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Section A. Introduction 
California Climate Investments is a statewide initiative that puts billions of 
Cap-and-Trade dollars to work facilitating greenhouse gas (GHG) emission 
reductions; strengthening the economy; improving public health and the 
environment; and providing benefits to residents of disadvantaged communities, 
low-income communities, and low-income households, collectively referred to as 
“priority populations.” Where applicable and to the extent feasible, California Climate 
Investments must maximize economic, environmental, and public health co-benefits to 
the State. 
 
The California Air Resources Board (CARB) is responsible for providing guidance on 
estimating the net GHG benefit and co-benefits from projects receiving monies from 
the Greenhouse Gas Reduction Fund (GGRF).  This guidance includes quantification 
methodologies, co-benefit assessment methodologies, and benefits calculator tools.  
CARB develops these methodologies and tools based on the project types for 
funding by each administering agency, as reflected in the program expenditure 
records available at: www.arb.ca.gov/cci-expenditurerecords. 
 
CARB staff developed this Land Restoration Quantification Methodology (QM) to 
provide guidance for estimating the net GHG benefit and selected co-benefits of land 
restoration.  This methodology uses calculations to estimate carbon sequestration in 
soil from wetland and grassland restoration and in biomass from tree planting, and 
GHG emission changes from wetland restoration or enhancement.  Programs this QM 
may be used for include, but are not limited to: 

• The Wetlands Restoration for Greenhouse Gas Reduction Program1, 
administered by the California Department of Fish and Wildlife (CDFW) 

• Climate Adaptation Resiliency Program2, administered by the Wildlife 
Conservation Board (WCB) 

The Lands Restoration Benefits Calculator Tool (Tool) automates methods described 
in this document, provides a link to a step-by-step user guide with project examples, 
and outlines documentation requirements.  Projects will report the total project GHG 
benefit and co-benefits estimated using the Tool as well as the total project GHG 
benefit per dollar of GGRF funds requested.  The Land Restoration Benefits Calculator 
Tool is available for download at:  http://www.arb.ca.gov/cci-resources. 
 
Using many of the same inputs required to estimate net GHG benefit, the Land 
Restoration Benefits Calculator Tool estimates the following co-benefits and key 
variables from Land Restoration projects: 
  

                                            
1 https://www.wildlife.ca.gov/Conservation/Watersheds/Greenhouse-Gas-Reduction   
2 https://wcb.ca.gov/Programs/Climate-Adaptation 

http://www.arb.ca.gov/cci-expenditurerecords
http://www.arb.ca.gov/cci-resources
https://www.wildlife.ca.gov/Conservation/Watersheds/Greenhouse-Gas-Reduction
https://wcb.ca.gov/Programs/Climate-Adaptation
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• Nitrous Oxide (NOx) Emission Absorption (in lbs) 
• PM2.5 Emission Absorption (in lbs)  
• Lands Restored/Treated (in acres) 
• Trees Planted 

 
Key variables are project characteristics that contribute to a project’s net GHG benefit 
and signal an additional benefit.  Additional co-benefits for which CARB assessment 
methodologies were not incorporated into the Wetlands Benefits Tool may also be 
applicable to the project.  Applicants should consult the Wetlands Program 
Guidelines, Proposal Solicitation Notice materials, and/or website to ensure they are 
meeting Wetlands Program requirements.  All CARB co-benefit assessment 
methodologies are available at: www.arb.ca.gov/cci-cobenefits. 
 

Methodology Development 

CARB developed this Quantification Methodology consistent with the guiding 
principles of California Climate Investments, including ensuring transparency and 
accountability3.  CARB developed Quantification Methodology to estimate the 
outcomes of proposed projects, inform project selection, and track results of funded 
projects.  The implementing principles ensure that the methodology would: 
 

• Apply at the project-level; 
• Provide uniform methods to be applied statewide, and be accessible by all 

applicants; 
• Use existing and proven tools and methods; 
• Use project-level data, where available and appropriate; and 
• Result in net GHG benefit estimates that are conservative and supported by 

empirical literature. 
 

CARB assessed peer-reviewed literature and tools and consulted with experts, as 
needed, to determine methods appropriate for the Land Restoration project types.  
CARB also consulted with agencies responsible for land restoration to determine 
project-level inputs available.  The methods were developed to provide estimates that 
are as accurate as possible with data readily available at the project level. 
 
