 In the case of land use change, rapid development has fragmented the San 

Diego region’s natural ecosystems and created large expanses of settled and built up areas that 

provide little carbon sequestration value.2,8,13,15 

Additional future emissions will occur with sea level rise. As seawater inundates intertidal 

zones, marshes, bogs, and wetlands, the associated plants will die and the carbon stored in the 

sediment and biomass will be emitted.42 These emissions will be unavoidable,45,46 but they can 

be mitigated through restoring upland habitats and allow for wetland migration, which would 

hypothetically result in net zero emissions from wetland loss due to sea level rise.17,42,47,48 

Other considerations (co-benefits) 

Natural and working lands provide numerous societal benefits as a result of natural ecosystem 

processes. These ecosystem services include air and water quality improvements, reduced 

impacts from natural disasters, increased food and fiber production, groundwater recharging, 

increased biodiversity and ecological resilience, and improved public health. The majority of the 

proposed methods to increase carbon storage and sequestration naturally have co-

benefits.17,20–22,49 For the natural climate solutions considered in this report, each is reported by 

the California Air Resources Board (CARB) to improve water quality and/or increase water 

quantity; protect biodiversity, habitats, and ecosystem health; and improve public health 

and/or community resilience to climate change. Additionally, protecting natural and working 

lands from land use change, urban forestry, and chaparral restoration improve air quality.49 

While this report focuses on the carbon storage and sequestration aspects of natural climate 

solutions, it will be important to characterize, quantify, and monetize the additional ecosystem 

services and co-benefits in the future in order to understand the full impacts of these solutions.  

The rest of the report will focus on four natural climate solutions that are implementable for 

the San Diego region and that would create negative emissions, maintain or increase carbon 

storage, and provide co-benefits. These four natural climate solutions are: protection of natural 

lands from land use change; carbon farming; protection of blue carbon; and urban forestry. 
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4.3  Land use change 

Introduction 

Natural and working lands are carbon sinks and are globally recognized for their ability to 

sequester and store carbon dioxide in plant biomass and soils.14,20 The current level of net 

negative emissions from natural and working lands is insufficient to offset anthropogenic 

emissions, however they represent an important tool for reaching net zero emissions globally, 

nationally, and locally.12,17,21,22,43 The report “Getting to Neutral: Options for Negative Carbon 

Emissions in California” includes natural and enhanced sequestration and storage in California’s 

natural and working lands as a pillar of achieving net zero goals. That report suggests that 

California can achieve net zero emissions without out-of-state offset purchases, of which 

natural and working lands will contribute one fifth of the estimated negative emissions and 

storage.12 The natural climate solutions for natural and working lands are to protect current 

natural and working lands from land use change to settlements or barren landscapes, to 

enhance lands’ ability to sequester and store carbon through land management, and to restore 

degraded or lost natural and working lands to their natural states.21,22,43 

Preventing land use change to less photosynthetically productive lands (i.e. settlements or 

barren landscapes) is consistently the least expensive natural climate solution and is highly 

effective.21,22 While forest management and other land management techniques are effective 

tools in California and in the United States,17,22,43 they are less important in Southern California, 

which is shrub dominated and has few forests that would benefit from forest management on a 

large enough scale (Figure 4.1).17 Similarly, reforestation efforts are inappropriate in most of 

the San Diego region and are highly expensive.17,22,43 Other restoration efforts are also 

expensive, though some efforts, like restoring riparian zones or savannas, are relatively less 

expensive and can contribute significantly to negative emissions in the San Diego region.17,22,50 

Riparian restoration will be considered in the agriculture and carbon farming section, while 

other restoration efforts will not be discussed extensively in this report. This section will focus 

on the negative emissions benefits of protecting existing carbon pools and carbon 

sequestration potential in natural and working lands through preventing land use change. 

Land use change is a global problem that leads to net emissions as more productive carbon 

sequestering lands, like forests or grasslands, are turned into less productive lands, like 

settlements or high emissions agriculture.14,20,24 The loss of natural and working lands that 

currently hold carbon and that sequester carbon annually is twofold: there is a one-time loss of 

carbon that is stored in soil and biomass and there is the lost sequestration potential of that 

land.14 Net zero emissions scenarios rely heavily on preventing land use change that would 
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result in net emissions (e.g., urban expansion, land conversion to croplands) and promoting 

land use change that would result in net sequestration (e.g., reforestation).12,19,21,24 

Among the natural climate solutions listed above, preventing land use change is relatively 

inexpensive. National estimates for the U.S. suggest that over 60 MMT of CO2e can be 

sequestered in 2025 for marginal abatement costs of $10 or less per MT of CO2e simply through 

avoiding conversion of forest and grasslands.22 Comparatively, reforestation, which has the 

highest potential for sequestering and storing carbon of any natural climate solutions that are 

considered at the global, national, or state level, is relatively expensive.12,20,22,29 In the United 

States, this is largely due to the high costs of collecting seeds, raising seedlings in nurseries, and 

planting saplings in reforestable areas. When additional costs, such as maintenance and 

program evaluation, are considered, the costs increase further.51 Additionally, costs vary by 

prevailing climatic conditions, infrastructure, workforce, and species, thus costs are likely to be 

higher in Southern California than in the Southeastern United States or Northern California, 

where conditions, infrastructure, and species are more amenable to reforestation.12,51 

In the San Diego region, land use change occurs through natural processes, such as ecosystem 

succession after fires or pest invasions,34,36,44 and through settlement expansion, such as urban 

and transportation expansion.2,8,52 This section investigates the current approximate carbon 

storage and sequestration in the San Diego region using geospatially explicit vegetation data 

types from SANDAG’s GIS portal (SanGIS.org). 

Methods 

All analyses, calculations, and data manipulation were done in QGIS 3.16 and Microsoft Excel. 

This analysis used SANDAG’s “ECO_VEGETATION_CN” and “County_Boundary” shapefiles 

downloaded from SanGIS (SanGIS.org). Both shapefiles were downloaded in August, 2021. The 

former shapefile contains the vegetation community type for the entire region. The latter 

shapefile contains the San Diego County boundary. The layers were reprojected into California 

Albers (ESPG: 6414) and invalid geometries were fixed. The ECO_VEGETATION_CN layer was 

clipped using the County_Boundary to remove polygons that were in state waters or in other 

counties. The resulting layer’s polygons show the San Diego region’s land uses (Figure 4.1). The 

areas were calculated for each polygon and converted to hectares. 

Carbon storage and sequestration values were taken from the literature (see Appendix 4.A.1 for 

sources). Whenever possible, local data were chosen. If local data were not available, then 

state, Pacific Coast, Western U.S., U.S., and global data were used, in that order. When there 

were multiple estimates in the same geographic area or when there was a range of possible 

values, the most conservative value was chosen. All carbon storage values were converted to 

metric tonnes of carbon dioxide equivalent or carbon per hectare (MT CO2e or C ha-1) and all 

https://www.sangis.org/
https://www.sangis.org/
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carbon sequestration values were converted to metric tonnes of carbon dioxide equivalent per 

hectare per year (MT CO2e ha-1 yr-1) if the data were not already reported as such. Total carbon 

storage and sequestration values for the entire region were converted into millions of metric 

tonnes (MMT). 

Carbon values were assigned to the Holland vegetation classes in the ECO_VEGETATION_CN 

dataset and were merged into the region’s vegetation shapefile in QGIS. The polygon areas 

were multiplied by their corresponding carbon storage and sequestration values to return each 

polygon’s carbon storage and sequestration totals. These data were exported to Excel and 

aggregated by broad land use type based largely on IPCC land use types. The IPCC’s forest 

category was disaggregated to forests, woodlands, riparian, and shrublands; settlements were 

disaggregated to urban areas, disturbed areas, and agriculture; grasslands were consolidated to 

only include grasslands and meadows; and barren areas were disaggregated to water, barren 

(here meaning having no vegetation), and desert. 

