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1 Introduction 

California has experienced record-breaking wildfires in recent years, with 2020 setting the all-time 
record for acres burned of over 4 million acres in the State, more than double the previous state 
record set in 2018.1 This significant increase in the severity and extent of wildfires, highlights the 
importance of understanding the full extent of these impacts in order to guide policy development. 
In 2018 pursuant to Executive Order (EO) B-52-18, the State established the California Fuel 
Management Task Force , which was in charge of developing a holistic integrated approach toward 
forest management. In January 2021, this effort culminated in the development and adoption of 
California’s Wildfire and Forest Resilience Action Plan, which integrates key findings and 
recommendations from various plans, studies, and assessments into a single coordinated and 
comprehensive strategy for forest management and wildfire resilience.2 In parallel with this effort, 
the California Air Resources Board (CARB) has developed methodology regarding quantification of 
the carbon cycle and greenhouse gas (GHG) emission impacts of wildfire and forest management 
strategies in order to better understand wildfire implications in terms of the State’s contribution to 
climate change.3 This report intends to provide detail relative to these State level efforts in the 
context of Calaveras County, including the City of Angels Camp, by assessing the changes in carbon 
stocks from land use and fire related activities, the GHG emissions impact of wildfire in the County, 
and the wildfire-related climate change vulnerabilities, while presenting relevant best practices in 
wildfire impact reduction related to Calaveras County specific to climate change vulnerabilities. 

A combination of a changing climate and hundreds of years of unnatural fire suppression has led to 
increases in fuels that contribute to catastrophic fires. Wildfires are not only an effect of a changing 
climate that influences drought and the disease that turns living vegetation into dry fuel, but they 
are also a major contributor to GHG emissions by converting natural land carbon stocks into 
atmospheric carbon.4 This feedback cycle is a symptom of unhealthy forests and wildlands that 
result from fire suppression, insufficient investment in wildland fire risk management and misguided 
land use planning.5 Regular wildfires are part of the natural cycle of forests, grasslands, and 
shrublands, in which old decaying vegetation is cleared out by low-intensity fires so that mature 
trees can continue to thrive and provide valuable habitat and ecosystem services. Such regular 
wildfires are typically lower-intensity, preserving the primary carbon stocks that are already in place, 
allowing for continued carbon sequestration associated with living vegetation and minimal release 
of these carbon stocks as GHG emissions during wildfires.6 However, land use planning has included 

 
1 Roman et al. 2020. Greetings from the 2020 Wildfire Season. National Fire Protection Association Journal. Available: 
<https://www.nfpa.org/News-and-Research/Publications-and-media/NFPA-Journal/2020/November-December-2020/Features/Wildfire>. 
Accessed June 7, 2021. 
2 California Governor’s Forest Management Task Force (CGFMTF). 2021. California Wildfire & Forest Resilience Action Plan. Available: 
<https://www.fire.ca.gov/media/ps4p2vck/californiawildfireandforestresilienceactionplan.pdf>. Accessed May 27, 2021. 
3 CARB. 2020. Public Comment Draft: Greenhouse Gas Emissions of Contemporary Wildfire, Prescribed Fire, and Forest Management 
Activities. Available: <https://ww3.arb.ca.gov/cc/inventory/pubs/ca_ghg_wildfire_forestmanagement.pdf>. Accessed June 7, 2021. 
4 California Natural Resources Agency (CNRA). 2018. California Forest Carbon Plan: Managing Our Forest Landscapes in a Changing 
Climate. Available: <https://resources.ca.gov/CNRALegacyFiles/wp-content/uploads/2018/05/Forest-Carbon-Plan-One-Pager-May-
2018.pdf>. Accessed June 7, 2021. 
5 Bustic, et. al. 2015. Land Use and Wildfire: A Review of Local Interactions and Teleconnections. Land volume 4. Available: 
<https://www.researchgate.net/publication/272790284_Land_Use_and_Wildfire_A_Review_of_Local_Interactions_and_Teleconnections
>. Accessed June 7, 2021. 
6 CGFMTF. 2021. California Wildfire & Forest Resilience Action Plan. Available: 
<https://www.fire.ca.gov/media/ps4p2vck/californiawildfireandforestresilienceactionplan.pdf>. Accessed May 27, 2021. 
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development in areas that would naturally have recurring fires, leading to an increased population 
in the wildland urban interface (WUI), and an increased need to suppress fire in these areas.7 Now 
California faces the challenge of managing natural lands and land use patterns to reduce potential 
for high-intensity fires that generate GHG emissions and put lives and properties at risk.  

This report evaluates these challenges specific to Calaveras County, demonstrating how wildfires 
can impact the carbon cycle and GHG emissions, as well as how the WUI can both be put at risk by 
wildfires and increase opportunity for wildfire ignition. To understand the potential GHG emissions 
impact related to wildfire in Calaveras County a Natural and Working Lands (NWL) Carbon Inventory 
for the years 2010 and 2020 was developed, which demonstrates the total carbon storage in 
vegetation and soils. This analysis calculates the current available carbon storage (sequestration) in 
the County, how carbon storage has changed over time, and highlight regions and landcover where 
carbon storage value is high. Additionally, a case study has been developed for the 2015 Butte Fire 
to analyze both the local risks for wildfire and the potential magnitude of GHG emissions and carbon 
storage loss from a single wildfire event. The GHG emission analysis also includes an assessment of 
how forest management practices, such as thinning and prescribed burns, can significantly reduce 
wildfire GHG emissions and preserve long term carbon stocks that may be destroyed by high-
intensity fires caused by overgrown forests.  

Wildfires also present a significant threat to communities, assets, and resources (i.e., people, 
homes, businesses, public infrastructure/services, and the natural surroundings) in the County, 
which are expected to be exacerbated by the effects of climate change. This is addressed in the 
Wildfire Vulnerability Assessment included in this report, which was developed based on the most 
recent guidance from the California Governor’s Office of Planning and Research (OPR). The 
assessment includes discussion of the County’s vulnerabilities to wildfire specifically focused on the 
impacts associated with the WUI and the increased risk associated with higher temperatures and 
sever weather events resulting from climate change. This information is presented to inform 
decision makers and help implement action under the Greenhouse Gas Reduction Strategy.  

A concerted effort will be required to mitigate the risks associated with wildfire, which is further 
exacerbated by climate change. This report intends to provide a basis for understanding the wildfire 
interactions with the carbon cycle and WUI, and to provide meaningful information that can be used 
to help secure grant funding for natural land management and climate change and resilience. The 
State has greatly increased the availability of funding for climate change, forest management and 
wildfire resilience projects, with an emphasis on GHG reduction, improved forest health, home 
hardening against fires, improvements in defensible space, and fire prevention workforce training. A 
portion of this funding will be obtained through the California Greenhouse Gas Reduction Fund, 
with grants available through the California Climate Investments Program.8 The Climate Investment 
Program is intended to fund GHG reduction projects, therefore the connection between wildfire and 
GHG emissions in this report may improve the ability of the County to pursue funding. Projects that 
are initiated by the County would provide the dual benefit of both reducing the County’s 
contribution to climate change through wildfire related GHG emissions reduction and increasing 
resilience to climate change through improved forest health. 

 
7 Bustic, et. al. 2015. Land Use and Wildfire: A Review of Local Interactions and Teleconnections. Land volume 4. Available: 
<https://www.researchgate.net/publication/272790284_Land_Use_and_Wildfire_A_Review_of_Local_Interactions_and_Teleconnections
>. Accessed June 7, 2021. 
8 California Office of Governor Gavin Newsom. 2021. Governor Newsom, Legislative Leaders Announce Early Budget Action for Wildfire 
Prevention. Available: <https://www.gov.ca.gov/2021/04/08/governor-newsom-legislative-leaders-announce-early-budget-action-for-
wildfire-prevention/>. Accessed June 7, 2021. 
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2 Natural and Working Lands Carbon 

Inventories (2010 and 2020) 

This section explains the inventory methodology used to quantify the major natural and working 
lands GHG emissions sinks and sources for Calaveras County (County). The 2010 and 2020 NWL 
carbon inventories were developed based on the methodology outlined in Resilient Merced, 
California’s 2017 Climate Change Scoping Plan, and the State’s Natural and Working Lands 
Inventory.9,10,11 The inventory of carbon stocks for natural and working lands (NWL carbon 
inventory) in Calaveras County covers the County’s 662,838 acres.12 Calaveras County includes large 
areas of natural and working lands and a diversity of land-cover types ranging from developed land 
to mixed forest. The development of NWL carbon inventories allows jurisdictions to evaluate land 
management activities that are designed to increase or protect carbon stocks and/or reduce GHG 
emissions. A NWL carbon inventory also plays an important role in prioritizing policy initiatives 
aimed at reducing GHG emissions or increasing carbon sequestration and can be a tool to examine 
how natural and human influences have impacted carbon storage in the past and monitor the 
progress of policy initiatives over time. 