CARB released the Draft Revised Land Restoration Quantification Methodology and 
Draft Revised Land Restoration Benefits Calculator Tool for public comment in April 
2020.  This Final Land Restoration Quantification Methodology and accompanying 
Land Restoration Benefits Calculator Tool have been updated to address public 
comments, where appropriate, and for consistency with updates to program 
guidelines.” 
 
In addition, the University of California, Berkeley, in collaboration with CARB, 
developed assessment methodologies for a variety of co-benefits such as providing 

                                            
3 California Air Resources Board.  www.arb.ca.gov/cci-fundingguidelines 

http://www.arb.ca.gov/cci-cobenefits
http://www.arb.ca.gov/cci-fundingguidelines
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cost savings, lessening the impacts and effects of climate change, and strengthening 
community engagement.  Co-benefit assessment methodologies are posted at:  
www.arb.ca.gov/cci-cobenefits. 

 
Tools 

The Land Restoration Tool relies on project-specific outputs from the following tools: 
 
SoilWeb is used to determine the dominant soil order at the project site.  SoilWeb was 
developed by the California Soil Resource Lab at University of California, Davis (UCD) 
and University of California Agriculture and Natural Resources (UCANR) in 
collaboration with the US Department of Agriculture Natural Resources Conservation 
Service (NRCS).  Applicants use SoilWeb to explore soil survey areas using an 
interactive Google map and view detailed information about soils on the project site.  
SoilWeb runs in any web browser and is compatible with desktop computers, tablets, 
and smartphones.  SoilWeb is available at: 
https://casoilresource.lawr.ucdavis.edu/gmap/. 
 
The US Forest Service (USFS) i-Tree Planting web based tool provides quantitative 
data for an individual or population of trees to be planted as part of the project 
including the amount of carbon stored and the estimated effects of tree shade on 
building energy use based on project characteristics such as the climate zone, tree 
species, tree age, and tree diameter at breast height (DBH). i-Tree Planting is available 
at: https://planting.itreetools.org/.  A description about the tool is available at: 
https://planting.itreetools.org/help/.  
 
SoilWeb and i-Tree Planting are used statewide, subject to regular updates to 
incorporate new information, free of charge, and publicly available to anyone with 
internet access. 
 
In addition to the tools above, the QM relies on CARB-developed emission factors.  
CARB has established a single repository for emission factors used in CARB benefits 
calculator tools, referred to as the California Climate Investments Quantification 
Methodology Emission Factor Database (Database), available at: 
http://www.arb.ca.gov/cci-resources.  The Database Documentation explains how 
emission factors used in CARB benefits calculator tools are developed and updated.  
 
Applicants must use the Land Restoration Tool to estimate the net GHG benefit and 
co-benefits of the proposed project.  The Land Restoration Tool is available at: 
http://www.arb.ca.gov/cci-resources. 

 

http://www.arb.ca.gov/cci-cobenefits
https://casoilresource.lawr.ucdavis.edu/gmap/
https://planting.itreetools.org/
https://planting.itreetools.org/help/
http://www.arb.ca.gov/cci-resources
http://www.arb.ca.gov/cci-resources
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Updates 

CARB staff periodically review each quantification methodology and benefits 
calculator tool to evaluate their effectiveness and update methodologies to make 
them more robust, user-friendly, and appropriate to the projects being quantified.  
CARB revised the Land Restoration Quantification Methodology from the previous 
version4 to enhance the analysis and provide additional clarity.  The changes include: 
 

• Addition of conversion from managed seasonal wetland to coastal tidal wetland 
as a project characteristic; 

• Addition of Grassland project type; and 
• Modification of the Land Restoration Calculator Tool to reflect these additions. 

 
The Revised Land Restoration Quantification Methodology will be used to re-calculate 
projects submitted under the most recent previous version of the Quantification 
Methodology for the California Department of Fish and Wildlife Wetlands Restoration 
for Greenhouse Gas Reduction Grant Program4. 
 

  

                                            
4 Please email GGRFProgram@arb.ca.gov to request a copy of the previous quantification methodology. 

mailto:GGRFProgram@arb.ca.gov
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Section B. Methods 
The following section provides details on the methods supporting emission reductions 
in the Land Restoration Tool. 
 