Results 

The biodiverse and rich natural landscapes in the San Diego region have significant potential for 

both carbon storage and for annual carbon sequestration (Table 4.2). This analysis shows that 

there are approximately 58 MMT of carbon stored in San Diego’s biomass and soils. Scrub 

ecosystems, including chaparral and coastal sage scrub, contribute most significantly to carbon 

storage, due in large part to their abundance and their local adaptations (Figure 4.1). Per 

hectare, coastal wetlands store the most carbon of any system. They are followed by tree-

dominated systems, like woodlands, forests, and riparian areas. Wetlands are one of the least 

abundant systems in the region, though tree-dominated systems also have relatively low 

coverage. This is all readily visible in Figure 4.3, which shows the highest carbon storage per 

hectare values are red and the lowest as blue. 

In addition to storage, the region also has high sequestration values and can sequester 

approximately 2.25 MMT of carbon per year. The largest sequestration potential is in 

scrublands, forests, woodlands, and riparian zones. However, settlements show some high 

sequestration potential because of urban trees (Table 4.2). Per polygon, forests and woodlands 

have the highest annual sequestration rates per hectare (Figure 4.4 – red values have the 

highest rates, blue have the lowest rates). Interestingly, disturbed wetlands have net positive 

emissions,42,48,53 so those polygons (Figure 4.4 – black polygons) have negative sequestration 

values, despite continuing to store carbon (Figure 4.3). 
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Table 4.2 Total carbon storage (MMT CO2e) and sequestration (MMT CO2e yr-1) in the San Diego 

region by land use category and for all land uses throughout the region. 

 

Vegetation 

Category 

Total carbon 

stock (MMT) 

Total carbon 

sequestration 

(MMT) 

Scrub 32.092964 1.4255247 

Woodlands 12.718755 0.3457617 

Forests 5.384545 0.3081349 

Agriculture 2.34543 0.0242784 

Riparian 1.7381 0.0747383 

Grassland 1.431422 0.0007534 

Settlement 1.2827819 0.0650613 

Wetland 0.623143 0.0043672 

Disturbed 0.235353 0.0001239 

Desert 0.00477945 0 

Water 0 0 

Barren 0 0 

Grand Total 57.8572734 2.2487437 
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Figure 4.3 Total stored carbon (MT CO2e ha-1) estimates for the San Diego region. Warmer colors represent larger 

carbon stock estimates, cooler colors represent lower stock estimates, and white represents no carbon stock. 

Regionwide sequestration totals per vegetation category were calculated from these values and are in Table 4.2. 
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Figure 4.4 Annual sequestration rate (MT CO2e ha-1 yr-1) estimates for the San Diego region. Warmer colors 

represent higher rates, cooler colors represent lower rates, white represent no sequestration, and black represents 

net positive emissions. Regionwide sequestration totals per vegetation category were calculated from these values 

and are in Table 4.2. 

 

Discussion 

San Diego’s natural and working lands represent two important natural climate solutions. First, 

the lands provide stable, long-term carbon storage for the region and keep carbon dioxide out 

of the atmosphere. Second, the lands provide annual net negative emissions by sequestering 

atmospheric carbon in plant tissues, thereby removing some of the region’s anthropogenic 

emissions. This analysis is not comprehensive and is meant to illustrate that regional lands are 

currently producing natural climate solutions at little to no cost and that these lands should be 

valued for their sequestration and storage abilities. 

This analysis broadly demonstrates that the region’s natural and working lands are providing 

natural climate solutions at little to no cost. These carbon sinks are valuable for future 

decarbonization pathways because they store carbon and because they continually sequester 

carbon. Figure 4.3 shows that land use change throughout most of the region will result in large 

one-time emissions of carbon that is currently stored in biomass and soils. While positive 
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emissions from land use change are not explicitly accounted for in any of the Climate Action 

Plans,xii this accounting is imperative to reaching a net zero future. Additionally, Figure 4.4 

shows that land use change throughout most of the region will have long-term sequestration 

consequences, as those lands will sequester less carbon each year after they change. This 

accounting will also be imperative to consider as the lost annual negative emissions would need 

to come from other sources like other natural and working lands or technological solutions.16,18 

Development of natural and working lands is inevitable and will be important for other 

decarbonization pathways, especially for renewable energy siting (see Chapter 2 for more 

detail), but this analysis demonstrates that there are climate and emissions costs that would be 

incurred with land use change in the region. 

There are some caveats and drawbacks to this analysis. First, local data were unavailable for 

some vegetation classes and the values used may not accurately reflect local conditions or 

circumstances. Local data will become more important in the future as droughts and 

phenomena affect the San Diego region. A study by Luo et al. (2007)30 found that chaparral in 

San Diego is a strong sink in normal years, but becomes a source of CO2 in years of severe 

droughts. That study highlights the uncertainties in carbon accounting and the importance of 

localized data. Second, soil carbon estimates were not universally included in the literature or it 

was not clear whether soil carbon had been included in some stated values. Excluding soil 

carbon would underestimate the total stored carbon, but it is unlikely to affect the carbon 

sequestration rates because the majority of measured soil carbon is relatively shallow, where 

much of the long-term soil carbon storage is in deeper soil layers.54 Third, eelgrass and other 

marine, beach, and intertidal plants and algae were not included in the vegetation classification 

shapefiles or were not included in enough detail to make determinations. Thus, their carbon 

storage and sequestration potentials are missing, despite the fact that they may be significant, 

which is almost certainly the case of eelgrass.38,41,55 Fourth, this analysis was done at a coarser 

scale than other regional and localized analyses that are forthcoming.xiii Those more detailed 

analyses should be considered more accurate because they will better reflect plant biomass and 

soil carbon estimates as well as carbon sequestration potential. Finally, this analysis would 

benefit from research done by local institutions and organizations like WildCoast, the Climate 

Action Alliance, San Diego State University, and the Scripps Institution of Oceanography. When 

local data are available, they should be incorporated into all land use analyses as quickly as 

possible. 

 

                                                                 
xii Personal communication Scott Anders, September 2021. 
xiii Personal communication Drs. Megan Jennings and Matthew Costa, 2021 and information from the Climate 
Action Alliance detailed here: https://www.climatesciencealliance.org/carbon-sequestration  

https://www.climatesciencealliance.org/carbon-sequestration
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Policy implications 

This analysis illustrates that an ounce of prevention is worth a pound of cure – protecting a 

hectare of natural and working lands will prevent emissions and will continue to sequester 

carbon in a low to no cost manner. As such, natural and working lands contribute to negative 

emissions in the region and mitigate some local anthropogenic emissions. Meanwhile, losing 

natural and working lands would require expensive restoration, mitigation, or negative 

emissions technology investments to capture the one-time emissions of stored carbon and to 

continue to sequester the carbon that those lands would have sequestered naturally. 

Further, this analysis illustrates that those efforts to characterize the carbon storage and 

sequestration capacity of natural and working lands in the San Diego region should be 

supported by governments because current policies are generally not informed by the most 

localized carbon cycling data. Similarly, this analysis shows that preventing or mitigating 

emissions from land use change is crucial. Thus, regional governments should include emissions 

from lost biomass and soils as well as the lost carbon sequestration potential when deciding 

land use policies and decarbonization pathways. Additional effort should be applied to 

monetizing these emissions and lost sequestration potential in order to properly incentivize 

natural and working land protection and to understand the extent of regional net negative 

emissions. 

Policy recommendations: 

● Prevent land use change from natural and working lands to settlements or other less 

productive lands when possible. 

● Support SANDAG’s urban growth plans that promote densification. 

● Support studies to accurately measure and report local carbon stocks and 

sequestration rates. 

● Consider incorporating the costs of carbon dioxide emissions from land use change 

and the lost carbon dioxide sequestration potential into land use planning decisions. 