NWL carbon inventory (i.e., stock) is the total amount of carbon sequestered in woody and 
herbaceous material and in the soil (i.e., the biosphere). Some land management and natural 
activities can increase carbon stocks, for example through riparian restoration, while others can 
contribute to the emission of carbon dioxide (CO2) into the atmosphere, such as wildfire. Live 
vegetation also provides continued sequestration of carbon via respiration while landcover 
consumed by wildfire would lose that sequestration ability for an extended period while the 
landcover recovered. The analyses below follow the Resilient Merced methodology and includes the 
development of land-based emissions. Land-based emissions exist in the form of methane and 
nitrous oxide, which are associated with wetlands and agricultural practices such as fertilizer 
application. However, these land-based emissions are not included in the 2010 and 2020 NWL 
carbon inventories due to the small contribution of wetlands in Calaveras County and because 
fertilizer emissions are already included in the County’s 2018 Community GHG Emissions Inventory. 
Including these emissions in the NWL carbon inventories would result in double counting emissions. 

The NWL carbon inventories estimate carbons stocks, by land-cover class (i.e., mixed forest, 
grassland, shrub, etc.) at two points in time (2010 and 2020), to determine historical changes in 
carbon stocks. This section includes the following: 

▪ NWL Carbon Inventory Data Sources – a complete description of the data sources used to 
complete the carbon inventories 

▪ NWL Carbon Inventory Methods and Findings 

 
9 California Department of Conservation. 2021. Terracount Materials. The Nature Conservancy, Tukman Geospatial, Climate Action 
Reserve, and Merced County. 2018. Resilient Merced. Available: <https://maps.conservation.ca.gov/TerraCount/downloads/>. Accessed 
May 26, 2021. 
10 CARB. 2017. California’s 2017 Climate Change Scoping Plan. Available: 
<https://ww2.arb.ca.gov/sites/default/files/classic//cc/scopingplan/scoping_plan_2017.pdf>. Accessed May 26, 2021. 
11 CARB. 2018. An Inventory of Ecosystem Carbon in California’s Natural and Working Lands. Available: 
<https://ww3.arb.ca.gov/cc/inventory/pubs/nwl_inventory.pdf>. Accessed May 26, 2021. 
12 Includes unincorporated County areas as well as the City of Angels Camp. 

https://ww3.arb.ca.gov/cc/inventory/pubs/nwl_inventory.pdf
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 Land-cover Classification – methods and findings related to the land-cover classification 
process and derived carbon stock estimates for 2010 and 2020 

 Carbon Stock Estimates – methods and findings related to the calculation of carbon stock 
estimates for 2010 and 2020 

▪ County NWL Carbon Inventory Summary – a summary of the results and utility of the NWL 
carbon inventories 

2.1 NWL Carbon Inventories Data Sources 

Jurisdictional NWL carbon inventories require the use of large-scale spatial data sets and carbon or 
biomass data. Geographic information system (GIS) is used to capture, store, manipulate, analyze, 
manage, and present spatial, or geographic, data across the county. The Calaveras NWL carbon 
inventories use publicly available data sources that are expected to be updated in the future. Table 
1 includes the data sources used to complete the Calaveras 2010 and 2020 NWL carbon inventories. 

Table 1 Data Sources Used 

Land Type Data Publication 
Frequency 

Year 

Natural Lands (Forest, Shrubland, 
Grassland, etc.), and Cropland 

LANDFIRE1 2 years 2010, 2020 

Soil National Cooperative Soil Survey (NCSS) 
Characterization Database, the National Soil 
Information System (NASIS), and the Rapid 
Carbon Assessment (RaCA) datasets2 

Annual 2019 

Sources: 
1 LANDFIRE. 2021. LANDFIRE: Existing Vegetation Cover, Height, and Type, United States Department of Agriculture and United States 
Department of the Interior. Available: <https://www.landfire.gov/>. Accessed May 26, 2021 
2 Nauman, et al. 2017. Soil Properties and Class 100m Grids United States. Available: 
<https://scholarsphere.psu.edu/resources/ea4b6c45-9eba-4b89-aba6-ff7246880fb1>. Accessed May 26, 2021. 

LANDFIRE spatial land-cover data provides the foundation of the Calaveras NWL carbon inventories, 
similar to the Resilient Merced project completed for Merced County and the State’s Natural and 
Working Lands Carbon Inventory developed for CARB.13 The data sources used to develop the NWL 
carbon inventories are described below:  

▪ The LANDFIRE data covers the county at a 30-meter resolution. The LANDFIRE layers used 
include Existing Vegetation Type, Cover, and Height.  

▪ The soil data used includes three national United States soil point datasets: NCSS 
Characterization Database, the National Soil Information System (NASIS), and the Rapid Carbon 
Assessment (RaCA) datasets. These datasets include remote sensing images, predictions of soil 
properties (e.g., percent organic carbon, total nitrogen, bulk density, PH, etc.) and classes, 
conventional soil polygon maps from the Soil Survey Geographic database (SSURGO), and 
machine learning. Predictions were generated at 100-meter spatial resolution. 

 

13 California Department of Conservation. 2021.The Nature Conservancy, Tukman Geospatial, Climate Action Reserve, Merced County. 
2018. Resilient Merced. Available: <https://maps.conservation.ca.gov/TerraCount/downloads/>. Accessed May 26, 2021. 
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2.2 NWL Carbon Inventories Methods and Findings 

The Calaveras County NWL carbon inventory methodology is based on the Resilient Merced pilot 
project. The first step includes estimating carbon stocks by land-cover class (i.e., forest, grassland, 
shrub, etc.) using LANDFIRE. This step details changes in land-cover between the two years. The 
second step involves calculating carbon stored in different carbon pools (i.e., above- and below-
ground live biomass, litter, soil, etc.) based on existing vegetation type, cover, and height. This step 
illustrates changes in carbon stock as a result of land-cover changes between 2010 and 2020. The 
sections below describe the methods and findings of the NWL carbon inventories for Calaveras 
County. 

2.2.1 Land-cover Classification 

The NWL carbon inventories are derived from the assignment of all land in the county to discrete 
land-cover classes, representing all land-use types in the County. The Existing Vegetation Type 
LANDFIRE dataset was used to determine the land-cover class. The land-cover classes assigned in 
the 2010 and 2020 NWL carbon inventories are: 

▪ Barren 

▪ Cultivated Crops 

▪ Development 

▪ Deciduous Forest 

▪ Evergreen Forest 

▪ Mixed Forest 

▪ Grassland/Herbaceous 

▪ Open Water 

▪ Shrub/Scrub 

▪ Wetland 

Examples of some of the land-cover classes common to Calaveras County are shown in Figure 1. 

Figure 1 Land-cover Class Example Photos 

Figure 2 and Table 2 detail the results of the land-cover classification in Calaveras for 2010 and 
2020. The data between the two years show decreases in mixed forest and deciduous forest and an 
increase in evergreen forest. The loss in forested land is primarily being replaced by shrub/scrub and 
grassland/herbaceous landcover.  

Mixed Forest Example Shrub/Scrub Example Cultivated Crops Example 

Photo by Dave Hoefler on Unsplash Photo by Mick Haupt on Unsplash Photo by Hannes Richter on Unsplash 

https://unsplash.com/@davehoefler?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText
https://unsplash.com/s/photos/california-forest?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText
https://unsplash.com/@rocinante_11?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText
https://unsplash.com/s/photos/california-vineyard?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText
https://unsplash.com/@weristhari?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText
https://unsplash.com/?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText
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Figure 2 Calaveras County Land-cover Classes (2010 and 2020) 

 
Source: LANDFIRE. 2021 
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Table 2 Calaveras County Land-cover Classes (2010 and 2020) 

Land-cover Class 2010 Acres 2020 Acres Percent Change 

Barren 3,996 3,658 -8 

Cultivated Crops 842 2,912 246 

Deciduous Forest 43,748 37,636 -14 

Development 11,717 12,259 5 

Evergreen Forest 1,835 11,243 513 

Grassland/Herbaceous 13,058 44,797 243 

Mixed Forest 420,723 354,620 -16 

Open Water 14,288 15,960 12 

Shrub/Scrub 152,632 178,190 17 

Wetland1 0 1,563 N/A 

Total 662,838 662,838 - 

Notes: 
1 Though wetlands show a change from 0 to 1,563, this is likely due to inconsistencies in classification. For example, the 
same vegetation type could have been classified as grassland in one year and wetland the next year, without an actual 
change in land-cover. 

