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SECTION A: Glossary 
 

Definitions 
Base Year - The existing conditions or òstarting pointó for a policy, strategy, or scenario. 

Carbon Sequestration - The process of capturing, securing, and storing carbon dioxide (CO2) 

from the atmosphere. The process sequesters atmospheric carbon in the form of soil 

carbon, roots, and organic matter. 

Class A Biosolids ð Residuals from the wastewater treatment process that have been 

treated to meet the vector attraction and pollution concentration limits specified in 40 CFR 

Part 503 and pathogen reduction standards specified in 40 CFR Part 503.32(a).  

Class B Biosolids - Residuals from the wastewater treatment process that have been treated 

to meet the vector attraction and pollution concentration limits specified in 40 CFR Part 503 

and pathogen reduction standards specified in 40 CFR Part 503.32(b).   

Compost - The product of the managed, aerobic, thermophilic biological decomposition of 

organic materials. The process eliminates or significantly reduces viable pathogens and 

weed propagules and stabilizes the embedded carbon and nutrients. Compost is typically 

used as a soil amendment to enhance overall soil quality and may also reduce or eliminate 

the need for additional plant nutrients and increase soil water holding capacity. 

Co-benefits ð Societal, economic and/or environmental benefits that accrue as a side effect 

of a single targeted policy or measure. 

Greenhouse Gas Emissions (GHGs) - The sum of emissions of various gasses (methane, 

carbon dioxide, and nitrous oxide) known to cause climate change. 

Greywater ð Untreated wastewater generated in households or commercial buildings from 

laundry machines, sinks, showers, and bathtubs intended for reuse in irrigation and other 

non-potable uses. Greywater does not include wastewater from sources such as toilets that 

include fecal and other serious contaminants. 

Horizon Year - End date through which a plan or strategy is analyzed. The horizon year for 

this project is 2040, in accordance with the Envision San José 2040 General Plan. 

High-Quality Transit Areas (HQTAs) - Areas within one-half mile from major transit stops and 

high-quality transit corridors and based on the language in Senate Bill (SB) 375. 

Land Use Policy - A strategy, program, regulation, or action designed to guide the location of 

real estate development and NWL conservation. Typically enacted through zoning, general 

plans, incentives, or California Environmental Quality Act (CEQA) processes. 

Land Use Scenario - A collection of land use changes that occur between the base year and 

the horizon year of a project that reflect land use policies or actions of real estate 

developers. 
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Middle Housing ð A term that describes a wide range of multi-unit housing types, such as 

plexes, cottage clusters, townhouses, and stacked flats, that are compatible in scale and 

form with detached single family homes. 

Mulch - Soil covering used to control weeds or erosion, retain moisture in soil and insulate 

soil from cold and hot weather. It is also used for aesthetic purposes in horticultural and 

landscape situations. Organic materials commonly used for mulch include wood chips, 

ground up landscape trimmings, shredded bark, coarse compost material, straw, and 

shredded paper.  

Natural and Working Lands (NWL) - Forests, woodlands, grasslands, shrubland, wetlands, riparian 

areas, rangeland, farmland, coastal areas, and greenspaces within urban and built environments 

(including the urban forest and street trees in the public right-of-way). as defined by the California 

2030 Natural and Working Land Climate Change Implementation Plan. 

Non-soil carbon - Plant matter or biomass generally including leaves, branches, trees, and 

roots, above and below ground. 

NWL Strategy - A program or action designed to protect or enhance the overall quality and 

carbon sequestration potential of Natural and Working Lands. 

Place Type - In future scenarios analysis, place types are generic representations of land use 

change. They contain assumptions about the density, uses, and building types that comprise 

land use change. In UrbanFootprint, they are assigned or òpaintedó to parcels to represent 

change, and that change is quantified based on their attributes. 

San Joseõs Designated Natural and Working Lands (Designated NWL)ð Land within Open 

Space, Parklands, Habitat, Agriculture, and Open Hillside land use designations as defined 

in the Envision San Jose 2040 General Plan. 

Soil Carbon - Also known as below ground carbon, soil carbon is the organic and inorganic 

carbon that exists within soils, excluding carbon in plant roots (which is classified as non-soil 

carbon). 

Sphere of Influence (SOI) - A planning boundary outside of an agencyõs legal boundary (such 

as the city limit line) that defines the probable ultimate physical boundaries and service area 

of a local governmental agency, as determined by the Local Agency Formation Commission 

(LAFCo). 

UrbanFootprint - Cloud-based land use and transportation òsketch planningó tool used to 

create land use policy scenarios. 

Urban Retreat ð A land use policy that involves the voluntary removal of existing 

development from environmentally hazardous or sensitive lands. 
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Acronyms 
CAP ð City of San Joséõs Climate Action Plan 

CARB ð California Air Resources Board 

CARI ð California Aquatic Resource Inventory 

CLN ð Conservation Lands Network 

CSSJ ð Climate Smart San José 

DBH ð Diameter at Breast Height (when referring to tree base measurements) 

DWR ð Department of Water Resources 

FAR ð Floor Area Ratio 

FMMP ð Farmland Mapping & Monitoring Program 

GHG ð Greenhouse Gas 

HQTA - High-Quality Transit Areas 

LIDAR ð Light Detection and Ranging 

NWL ð Natural and Working Lands 

SFEI ð San Francisco Estuary Institute 

SFR ð Single Family Residential 

SOI ð Sphere of Influence 

VMT ð Vehicle Miles Traveled  
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SECTION B: Executive Summary 
Climate Smart San Jos® (CSSJ), San Joseõs climate action plan, identified the need to assess how the 

protection and enhancement of San José natural and working lands can contribute to helping San 

Jose meets its greenhouse gas (GHG) reduction targets aligned with the Paris Climate Agreement. 