 

4.4 Agricultural sector 

 
Introduction 

Agriculture is usually a net GHG emitter because livestock, farmed animals, and rice fields 

release methane; soil bacteria release nitrous oxide; and crop production and harvesting 

release soil carbon (Figure 4.2).14,15,24 Many natural climate solutions focus on ways to both 

reduce carbon dioxide emissions and enhance sequestration potential,21,22,24 where methane 

and nitrous oxide management are more nuanced and difficult26,27 However, manure and 

fertilizer management can reduce methane and nitrous oxide emissions, respectively.21,50 
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This report will focus on the carbon dioxide implications of agricultural climate solutions, 

sometimes referred to as “climate farming,” though it will note important considerations for 

methane and nitrous oxide when applicable. The two primary methods for addressing CO2 

sequestration and emissions in existing agriculture are to amend soils or otherwise change 

farming practices to increase the stored carbon in the soil and to prevent emissions. Examples 

of the former include adding on-farm compost to soils, planting cover crops, planting trees in or 

around farms or pastures, planting perennial plants rather than annuals, or adding biochar. 

Examples of the latter include cover cropping, practicing no or low-till agriculture, planting 

perennial plants rather than annuals, or planting trees.12,20,21,50 

It is important to state that there are significant uncertainties in GHG accounting in agricultural 

lands because the soil gas interchanges are complicated and highly heterogeneous (they 

depend largely on weather and inputs on any given day and on existing soil gas 

composition).12,27 The majority of agricultural climate discussions that focus on the United 

States rely on the Department of Agriculture’s (USDA) COMET plannerxiv and the discussions 

that focus on California use a California-specific COMET planner toolxv, with additional help 

from the California Air Resources Board and the California Department of Food and Agriculture. 

This tool is important, though it should be used carefully because there are some important 

caveats to these data. First, the data behind the estimates represent 10-year averages and the 

values should be considered invalid beyond that timeframe.12,56 Second, the models that use 

the field data are simple relative to the biochemical interactions in soils. Given that soils are 

highly dynamic systems, there are concerns that the COMET planner overestimates the amount 

of carbon that will be stored and may simultaneously underestimate the potential nitrous oxide 

emissions.12,27 Further, the report “Getting to Neutral” notes that the models underlying the 

COMET planner also likely overestimate how much carbon is stored in deeper, and thus longer 

term, soil storage.12 Thus, the “Getting to Neutral” report, and others, emphasize the 

importance of longer term monitoring of local demonstration farms where climate farming 

practices have been implemented.12,50 

Discussion 

In lieu of sufficient localized carbon sequestration data, Dr. Puja Batra produced a report50 for 

the unincorporated San Diego region to recommend policies for the County regarding climate 

farming and transforming agricultural lands from sources to sinks using California-specific 

COMET planner data. That report focused on compost applications in orchards, rangelands, and 

                                                                 
xiv http://comet-planner.com/  
xv http://www.comet-planner-cdfahsp.com/  

http://comet-planner.com/
http://www.comet-planner-cdfahsp.com/
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row crop fields as well as riparian restoration, though it also discussed preventing the removal 

of orchard trees due to increasing marginal costs of watering and losses due to fire. 

Compost application yielded the highest carbon sequestration benefits, according to Batra,50 

resulting in 227,170 MT of CO2e sequestered annually. However, the report notes that there 

are potential problems of nitrogen leaching into surface water and groundwater if the 

application rate is too high or if the nitrogen levels in the compost are too high.50 Repeated 

application of compost may result in eutrophication50 and/or net GHG emissions from the 

soil,12,27,43 so compost application for the sake of carbon sequestration will need to be coupled 

with monitoring. Regardless of carbon sequestration potential, compost application may offer 

co-benefits in reduced application of synthetic fertilizers, which could reduce NOx emissions;22 

improved manure management, which could reduce CH4 and NOx emissions;12,22,50 and 

increased soil water retention.20,22,50 

Batra50 also investigated riparian restoration as a means of sequestering carbon in the region’s 

agricultural lands. The unincorporated county has nearly 7,000 miles of freshwater and riparian 

systems,50 which are typically dominated by shrubs and trees and have higher carbon 

sequestration potential than forb and grass-dominated systems.2,6,24 Restoring riparian 

ecosystems typically involves planting native trees and shrubs, which is estimated to result in 

approximately 2 MT of CO2e sequestration per acre per year.50,56 Batra estimated restoration of 

about 25% of riparian habitats and 35 feet of buffer zones around them would result in 

approximately 7,230 MTCO2e per year.50 Together, compost application and riparian restoration 

may sequester up to 234,400 MTCO2e per year.50 

Finally, Batra considered the emissions from recent orchard tree removals and the lost 

sequestration value of those trees. The unincorporated county lost approximately one million 

orchard trees from 2000 to 2015. Many of the trees were removed because rising marginal 

costs of inputs like water forced farmers to save costs by removing some of their orchard 

trees.50 Trees are particularly good at sequestering carbon because they deposit carbon deep in 

the soil and store carbon in biomass,12,20,21,29 so removing these orchard trees has two carbon 

related impacts. First, it releases stored soil carbon and begins the process of releasing the 

biomass carbon. Second, it reduces the orchard’s annual sequestration potential because the 

removed tree is no longer able to sequester carbon annually.50 Batra estimated that the lost 

orchard trees released 243,468 MT of CO2e and lost the ability to store 131,657 MT of CO2e 

during that period. All told, the loss of orchard trees in the unincorporated county is estimated 

to be more than 375,000 MT CO2e.50 This analysis highlights the importance of retaining 

existing carbon pools, however, it also speaks to the incentives that farmers face. 
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Beyond Batra’s report, other carbon farming methods to consider should include cover 

cropping, improved species selection, and restoration of degraded, abandoned, or marginal 

agricultural lands.12,20–22 Importantly, each of these techniques has co-benefits, including 

increased soil water retention, increased biodiversity, more shade for livestock, improved or 

increased habitat, and/or increased agricultural yields.20–22,57 The restoration component is 

likely to offer the greatest co-benefits for the San Diego region in large part because planting 

trees in grasslands leads to large belowground and aboveground carbon storage gains as well as 

improved biodiversity, soil health, water quality and quantity, and air quality outcomes.12,20–22,24 

Given that the region’s agricultural output and acreage are dominated by livestock grazing, 

rangelands, and pasturelands,2,58 planting trees in grasslands is likely to improve regional 

carbon sequestration while offering numerous co-benefits. 

Addressing methane and nitrous oxide emissions is generally more difficult because there are 

generally fewer carbon farming solutions, despite the fact that they contribute more warming 

potential to the atmosphere than CO2.13,14,21,24,50 Methane in the San Diego region is primarily 

emitted from landfills, livestock manure, enteric fermentation, and wastewater, though there 

are also some methane emissions from natural decomposition in wetlands and wetland 

loss.12,17,20,24,47 Batra did not account for the agricultural methane that is prevented from 

entering landfills because avoided methane emissions are covered by regional climate action 

plans and would constitute double counting.50,59,60 This would also be the case for the City of 

San Diego’s wastewater emissions.59,60 There are, however, some manure and enteric 

fermentation management techniques that would not be double counting for the region. These 

include on-site anaerobic manure digestion, methane capture or digestion from enteric 

fermentation, methane reduction from enteric fermentation.12,50,57,61,62 The opportunities to 

reduce methane and nitrous oxide emissions in the region’s agriculture sector require further 

study, but they may provide important GHG emissions reductions. 

Two demonstration projects hosted by the Resource Conservation District of Greater San Diego 

County58,63 and several independent agricultural operations in San Diego County64 offer 

examples of carbon farming and monitoring and will provide further insight into the carbon 

sequestration benefits and the capital costs associated with the new techniques, processes, and 

monitoring. Projects like these will be critical for understanding the long-term costs and 

benefits of carbon farming and may help to create a local market for carbon offsets.64 

Policy implications 

Localized data from farms, orchards, pastures, and rangelands will be crucial to understanding 

the carbon storage benefits of different carbon farming techniques. There are significant 

uncertainties associated with the USDA and CDFA’s data that underlie the COMET planner 
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tools,12,56 largely because soil systems are complex and nuanced and because soil carbon 

storage is highly dependent on local conditions.12,27,29 Thus, improved data for local agricultural 

productions would enhance the region’s understanding of agricultural carbon fluxes and would 

better inform carbon farming techniques and policies. 