Source: LANDFIRE. 2021 

Table 2 above shows the number of acres in each land-cover class for 2010 and 2020 and the 
percent change between the two years. As previously described, mixed and deciduous forests 
decreased, and shrubland and grassland increased from 2010 to 2020. Other categories, such as 
evergreen forest, cultivated crops, and wetlands, show increases over time; however, these 
categories represent a very small portion of the total land area. These increases could be observed 
changes or may be attributed to a difference in classification between the two years, for example a 
forest classified by LANDFIRE as mixed forest 2010 could be classified as evergreen in 2020 with no 
actual change in landcover. Figure 3 illustrates the proportional land-cover changes between 2010 
and 2020.  
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Figure 3 Calaveras County Proportional Land-cover by Vegetation Class (2010 and 2020) 

 
Source: LANDFIRE. 2021 
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2.2.2 Carbon Stock Estimates 

Carbon stock estimates are based on the sum of carbon stored in different carbon pools. This 
analysis includes carbon stored in the following carbon pools: 

▪ above- and below-ground live biomass 

▪ above- and below-ground dead standing trees 

▪ lying dead wood (e.g., branches, logs, etc. lying on the ground surface) 

▪ litter 

▪ soil.  

Carbon stored in all above- and below-ground biomass (including live, dead, and litter), was 
calculated using volumetric estimates of carbon mass (metric tons per hectare) provided by CARB. 
These estimates were provided for every combination of Existing Vegetation Type, Height, and 
Cover and assigned to each 30 by 30-meter cell in Calaveras.  

Soil carbon values were obtained using the combined NCSS Characterization Database, the National 
Soil Information System (NASIS), and the Rapid Carbon Assessment (RaCA) datasets described in the 
NWL Carbon Inventory Data Sources section of this report. The soil carbon inventory estimates were 
determined by using the values provided for soil organic carbon and soil bulk density at a depth of 
0-30cm. Soil carbon was then estimated using Quantification Guidance for Forest Project Protocol 
Version 4.014 as shown in the following equation (the Conversion of Organic Matter to Carbon was 
skipped as the input data we had was already converted to Soil Organic Carbon): 

 

The NWL carbon inventories, which includes the sum of all above- and below-ground biomass and 
soil carbon for 2010 and 2020, are mapped in Figure 4 and provided in Table 3. The average carbon 
stock per acre for each vegetation class is provided in Table 4. All carbon stock values are presented 
in metric tons of carbon dioxide equivalent (MT CO2e).  

 

14 Climate Action Reserve. 2017. Quantification Guidance for Use with Forest Carbon Projects. Available: 
<https://www.climateactionreserve.org/wp-content/uploads/2017/07/FPP_Quantification_Guidance_062817.pdf>. Accessed May 26, 
2021. 

https://www.climateactionreserve.org/wp-content/uploads/2017/07/FPP_Quantification_Guidance_062817.pdf
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Figure 4 Calaveras County Total Carbon Stock (2010 and 2020) 

 
Sources: LANDFIRE. 2021; Nauman, et al, 2017; CARB. 2020. Volumetric estimates of carbon mass from Klaus I. Scott at the CARB Emission 
Inventory Analysis Section of the GHG & Toxics Emission Inventory Branch, AQPS Division. November 17, 2020. 
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Table 3 Calaveras County NWL Carbon Inventories (2010 and 2020) 

Land-cover Class 2010 Total Carbon Stock 
(MT CO2e) 

2020 Total Carbon Stock 
(MT CO2e) 

Percent Change 

Barren 304,138 283,840 -7 

Cultivated Crops 47,803 161,695 238 

Deciduous Forest 5,307,362 4,717,271 -11 

Development 657,179 702,240 7 

Evergreen Forest 265,045 1,181,379 346 

Grassland/Herbaceous 746,009 2,190,346 194 

Mixed Forest 57,446,504 53,696,781 -7 

Open Water 137,051 231,711 69 

Shrub/Scrub 11,828,226 11,115,216 -6 

Wetland 10 71,293 745,417 

Total 76,739,325 74,351,771 -3 

Sources: LANDFIRE, 2021; CARB, 2020 

Table 4 Calaveras County Average Carbon Stock per Acre (2010 and 2020) 

Land-cover Class 2010 Average Carbon Stock  

per Acre (MT CO2e) 

2020 Average Carbon Stock  

per Acre (MT CO2e) 

Barren 76 78 

Cultivated Crops 57 56 

Deciduous Forest 121 125 

Development 56 57 

Evergreen Forest 144 105 

Grassland/Herbaceous 57 49 

Mixed Forest 137 151 

Open Water 10 15 

Shrub/Scrub 77 62 

Wetland 43 46 

Sources: LANDFIRE, 2021; CARB, 2020 
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Table 3 includes the total carbon stock for 2010 and 2020 and the percent change between the two 
years. As described and illustrated in the Land-cover Classification section above, mixed and 
deciduous forest acreage decreased and shrubland and grassland cover increased. The mixed forest 
vegetation class encompassed approximately 63 percent of the total landcover area in 2010 and 
dropped to 54 percent in 2020. This vegetation class contains over 70 percent of the total carbon 
stocks in the County (75 percent in 2010 and 72 percent in 2020). Deciduous forests dropped from 7 
percent to 6 percent from 2010 to 2020 in both landcover area and carbon stock. Shrubland is the 
second largest vegetation class in both landcover and carbon stock. From 2010 to 2020, shrubland 
increased from 23 percent to 27 percent and carbon stock hovered around approximately 15 
percent, only increasing slightly in 2020 compared to 2010. 

Categories, such as wetland, open water, and cultivated crops show large increases over time; 
however, such categories represent a very small portion of the total land areas. Although there was 
a slight decrease in carbon stocks in the County between 2010 and 2020, the magnitude of available 
carbon storage in the County is nearly 2,500 times the total GHG emissions generated by the County 
from transportation, enegy use and waste disposal. Figure 5 shows the proportional carbon stock 
changes between 2010 and 2020. The total carbon stock in the County decreased 3 percent from 
2010 to 2020. Table 4 provides the average amount of carbon sequestered per acre in each of the 
vegetation classes. The forest categories hold the largest amount of carbon, ranging from 100 to 
150 MT CO2e per acre. 
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Figure 5 Calaveras County Proportional Carbon Stock by Vegetation Class (2010 and 2020) 

 
Sources: LANDFIRE, 2021; CARB, 2020 
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2.3 County NWL Carbon Inventory Summary 

The NWL carbon inventory provides a quantitative estimate of historical and existing carbon stored 
in the County as well as estimates of carbon stock, carbon stock changes, and resulting GHG flux in 
the landscape. These carbon stock changes result from disturbances, including conversion of natural 
lands to development and wildfire, among others. NWL carbon inventories are important for 
tracking how disturbances affect carbon stocks and GHG emissions, thereby informing how the 
County’s land base contributes to local and State GHG emissions goals. Although the 2010 and 2020 
NWL carbon inventories do not show a clear link between forest carbon stock decreases due to 
wildfire, CARBs Natural and Working Land Inventory Report attributed the Statewide decrease in 
forest and shrubland carbon stocks from 2001 to 2010 to large wildfires.15 Between 2010 and 2020, 
Calaveras County experienced one large fire, the Butte Fire (in 2015), which burned approximately 
70,868 acres, mostly in Calaveras County. The Butte Fire is ranked 18th on the California Department 
of Forestry and Fire Protection (Cal FIRE) list of the Top 20 Most Destructive California Wildfires.16 
The Butte Fire did not result in a permanent large loss of carbon stock, as indicated in the carbon 
inventory results between 2010 and 2020. However, studies indicate that large, intense fires 
brought on by fire suppression, drought, and other factors, may result in historically forested areas 
changing to shrubland in the future.17 Section 3 discusses potential future emissions from carbon 
stock loss due to wildfire. 