The CSSJ defined natural and working lands as those areas designated in the Envision San Jose 

2040 General Plan as Open Space, Parklands, Habitat, Agriculture, and Open Hillside land use 

designations (hereinafter referred to as Designated NWL). However, this definition excludes areas 

that may currently be functioning as natural and working lands but are planned to be converted to 

other uses in the Envision San Jose 2040 General Plan. In order to understand the types, location, 

and magnitude of benefits from potential actions across all natural and working lands, this report 

uses a broader definition of natural and working lands, which includes the forests, woodlands, 

grasslands, shrubland, wetlands, riparian areas, rangelands, farmlands, coastal areas, and urban 

greenspaces within the City of San Jose (NWL). This report then examines the potential GHG 

reduction and co-benefits from the following land use, management, and restoration strategies 

across areas that fall within this more inclusive definition of NWL: 

¶ Land Use: Greenfield Land Conservation, Restricting Development on Environmentally 

Sensitive Lands, Urban Retreat, Reducing Parking Requirements, and Increased density in 

Downtown San Jose 

¶ Land Management: Cropland Management, Grazing Land Management, Urban Forest 

Expansion, Street Tree Planting, Compost Application, Class B Biosolids Application, Mulching 

Application, and Greywater Application 

¶ Land Restoration: Native Grasslands, Oak Woodlands, Freshwater Wetland and Bayland, and 

Riparian Restoration 

The City of San Jose recognizes that, given the urgency of climate change and potential scale of 

climate change impacts, it will need to consider bold measures to mitigate its GHG emissions. Some 

NWL strategies will require further evaluation of emissions impacts (e.g. displacement and equity 

concerns, jobs and transportation impacts) in order to ensure full knowledge of the ramifications 

before moving forward with policy recommendations. Regardless, NWL strategies can play a 

significant role in helping the City meet its GHG reduction targets and providing a suite of important 

co-benefits that increase the Cityõs resilience to climate change.  

For the next stage of its NWL work, the City will utilize the findings from this technical report to 

develop an NWL element ð identifying initial NWL measures and metrics for integration into CSSJ.   

 

SECTION C: NWL Analysis Summary 
Introduction 
The Climate Smart San José (CSSJ) plan is the climate action plan (CAP) for San José (City).  It 

includes analysis and recommendations related to a range of strategies to help the City meet the 

goals of the Paris Climate Agreement. One of the topics identified by the CSSJ plan for further study 

was to assess how the protection and enhancement of San Joséõs Designated Natural and Working 

Lands ð defined as the Open Space, Parklands, Habitat, Agriculture, and Open Hillside land use 

designations identified in the Envision San Jose 2040 General Plan - can help the City of San José 
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meet its GHG reduction target while also provide a suite of environmental and community benefits. 

The City and the Santa Clara Valley Open Space Authority partnered on this work to understand and 

demonstrate how municipalities and local land conservation and stewardship agencies can work 

together to help communities mitigate and adapt to the changing climate. 

The following technical report provides an overview to evaluate how land use may impact the Cityõs 

GHG emissions trajectory and how the protection and enhancements of Natural and Working Lands 

(NWLs), looking at a full array of strategies for more broadly defined NWLs, could help the City meet 

its GHG reduction targets. The NWL analysis modeled multiple land use, land management, and land 

restoration strategies (NWL Strategies) to understand their relative performance. 

To better illustrate the tradeoffs associated with future land use and policy decisions within the Cityõs 

Sphere of influence (SOI), each land use alternative (comprised of a unique set of NWL Strategies) 

was evaluated according to twelve metrics that cover a broad range of topics including: 

¶ Greenhouse Gas Emissions ¶ Groundwater Recharge Potential  

¶ Carbon Sequestration Potential ¶ Criteria Pollutant Emissions 

¶ Gentrification and Displacement Risk ¶ Terrestrial Habitat Preservation  

¶ NWL Land Availability ¶ Fiscal Revenue 

¶ Vehicle Miles Traveled ¶ Fire Hazard Impacts 

¶ Habitat Connectivity ¶ Flood Impacts 

 

 

The findings included in the NWL Analysis show that many NWL strategies can play a significant role 

in helping the City meet its GHG reduction targets and providing a suite of important co-benefits that 

increase the Cityõs resilience to climate change. However, more work needs to be done to 

understand how to implement these NWL Strategies in a thoughtful and coordinated way.  

It is intended that the NWL analysis will be used to develop a Natural and Working Lands Element for 

CSSJ and will be incorporated into CSSJ as a plan amendment. The City is currently in the process of 

seeking funding for this work and timing for how it can be integrated in the CSSJ Plan. 

San Joséõs Natural and Working Lands 
According to the California Air Resources Board (CARB), natural and working lands include forests, 

rangelands, farms, urban green spaces, wetlands, and soils1.  This definition implies a broader set of 

lands than would typically be described as ònaturaló or òworkingó.  It defines NWLs as everything 

from San Jos®õs open spaces and farm fields to urban parks and even residential back yards.  This 

expansive view of NWLs is critical if we are to maximize their potential to meet the stateõs ambitious 

GHG emissions reductions and climate change mitigation goals. 

To fully assess the benefits of NWL strategies, the extent of San Jos®õs NWLs needs to be fully 

understood.  The NWL analysis conducted for the NWL element includes a full accounting of existing 

NWLs including existing carbon sequestered in soil and non-soil biomass.  For non-soil carbon, a 

detailed land cover dataset was developed from various sources to identify urban and non-urban 

carbon stocks.  For soil carbon, all soils within the SOI were mapped and their embodied carbon was 

quantified. It should be noted that the base year carbon is only a snapshot of the carbon embodied 

 
1 (California Air Resources Board, 2021) 
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in soil and biomass at the time of measurement. Embodied carbon is constantly in flux as plants 

grow or die and properties of the soil change.  

 

Figure 1: Composite Land Cover Dataset 

 

Why NWLs Matter 
As the map above shows, San Jos®õs SOI contains a wide variety of forests, rangelands, wetlands, 

farms and urban green spaces.  Despite being home to more than one million inhabitants, over 65% 

of the City of San Joséõs SOI is comprised of NWLs.  These lands exist not only in the places you 

would expect like San Jos®õs well-loved open spaces and productive farmland, but they are also 

woven throughout the urban environment on lands that are not typically thought of as ònaturaló or 
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òworking.ó  More information on the data sources used to develop this map and carbon stock 

estimates can be found in Section D: Analysis Methods and Assumptions. 