Additionally, cost data should be collected and incorporated into carbon farming analyses. 

Many carbon farming techniques are expensive because they require additional or specialized 

machinery. For example, no-till agriculture prevents soil carbon losses during tilling, but 

requires using specialized machinery for seeding. Conversely, compost application requires a 

much smaller investment into a tractor attachment.50 Further, data collection can be costly and 

there is little economic incentive for farmers to independently engage in regular soil testing to 

track carbon storage.64 Thus, the costs of new equipment investments, marginal operating and 

management of carbon farming, and soil testing should be incorporated into cost-effectiveness 

and/or cost-benefit analyses to inform government spending on subsidizing or otherwise 

reducing the costs of carbon farming. 

Finally, stakeholder input generally agreed that the incentive structures are not set up to 

incentivize carbon farming in the region. There seems to be high agreement that local farmers 

need financial assistance in order to address their carbon emissions and to allow them to 

engage in carbon farming. Policies addressing carbon farming will need to focus on 

incorporating farmers’ experiences, concerns, and cost data in order to maximize carbon 

storage potential in an equitable manner. 

Policy recommendations: 

● Study local carbon farming techniques to better understand carbon storage and 

sequestration potential, costs, associated ecosystem services, and economic benefits. 

● Consider subsidizing tree planting in and around agricultural lands and additionally 

incentivizing farmers to retain existing trees. 

● Engage farmers and other stakeholders to create carbon farming policies that are 

equitable, just, and beneficial to farmers and farming communities. 

 

4.5 Blue Carbon and Sea level rise 

 

Introduction 

Blue carbon generally refers to the carbon storage and sequestration potential in vegetated 

coastal ecosystems, like seagrass beds, marshes, wetlands, and mangrove forests, but it 

sometimes specifically refers to restoring vegetated coastal ecosystem in order to improve 

carbon sequestration and storage.20,39 Coastal ecosystems are known for their many ecosystem 
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services, including many economically valuable services such as storm surge reduction, wave 

action and wind buffering, commercially important fish nursery habitats, and air and water 

quality improvements.20,57 Further, many coastal ecosystems are being protected because they 

collectively store disproportionately high levels of carbon per unit area than the majority of 

ecosystems and store carbon on the order of millennia.38,41,65 

The San Diego region historically contained over half of the Southern Californian Bight’s blue 

carbon habitats (~11,000 hectares), much of which was in the Mission and San Diego Bays. 

Since mapping efforts began around 1850, it is estimated that San Diego has lost approximately 

31% of its historic wetlands through conversion to non-wetland systems like urban 

development.66 Wetlands throughout the region are susceptible to land use change, sea level 

rise, and invasive species, all of which would reduce or eliminate annual carbon sequestration 

and emit carbon dioxide and methane that are stored in the soils.17,20,47,48 As with terrestrial 

carbon storage and sequestration, the primary methods of maintaining or enhancing blue 

carbon are through protection of existing wetland ecosystems and restoration of degraded or 

lost wetland ecosystems. 

The San Diego region has lost seagrass beds, salt marshes, mudflats, coastal riparian zones, and 

other intertidal zones39,48,66 and will likely continue to lose these habitats into the future.42,46,53 

Of these lost ecosystems, only some will be eligible for restoration,17,48 which highlights the 

importance of protecting existing ecosystems. Additionally, there are strong economic reasons 

to prevent further wetland loss or degradation. First, wetland restoration results in less annual 

sequestration than comparable non-forest restoration, all while costing more.12,67 Protecting 

existing wetlands will be less expensive and more effective than restoring or mitigating wetland 

loss. Second, the one-time releases of stored carbon dioxide and methane will be significant 

because wetlands have a higher density of carbon storage per unit area than other regional 

ecosystems,38,39,41 so the costs of offsetting or removing those emissions from even 

geographically small lost wetlands will be significant. Third, an estimate by The Nature 

Conservancy of California found that wetland restoration in California would result in over $1 

billion of avoided climate-related damages due to ecosystem services provided by expanded 

wetlands,17 highlighting the importance of existing wetlands, which currently provide those 

services at no cost. Fourth, wetland restoration is expensive, so it is economically important for 

the region to prevent wetland loss and apply restoration funds to natural climate solutions that 

have lower marginal costs and higher sequestration rates.12,21,22 

While wetlands contribute meaningfully to negative emissions, they are predicted to emit more 

CO2 than they sequester with sea level rise, absent wetland migration, or land use change to 

wetlands as sea water inundation occurs.42,47,48 This analysis shows the potential carbon dioxide 
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emissions from lost wetland habitats in the San Diego region under 1 foot of sea level rise, 

which is expected to occur by approximately 2030.45 The analysis then estimates the land use 

requirements of direct air capture (DAC) that would be needed to sequester the released CO2 

as a demonstration of some of the costs required to offset wetland loss. 

Methods 

The City of San Diego published a draft report showing that they predict local sea level rise (SLR) 

of approximately 0.25 meters, or about 1 foot, by 2030.45 The report found that 0.25 meters of 

SLR would inundate about 43% of the City’s remaining salt marshes.45 To analyze the lost blue 

carbon potential and the emissions from lost wetland habitats, the National Oceanic and 

Atmospheric Agency’s Orange and San Diego county sea level rise data were used.68 The 1 foot 

of SLR layer was reprojected into California Albers (ESPG: 6414) and invalid geometries were 

fixed. The current, fixed vegetation layer from SANDAG, in ESPG: 6414, from the land use 

section was used to show the vegetation types that would be affected by 1 foot of SLR. 

The vegetation layer was filtered to only include the categories of bogs, marshes, riparian, and 

bottomland habitats. These remaining vegetation types were further filtered to remove 

habitats that are not typically considered blue carbon such that only marshes, estuaries, 

riparian areas, and mudflats/saltpans remained (see Appendix 4.A.2 for details). Seagrass was 

excluded from this analysis because it is not included in vegetation mapping. Further study into 

seagrass contributions to blue carbon accounting and the effects of sea level rise on that carbon 

sink would be beneficial because seagrass is an important blue carbon ecosystem.40,41 The final 

areas of each polygon were calculated in units of hectares and final polygons with an area equal 

to zero hectares were dropped, as in the land use change section. 

The blue carbon vegetation class was used to determine the emitted carbon from the carbon 

stock and the lost carbon sequestration potential. These values were taken from the literature 

and were preferentially from San Diego, California, the west coast of the contiguous United 

States, anywhere in the United States, or any blue carbon study, in that order. A table of values 

and sources is in Appendix 4.A.2. The carbon stock and sequestration values from the literature 

were converted to metric tons of carbon dioxide equivalent per hectare (MT CO2e ha-1) if they 

were not already in those values. They were then multiplied by the appropriate vegetation 

class’s total area to get the one-time positive emissions and the foregone negative emissions 

from planned land use change in the region. 

Results 

The anticipated 1 foot of sea level rise by 2030 is projected to result in a loss of nearly 800 

hectares of blue carbon habitats throughout the region, an area approximately 1.4 times the 

size of downtown San Diego (Table 4.3, Figure 4.5).69 This level of loss will result in 
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approximately 180,112 MT CO2e emitted directly into the atmosphere. Additionally, the lost 

habitats would have been able to sequester approximately 1,715 MT CO2e per year (Table 4.3). 

In order to offset these one-time emissions and to sequester the carbon dioxide that would 

have been sequestered, a comparable level of new wetlands, marshes, and riparian habitats 

would need to be restored prior to 2030. However, such restoration efforts would merely allow 

the region to break even by sequestering as much as is being emitted from blue carbon 

habitats. 