 
15 CARB. 2018. An Inventory of Ecosystem Carbon in California’s Natural & Working Lands. Available: < 
https://ww3.arb.ca.gov/cc/inventory/pubs/nwl_inventory.pdf>. Accessed June 2, 2021. 
16 California Department of Forestry and Fire Protection (CalFIRE). 2021. Top 20 Most Destructive California Wildfires. Available: 
<https://www.fire.ca.gov/media/t1rdhizr/top20_destruction.pdf>. Accessed June 10, 2021. 
17 Carroll. 2016. Severe fires turning forest to shrubland in California. Available: <https://phys.org/news/2016-04-severe-forest-
shrubland-
california.html#:~:text=A%20new%20study%20found%20that,the%20state%20changing%20to%20shrubland.&text=%22Basically%20we%
20are%20switching%20forest,happen%20at%20very%20large%20scales>. Accessed May 26, 2021. 

https://ww3.arb.ca.gov/cc/inventory/pubs/nwl_inventory.pdf
https://phys.org/news/2016-04-severe-forest-shrubland-california.html#:~:text=A%20new%20study%20found%20that,the%20state%20changing%20to%20shrubland.&text=%22Basically%20we%20are%20switching%20forest,happen%20at%20very%20large%20scales
https://phys.org/news/2016-04-severe-forest-shrubland-california.html#:~:text=A%20new%20study%20found%20that,the%20state%20changing%20to%20shrubland.&text=%22Basically%20we%20are%20switching%20forest,happen%20at%20very%20large%20scales
https://phys.org/news/2016-04-severe-forest-shrubland-california.html#:~:text=A%20new%20study%20found%20that,the%20state%20changing%20to%20shrubland.&text=%22Basically%20we%20are%20switching%20forest,happen%20at%20very%20large%20scales
https://phys.org/news/2016-04-severe-forest-shrubland-california.html#:~:text=A%20new%20study%20found%20that,the%20state%20changing%20to%20shrubland.&text=%22Basically%20we%20are%20switching%20forest,happen%20at%20very%20large%20scales
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3 Potential GHG Emissions from Carbon Stock 

Loss Due to Wildfire 

The GHG emissions from wildfires are inherently linked to the loss of carbon stocks in vegetated 
areas. As wildfires burn through forests, grasslands, and shrublands the carbon stored in the 
biomass is released to the atmosphere from the direct combustion of material, and from the 
resulting decay of biomass after a fire has killed vegetation.18 In the past century, fire suppression 
has increased the accumulation of wildfire fuel, as natural, smaller, low-intensity fires that were at 
one-time natural have been prevented to protect lives and property.19 As a result of this disruption 
of the natural carbon cycle and the influences of climate change, wildfires have become more 
severe, resulting in massive losses of carbon stocks and high levels of GHG emissions. The potential 
for carbon losses and subsequent GHG emissions resulting from wildfire can be diminished through 
land use planning and forest management practices, such as forest thinning and prescribed burns. 
This section provides an overview of the carbon/fire cycle, and an analysis of the potential GHG 
emissions from carbon stock loss due to wildfire in Calaveras County. In addition to an assessment 
of the overall emission potential, a case study for an estimate of the GHG emissions associated with 
2015 Butte Fire is provided.  

3.1 Carbon and Fire Cycle 

The carbon cycle is an essential aspect for Earth to maintain the carbon balance required to sustain 
life. The cycle primarily consists of flows of carbon between the atmosphere, biosphere, oceans, and 
Earth’s crust, through various natural processes. While the largest contributor to climate change is 
the human-influenced release of carbon that has long been sequestered in Earth’s crust as fossil 
fuels (long-term carbon cycle), maintaining the carbon exchanges between the biosphere (i.e. 
plants, animals, insects) and atmosphere (short-term carbon cycle) is essential for reducing the 
impacts of climate change and preserving valuable ecosystem services.20   

 
18 Bonnicksen. 2008. Greenhouse Gas Emissions from Four California Wildfires: Opportunities to Prevent and Reverse Environmental and 
Climate Impacts. Available: <http://www.orww.org/Wildfires/References/Climate_&_Atmosphere/Bonnicksen_2008.pdf>. Accessed June 
2, 2021 
19 CARB. 2021. Frequently Asked Questions: Wildfire Emissions. Available: 
<https://ww3.arb.ca.gov/cc/inventory/pubs/wildfire_emissions_faq.pdf>. Accessed June 7, 2021. 
20 CARB. 2021. Frequently Asked Questions: Wildfire Emissions. Available: 
<https://ww3.arb.ca.gov/cc/inventory/pubs/wildfire_emissions_faq.pdf>. Accessed June 7, 2021. 
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Figure 6 graphically details the carbon cycle exchange between the biosphere and atmosphere, 
including when 1) carbon stock loss occurs within the biosphere releasing GHG emissions into the 
atmosphere as a result of wildfire as well as 2) how carbon dioxide from the atmosphere is 
sequestered by vegetation in the biosphere. 

 

  



Potential GHG Emissions from Carbon Stock Loss Due to Wildfire 

17 
 

Figure 6 Forest Carbon and Fire Cycle 

 
Source: Rincon Consultants, Inc., 2021 

 

The health of the majority California’s ecosystems are dependent on wildfire, which can reduce 
buildup of organic debris that can fuel high-severity wildfires, release nutrients into the soil, and 
trigger changes in vegetation community composition.21 Historically, indigenous people of California 
understood the interactions of wildfire and the natural lands, even using controlled burns to 
promote the health of natural lands. However, in the 20th century fire suppression became the 
guiding force for U.S. fire policy that was intended to protect communities and resources.22 This has 
created a disruption in the natural carbon cycle of forests that arises from a lack of naturally 
occurring fires that serve to regularly clear undergrowth, enhance available nutrients, and promote 
the long-term health of mature trees.  

Climate change has also contributed to this imbalance in the carbon cycle, where forests have 
become increasingly affected by drought and invasive species. This can turn forests into a carbon 
source, with decaying biomass emitting carbon to the atmosphere and becoming fuel for 

 
21 CARB. 2020. Public Comment Draft: Greenhouse Gas Emissions of Contemporary Wildfire, Prescribed Fire, and Forest Management 
Activities. Available: <https://ww3.arb.ca.gov/cc/inventory/pubs/ca_ghg_wildfire_forestmanagement.pdf>. Accessed June 7, 2021. 
22 Bruno. 2020. Indigenous tribes in California and other parts of the U.S. have been rekindling the ancient art of controlled burning. The 
Nature Conservancy. Available: <https://www.nature.org/en-us/magazine/magazine-articles/indigenous-controlled-burns-california/>. 
Accessed June 7, 2021. 
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wildfires.23 The current state of many California forests is that of a carbon cycle imbalance, where 
more severe wildfires occur that burn hotter and more intense resulting in a higher loss of carbon 
storage in biomass and, in turn, generate a greater release of GHG emissions into the atmosphere 
from both the initial burning and later decay of burned trees. This loss of biomass also reduces the 
ability for forests to continue to absorb carbon generated by human activities, furthering the carbon 
imbalance seen in the atmosphere.  

Carbon cycle imbalances between the atmosphere and biosphere create a feedback loop that 
exacerbates the impacts of wildfire. The increased carbon dioxide levels in the atmosphere 
contribute to climate change, which impacts forests by increasing tree mortality due to extreme 
heat events, droughts, and increased levels of invasive species.24 The combination of climate 
change and the unhealthy forests that result from human policy and land use development are both 
contributing to high-severity wildfires (high present long term perturbations to ecosystems, 
biodiversity, and carbon storage potential) and increased GHG emissions from the direct loss of 
carbon stock during wildfire events. 

3.2 Land Carbon Stock by Vegetation Type 

GHG emissions from wildfire is dependent on the vegetation type, as vegetation types with higher 
carbon densities have a higher potential for GHG emissions (i.e. forests) and vegetation types with 
lower carbon densities have a lower potential for GHG emissions (i.e. grass and shrublands). The 
NWL carbon inventory performed in the previous section provides a basis for assessing the carbon 
emissions associated with different vegetation types based on their carbon storage potential. While 
there are many factors that can attribute to the degree which carbon storage is lost from a wildfire 
(i.e. fuel loading and fuel moisture), generally, areas with higher carbon storage values will see 
higher carbon emissions and higher losses of carbon storage in many wildfire scenarios.  

Each land cover class discussed in the NWL carbon inventory provides a unique carbon storage value 
and accordingly a unique potential for carbon loss during wildfire. Biomass carbon densities were 
derived from the NWL inventory, using volumetric estimates of carbon mass provided by the CARB 
and the Calaveras specific Existing Vegetation Types, Heights, and Covers. As shown in Table 5, 
mixed forests have the largest biomass carbon densities and cover the largest land area in Calaveras 
County. Deciduous forests also have a relatively large biomass carbon density and contribute the 
second most to the overall biomass carbon stock in the County, even though land area covered is 
relatively small compared to shrub/scrub land cover and mixed forest. The deciduous forest and 
mixed forest land covers contribute the largest to the total biomass carbon stocks, and as such have 
the highest potential for carbon losses in the case of wildfire.  