This report argues that NWLs are a foundational element of San Joséõs quality of life, character, and 

economy.  Most importantly, the findings in this document show how NWLs can serve as a 

foundational element of San Joséõs greenhouse gas reduction strategy.  The ability for these NWLs to 

sequester carbon into the future will depend on the choices we make today.  In order to leverage the 

full sequestration potential of NWLs, policy decisions will need to incorporate the preservation, 

expansion, and enhancement of NWLs. 

NWLs and the General Plan 
One of the key findings of this report is that the General Plan has an outsized influence on NWLs, 

even though it does not include the phrase òNatural and Working Lands.ó  The impact of land use 

and transportation policy on agriculture, open spaces, and wildlands does not end at the urban edge.  

Incentives and regulations that lower barriers to infill development in our most urban places: 

Downtown San José, its Urban Villages, and high-quality transit areas, all have an important role to 

play.  Enabling development to occur within urbanized areas of San José relieves pressure on 

greenfield sites where NWLs proliferate, making it easy to preserve, expand, and enhance them. 

Growth Management and VMT Reduction 
By preserving NWLs, San José has the potential to de facto manage where growth occurs.  Moreover, 

the location of existing and potential future NWLs coincide with areas of immitigable VMT defined by 

the Cityõs VMT policy. Thus, by preserving and expanding NWLs, the City can address transportation 

greenhouse gas emissions from their source while increasing sequestration. 

A Generational Investment 
NWL strategies vary widely in their costs, benefits, and longevity.  The most impactful strategies, 

based on aggregate sequestration, also take the longest to mature.  Fully accounting for these 

benefits requires a long-term view and a generational perspective on a strategyõs return on 

investment. 
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NWL Strategies 
NWL strategies include conserving and expanding natural and working lands as well as enhancing 

their ability to sequester carbon.  The NWL analysis covers three classes of strategies in the following 

sub-sections: land use, management, and restoration. 

Land Use Strategies 
One way to approach conservation and expansion of NWLs is through the lens of land use policy.  

Land use policies, such as those that are regulated through San Jos®õs Envision 2040 General Plan, 

can have a major impact on the continued existence of NWLs as well as their future expansion.  

Policy impacts can be direct, through the entitlements granted on NWLs or through restrictions on 

development adjacent to sensitive areas.  They can also have an indirect impact by managing and 

encouraging development in certain areas while discouraging it in others.  

The Envision 2040 General Plan already includes numerous policies that imply both direct and 

indirect impacts.  Policies with direct impacts to NWLs include those that recognize San Joséõs 

agricultural lands and open spaces as a resource to be protected and/or expanded, for example: 

òRespect the Greenline/Urban Growth Boundary to preserve the beauty and 

natural resources of the rural and hillside areas, to maintain the þscal health of 

the City, to direct private and public investment within identiþed growth areas, 

and to preclude development in areas subject to natural hazards.ó  

ð Envision 2040 General Plan, Land Use and Transportation Goal #19 

Policies with indirect impact on NWLs include those that focus on improving environmental quality, 

or managing growth in a more efficient and sustainable manner, for example: 

òEstablish a land use pattern that fosters a more þscally and environmentally 

sustainable, safe, and livable city.ó 

ð Envision 2040 General Plan, Land Use and Transportation Goal #19 

In addition to those policies already incorporated into the General Plan, this study analyzed several 

additional land use policies with potential for direct and indirect impact on NWLs.  They are 

summarized below.  For more information on existing local, regional, and state policies that could 

potentially impact NWLs, see Section E: Related Planning Efforts. 

Direct NWL Land Use Strategies 

Greenfield Land Conservation 

While the Envision 2040 General Plan provides an overall vision for growth in òcompact and 

centralized locationsó 2, edges of the Cityõs urban area where NWLs exist, such as Northern Coyote 

Valley, are currently identified as ògrowth areasó.  This report explores the impact of shifting job 

growth away from planned greenfield locations in the General Plan to preserve these locations as 

NWLs. The shifts primarily pertain to a reduction in jobs in the Coyote Valley planning area and an 

increase in jobs in the Downtown/Central planning area. 

 
2 (City of San José, 2020) / LU-2 
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Restricting Development on Environmentally Sensitive Lands 

This group of strategies involves restricting future development on sensitive lands.  Currently, the 

General Plan includes goals such as òProtect lives and property from risks associated with fire-

related emergencies at the urban/wildland interfaceó and òProtect the community from flooding and 

inundation and preserve the natural attributes of local floodplains and floodwaysó3.   While these 

goals aim to minimize economic, personal, and environmental harm in sensitive areas, they do not 

restrict the location of future development.   

With increasing volatility of weather events leading to more flooding and fires, as well as the 

potential for sea levels to rise as global temperatures warm, development in these environmentally 

sensitive areas could yield disastrous results.  To further explore the potential benefits restricting 

future growth on and around sensitive lands, this study analyzes impacts related to flood hazard 

zones, areas of wildfire risk, riparian areas, and areas of potential 10-foot sea level rise. 

Urban Retreat 

Like the policy above, urban retreat policies pertain to environmentally sensitive lands.  However, 

rather than dealing only with new development, urban retreat involves the removal of existing 

development in sensitive riparian areas as well as areas likely to be impacted by flooding, fires, and 

sea level rise. These policies would restore previously developed areas into lands suitable for NWL 

strategies, thereby expanding the land available for NWLs beyond what exists today. For many 

reasons, including high political, social, and economic costs, urban retreat is likely to be the most 

challenging strategy to implement.  The costs of urban retreat, as well as its potentially large 

benefits, are discussed later in this section. 

Indirect NWL Impacts 

Reducing Parking Requirements 

Parking requirements exist to ensure a minimum number of off-street parking spaces are included 

within new development.  Requirements are typically based on the amount dwelling units or square 

footage of commercial area.  Requiring parking within a development has the dual impact of 

reducing achievable densities, thereby creating more auto-oriented urban form, and encouraging 

driving, by providing access to free and convenient auto parking.   