 

Table 4.3. Total lost habitat (hectares), annual carbon sequestration (metric tonnes per year), 

and long-term storage (metric tonnes emitted upon loss) per blue carbon vegetation class. 

Vegetation 

classification 

Total area lost with 

1 foot of SLR (ha) 

Lost annual 

sequestration (MT 

CO2e yr-1) 

Lost carbon 

storage (MT CO2e) 

Freshwater marsh 20 28 3,020 

Mudflats/Saltpans 22 44 5,082 

Riparian scrub 14 60.2 1,400 

Salt marsh/estuary 726 1,582.68 170,610 

Total terrestrial blue 

carbon ecosystems 
782 1,714.88 180,112 
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Figure 4.5. Some blue carbon habitats will be lost under 1 foot of sea level rise in the San Diego region. Blue areas 

in the map show such habitats, which are quantified by ecosystem category in Table 4.3. Insets show more detail 

of two regions with blue carbon losses. 

 

Discussion 

As in the case of regional land use change in forests and non-forest terrestrial ecosystems, 

protecting wetlands, marshes, mudflats, and riparian habitats from loss is the first-best option 

because doing so both protects existing stored carbon stocks and ensures annual carbon 

capture and sequestration. Protection of existing blue carbon habitats is especially important 

because they hold larger quantities of carbon per unit area and for longer periods of time than 

San Diego’s forest and non-forest ecosystems.38,53,55,67 

Unlike regional land use change, which can generally be planned for and can thereby be 

reasonably prevented, blue carbon ecosystem loss is inevitable given current estimations of sea 

level rise and the dearth of options to prevent sea water inundation and flooding.20,42,46 

Similarly, restoration of other ecosystems in order to offset the anticipated losses of blue 

carbon ecosystems will be expensive and likely impractical, given the challenges of 

restoration.12,17,51 Thus, the remaining options are to expand existing blue carbon habitats, and 
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thus allow for so-called wetland migration, or to invest in other natural climate solutions in the 

region. 

Policy implications 

Wetland, marsh, and mudflat losses will significantly impact the ability of the region’s natural 

climate solutions to contribute to negative emissions. Local carbon sequestration and storage 

data are forthcoming from organizations like the Scripps Institution of Oceanography (pers. 

comm., Dr. Matthew Costa, July 22, 2021), which will improve the analysis of anticipated 

impacts from sea level rise. Nevertheless, the unique threats of sea level rise and the eventual 

emissions from low-lying blue carbon ecosystems should be accounted for in decarbonization 

plans, even if data are imperfect. 

Policy recommendations: 

● Protect existing carbon storage pools in blue carbon ecosystems from anthropogenic 

land use change. 

● Collaborate with organizations and governments to study local blue carbon values to 

improve blue carbon accounting in the region. 

● Collaborate with organizations and governments to study the feasibility and costs of 

wetland migration, wetland restoration, and carbon sequestration enhancement in 

existing wetlands. 

 

4.6 Urban trees 

 

Introduction 

Urban trees are those trees which exist within urban boundaries and were either planted or are 

somehow maintained.70–72 Trees are often planted in urban settings because they provide 

ecosystem services like reducing air pollution, providing shade that cools buildings, reducing 

urban stormwater runoff, increasing aesthetic value, reducing noise, and other services.17,70,71 

However, urban trees are also being recognized for their contributions to negative carbon 

dioxide emissions because their growth reduces atmospheric CO2.17,73,74 Urban trees provide 

the only natural climate solutions for urban areas and settlements that have replaced natural 

and working lands, so it is critical for such areas to have urban trees to produce negative 

emissions in lieu of natural landscapes. Further, these trees also provide co-benefits that were 

lost to land use change to surrounding communities that are disproportionately affected by 

poor air quality, high temperatures, and little shade or green space.17,70 

There are, however, some important caveats to urban forestry that are worth consideration in 

the San Diego region and elsewhere. First, urban trees are more stressed than their wild 
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counterparts and thus have shorter lifespans on average, though they can still sequester carbon 

for more than 40 years.75 The shorter lived urban trees will require more frequent replacement 

than naturally occurring trees in natural landscapes, which will need to be factored into 

planning. Second, if urban trees require large inputs, like water and fertilizers, that in turn 

require fossil-fuel based inputs, like energy or synthetic fertilizers, then urban forests can be 

net emitters because their care can require more CO2 emissions than they can sequester.75 

Third, the species of tree planted has large implications for carbon sequestration, life 

expectancy, water and maintenance needs, and potential co-benefits, highlighting the 

importance of careful tree selection based on local conditions and needs.75–77 Fifth, as trees 

reach the end of their lives, they will need to be replaced in order for the urban forest to 

continue to provide services. Thus, tree planting goals may be too low as urban forests age and 

die.78 Finally, urban greening often focuses on trees because of their ability to provide unique 

services like shading and subsequent cooling, but regional greening should also include plans to 

plant native or non-native drought tolerant shrubs and plants. These plants can offer aesthetic 

value, air pollution mitigation, water quality improvements, improved habitat and biodiversity, 

and carbon storage all while generally requiring fewer inputs than trees.17,70,79 

Discussion 

In a 2003 San Diego regional analysis, the non-profit American Forests produced a report of the 

tree cover in the City of San Diego and 22 surrounding cities and communities and found that, 

collectively, these urban forests stored 640,846 MT of carbon and sequestered 4,864 MT of 

carbon annually.70 Despite the significant sequestration and storage values, the study region 

lost 29% of its tree cover from 1985 to 2002.70 While California as a whole has steadily gained 

tree cover and urban carbon sequestration since 1990,73,80 the San Diego region has not seen 

similar gains and thus has the potential to create substantial negative emissions through 

expanding urban tree cover.17,70,78 

A 2021 national report by American Forests projected carbon storage and sequestration based 

on stated tree planting goals in different jurisdictions and assuming a 1% dieback rate of 

existing trees using current carbon storage and sequestration values, recognizing that there will 

be climate-related feedbacks to tree growth and life expectancy in response to localized climate 

change.78 The report found that San Diego County is expected to increase its urban tree carbon 

storage by approximately 6 MMT of carbon and to increase its annual sequestration rate by 

0.32 MMT of carbon per year from 2010-2060 through urban tree expansion alone.78 The 

report also noted that San Diego County is expected to see an increase in avoided emissions as 

urban trees are expected to reduce electricity use for cooling, though, importantly, there will be 

increased emissions with urban expansion and overall avoided emissions will be reduced 

through the loss of natural lands.78 
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An analysis by The Nature Conservancy of California found that the San Diego region had 

111,763 acres of urban land that was suitable for urban forestry or other greening.17,81 At an 

average sequestration rate of approximately 7 MT of CO2e per acre per year, the report 

estimates that fully foresting the San Diego region’s urban areas would result in over 2 MMT 

CO2e of annual sequestration.17,81 

Though these estimates are rough because they are not based on extensive field data, they still 

highlight the importance of greening the region’s urban areas as a natural climate solution. As 

cities and municipalities throughout the region set and achieve tree planting goals, it will be 

important to account for accurate, localized carbon stock and sequestration values based on 

species, tree age, tree health, and growing conditions. Additionally, it will be important for 

urban areas to account for both the electricity savings due to trees’ cooling effects and to 

account for the emissions from inputs like watering, tree care, fertilizers, etc.  