Land Restoration Project Types 

Land Restoration programs restore or enhance degraded and altered ecosystems to 
provide climate resilient services to California's people, wildlife, and fish.  There are five 
project types that meet the objectives of Land Restoration and for which there are 
methods to quantify a net GHG benefit.  Other project features may be eligible for 
funding under an administering agency’s program; however, to be quantified for 
benefits, each project requesting GGRF funding must include at least one of the 
following: 
 

• Coastal Tidal Wetland Restoration 
• Sacramento-San Joaquin Delta Wetland Restoration 
• Mountain Meadow Restoration 
• Seasonal Inland Wetland Restoration 
• Grassland Restoration 

 

General Approach 

Methods used in the Land Restoration Tool for estimating the net GHG benefit and air 
pollutant emission co-benefits by activity type are provided in this section.  The 
Database Documentation explains how emission factors used in CARB benefit 
calculator tools are developed and updated. 
 
These methods account for carbon sequestration in restored soil and planted trees, 
and for changes in carbon dioxide and methane emissions due to wetlands 
restoration.  In general, the Land Restoration Tool estimates the net GHG benefit 
using the approaches in Table 1.  The Tool also estimates air pollutant emission 
co-benefits and key variables using many of the same inputs used to estimate the net 
GHG benefit. 
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Table 1.  General Approach to Quantification by Project Type 
 

Coastal Tidal Wetland Restoration 
 

Net GHG Benefit = Soil Carbon Sequestration from Wetland Restoration + Soil 
Carbon Sequestration from Grassland Restoration + Biomass Carbon 
Sequestration from Tree Planting + Avoided Carbon Dioxide Emissions from 
Drained Farmland and Wetland + Avoided Nitrous Oxide Emissions from 
Drained Farmland and Wetland + Avoided Nitrous Oxide Emissions from 
Fertilizer Application – Methane Emissions from Fresh Water Wetland 
Restoration.  

 

Sacramento-San Joaquin Delta Wetland Restoration 
 

Net GHG Benefit = Soil Carbon Sequestration from Wetland Restoration + 
Biomass Carbon Sequestration from Tree Planting + Avoided Carbon Dioxide 
Emissions from Drained Farmland + Avoided Nitrous Oxide Emissions from 
Drained Farmland + Avoided Nitrous Oxide Emissions from Fertilizer 
Application – Methane Emissions from Fresh Water Wetland Restoration.  

 

Mountain Meadow Restoration 
 

Net GHG Benefit = Soil Carbon Sequestration from Wetland Restoration + 
Biomass Carbon Sequestration from Tree Planting 

 

Seasonal Inland Wetland Restoration 
 

Net GHG Benefit = Soil Carbon Sequestration from Wetland Restoration + Soil 
Carbon Sequestration from Grassland Restoration + Biomass Carbon 
Sequestration from Tree Planting + Avoided Nitrous Oxide Emissions from 
Fertilizer Application – Methane Emissions from Seasonal Mineral Soil Fresh 
Water Wetland Restoration. 

 

Grassland Restoration 
 

Net GHG Benefit = Soil Carbon Sequestration from Grassland Restoration + 
Biomass Carbon Sequestration from Tree Planting + Avoided Nitrous Oxide 
Emissions from Fertilizer Application 
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A. GHG Benefit from Coastal Tidal Wetland Restoration 

Equation 1 estimates the GHG benefit from conversion of farmland and degraded 
grassland to restored wetland and improved grassland.  Equation 1 relies on seven 
other equations.  Equation 2 estimates the value for the difference in carbon loss rates 
(∆CLRdos) from land-use change from drained organic soil on farmland that will be 
restored to coastal wetland.  Equation 3 estimates increased methane emissions 
(∆CH4,CTW) from wetland restoration.  Equation 4 estimates the avoided N2O emissions 
(∆N2Odos) from restoration of drained organic soil in farmland. Equation 5 estimates 
the avoided N2O emissions (∆N2Ofert) associated with fertilizer application.  Equation 6 
estimates the soil carbon sequestration benefit (CseqCTW) from coastal tidal wetland 
restoration.  Equation 7 estimates the soil carbon sequestration benefit (CseqG) from 
upland grassland restoration.  Equation 15 estimates the biomass carbon 
sequestration from tree plantings (CseqT). 
 