The General Plan lays out a strong foundation for infill development through the concept of Urban 

Villages, which are planned for òa balanced mix of job and housing growth at relatively high 

densitiesó4.  In many cases, existing parking ratios conflict with this goal because they limit the 

feasibility of the infill development needed to transform Urban Villages.  Moreover, a policy that 

reduces parking ratios can increase the feasibility of infill development which, to some extent, can 

relieve some of the pressure to develop on greenfield sites. In order to explore the impact of lowering 

parking requirements, the land use scenarios discussed later in this report measure the benefits of 

reducing parking requirements city-wide. 

Increased Density in Downtown San José 

This policy is loosely modeled after changes to height and floor-to-area (FAR) maximums currently 

being considered to offer additional entitlements Downtown in exchange for off-site carbon 

sequestration through a carbon exchange program. The resulting impacts to the built environment 

are anticipated to be larger, more dense buildings that maximize the allowable height and FAR 

entitlements.  Much like the indirect impacts that could result from lower parking requirements, 

 
3 (City of San José, 2020) / EC-5, EC-8 
4 (City of San José, 2020) / MS-5 
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increasing the density and intensity of new development in transit and amenity-rich Downtown San 

José could reduce development pressure on areas currently classified as NWLs. 

Opportunity Housing 

Opportunity housing refers to allowing middle housing types in predominantly single-family 

neighborhoods that are currently zoned Single Family Residential (SFR) or have a òResidential 

Neighborhoodó General Plan land use designation. Two geographically specific policies were 

considered: allowing opportunity housing in high quality transit areas (HQTAs) and allowing 

opportunity housing in SFR areas citywide not at risk from wildfire, flooding, or inundation from sea 

level rise. These policies are intended to reduce barriers to housing development in infill areas 

thereby reducing the need to develop greenfield sites. 

Land Management Strategies 
Land management strategies involve managing the use and development (in both urban and rural 

settings) of NWL resources and may include agricultural practices, reforestation, application of 

sequestration enhancements, or management of urban greenspace.  Examples include management 

of croplands through reduced tillage and crop rotation as well as the application of class B biosolids 

to certain lands to enhance their existing sequestration potential.  What makes land management 

unique among NWL strategies is that it is typically applied to urban and working lands. In the 

following sub-section, the following eight land management strategies are presented:  

¶ Cropland Management ¶ Compost Application 

¶ Grazing Land Management ¶ Class B Biosolids Application 

¶ Urban Forest Expansion ¶ Mulching Application 

¶ Street Tree Planting ¶ Greywater Application  

Each strategy was evaluated based on land availability (both current and future), carbon 

sequestration characteristics, and total carbon sequestration benefit on lands available within the 

SOI. On the following pages, the eight land management strategies are explained in greater detail. 

Included with each description is a map of existing lands where these strategies could be applied, 

based on their existing use, and lands where strategies could be applied in the future, given historic 

ecology or other characteristics. In addition, the following summary statistics are included: 

Land Availability ð acres of land available today given existing land uses and acres of land for 

application potentially available in the future given land use changes. 

Sequestration Potential ð per acre and SOI-wide cumulative carbon sequestration potential of 

applied strategy over a 130-year time horizon.  While many strategies reach peak sequestration 

much sooner, this time horizon was used to account for strategies that could take over 100 years to 

reach maturity. 

Years to Peak Sequestration ð time needed for strategies to reach maximum carbon sequestration.  

In some cases, ranges are provided to account for several sub strategies. 

Note that the following individual strategy sections quantify strategy application in isolation despite 

having some lands exist with other strategies. These strategy application conflicts are taken into 

account in scenario evaluations to avoid double counting strategies. Detailed assumptions and 

methods are summarized in Section D: Analysis Methods and Assumptions. 
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Cropland Management 
The cropland management strategy includes a package of specific management practices that 

provide multiple agronomic and environmental benefits beyond carbon sequestration, such as 

reducing soil erosion, maintaining and increasing soil quality and organic matter content, improving 

air quality, minimizing nonpoint source pollution from agricultural nutrients and chemicals, and 

enhancing soil moisture efficiency. These include: 

Cover Crops 

Planting of grasses, legumes, and forbs for seasonal vegetative cover to reduce erosion from wind 

and water, maintain or increase soil health and organic matter content, reduce water quality 

degradation by utilizing excessive soil nutrients, suppress excessive weed pressures and break pest 

cycles, improve soil moisture use efficiency, and minimize soil compaction. 

Strip Cropping 

Growing planned rotations of row crops, forages, small grains, or fallow in a systematic arrangement 

of strips across a field to reduce soil erosion from water, transport of sediment and other water-

borne contaminants, reduce soil erosion from wind, and protect growing crops from damage by 

windborne soil particles. 

Conventional Tillage to No Till 

Limiting soil disturbance to manage the amount, orientation, and distribution of crop and plant 

residue on the soil surface year-round to reduce sheet, rill, or wind erosion, reduce tillage-induced 

particulate emissions, maintain or increase soil quality and organic matter content, reduce energy 

use, increase plant-available moisture, and provide food and escape cover for wildlife. 

Conservation Crop Rotation 

A planned sequence of crops grown on the same ground over a period of time (the rotation cycle) to 

reduce sheet, rill, and wind erosions, maintain or increase soil health and organic matter content, 

reduce water quality degradation due to excess nutrients, improve soil moisture efficiency, reduce 

the concentration of salts and other chemicals from saline seeps, reduce plant pest pressures, 

provide feed and forage for domestic livestock, and provide food and cover habitat for wildlife, 

including pollinator forage and nesting opportunities. 

Conventional Tillage to Reduced Tillage 

A practice that manages the amount, orientation, and distribution of crop and other plant residue on 

the soil surface year-round while limiting the soil-disturbing activities used to grow and harvest crops 

in systems where the field surface is tilled prior to planting. This reduces sheet, rill, and wind erosion, 

reduces tillage-induced particulate emissions, maintains or increases soil quality and organic matter 

content, reduces energy use, and increases plant-available moisture. 