Policy Implications 

Urban forestry is an important natural climate solution for urban and developed areas because 

they can sequester and store carbon in an environment that is otherwise unable to provide 

negative emissions and can replace some of the natural sequestration and storage that was 

lost.70 Their numerous co-benefits and their ability to increase equity and improve social 

welfare through air and water quality improvements, cooling effects, aesthetic improvements, 

and more are also important reasons to increase urban canopy cover and urban tree 

distribution.79,82 However, as a natural climate solution, urban trees pale in comparison to 

natural systems, so the first best choice is always to protect and enhance natural systems, 

which are more efficient systems for generating negative emissions, rather than expand urban 

areas and create an urban forest.12,17,21,29,78 

Nevertheless, there are ways to increase urban tree carbon sequestration and storage potential 

and maximize their value to negative emissions. First, governments can choose tree species and 

adjust tree management practices to maximize carbon benefits. Ideally, species would be low-

water, long-lived, low-maintenance, and large trees that are well-suited for the local climate.75 

This simple step could increase the lifetime of the tree, increase the lifetime of carbon storage, 

and reduce lifetime, carbon-intensive inputs like water. Second, governments can plan or 

encourage private landowners to plan tree locations to maximize cooling effects on structures 

or surfaces.75 It is important to note that these locations need to be carefully balanced with 

providing defendable space for those areas which are prone to fires or otherwise have 

increased fire risks. Third, governments can empower and encourage local communities to 

collect data on trees in their areas to inexpensively improve overall urban tree data.70 These 

data can inform distribution, size, and species urban forest information that can aid decision 
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makers in crafting urban forestry policies that will increase carbon storage and sequestration 

while providing local co-benefits equitably. 

Policy recommendations: 

● Plant trees that maximize lifetime net negative emissions and net carbon storage. 

● Plan tree planting locations in public spaces to maximize co-benefits like shade and 

provide information and education to private landowners to assist in tree planting 

location choices on private land. 

● Actively (government led) and/or passively (community led) collect data on urban 

forests to improve policy and decision making. 

 

4.7 Regional Natural Climate Solutions Policy Recommendations and 

Conclusions 

As the County of San Diego and other governments in the San Diego region plan for 

decarbonization in order to meet net zero emission goals, natural climate solutions will be an 

important part of the decarbonization pathway. Natural climate solutions and natural and 

working lands contribute to decarbonization through sequestering atmospheric carbon 

annually and through storing atmospheric CO2 in plant tissues for the medium to long-term. 

However, natural and working lands can also contribute to regional emissions when they are 

lost due to development, natural disasters like wildfires, or climate change induced ecosystem 

changes like sea level rise. General policy recommendations for carbon sequestration and 

storage through natural climate solutions follow.  

 

Sequestration 

The simplest, cheapest, most effective regional policy to contribute to natural climate solutions 

is to prevent land use change and allow natural and working lands to continue to sequester 

carbon naturally. The San Diego region has a large quantity of conserved lands and has plans to 

conserve more lands,52 so continuing to protect conserved lands and expanding protections to 

additional lands will provide annual carbon sequestration and low to no cost negative emissions 

of more than 2 million tons of CO2e stored annually. Other natural climate solutions like 

reforestation, forest management, or other restoration techniques, are typically highly effective 

at removing CO2, but they are almost universally more expensive than merely protecting 

existing lands.21,22 The County, as well as other governments and agencies in the region like 

tribal governments and federal agencies, can contribute to regional net negative emissions 

through preventing land use change among their natural and working lands. In addition to 

continuing conservation and preservation efforts, governments can research or partner with 

research groups to better characterize the carbon sequestration potential in the region’s 
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natural and working lands. Doing so will allow for better carbon accounting and reduced 

uncertainties and will also help inform better management policies and practices to maximize 

natural climate solutions.  

Next, regional governments can research and incentivize carbon farming techniques like 

compost application, riparian restoration, and orchard tree retention. Additional research 

should investigate how rangeland tree planting, no-till agriculture, crop choice, manure 

management, and grazing/livestock feed management affect agricultural emissions. Carbon 

farming is widely considered to be the best way to transform the agricultural sector from a 

carbon source to a carbon sink and will likely be important for the San Diego region’s 

decarbonization efforts.12,22,43,50 

Wetlands, marshes, and other blue carbon ecosystems contribute less to annual sequestration 

than tree and shrub-dominated ecosystems, but they nevertheless play an important role in 

total carbon sequestration. Protecting these systems from land use change and restoring them 

will contribute to continuing sequestration in the near-term. Restoration of surrounding 

habitats may allow blue carbon habitats to migrate as sea level rise inundates coastal areas, 

thereby allowing blue carbon systems to continue to sequester carbon in the medium and long-

term. 

Last, local governments should continue to increase urban tree canopy cover because these 

trees make urban and other settlement areas carbon sinks (Table 4.2). Additionally, 

governments can study tree species and location selections to maximize carbon sequestration 

rates, minimize inputs like water, and maximize co-benefits. The latter will be especially 

important as governments pursue environmental justice policies that aim to provide public 

goods to disadvantaged and low-income communities. 

There are additional natural climate solutions to increase sequestration rates that were not 

investigated here but which are important to consider and study. For example, while forest 

management is not widely applicable in the region, non-forest management of chaparral and 

scrub ecosystems may improve regional sequestration rates and should be investigated for 

effectiveness and cost. 

Storage 

As with carbon sequestration, the simplest and cheapest way to maintain the naturally stored 

carbon is to protect natural and working lands from land use change. By protecting existing 

carbon storage, the region can prevent large one-time emissions from land use change. Beyond 

protecting lands from deliberate land use change, governments can research carbon storage 

values in the region to characterize the magnitude of stored carbon. Such efforts would 
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elucidate the role of natural and working lands in helping the region understand long-term land 

use carbon accounting under different development strategies. 

Similarly, blue carbon ecosystems are particularly adept at storing large quantities of carbon 

and are therefore disproportionately vulnerable to large emissions if they are lost. Wetlands, 

marshes, and other coastal systems should be actively protected from land use change to 

settlements and should be restored and enhanced when possible in order to increase coastal 

carbon storage and to prepare for loss due to sea level rise. Researching blue carbon 

ecosystems would provide similar relevant information as researching other land uses in the 

region and would similarly inform emissions under different development and restoration 

strategies. 

Agricultural lands hold carbon primarily in trees, like orchard trees, and in soils. Some carbon 

farming techniques, like composting and riparian restoration, are likely to increase stored 

carbon in agricultural lands. These techniques, and other carbon farming techniques, will have 

variable effects by locality, and should thus be researched and characterized. Regardless of 

carbon farming, agricultural lands store more carbon than barren landscapes or settlements 

that do not have urban trees. As such, preventing land use change can also be an important 

measure in active, productive agricultural lands. 

Urban trees and vegetation lead to the only carbon storage that occurs in settlements and 

urban areas. These trees, shrubs, and other green spaces are not as efficient at storing carbon 

as the native ecosystems that were historically present, however, they still provide medium-

term carbon storage and should be protected and expanded. As urban trees die, they should be 

replaced with appropriate species to maximize total carbon storage as well as carbon storage 

longevity while also minimizing lifetime inputs, like water. 

Finally, some natural climate solutions that can protect or enhance carbon storage were not 

included here but are still important to consider. For instance, wildfire prevention via 

educational programs and infrastructure hardening will reduce wildfire emissions and will allow 

natural systems to regenerate after wildfires and recover the emitted carbon as plants 

regrow.34 

Uncertainty and future research 

This report’s analyses have some important uncertainties. These primarily come from the fact 

that localized carbon storage and sequestration data are largely unavailable. This is problematic 

because local climate, prevailing fire regimes, ecosystem composition, and environmental 

stressors like drought have significant impacts on any given local natural climate solution 

effectiveness. Regional governments should utilize the most recent and localized data possible 
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when estimating natural climate solutions’ contributions to decarbonization. Data on local 

chaparral and blue carbon storage and sequestration are forthcoming.xvi These data will be 

critical to understanding valuing regional land contributions to negative emissions and long-

term carbon storage. 

Additionally, regional governments should quantify the full breadth of co-benefits and 

ecosystem services provided by natural and working lands, carbon farming, blue carbon, and 

urban forestry. In particular, water savings, ground water recharging, air and water quality 

improvements, equity improvements, property damage reductions from storm surges and 

other natural phenomenon, biodiversity protection, climate and other refugia protection, and 

wildfire prevention should be considered, quantified, and maximized in addition to carbon 

sequestration and storage. 