  

 

23 Natural Resources Canada. 2020. Climate Change Impacts on Forests. Available: <https://www.nrcan.gc.ca/climate-change/impacts-
adaptations/climate-change-impacts-forests/forest-carbon/13085>. Accessed June 7, 2021. 
24 CARB. 2021. Frequently Asked Questions: Wildfire Emissions. Available: 
<https://ww3.arb.ca.gov/cc/inventory/pubs/wildfire_emissions_faq.pdf>. Accessed June 7, 2021. 
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Table 5 Calaveras County NWL Biomass Carbon Density (2010 and 2020) 

  2010   2020  

Land-cover 
Class 

2010 Biomass 
Carbon Stock 

(MT CO2) 2010 Acres 

2010 Biomass 
Carbon 

Density (MT 
CO2/acre) 

2020 Biomass 
Carbon Stock 

(MT CO2) 2020 Acres 

2020 Biomass 
Carbon 

Density (MT 
CO2/acre) 

Barren 4,941 3,996 1.2 4,526 3,658 1.2 

Cultivated 
Crops 

3,773 842 4.5 10,373 2,912 3.6 

Deciduous 
Forest 

2,339,939 43,748 53.5 2,264,892 37,636 60.2 

Development 0.0 11,717 0.0 0.0 12,259 0.0 

Evergreen 
Forest 

97,079 1,835 52.9 228,808 11,243 20.4 

Grassland/ 
Herbaceous 

29,751 13,058 2.3 118,491 44,797 2.6 

Mixed Forest 26,028,502 420,723 61.9 25,851,098 354,620 72.9 

Open Water 0.0 14,288 0.0 0.0 15,960 0.0 

Shrub/Scrub 3,932,040 152,632 25.8 1,566,025 178,190 8.8 

Wetland 0.0 0.0 0.0 4,259 1,563 2.7 

Total 32,436,025 662,838 49 30,048,472 662,838 45 

Sources: LANDFIRE, 2021; CARB, 2020 

3.3 Potential Emissions from Carbon Stock Loss  

Wildfires contribute significantly to carbon stock losses which result in GHG emissions as the carbon 
stocks are transferred from the biosphere to the atmosphere. While many factors contribute to the 
degree in which carbon is lost during a wildfire event, the analysis here is intended to provide a 
general estimate from theoretical fire scenarios and a review of the carbon stock loss and emissions 
potential from the 2015 Butte Fire. The primary focus of the GHG emissions analysis is on forested 
areas with larger potential for carbon storage losses. 

It is difficult to accurately estimate GHG emission and carbon stock losses from wildfire, as each 
wildfire event has different characteristics that influence the degree to which carbon stocks are lost. 
The intensity of fires can vary greatly, even within areas of the same wildfire event. Some events can 
result in a nearly complete loss of all living biomass, whereas some may only burn undergrowth and 
leave longstanding trees relatively unharmed. These variables may greatly impact the degree to 
which carbon stocks are lost and GHG emissions are generated. Additionally, the decomposing 
deadfall that remains after live vegetation has been burned by wildfire also serves as an emissions 
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source for decades after the initial emissions impact of fuel burning, which further complicates the 
full understanding of GHG emissions and carbon stock loss impact.25  

3.3.1 Cause, Vegetation Type, and Area of Emissions Impacts 

Estimates for wildfire emissions potential for forested areas of Calaveras County are based on the 
2010 study High-severity wildfire effects on carbon stocks and emissions in fuels treated and 
untreated forest.26 This study surveyed the carbon stock loss and emissions impact of several fires 
throughout California in both treated areas, where forest management has occurred, and untreated 
areas. The American River Complex fire surveyed in the study occurred in a region of the western 
Sierra Nevada Mountains in Placer County, which is estimated to be the most characteristic of 
Calaveras County forests. While the live tree and surface fuel carbon stocks estimated from the 
study do not exactly match that those derived in from the NWL inventory in this study, different 
survey methods were used to estimate biomass carbon which is the likely source of this 
discrepancy.27 The emission estimates reported from wildfire in the study area show that 
approximately 28.9 to 30.7 percent of the biomass carbon is converted to emissions in areas of the 
wildfire that were untreated, which decreased to a range of 12.7 to 12.9 percent for treated forests.  

The emissions estimates based on the aforementioned 2010 study estimates the wildfire emissions 
that would occur in deciduous and mixed forests and can be used as a reference for similar land 
cover in Calaveras County, which represent 8 and 86 percent of above- and below-ground carbon 
stocks in Calaveras County in 2020, respectively. For untreated forests, an average of 29.8 percent 
of biomass carbon could be converted to carbon emissions from wildfire. Using 2020 biomass 
carbon densities for deciduous and mixed forest of 60.2 and 72.9 MT CO2/acre, respectively, in 
Table 4, burning of this land during a wildfire has the potential to release emissions of 17.9 and 21.7 
MT CO2/acre burned. This value generally aligns with the CARB estimates for overall California 
annual wildfire emission per acre, which averages to about 20.6 MT CO2e/acre between the years 
2000 and 2019.28,29 Given that the California wildfire emissions also include the burning of 
grasslands and shrublands, it is likely that the values derived here for Calaveras County is an 
underestimate. In the unlikely scenario that the majority of the deciduous and mixed forests in 
Calaveras County were to burn over multiple future wildfire events, the forested land of Calaveras 
County has an emissions potential of over 8 million MT CO2 from the conversion of carbon stocks to 
atmospheric carbon. 

The emissions estimates for wildfire in forested areas provided here are intended to provide a 
general estimate based on published relevant research. Fire emission modeling performed in other 
practices can take many additional considerations into account, including weather conditions, fuel 
moisture content, fire intensity, and smoldering time. However, this is beyond the scope of the 
analysis completed here-in. 

 
25 North and Hurteau. 2011. High-severity wildfire effects on carbon stocks and emissions in fuels treated and untreated forest. Available: 
<https://www.fs.fed.us/psw/publications/north/psw_2011_north002.pdf>. Accessed June 3, 2021. 
26 North and Hurteau. 2011. High-severity wildfire effects on carbon stocks and emissions in fuels treated and untreated forest. 
Available: <https://www.fs.fed.us/psw/publications/north/psw_2011_north002.pdf>. Accessed June 3, 2021. 
27 North and Hurteau. 2011. provides a biomass carbon density of 84.7 and 82.3 MT CO2/acre for the two survey areas, while the NWL 
inventory provides an estimate of 72.9 MT CO2/acre for mixed forest. 
28 The average wildfire emissions per acre account for the burning of shrublands and grasslands, which have lower carbon storage values, 
as well as forests. Therefore, it is expected that the average value for all fires in California would be expected to be lower than the value 
for forests specifically.  
29 CARB. 2020. Public Comment Draft: Greenhouse Gas Emissions of Contemporary Wildfire, Prescribed Fire, and Forest Management 
Activities. Available: <https://ww3.arb.ca.gov/cc/inventory/pubs/ca_ghg_wildfire_forestmanagement.pdf>. Accessed June 7, 2021. 
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3.3.2 Wildfire-related GHG Emissions Case Study – Butte Fire 

The Butte Fire that occurred in September 2015 is one of the top 20 most destructive California 
wildfires and was the most significant wildfire to occur in Calaveras County in the past century with 
70,868 acres burned. 30 The fire was ignited by tree branches coming in contact with powerlines in 
Amador County in September of 2015, with high winds quickly spreading the fire into Calaveras 
County. Not only did this fire ignite in the WUI, nearly 30 percent of acreage burned was considered 
WUI land.31 The Butte Fire occurred in the midst of California’s historic drought, from 2012 to 2016. 
Increased potential for extended dry periods that fuel wildfires is expected with climate change.32  

The Butte Fire burned through regions of the County with high carbon sequestration values, 
resulting in high GHG emissions and high carbon stock losses. As shown in Figure 7 and Table 6, the 
wildfire burned through primarily deciduous forest and mixed forest land-cover vegetation types in 
Calaveras County, as provided by the 2010 NWL inventory.  