Note: The above mix of five management practices were blended to represent a single strategy. The 

total carbon sequestration benefit of this strategy, summarized on the following page, reflects an 

average of the benefits of each strategy individually. Each strategyõs sequestration potential was 

applied as 20% of the total. 
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Cropland Management Summary 

 

Figure 2: Cropland Management - Applicability and Sequestration Potential 
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Grazing Land Management 
Grazing lands are lands where livestock roam and forage on vegetation accessible within a few feet 

of ground level. Conservation objectives for grazing lands include the provision of improved and 

sustainable forage, improved soil and water quality, reduced erosion, improved shade for livestock 

and cover for wildlife, reduction of fire hazards, and increased carbon sequestration in biomass and 

soils. The land management practices modeled as a part of this strategy include: 

Prescribed Grazing 

Prescribed grazing involves practices to prevent overgrazing, compaction, and grassland quality 

declines, while increasing the transfer of carbon from the atmosphere to the soil. 

Range Planting  

Range planting increases carbon sequestration in the soil, especially on lands that have been 

previously degraded.  According to the US Department of Agriculture (USDA), it involves 

establishment of adapted perennial or self-sustaining grasses, shrubs, or trees5.  In addition to its 

carbon sequestration benefits, it has the added benefit of improving forages for livestock. 

Silvopasture Establishment 

This strategy involves planting of trees or shrubs on grazing land to introduce long-term carbon 

storage through woody biomass, increase herbaceous biomass production, improve system 

hydrology and improve microclimatic conditions for livestock.  Well-managed silvopastures 

incorporate native pasture grasses, nitrogen-fixing legumes, and rotation grazing systems that 

maximize plant growth6. 

 

 

Figure 3: Silvopasture is the intentional integrated management of trees, forages, and grazing livestock for a production 

benefit. (Image Credit: CivilEats) 

 
5 (US Department of Agriculture, 2011) 
6 (US Department of Agriculture, 2020) 
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Grazing Land Management Summary 

 

Figure 4: Grazing Land Management - Applicability and Sequestration Potential 
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Urban Forest Expansion 
Urban forest expansion focuses on increasing tree canopy outside of the public right-of-way (trees in 

the right-of-way are considered òstreet treesó), in areas such as parks, open spaces, and on private 

property. The trees that can be planted in this area generally have less constraints (such as narrow 

planting strips and overhead high voltage wires) than street trees in terms of the size and species of 

tree that can be planted. 

Urban forests provide numerous environmental, societal, and monetary benefits.  In addition to the 

carbon they sequester, urban forests help reduce urban heat island effects, a climate and health 

equity issue that disproportionally impacts socioeconomically vulnerable communities often residing 

in neighborhoods with fewer permeable surfaces and tree cover7. Their presence can also calm 

traffic, improve local air quality for residents and reduce the costs of cooling home and commercial 

spaces. 

The annual carbon sequestration rate assumed for urban forest expansion is based on a blended 

average of a variety of frequently planted and climate appropriate tree species of a variety of 

functional types (large-medium-small form, evergreen and deciduous dormancy) with a focus on 

natives and tree types that sequester the greatest amounts of carbon.   

The lands where urban forests currently exist is based on light detection and ranging (LIDAR) 

estimates of urban tree canopies, excluding street trees. Lands where future urban forests could 

exist include private open spaces, golf courses, landfills8, and areas of parks without existing tree 

cover. It should be noted that urban retreat provides the potential to further increase the area of San 

Joséõs urban forest in degraded riparian areas and floodways. 

 

Figure 5: Urban forest expansion can happen in many parks and open spaces around the city. (Image Credit: Santa Clara 

University) 

 
7 (Chakraborty, Hsu, Maya & Sheriff, 2019) 
8 Tree planting on capped landfills is not feasible today due to potential issues with tree roots puncturing the 

landfill cap, however with emerging research and technologies it may be feasible in the future. 
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Urban Forest Expansion Summary 

 

Figure 6: Urban Forest Expansion - Applicability and Sequestration Potential 
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Street Tree Planting 
Street trees are trees that are primarily in the public right-of-way such as parking strips and medians, 

adjacent to or within a street. There are currently over 248,000 street trees in San José9, and 

locations have been identified to plant approximately 125,000 more. The County of Santa Clara 

intends to plant 1000 trees per year from 2020-2023. 

Street trees are part of what the City of San José terms the òCommunity Forestó.  Much like the 

benefits summarized in the urban forest expansion strategy, street trees provide similar benefits to 

surrounding property values, business activity, public health, and environmental quality.  In 2019, it 

was estimated that San Joséõs street trees contain over 100,000 Mg of carbon and provide annual 

monetary benefits of nearly $1 million10. 

The carbon sequestration potential of planting new street trees is assessed by applying an average 

of a mix of tree species. The tree mix was chosen from frequently planted and climate appropriate 

tree species of a variety of functional types (large-medium-small form, evergreen and deciduous 

dormancy) considering the limitations and opportunities of the range of available potential planting 

locations. Potential locations for the planting of new street trees comes from an assessment 

performed by the City for the 2012 San José Canopy Study.  

 

 

Figure 7: Street trees live in the public right-of-way, often in planting strips along streets and sidewalks. (Image Credit: 

Phys.org) 

 
9 (City of San José, 2019) 
10 (City of San José, Department of Transportation, 2020) 
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Street Tree Planting Summary 

 

Figure 8: Street Tree Planting - Applicability and Sequestration Potential 
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Compost Application 
The compost application strategy involves both reducing or eliminating petroleum-derived soil 

amendments and replacing them with organic materials. This strategy is based on carbon cycle 

science, which shows that petroleum-derived fertilizers transfer carbon from fossil fuels to the 

atmosphere, thereby increasing the atmospheric concentration of global warming gases. Its use has 

been shown to increase the amount of carbon stored in both grassland and cropland soils and has 

important co-benefits, such as increased crop yields and water-holding capacity. 

The composting strategy can be applied as a sequestration enhancement to cropland management 

or grazing land strategies (slope limitations and treatment standards exist) as well as urban open 

space lands. Sequestration rates from compost vary for each underlying use. Compost cannot be 

applied to areas within 100 ft from native riparian habitats, within 50 ft from streams, with 

serpentine soil or existing high-value native grassland communities.  For the purposes of this report, 

a blended mix of grazing lands and croplands were assumed to generate SOI-wide sequestration 

estimates. 

Note: Slope was not considered when identifying lands suitable for compost application during this 

project but should be considered for future refinement of suitable land inventories. Lands were 

deemed suitable for compost application under the assumption that the compost applied is 

pathogens and weed free. Furthermore, constraints such as limited vehicle access to application 

sites and the costs of hauling materials to the sites were not included in this analysis but could be 

considered in future studies. 