 

 

  

                                                                 
xvi Personal communication with Zachary Plopper, Dr. Meagan Jennings, and Dr. Matthew Costa, 2021. 
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Appendix 4.A.1 – Carbon stock and flow data and sources for section 4.2 – Land 

Use. 

 

Values used to multiply polygon area by vegetation type are shown in Table 4.A.1. 
Table 4.A.1. Carbon stock and flux multipliers by Holland vegetation class type and the sources. 

LEGEND C stock (MT CO2eha-1) C flux (MT CO2e ha-1yr-1) Category  

11000 Non-Native Vegetation 191 0.012 Disturbed 

11200 Disturbed Wetland 2353 -1.074 Wetland 

11300 Disturbed Habitat 191 0.012 Disturbed 

12000 Urban/Developed 7.665 0.3885076,7 Settlement 

18000 General Agriculture 378 0.3838 Agriculture 

18100 Orchards and Vineyards 378 0.3838 Agriculture 

18200 Intensive Agriculture - Dairies, Nurseries, Chicken Ranches 378 0.3838 Agriculture 

18300 Extensive Agriculture - Field/Pasture, Row Crops 378 0.3838 Agriculture 

18310 Field/Pasture 378 0.3838 Agriculture 

18320 Row Crops 378 0.3838 Agriculture 

21230 Southern Foredunes 0.159 0 Desert 

22100 Active Desert Dunes 0.159 0 Desert 

22300 Stabilized and Partially-Stabilized Desert Sand Field 0.159 0 Desert 

24000 Stabilized Alkaline Dunes 0.159 0 Desert 

25000 Badlands/Mudhill Forbs 0.159 0 Desert 

31200 Southern Coastal Bluff Scrub 431 1.912 Scrub 

32000 Coastal Scrub 431 1.912 Scrub 

32400 Maritime Succulent Scrub 431 1.912 Scrub 

32500 Diegan Coastal Sage Scrub 431 1.912 Scrub 

32510 Diegan Coastal Sage Scrub: Coastal form 431 1.912 Scrub 

32520 Diegan Coastal Sage Scrub: Inland form 431 1.912 Scrub 

32700 Riversidian Sage Scrub 431 1.912 Scrub 

32710 Riversidian Upland Sage Scrub 431 1.912 Scrub 

32720 Alluvial Fan Scrub 431 1.912 Scrub 

33000 Sonoran Desert Scrub 431 1.912 Scrub 

33100 Sonoran Creosote Bush Scrub 431 1.912 Scrub 

33200 Sonoran Desert Mixed Scrub 431 1.912 Scrub 

33210 Sonoran Mixed Woody Scrub 431 1.912 Scrub 

33220 Sonoran Mixed Woody and Succulent Scrub 431 1.912 Scrub 

33230 Sonoran Wash Scrub 431 1.912 Scrub 

33300 Colorado Desert Wash Scrub 431 1.912 Scrub 

33600 Encelia Scrub 431 1.912 Scrub 

33700 Acacia Scrub 431 1.912 Scrub 

34000 Mojavean Desert Scrub 431 1.912 Scrub 

34300 Blackbush Scrub 431 1.912 Scrub 
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35000 Great Basin Scrub 431 1.912 Scrub 

35200 Sagebrush Scrub 431 1.912 Scrub 

35210 Big Sagebrush Scrub 431 1.912 Scrub 

36110 Desert Saltbush Scrub 431 1.912 Scrub 

36120 Desert Sink Scrub 431 1.912 Scrub 

37000 Chaparral 431 1.912 Scrub 

37120 Southern Mixed Chaparral 431 1.912 Scrub 

37121 Granitic Southern Mixed Chaparral 431 1.912 Scrub 

37122 Mafic Southern Mixed Chaparral 431 1.912 Scrub 

37130 Northern Mixed Chaparral 431 1.912 Scrub 

37131 Granitic Northern Mixed Chaparral 431 1.912 Scrub 

37132 Mafic Northern Mixed Chaparral 431 1.912 Scrub 

37200 Chamise Chaparral 431 1.912 Scrub 

37210 Granitic Chamise Chaparral 431 1.912 Scrub 

37220 Mafic Chamise Chaparral 431 1.912 Scrub 

37300 Red Shank Chaparral 431 1.912 Scrub 

37400 Semi-Desert Chaparral 431 1.912 Scrub 

37500 Montane Chaparral 431 1.912 Scrub 

37510 Mixed Montane Chaparral 431 1.912 Scrub 

37520 Montane Manzanita Chaparral 431 1.912 Scrub 

37530 Montane Ceanothus Chaparral 431 1.912 Scrub 

37540 Montane Scrub Oak Chaparral 431 1.912 Scrub 

37800 Upper Sonoran Ceanothus Chaparral 431 1.912 Scrub 

37830 Ceanothus crassifolius Chaparral 431 1.912 Scrub 

37900 Scrub Oak Chaparral 431 1.912 Scrub 

37A00 Interior Live Oak Chaparral 431 1.912 Scrub 

37C30 Southern Maritime Chaparral 431 1.912 Scrub 

37G00 Coastal Sage-Chaparral Transition 431 1.912 Scrub 

37K00 Montane Buckwheat Scrub 431 1.912 Scrub 

39000 Upper Sonoran Subshrub Scrub 431 1.912 Scrub 

42000 Valley and Foothill Grassland 191 0.012 Grassland 

42100 Native Grassland 191 0.012 Grassland 

42110 Valley Needlegrass Grassland 191 0.012 Grassland 

42120 Valley Sacaton Grassland 191 0.012 Grassland 

42200 Nonnative Grassland 191 0.012 Grassland 

42200 Non-Native Grassland 191 0.012 Grassland 

42210 Non-Native Grassland: Broadleaf-Dominated 191 0.012 Grassland 

42300 Wildflower Field 191 0.012 Grassland 

42400 Foothill/Mountain Perennial Grassland 191 0.012 Grassland 

42470 Transmontane Perennial Grassland 191 0.012 Grassland 

44000 Vernal Pool 1513,10 011,12 Wetland 

44320 San Diego Mesa Vernal Pool 1513,10 011,12 Wetland 



 
 