 
30 CalFIRE. 2021. Top 20 Most Destructive California Wildfires. Available: 
<https://www.fire.ca.gov/media/t1rdhizr/top20_destruction.pdf>. Accessed May 26, 2021. 
31 Bay City News. 2018. Wildland Development Escalates California Fire Costs. Available: 
<https://www.kqed.org/news/11713393/wildland-development-escalates-california-fire-costs>. Accessed June 7, 2021. 
32 Diffenbaugh et al. 2015. Anthropogenic warming has increased drought risk in California. Available: 
<https://www.pnas.org/content/112/13/3931.short>. Accessed June 7, 2021. 
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Figure 7 2010 NWL Inventory and Butte Fire Perimeter 

Sources: CalFIRE, 2020; ESRI, 2021; LANDFIRE 2021 
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Table 6 Butte Fire Footprint Land-cover Class from 2010 NWL Inventory 

Land-cover Class Butte Fire Footprint Area (acres) Percentage of Footprint Area 

Barren 61 <1% 

Deciduous Forest 14,281 21% 

Development 429 1% 

Evergreen Forest 232 <1% 

Grassland/Herbaceous 172 <1% 

Mixed Forest 49,473 74% 

Open Water 89 <1% 

Shrub/Scrub 2,566 4% 

Grand Total 67,303 100% 

Sources: LANDFIRE, 2021; CARB, 2020 

A general estimate of GHG emissions associated with the Butte Fire can be calculated using the 
deciduous forest and mixed forest emission factors of 17.9 and 21.7 MT CO2/acre burned, derived 
above. As shown in Table 7, it has been estimated that the Butte Fire generated approximately 1.3 
million MT CO2 from direct fire emissions from the primary affected vegetation types, which only 
includes the direct emissions from conmustion and does not account for the additional future 
emission that occur as burned biomass decays and emits GHGs for decades after the event. This 
conversion of carbon, sequestered in biomass, to atmospheric carbon contributing to climate 
change impacts is nearly four times the GHG emission generated by the County from energy 
consumption, waste generation and transportation in one year.  

Table 7 Butte Fire GHG Emission Estimates from Primary Land-cover Types 

Land-cover Class 
Butte Fire Footprint 

Area (acres) 
Percentage of 
Footprint Area 

GHG Emission Factor 
(MT CO2/acre) 

GHG Emissions  
(MT CO2) 

Deciduous Forest 14,281 21% 17.9 255,632 

Mixed Forest 49,473 74% 21.7 1,073,557 

Grand Total 63,754 95%  1,329,188 

Sources: LANDFIRE, 2021; CARB, 2020; CalFIRE, 2020; MP North and MD Hureau. 2011 

 

 

 



Potential GHG Emissions from Carbon Stock Loss Due to Wildfire 

24 
 

3.4 County Land Carbon Management Scenarios 

The degree to which carbon is lost during a wildfire event is dependent on many variables, one of 
which is whether fire management practices have occurred in the affected area. It has been shown 
that fire management practices such as deadfall clearing, thinning, and prescribed burning have a 
significant influence on reducing the intensity and severity of wildfires resulting in more living trees 
remaining after a wildfire event.33 While most forest management practices result in a net removal 
of carbon stocks from either the managed burning or removal of biomass material, the long-term 
benefits of protecting large trees with higher carbon storage values and preserving natural 
ecosystems may outweigh the short-term loss of carbon storage.  

While wildfires are a natural process that will inevitably continue, management of forests in the 
County can significantly reduce the impacts of wildfires in both severity and GHG emission potential. 
Based on the results of the 2010 study High-severity wildfire effects on carbon stocks and emissions 
in fuels treated and untreated forest , forested areas that have been treated with mechanical and 
prescribed fire forest management show significantly less GHG emissions and tree mortality rates 
than areas that were untreated.34 In the western Sierra Nevada wildfire scenario discussed in 
Section 3.3, Potential Emissions from Carbon Stock Loss, wildfire in untreated forest areas converted 
approximately 29.8 percent of biomass carbon to GHG emissions, while treated forest areas had 
approximately 12.8 percent of biomass carbon converted to 
GHG emissions. Similarly, treated forests experienced far 
less tree mortality rates, with 58 to 63 percent tree 
mortality compared to 93 to 100 percent tree mortality in 
untreated forests. Based on these results, forest 
management to reduce the intensity and severity of 
wildfires can reduce GHG emissions from wildfire by 
approximately 57 percent. In the context of Calaveras 
County, this could reduce the GHG emissions potential per 
acre of forested land from 21.7 MT CO2/acre burned down 
to 9.3 MT CO2/acre burned.  

3.5 County Emissions from Carbon Stock Loss Summary 

The potential impact of GHG emissions from wildfire in forested areas of Calaveras County is 
significant and would result in a net loss of valuable carbon stocks that sequester GHG emissions 
that contribute to the impacts of climate change. Forest management practices such as thinning and 
prescribed burns can reduce both the GHG emission from wildfire and reduce the severity and 
intensity of wildfires, resulting in reduced tree mortality rates. While forest management practices 
result in a net loss of carbon in the County, the potential to preserve longstanding carbon reserves 
in larger trees reduces the potential for uncontrolled fires in the County. This connection between 
carbon stock loss and wildfire-related GHG emissions is essential for understanding the impact 
related to the County’s potential contribution of GHG emissions related to wildfire occurrence. 
Section 4 discusses climate change vulnerability specific to wildfire. 

 
33 Halofsky et al. 2020. Changing wildfire, changing forests: the effects of climate change on fire regimes and vegetation in the Pacific 
Northwest, USA. Available:<https://fireecology.springeropen.com/articles/10.1186/s42408-019-0062-8#Sec27>. Accessed June 3, 2021. 
34 North and Hurteau. 2011. High-severity wildfire effects on carbon stocks and emissions in fuels treated and untreated forest. 
Available: <https://www.fs.fed.us/psw/publications/north/psw_2011_north002.pdf>. Accessed June 3, 2021. 

While forest management 
practices result in a net loss of 
carbon in the County, the 
potential to preserve longstanding 
carbon reserves in larger trees 
reduces the potential for 
uncontrolled fires in the County. 
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4 Climate Change Vulnerability Assessment 

Specific to Wildfire 

The Calaveras County potential wildfire-related GHG emissions from carbon stock loss lends to a 
critical opportunity to assist in furthering thought leadership, especially when facing a challenge as 
daunting as adapting to changing fire frequency, intensity, and consequences that have been driven 
by climate change, development patterns, and land management practices. Thus, provided below is 
a Calaveras County climate change vulnerability assessment specific to the climate change hazard of 
wildfire. The increasing devastation and loss of life from wildfires in California’s WUI must be 
mitigated to reverse this destructive trend and make California safer while improving the health of 
California’s forests, shrublands, and grasslands. 

4.1 Historical Wildfire 

Calaveras County has experienced wildfire over the past century, as shown by the historical wildfire 
maps below in Figure 8. The most recent period from 2001 to 2020 shows a greater amount of 
County acreage affected by wildfire compared to the period from 1920-1940. 

Figure 8 Calaveras County Fire Footprints (1920-1940 and 2001-2020) 

Source: CalFIRE Fire and Resource Assessment Program (CalFIRE FRAP). 2021. California Fire Perimeters GIS dataset. Available: 
<https://frap.fire.ca.gov/mapping/gis-data/>. Accessed May 26, 2021. 
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However, as shown in Figure 9, over the approximate last century the majority of the top 20 largest 
California wildfires occurred since 2000. Specifically, five of the State’s six largest fires burned more 
than four million acres during the same timeframe (double the previous record) in 2020, destroying 
thousands of buildings, forcing hundreds of thousands of people to flee their homes, and exposing 
millions of people across the State to dangerously unhealthy air.  

Figure 9 Top 20 Largest California Wildfires 

 
Source: CGFMTF. 2021. California Wildfire & Forest Resilience Action Plan. Available: 
<https://www.fire.ca.gov/media/ps4p2vck/californiawildfireandforestresilienceactionplan.pdf>. Accessed May 27, 2021. 

 

Therefore, the expanse of acreage affected by wildfire has increased over time, and the frequency 
and intensity of wildfire has also increased over the past century throughout California. 
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4.2 Wildfire Exposure Potential 

Wildfire exposure potential can be determined by looking at the existing and projected likelihood of 
certain areas to wildfire. The existing likelihood is discussed below in terms of existing mapped fire 
hazard severity zones for Calaveras county. The projected likelihood is discussed below in terms of 
projected wildfire exposure areas for Calaveras County. 