 

 

Figure 9: Compost can be used as a soil amendment to replace traditional nitrogen fertilizers. (Image Credit: 

WesternCity.com) 
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Compost Application Summary 

 

Figure 10: Compost Application - Applicability and Sequestration Potential 

Note: Lands suitable for compost 

application illustrated in this map 

do not include slope constraints. 
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Class B Biosolids Application 
The biosolids application strategy involves the application of treated residuals (biosolids) from the 

wastewater treatment process onto agricultural lands. Because they are nutrient-rich, biosolids are 

considered a sustainable alternative to synthetic fertilizers. They not only help sequester and store a 

significant amount of carbon directly to the soil for long periods of time, but they also improve plant 

growth. Their ability to improve soil structure also helps prevent erosion and runoff. Depending on 

their level of treatment, biosolids can be Class A or Class B. Class A biosolids are processed to a 

greater degree and can be applied to a broader set of lands than Class B biosolids. For this report, 

only the land application of Class B biosolids was studied. The performance of Class A biosolids 

application in the Santa Clara Valley should be further evaluated and later incorporated into this 

strategy to increase its overall carbon sequestration benefit. 

Lands where the application of Class B biosolids might be appropriate are limited.  For instance, they 

are restricted from being applied to any lands immediately accessible to the public or grazing 

animals. They can only be applied to croplands growing crops not meant for direct human 

consumption. The California State Water Resources Control Board places additional restriction on 

where biosolids may be applied relative to property lines, domestic water supplies, marshes, 

drainages, and surface water.  For the purposes of this study, it was assumed that Class B biosolids 

could be applied to all croplands within the SOI. In practice, only crops not intended for direct human 

consumption would qualify. In addition, to account for certain distance requirements set by the State 

Water Resources Control Board, it was assumed that biosolids can only be applied to 80% of the 

total lands suitable for application. 

Note: Unfortunately, the FMMP data used to identify croplands in the Santa Clara Valley do not 

distinguish cropland cover types. As a result, the biosolids strategy is applied as a dial-up strategy to 

all cropland types with the understanding that the overall calculated carbon sequestration benefit of 

biosolids application is overestimated. 

 

 

Figure 11: Biosolids are used as a soil amendment on a variety of Natural and Working Lands. (Image Credit: 

NWBiosolids.org) 
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Class B Biosolids Application Summary 

 

Figure 12: Class B Biosolids Application - Applicability and Sequestration Potential 

Note: Statistics below assume that 

biosolids are applied to 80% of 

lands suitable for biosolids 

illustrated in this map.  
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Mulching Application 
The mulching strategy involves the spreading of organic materials on soil as a top dressing. The 

material used could be shredded wood, straw, or similar materials, depending on the context of the 

land cover type where the mulch would be applied. The benefits of mulching include limiting weed 

growth, moderating soil temperature, reducing the potential for erosion, enhancing moisture 

retention in the underlying soil, improved soil structure, and added nutrients from decomposition 

such as carbon.  

According to the City of San José Tree Policy Manual, mulch can provide water savings, improve 

water penetration, and serve as an aid to the roots of woody plants.  In addition to promoting mulch 

in street tree and urban forest applications, the City of San José also actively encourages private 

homeowners to utilize mulch in their landscaping. 

For the purposes of this study, the mulching strategy was assumed to be applicable as a 

sequestration enhancement to all croplands as well as urban open space lands. It was assumed that 

mulch cannot be applied to areas within 100 feet of native riparian habitats, to areas with 

serpentine soils, or existing high-value native grassland communities.  Sequestration potential from 

mulch application in private yards and other properties was not included in the following estimates. 

Note: The lands were deemed suitable for mulch application under the assumption that the mulch 

applied is pathogens and weed free. Furthermore, constraints such as limited vehicle access to 

application sites and the costs of hauling materials to the sites were not included in this analysis but 

could be considered in future studies. 

 

 

Figure 13: Mulching on top of soil has many benefits including improved moisture retention and soil structure. (Image 

Credit: University of California, Agriculture and Natural Resources) 
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Mulching Application Summary 

 

Figure 14: Mulching Application - Applicability and Sequestration Potential 



   

 

26 

 

Greywater Application 
Greywater application involves diverting household greywater from the city sewer system for use in 

irrigating trees and perennial shrubs within household yards during periods when evaporation 

exceeds precipitation (to protect groundwater quality, three-way valves are used to allow greywater to 

flow to the city sewer during periods when precipitation exceeds evaporation, i.e. the rainy season).  

As a homeowner-initiated strategy, greywater application could be applied residential areas 

comprised of single-family homes.   

The total area to which this strategy could be applied was determined by assessing the portion of the 

single family lots in the City covered by front and back yard area, using a combination of zoning 

information and aerial imagery case studies. Using this approach, it was determined that rural, 

suburban, and urban residential properties tend to exhibit non hardscaped areas at roughly 85%, 

45%, and 30% of lot area, respectively. To determine the percent of yard area available for greywater 

application, a case study approach using aerial imagery indicated that roughly 29% of non-

hardscaped lot area tends to be actively landscaped and suitable for greywater. 

Note: It should be noted that research related to carbon sequestration and greywater is still 

emerging. Though some research suggests benefits from the use of greywater for plant irrigation, 

this research is not conclusive. While it was not possible to confirm any carbon sequestration 

benefits to the application of greywater in residential yards, it is well-documented that greywater 

application provides a significant water savings co-benefit, which can be modeled using data from a 

landscaping water budget calculator11. 

 

Figure 15: Greywater can be used to irrigate residential landscaping (Image Credit: EcologyArtisans.com) 

 

Figure 16: Greywater Application - Applicability and Sequestration Potential 

 
11 (City of Sunnyvale, n.d.) 
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Restoration Strategies 
According to the Santa Clara Valley Historical Ecology Study, oak woodland and grassland were 

widespread across the San José area with corridors of riparian vegetation leading to freshwater 

wetlands and baylands rich with biodiversity12. Within San Joséõs SOI, much of this original land 

cover has been degraded or displaced by urbanization.  NWL restoration strategies focus on areas of 

San Joséõs SOI where this degradation coincides with high value historical ecology.   