117 

SAN DIEGO REGIONAL DECARBONIZATION FRAMEWORK - DRAFT – NOT FOR CITATION 

44322 San Diego Mesa Claypan Vernal Pool 1513,10 011,12 Wetland 

45000 Meadows and Seeps 191 0.012 Grassland 

45100 Montane Meadow 191 0.012 Grassland 

45110 Wet Montane Meadow 191 0.012 Grassland 

45120 Dry Montane Meadows 191 0.012 Grassland 

45300 Alkali Meadows and Seeps 191 0.012 Grassland 

45320 Alkali Seep 191 0.012 Grassland 

45400 Freshwater Seep 191 0.012 Grassland 

46000 Alkali Playa Community 191 0.012 Grassland 

52120 Southern Coastal Salt Marsh 2353 2.1814 Wetland 

52300 Alkali Marsh 2353 2.1814 Wetland 

52310 Cismontane Alkali Marsh 2353 2.1814 Wetland 

52400 Freshwater Marsh 1513,10 1.410 Wetland 

52410 Coastal and Valley Freshwater Marsh 1513,10 1.410 Wetland 

52420 Transmontane Freshwater Marsh 1513,10 1.410 Wetland 

52440 Emergent Wetland 1513,10 1.410 Wetland 

60000 Riparian and Bottomland Habitat 10015 4.316 Riparian 

61000 Riparian Forests 10015 4.316 Riparian 

61300 Southern Riparian Forest 10015 4.316 Riparian 

61310 Southern Coast Live Oak Riparian Forest 10015 4.316 Riparian 

61320 Southern Arroyo Willow Riparian Forest 10015 4.316 Riparian 

61330 Southern Cottonwood-Willow Riparian Forest 10015 4.316 Riparian 

61510 White Alder Riparian Forest 10015 4.316 Riparian 

61810 Sonoran Cottonwood-Willow Riparian Forest 10015 4.316 Riparian 

61820 Mesquite Bosque 10015 4.316 Riparian 

62000 Riparian Woodlands 10015 4.316 Riparian 

62200 Desert Dry Wash Woodland 1352 3.672 Woodlands 

62300 Desert Fan Palm Oasis Woodland 1352 3.672 Woodlands 

62400 Southern Sycamore-Alder Riparian Woodland 1352 3.672 Woodlands 

62500 Southern Riparian Woodland 1352 3.672 Woodlands 

63000 Riparian Scrubs 1352 3.672 Woodlands 

63300 Southern Riparian Scrub 1352 3.672 Woodlands 

63310 Mule Fat Scrub 1352 3.672 Woodlands 

63320 Southern Willow Scrub 1352 3.672 Woodlands 

63321 Arundo donnax Dominant/Southern Willow Scrub 1352 3.672 Woodlands 

63400 Great Valley Scrub 1352 3.672 Woodlands 

63410 Great Valley Willow Scrub 1352 3.672 Woodlands 

63800 Colorado Riparian Scrub 1352 3.672 Woodlands 

63810 Tamarisk Scrub 1352 3.672 Woodlands 

63820 Arrowweed Scrub 1352 3.672 Woodlands 

64000 Unvegetated Habitat 0 0 Barren 

64100 Open Water 0 0 Water 
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64110 Marine 0 0 Water 

64111 Subtidal 0 0 Water 

64112 Intertidal 0 0 Water 

64121 Deep Bay 0 0 Water 

64122 Intermediate Bay 0 0 Water 

64123 Shallow Bay 0 0 Water 

64130 Estuarine 0 0 Water 

64131 Subtidal 0 0 Water 

64133 Brackishwater 0 0 Water 

64140 Freshwater 0 0 Water 

64200 Non-Vegetated Channel or Floodway 0 0 Water 

64300 Saltpan/Mudflats 2313 23 Wetland 

64400 Beach 0 0 Barren 

70000 Woodland 1352 3.672 Woodlands 

71000 Cismontane Woodland 1352 3.672 Woodlands 

71100 Oak Woodland 1352 3.672 Woodlands 

71120 Black Oak Woodland 1352 3.672 Woodlands 

71160 Coast Live Oak Woodland 1352 3.672 Woodlands 

71161 Open Coast Live Oak Woodland 1352 3.672 Woodlands 

71162 Dense Coast Live Oak Woodland 1352 3.672 Woodlands 

71180 Engelmann Oak Woodland 1352 3.672 Woodlands 

71181 Open Engelmann Oak Woodland 1352 3.672 Woodlands 

71182 Dense Engelmann Oak Woodland 1352 3.672 Woodlands 

72300 Peninsular Pinon and Juniper Woodlands 1352 3.672 Woodlands 

72310 Peninsular Pinon Woodland 1352 3.672 Woodlands 

72320 Peninsular Juniper Woodland and Scrub 1352 3.672 Woodlands 

75100 Elephant Tree Woodland 1352 3.672 Woodlands 

77000 Mixed Oak Woodland 1352 3.672 Woodlands 

78000 Undifferentiated Open Woodland 1352 3.672 Woodlands 

79000 Non-Native Woodland 1352 3.672 Woodlands 

79100 Eucalyptus Woodland 1352 3.672 Woodlands 

81100 Mixed Evergreen Forest 1552 8.872 Forests 

81300 Oak Forest 1552 8.872 Forests 

81310 Coast Live Oak Forest 1552 8.872 Forests 

81320 Canyon Live Oak Forest 1552 8.872 Forests 

81340 Black Oak Forest 1552 8.872 Forests 

83140 Torrey Pine Forest 1552 8.872 Forests 

83230 Southern Interior Cypress Forest 1552 8.872 Forests 

84000 Lower Montane Coniferous Forest 1552 8.872 Forests 

84100 Coast Range, Klamath and Peninsular Coniferous Forest 1552 8.872 Forests 

84140 Coulter Pine Forest 1552 8.872 Forests 

84150 Bigcone Spruce (Bigcone Douglas Fir)-Canyon Oak Forest 1552 8.872 Forests 
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84230 Sierran Mixed Coniferous Forest 1552 8.872 Forests 

84500 Mixed Oak/Coniferous/Bigcone/Coulter Forest 1552 8.872 Forests 

85100 Jeffrey Pine Forest 1552 8.872 Forests 
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Appendix 4.A.2. Blue carbon methodology details and carbon value sources for 
section 4.5. 

The “ECO_VEGETATION_CN” layer contains polygons for all land use types as well as water 
types. In order to only consider the impacts of sea level rise on blue carbon habitats, the 
vegetation layer was filtered to only contain those blue carbon polygons. 

Two rounds of filtering occurred. First, polygons were filtered by the broad vegetation 
categories (column name: “CATEGORY”) of ‘Bog and Marsh' and 'Riparian and Bottomland 
Habitat.' In order to additionally include degraded wetlands, which still hold carbon, the 
Holland code and name (column name: “LEGEND”) of '11200 Disturbed Wetland.' 

Next, these broader categories were filtered to only remove the following Holland code 
polygons, because they were not considered blue carbon habitats in this analysis:  '64400 
Beach,’ '64112 Intertidal,' '64000 Unvegetated Habitat,' '64110 Marine,' '64111 Subtidal,' 
'64121 Deep Bay,' '64122 Intermediate Bay,' '64123 Shallow Bay,' '64131 Subtidal,' '64140 
Freshwater,' and '64200 Non-Vegetated Channel or Floodway.' What remained were the blue 
carbon habitat polygons. 

The resulting layer was clipped using NOAA’s 1 foot SLR layer (fixed and reprojected to 
ESPG:6414) such that the resulting layer only showed those blue carbon habitats that would be 
inundated with seawater under a 1 foot SLR scenario. Area was calculated in QGIS and the final 
attribute table was exported as a CSV file for carbon emissions and lost sequestration potential 
calculations in Excel. Values used are shown in Table S4.2. 
 

Table 4.A.2. Carbon values and sources used to calculate lost carbon stock and sequestration rates. 

Blue Carbon Habitat Type  Stock (MT CO2e ha-1) Flow (MT CO2e ha-1yr-1) 

Freshwater marsh  151xvii 1.41 

Mudflats/Saltpans  2312 23 

Riparian scrub/estuary  1004 4.35 

Salt marsh/estuary  2352 2.186 
 

Appendix 4.A.2 works cited: 
1. Bernal, B. & Mitsch, W. J. Comparing carbon sequestration in temperate freshwater wetland communities. Glob. Change Biol. 18, 1636–1647 

(2012). 

2. Ward, M. A. et al. Blue carbon stocks and exchanges along the California coast. Biogeosciences 18, 4717–4732 (2021). 

3. Sasmito, S. D. et al. Organic carbon burial and sources in soils of coastal mudflat and mangrove ecosystems. CATENA 187, 104414 (2020). 

4. Dybala, K. E. et al. Optimizing carbon storage and biodiversity co-benefits in reforested riparian zones. J. Appl. Ecol. 56, 343–353 (2019). 

5. California Department of Food and Agriculture. COMET-Planner California Healthy Soils. http://www.comet-planner-cdfahsp.com/ (2021). 

6. Mcleod, E. et al. A blueprint for blue carbon: toward an improved understanding of the role of vegetated coastal habitats in sequestering CO 

2. Front. Ecol. Environ. 9, 552–560 (2011).  

                                                                 
xvii Assumes that freshwater marsh storage follows the same ratio to saltwater marsh storage (Ward et al., 2021) as 
freshwater marsh sequestration (from Bernal & Mitsch, 2012) does to saltwater marsh sequestration (Mcleod et 
al., 2011). 