 
 

Equation 1: GHG Benefit from Coastal Tidal Wetland Restoration 
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Equation 2: Avoided Carbon Loss Rate from Drained Organic Soil on Farmland 
or Managed Seasonal Wetland to be restored to Permanent Coastal Tidal 
Wetland 
 

 

Equation 3: Increased Methane Emissions from Coastal Tidal Wetland 
Restoration 
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Equation 4: Avoided Nitrous Oxide Emissions from Drained Organic Soils 
 

 

Equation 5: Avoided Nitrous Oxide Emissions from Nitrogen Application 
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Equation 6: Soil Carbon Sequestration from Coastal Tidal Wetland Restoration 
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Equation 7: Soil Carbon Sequestration from Grassland Restoration 
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B. GHG Benefit from Sacramento-San Joaquin Delta 
Wetland Restoration 

Equation 8 estimates the GHG benefit from Sacramento-San Joaquin Delta Wetland 
Restoration (GHGDW).  Equation 8 relies on three other equations.  Equation 4 is used to 
determine the avoided N2O emissions (ΔN2Odos) from restoration of drained organic soil 
in farmland. Equation 5 is used to determine the avoided N2O emissions (ΔN2Ofert) 
associated with fertilizer application.  Equation 15 estimates the biomass carbon 
sequestration from tree plantings (CseqT). 
 

 
  

Equation 8: GHG Benefit from Sacramento-San Joaquin Delta Wetland 
Restoration 
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C. GHG Benefit from Mountain Meadow Restoration 

Equation 9 estimates the GHG benefit from Mountain Meadow Restoration (GHGMM). 
Equation 9 relies on one other equation.  Equation 15 estimates the biomass carbon 
sequestration from tree plantings (CseqT). 
 

 
 
 

  

Equation 9: GHG Benefit from Mountain Meadow Restoration 
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D. GHG Benefit from Seasonal Inland Wetland Restoration  

Equation 10 estimates the GHG benefit from Seasonal Inland Wetland Restoration 
(GHGSIW).  Equation 10 relies on four other equations.  Equation 11 estimates the 
carbon sequestration (CseqSIW) from restoring seasonal inland wetlands.  Equation 5 
estimates the avoided N2O emissions (ΔN2Ofert) associated with fertilizer application.  
Equation 12 estimates the increase in CH4 emissions (ΔCH4,SIW) from restored seasonal 
inland wetlands.  Equation 15 estimates the biomass carbon sequestration from tree 
plantings (CseqT). 
 

 
 

Equation 10: GHG Benefit from Seasonal Inland Wetland Restoration 
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Equation 11: Soil Carbon Sequestration from Seasonal Inland Wetland and 
Grassland Restoration 
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Equation 12: Increased Methane Emissions from Seasonal Inland Wetland 
Restoration 
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E. GHG Benefit from Grassland Restoration 

Equation 13 estimates the GHG benefit from Grassland Restoration (GHGG/W).  
Equation 13 relies on three other equations.  Equation 14 estimates the soil carbon 
sequestration (CseqG/W) from restoring grassland.  Equation 5 estimates the avoided 
N2O emissions (ΔN2Ofert) associated with fertilizer application.  Equation 15 estimates 
the biomass carbon sequestration from tree plantings (CseqT). 
 

 
 
 
  

Equation 13: GHG Benefit from Grassland Restoration 
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Equation 14: Soil Carbon Sequestration from Grassland Restoration 
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F. GHG Benefit from Planting Trees 

Trees may be planted as part of any Land Restoration project.  Refer to Wetlands 
Guidelines for guidance on tree selection and planting.  Equation 15 estimates the 
GHG benefit from tree planting, based on the i-Tree Planting tool. 
 

 
 

  

Equation 15: Biomass Carbon Sequestration Benefit from Tree Planting  
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G. PM2.5 Emissions Co-benefit from Tree Absorption 

Equation 16 estimates the PM2.5 emissions from the project based on the i-Tree 
Planting tool. 
 

 
 

  

Equation 16: PM2.5 Emissions Co-benefit from Tree Absorption 
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H. NOx Emissions Co-benefit from Tree Absorption 

Equation 17 estimates the NOx emissions from the project based on the i-Tree 
Planting tool. 
 

 
 

  

Equation 17: NOx Emissions Co-benefit from Tree Absorption 
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