 

 

Figure 17: Historical Ecology, San José Area 

 
12 (San Francisco Estuary Institute, 2019) 
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Natural community restoration strategies involve restoring natural areas whose biological 

communities and ecosystems have been substantially degraded or destroyed. In addition, they 

assume a complete re-growth of native plant communities starting from and above-ground 

sequestration baseline of zero as soil carbon is not removed in the process. 

In the following sub-section, the following four land management strategies are presented:  

¶ Native Grasslands Restoration 

¶ Oak Woodlands Restoration 

¶ Freshwater Wetland and Bayland Restoration 

¶ Riparian Restoration 

Each strategy was evaluated based on land availability (both current and future), carbon 

sequestration characteristics, and total carbon sequestration benefit on lands available within the 

SOI. On the following pages, the four restoration strategies are explained in greater detail. Included 

with each description is a map of existing lands where these strategies could be applied, based on 

their existing use, and lands where strategies could be applied in the future, given historic ecology or 

other characteristics. Note that the following individual strategy sections quantify strategy application 

in isolation despite having some lands exist with other strategies. These strategy application conflicts 

are taken into account in scenario evaluations to avoid double counting strategies. Detailed 

assumptions and methods are summarized in Section D: Analysis Methods and Assumptions. 
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Native Grassland Restoration 
Grasslands are ecosystems dominated by grasses and forbs. This strategy involves the restoration of 

native grasslands (which tend to be perennial), on areas currently covered by non-native grasses 

(which tend to be annual) and associated species. Native grass species tend to have deeper root 

systems to allow them to reach deeper soil moisture to survive periods of extended drought; these 

deep root systems also sequester much more carbon than non-native grasses, which tend to have 

more shallow root systems.  

Since native grasslands tended to exist on prime soils or in valley bottoms, these tended to transition 

to orchards, and then residential subdivisions as San José and surrounding communities 

urbanized13.  The spatial extent to which the native grassland restoration strategy could be applied 

comes from the Santa Clara Valley Habitat Agency Land Cover assessment of the extent of existing 

grassland and the SFEI inventory of the historical extent of the native grassland ecological 

community.   

Note: Because no non-degraded native grasslands currently exist within the SOI, the following map 

and summary statistics show no existing NWLs of this type. 

 

Figure 18: UC Davis staff demonstrating a study of native grassland restoration.  (Image Credit: Sonoma Mountain 

Institute) 

 
13 (San Francisco Estuary Institute, 2019) 
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Native Grassland Restoration Summary 

 

Figure 19: Native Grassland Restoration - Applicability and Sequestration Potential 
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Oak Woodland Restoration 
This strategy involves the restoration of oak woodlands on areas currently covered by non-native 

grasses where oak woodland ecological communities were historically located.  Oak woodlands 

currently cover over 295 square miles of Santa Clara Countyõs rural hillsides and ranchlands. The 

need for oak woodland restoration is a result of three kinds of threats: loss of existing oak woodlands 

due to urbanization, lack of regeneration (i.e. failure to reproduce), and habitat fragmentation.  Oak 

woodlands serve a number of important ecological functions including sequestering and storing 

significant amounts of carbon.  In addition, they improve watersheds, provide critical wildlife habitat, 

enhance scenic beauty, and provide a foundation for other NWL management strategies that 

enhance working lands, such as silvopasture14.   While oak woodlands can store significant amounts 

of carbon, it should be noted that it can take over a century for oaks to reach peak sequestration15. 

Even within the oak woodland community, there is tremendous biodiversity.  Ten of the 18 native oak 

species found in California are located in the San José SOI including black, blue, canyon, coast, 

valley, and live oaks.  For the purposes of this study, the annual carbon sequestration rate was 

estimated as a blended average of a variety of native oak species. The spatial extent to which the 

restoration of oak woodlands (across the ranges of blue oak and valley oak) strategy is applied 

comes from the Conservation Lands Network (CLN) and San Francisco Estuary Institute (SFEI) 

inventories of the historical extent of oak woodland ecological communities. The Santa Clara Valley 

Habitat Agency landcover dataset was used to identify and omit existing and mature oak woodland 

habitats from the SFEI and CLN defined inventory of lands suitable for restoration. In addition, areas 

where present-day land cover is grassland or other candidate land cover classes were included. 

 

 

Figure 20: California oak woodland is a plant community historically and currently found throughout several regions of 

Santa Clara County. (Image Credit: University of California, Berkeley) 

 

 

 
14 (Santa Clara County, 2005) 
15 (Matzek, Stella, & Ropion, 2018) 
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Oak Woodland Restoration Summary 

 

Figure 21: Oak Woodland Restoration - Applicability and Sequestration Potential 
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Wetland Restoration 
The wetlands restoration strategy includes the restoration of saline wetlands (baylands) and 

freshwater wetlands. Baylands are those subject to tidal inundation by waters of the San Francisco 

Bay. Freshwater wetlands are scarce in San José with only Laguna Seca, one of the largest remaining 

freshwater wetlands in the Bay Area, as a permanently protected wetland.  Restored wetlands have 

the potential to help reduce GHG emissions through the restoration of plant habitats that sequester 

carbon and bury it within accumulating soil. However, it should be noted that carbon accounting for 

wetlands is still an emerging field of research, and there are many factors that need to be 

understood before we can accurately quantify the impact of so called "blue carbon". For instance, we 

do not know how much carbon has been captured since restoration began and whether that 

submerged carbon will continue to build over time. Additionally, wetlands, especially those that are 

freshwater, are known to emit high rates of methane that can often negate their carbon 

sequestration benefits. Our lack of understanding and scarce literature explaining this dynamic limits 

our ability to accurately estimate the net benefits of wetland restoration strategies. 

The spatial extent to which wetlands restoration strategy is applied comes from the California 

Aquatic Resources Inventory (CARI) for identifying existing baylands and SFEI Historical Ecology for 

identifying the extent of the Laguna Seca freshwater wetlands. Land that the National Oceanic and 

Atmospheric Administration (NOAA) expects to be inundated as a result of a projected 10 feet rise in 

sea level is also modeled for restoration in the long term through the studyõs òurban retreató 

scenarios.  