4.2.1 Existing Fire Hazard Severity Zones 

The California Department of Forestry and Fire Protection (CalFIRE) serves and safeguards the 
people and protects the property and resources over 31 million acres of California's privately owned 
wildlands. Preventing wildfires within the State Responsibility Area (SRA) is a pivotal part of 
CalFIRE's mission. Public Resources Code 4201-4204 direct CalFIRE to map fire hazard within SRA 
based on relevant factors such as fuels, terrain, and weather. Additionally, CalFIRE provides 
recommendations for Local Responsibility Area (LRA) lands for cities and unincorporated areas of 
counties. These statutes were passed after significant WUI fires occurred and, consequently, fire 
hazards are described according to their potential for causing ignition to buildings. The Fire Hazard 
Severity Zones (FHSZs) provide the basis for application of various strategies to reduce risks to 
buildings associated with wildland fires and also relate to the requirements for building codes 
designed to reduce ignition potential to buildings in WUI zones.35 As shown in Figure 10, the 
majority of Calaveras County is mapped as a FHSZ. The eastern portion of the County is dominated 
by a category of Very High FHSZ, while the western portion of the County is mapped as a 
combination of Very High, High, and Moderate FHSZs. Figure 11 also shows the Very High FHSZs 
within the City of Angels Camp, as recommended by CalFIRE. These show Very High FHSZs in the 
northwestern, southern, and eastern regions of the City.  
  

 
35 California Office of the State Fire Marshal (COSFM). 2021. State Fire Hazard Severity Zones Maps. Available: 
<https://osfm.fire.ca.gov/divisions/wildfire-planning-engineering/wildland-hazards-building-codes/fire-hazard-severity-zones-maps/>. 
Accessed May 25, 2021. 
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Figure 10 Calaveras County Fire Hazard Severity Zones in SRA 

 
Source: COSFM, 2021. 
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Figure 11 City of Angels Camp Fire Hazard Severity Zones in LRA 

Source: COSFM, 2021. 

Projected Wildfire Exposure Due to Climate Change 

Historical fire occurrence data and existing fire hazard severity zones in conjunction with climate 
change projections can be used to evaluate the relative probability of wildfire ignition and 
occurrence of large fires across the State and in Calaveras County.36 Potential wildfire hazard due to 
climate change over the next approximate century is expected to continue to grow in the State and 
within Calaveras County. Per Cal-Adapt and as shown in Figure 12 and Figure 13, wildfire impacts 
are projected to further increase, especially within the eastern portions of Calaveras County, in 
terms of the number of acres burned over the next century.37 

  

 
36 Conservation Biology Institute. 2021. Modeling the Potential for Fire Ignition and Large Fire Occurrence. 
37 These Cal-Adapt figures projecting wildfire acres burned over the next approximate century utilize the representative concentration 
pathway (RCP) 8.5 (high emissions scenario) per CalOES recommendation. 
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Figure 12 Calaveras County Projected Wildfire Exposure Areas (2020s) 

Source: Cal-Adapt, 2021. 
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Figure 13 Calaveras County Projected Wildfire Exposure Areas (2090s) 

Source: Cal-Adapt, 2021. 

These resulting projected wildfire exposure area maps are intended to support a regional priority 
plan to reduce wildfire risk and improve forest health. 

4.3 Wildfire Community Sensitivities 

Communities will be affected by climate change to varying degrees depending on how sensitive the 
communities are to impacts and the severity of the impacts. Virtually all people and assets in a 
community will be affected by climate change in some way. However, it is not usually feasible to 
assess the vulnerability of every population group or every asset in the community. The sensitivity 
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of a community depends on the aspects of the community (i.e., specific populations and assets) 
most affected by anticipated climate impacts, and how prevalent they are in the community. The 
most likely impact of climate change that Calaveras County may experience is an increase in wildfire 
risk. This section of the vulnerability assessment identifies sensitive areas of the Calaveras 
community. 

4.3.1 Populations 

Population demographics are determined using the California Healthy Places Index (HPI) and United 
States Census Bureau unless otherwise noted. County level data are among the more 
comprehensive statistics available for understanding climate impacts on Sierra Nevada communities 
and show that 12 of the 20 counties in the Sierra Nevada qualify as disadvantaged or economically 
distressed; Calaveras County hovers at the threshold, though it is not considered distressed despite 
the community and landscape devastation caused by the 2015 Butte Fire.38 However, of the 45,578 
persons residing in Calaveras County, the following population groups may be disproportionately 
harmed by the climate change hazard of wildfire. 

Older adults: Persons 65 years or older are more at risk for climate change impacts related to 
wildfire, especially those living alone, because aging can impair muscle strength, coordination, 
cognitive ability, immune system, and the regulation of body temperature. These conditions can be 
exacerbated by poor air quality resulting from wildfires and present challenges in evacuating older 
adult populations. Approximately 28 percent of County residents are over 65 years, which is more 
than the Statewide average of 15 percent of residents over 65 years. 

Persons with chronic health conditions or disabilities: These are people who have a long-term or 
permanent health condition that can create regular challenges in their day-to-day lives. These 
health problems include cancer, heart disease, obesity, and arthritis. In addition, these are people 
with any kind of disability, including mobility challenges, hearing or vision impairments, behavioral 
disabilities, and challenges living independently or taking care of themselves. Chronic illnesses are 
exacerbated by climate change, with wildfire presenting additional risk through increased air 
pollution and difficulty in evacuating persons with mobility challenges and essential medical 
equipment. Approximately 15 percent of County residents have a disability. 

Renters: These are people who live in homes that they (or the head of their household) do not own. 
Renters have less control over home improvements than homeowners and may not be able to 
adequately protect themselves from climate hazards such as wildfire by retrofitting their homes and 
adjusting their property’s surroundings. Approximately 12 percent of housing units in the County 
are renter-occupied. 

Uninsured individuals: People without health insurance have difficulty accessing quality health care 
and are more likely to have unmet health needs. Climate impacts such as wildfire and related 
elevated levels of air pollution are expected to cause direct and indirect health impacts, particularly 
for vulnerable populations with limited or no access to health services. Approximately 7 percent of 
County residents aged 18 to 64 are uninsured. 

 

38 OPR, CNRA, and California Energy Commission (CEC). 2021. California’s Fourth Climate Change Assessment Report – Sierra Nevada 
Region Report. Available: <https://www.energy.ca.gov/sites/default/files/2019-11/Reg_Report-SUM-CCCA4-2018-
004_SierraNevada_ADA.pdf>. Accessed May 28., 2021. 
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4.3.2 Buildings 

Residential Structures: Residential structures in Calaveras County consist of single-family dwellings 
and multi-family units, totaling 27,995 housing units.  

Public Safety Facilities: Public safety facilities include fire buildings and police stations. Calaveras 
County has 39 fire departments and fire stations owned and operated by nine local fire districts. The 
County is also served by the Calaveras County Sherriff’s Office with a headquarters and four 
substations located within the County.39 

Community Facilities and Government Buildings: Community and government facilities are public 
properties and are important to the residents as well as the operation of the County. The County 
seat is located in San Andreas. In addition, there are eight public libraries within the County, the San 
Andreas Central Library and seven additional branch libraries.40  

Schools: Calaveras County has four school districts and a County Office of Education. There are ten 
elementary schools (one is K-8), two middle schools, two high schools, and several alternative 
schools. The total K-12 student population is approximately 5,300.41 The schools are located 
primarily along access road corridors such as California Highway 49, California Highway 4, and 
California Highway 26, and the County Office of Education is located proximate to the intersection 
of California Highways 49 and 4 in Angels Camp. 

4.3.3 Infrastructure 

Access Roads: Access roads provide entry to and exit from communities and neighborhoods. A 
limited number of entry and exit points does not make a road itself more vulnerable than other 
roads, but disruption to access roads can effectively cut off large numbers of people from other 
areas of the County. California State Routes 49, 4, and 26 are the primary access roads into and out 
of the County. 

Water System: The Calaveras County Water District supplies water to the County, including to about 
13,080 municipal and residential/commercial customers in six service areas throughout the 
County.42 Within the City of Angels Camp, the City provides water and sewer services to businesses 
and residents.  

Electrical Utility Lines and Natural Gas Pipelines: These lines transmit and deliver electricity and 
natural gas from Pacific Gas & Electric to the County. The County has both underground and 
overhead electric utility lines as well as underground natural gas pipelines. 

Electrical Substations: Electrical substations are facilities that convert electricity from one voltage to 
another, making it suitable for long-distance transmission or for use by homes, businesses, and 
other electrical customers. There is one electrical substation, the PG&E Valley Springs Substation, 
located within the County limits and owned and operated by Pacific Gas & Electric.  