Note: Since this restoration strategy includes two sub strategies, the land availability map on the 

following page combines lands for both strategies, but the sequestration summary provides 

estimates separately. 

 

Figure 22: Baylands and their associated vegetation are believed to have high carbon sequestration potential. (Image 

Credit: San José Mercury News) 
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Wetland Restoration Summary 

 

Figure 23: Wetland Restoration - Applicability and Sequestration Potential 
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Riparian Restoration 
The riparian restoration strategy involves increasing woody perennial vegetation densities in areas in 

and around stream and river channel beds. 

The annual carbon sequestration rate is based on a blended planting community of riparian species 

of trees and shrubs including native oaks, willow, alder, and understory woody shrubs. No restoration 

strategies were applied to existing native riparian areas defined by the California Department of 

Water Resources (DWR) and Santa Clara Habitat land cover data. The geographies suitable for the 

application of the riparian restoration strategy outside of existing riparian areas are defined as 

follows: 

¶ All areas below the top of bank 

¶ Within 100 ft from streams and top of bank 

¶ Within 100 ft from the midline of uncovered creeks 

¶ Within Category 1 Stream buffers 

¶ Additional areas that encompass the historical extent of the Coyote riparian community as 

defined in the San Francisco Estuary Institute (SFEI) dataset. 

 

 

Figure 24: Riparian areas are lands that occur along waterways and water bodies, including flood plains and streambanks. 

(Image Credit: ValleyWaterNews.org) 
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Riparian Restoration Summary 

 

Figure 25: Riparian Restoration - Applicability and Sequestration Potential 
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NWL Conservation Scenarios 
The City of San José sets policies related to land use and urban growth through its General Plan. 

Because these policies impact where and how land is developed, they also impact where and how 

NWL strategies can be deployed. To account for the direct and indirect impacts on NWLs from land 

use policies, this project focuses not only on the theoretical impact of NWL strategies, but also on 

their ability to be applied to lands in San Jos®õs SOI given various future land use conditions. 

 

Figure 26: Land use policies influence land use patterns which influence the performance of NWL strategies 

Seven land use scenarios were developed to estimate the impact of potential General Plan policies 

on land availability for NWL strategies, as well as well as other co-benefits. Each scenario represents 

land use change across the entire San José Sphere of Influence (SOI) under a set of future policy 

conditions in the year 2040. Scenarios were built using UrbanFootprint, a sketch planning tool used 

by jurisdictions across California to model policy impacts in long range planning processes. 

 

Figure 27: The seven land use policy scenarios developed for the NWL Analysis 
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Scenarios Overview 

Three types of scenarios were tested as part of the NWL analysis: a current reference case, policy 

test scenarios, and a future reference case.  The purpose of the two reference cases is to provide a 

benchmark for how NWL strategies could perform given policies that are either already adopted or 

likely to be adopted in the near term.  The purpose of the policy test scenarios is to explore the 

benefits of land use policies that are currently not under consideration for implementation or that 

would face significant challenges to implement.  The following table summarizes the policy 

assumptions across the seven scenarios. 

 

Figure 28: Scenario Policy Assumptions 

 



   

 

39 

 

Current Reference Case (Scenario 1) 
The General Plan includes a òpreferred scenarioó for urban growth through 2040 based on currently 

adopted policies. Scenario 1 serves as a basis-of-comparison that models growth in projected growth 

areas that are governed by General Plan land use designations, including northern Coyote Valley. 

Development densities were calibrated based on observed development activity within each General 

Plan Land Use category.  Projects listed in the Cityõs pipeline report16 were painted in this scenario to 

reflect development that is likely to proceed regardless of policy changes. 

 

Figure 29: Map of Future Growth Intensity, Current Reference Case (Scenario 1) 

Policy Test Scenarios 
General Plans are policy documents that evolve over time. On-going policy discussions and state 

mandates will likely result in new policies, plan amendments, and updates in the coming years, 

including through the General Plan Four Year Update process that is currently underway. To account 

for potential shifts in City policy, the NWL analysis includes òpolicy testó land use scenarios that test 

policies currently being considered by the City of San José. The intent of these scenarios is not to be 

prescriptive, but rather to provide guidance to policymakers as they consider changes to the General 

Plan that could impact the efficacy of NWL strategies.  

 
16 (City of San José, Planning, Building, and Code Enforcement, 2020) 

SCENARIO 1 
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Scenario 2A: Greenfield Conservation 

Scenario 2A uses scenario 1 as a starting point, but shifts jobs in accordance with proposed changes 

to the General Plan being considered as part of the planõs 4-year update. These changes propose 

removal of jobs from the Almaden, Alum Rock, Berryessa, Cambrian/Pioneer, and Coyote planning 

areas, and reallocation of those jobs to the Downtown/Central and Alviso planning areas. In addition, 

it also allows for significantly higher densities for properties with long range plan designations of 

òDowntownó to reflect the potential impact of a carbon credit program. Finally, scenario 2A assumes 

no parking requirements within high-quality transit areas (HQTAs) and lower parking ratios 

throughout the City. Any parcels listed in the Cityõs pipeline report were painted in this scenario to 

account for development that is likely to proceed regardless of future policy changes. 

 

Figure 30: Map of Future Growth Intensity, Scenario 2A 

SCENARIO 2A 
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Scenario 2B: Opportunity Housing in HQTAs 

Like scenario 2A, scenario 2B assumes job shifts out of Coyote and other planning areas and 

reduced parking ratios as scenario 2A. Where it differs is in its allowance of opportunity housing in 

high quality transit areas (HQTAs). Opportunity housing includes all middle housing types such as 

plexes, cottage clusters, and stacked flats. Resulting increases in housing units above SOI control 

totals were then re-balanced by removing growth in greenfield areas outside the existing urbanized 

area. Any parcels listed in the Cityõs pipeline report were painted in this scenario to account for 

development that is likely to proceed regardless of future policy changes. 

 

Figure 31: Map of Future Growth Intensity, Scenario 2B 

 

SCENARIO 2B 
















































































































































