 
39 Calaveras County. 2021. County Sheriff’s Office. <https://sheriff.calaverasgov.us/Outreach/Substations>. Accessed June 2, 2021. 
40 Calaveras County. 2021. County Library and All Branch Locations. Available: <https://library.calaverasgov.us/Locations-Hours>. 
Accessed June 2, 2021. 
41 Calaveras County Office of Education (CCOE). 2021. Calaveras County School Location and District Information. Available: 
<https://www.ccoe.k12.ca.us/apps/pages/index.jsp?uREC_ID=1175520&type=d&pREC_ID=1423925#:~:text=Calaveras%20Unified%20Sch
ool%20District%20is,Road%20Flat%20and%20West%20Point.>. Accessed June 2, 2021. 
42 Calaveras County Water District (CCWD). 2021. Our History. Available: <https://ccwd.org/about/>. Accessed June 9, 2021. 
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4.3.4 Natural and Managed Resources 

Forest Resources: Forests in Calaveras County represent a natural and economic resource. Forest 
lands provide natural habitats as well as opportunities for recreation. Calaveras County spans 
663,290 acres (1,036 square miles). As shown in Table 2, a total of 403,499 acres of evergreen, 
deciduous, and mixed forest lands exist within the County. As such, forested areas represent 
approximately 61 percent of County land area. The forest supports a wide variety of wildlife and 
plant species due to its range in climate, elevation, and geology. The Stanislaus National Forest 
contains approximately 325,000 acres of commercial forest land and is also home to the Emigrant 
Wilderness, Mokelumne Wilderness, and the Carson-Iceberg Wilderness. 

With approximately 159,000 acres of hardwood habitat (24 percent of land area in the County), 
including 2,000 acres of Blue Oak-Foothill Pine, 55,000 acres of Blue Oak Woodland, 102,000 acres 
of Montane Hardwood, and a small amount of Montane Riparian habitat, Calaveras County contains 
approximately 1.6 percent of California’s nearly 10 million acres of hardwood rangeland and forests. 
It leads all other counties in the percentage of County land area in oak woodland within the State. 
And in Calaveras County, approximately 89 percent of the County's hardwood rangelands are 
privately held, and 75,901 acres is located within the Stanislaus National Forest. 43, 44 

Timber Resources: As of 2018, the County contained approximately 77,500 acres of land zoned as 
Timberland Production. Timber is the largest commodity industry in the County at $8,948,100 of 
revenue in 2018. Quality timber harvesting returned to the County with a good market. Crews also 
worked on fire breaks, and those sellable logs were utilized. The California Forest Practice Act was 
enacted to ensure that logging is done in a sustainable manner that will preserve and protect 
wildlife, forests, and streams. The CFPA is applicable to all commercial harvesting activities 
conducted by landowners of small parcels and large timber companies alike in the County. CalFire is 
responsible for enforcing the laws that regulate logging on privately-owned lands in California. 45  

Livestock Resources: As of 2018, the County contained approximately 198,000 acres of rangeland 
with 17,700 head of cattle/calves. Cattle/calves and poultry are the second and fourth largest 
commodity industries in the County at $7,852,537 and $3,338,100 of revenue, respectively, in 2018. 
Cattle grazing provides an additional benefit of reducing vegetated fuel load and maintaining open 
space to reduce fire hazard in the County.46  

Crop Resources: As of 2018, the County contained approximately 711 acres of wine grape crops and 
794 acres of walnuts crops. Wine grapes and walnuts are the third and fifth largest commodity 
industries in the County at $3,389,750 and $1,346,624 of revenue, respectively, in 2018. In addition 
to gross production value, wineries and tasting rooms provide added value to the wine grape yields 
and walnut sales to rangeland visitors provides added value to the walnut yields in the County. 47 

 
43 Calaveras County. 2018. Calaveras county General Plan Draft EIR Agricultural, Forest, and Mineral Resources Chapter. Available: 
<https://planning.calaverasgov.us/Portals/Planning/Documents/Draft%20General%20Plan%20Update/CEQA/4_2_Agricultural%20Forest
%20and%20Mineral%20Resources.pdf>. Accessed June 3, 2021. 
44 Calaveras County. 2007. Voluntary Oak Woodland Management Plan. Available: 
<https://ema.calaverasgov.us/Portals/EMA/Documents/Ag/Oak_Woodland_Management_Plan.pdf>. Accessed June 3, 2021. 
45 Calaveras County. 2018. Calaveras County Crop Report. 
46 Calaveras County. 2018. Calaveras County Crop Report. 
47 Calaveras County. 2018. Calaveras County Crop Report. 
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4.4 Wildfire Impacts Due to Climate Change 

Climate change hazards and impacts vary depending on location. Understanding local climate 
hazards and impacts allows communities to prepare for the future and increase their resilience. 
Climate change is projected to continue affecting Calaveras County in many ways, including 
increased wildfires and associated air pollution. Projected wildfire impacts for Calaveras County are 
described below based on information presented by Cal-Adapt and the Sierra Nevada Summary 
Report of California’s Fourth Climate Change Assessment. 

The combination of warmer temperatures and greater precipitation variability are expected to 
increase the prevalence of droughts in the State and Calaveras County and, thus, need for forest 
fuel management practices. These changes in climate pose daunting challenges to the region’s 
landscapes, resources and communities, including wildfire risk. Fire is a major driver of the 
ecosystems of the Sierra Nevada region. The warming and drying trends are projected to increase 
the frequency and severity of wildfire. A progressively altered fire regime is a primary and acute risk 
to the flora, fauna, and persons of the Sierra Nevada region. High-severity wildfires have the 
potential to transform urban and natural landscapes, perhaps irreversibly, thereby threatening 
population communities with death, injury, and/or displacement, residential and other key buildings 
damage, and critical infrastructure in terms of access to access roads, water service, and power 
service. The smoke and air pollution produced by wildfire is also a serious threat to human health.48 
Furthermore, wildfires have the potential to damage the County’s forest, timber, livestock, and crop 
resources, which could in turn adversely affect the County’s valuable habitat and ecosystem services 
as well as timber, livestock (cattle and poultry), wine grape, and walnut industries. 

Therefore, location of funding in terms of wildfire and specifically WUI fire risk will be important for 
the County to identify and obtain for ongoing forest fuel management practices and increased 
wildfire prevention. 

4.5 Wildland Urban Interface Vulnerability 

The WUI is the zone of transition between unoccupied land and human development. It is the line, 
area, or zone where structures and other human development meet or intermingle with 
undeveloped wildland or vegetative fuels. Communities adjacent to and surrounded by wildland are 
at varying degrees of risk from wildfires. 

4.5.1 Wildfire Cause and Times of Year 

Wildland fires are classified as either naturally occurring or human-caused. Common causes of 
wildfire, which are mostly due to humans, include: 

▪ Equipment use and malfunctions 

▪ Vehicle crashes and engine sparks 

▪ Negligently discarded cigarettes 

▪ Unattended campfires 

▪ Burning of debris 

 

48 OPR, CNRA, and CEC. 2021. California’s Fourth Climate Change Assessment Report – Sierra Nevada Region Report. Available: 
<https://www.energy.ca.gov/sites/default/files/2019-11/Reg_Report-SUM-CCCA4-2018-004_SierraNevada_ADA.pdf>. Accessed May 28., 
2021. 
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▪ Intentional acts of arson 

▪ Lightning strikes 

Peak wildfire season within California usually occurs between July and November, a time when hot, 
dry winds are most frequent and vegetated areas are dry, constituting a higher fuel load. 

4.5.2 Developed Areas Impacted by Wildfire 

As demonstrated in Figure 14, the majority of residents within the County live in intermix WUI areas 
or interface WUI areas. Intermix WUI refers to areas where housing and wildland vegetation 
intermingle, while interface WUI refers to areas where housing is in the vicinity of a large area of 
dense wildland vegetation. The WUI areas also primarily coincide with the major transportation 
corridors within the County (California State Routes 49, 4, and 26). 
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Figure 14 Calaveras County WUI Areas 

 
Sources: CalFIRE, 2020; ESRI, 2021 

 

4.5.3 Wildfire Climate Change Vulnerability Case Study – Butte Fire 

The Butte Fire that occurred in September 2015 is one of the top 20 most destructive California 
wildfires. The fire was ignited by tree branches coming in contact with powerlines in Amador County 
in September of 2015, with high winds quickly spreading the fire into Calaveras County. As shown in 
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Figure 7 in Section 3, the wildfire burned through primarily mixed forest land-cover vegetation 
types, per the 2010 NWL inventory. The Butte Fire resulted in: 

▪ 2 deaths (in the Mokelumne Hill and Mountain Ranch areas); 

▪ 921 structures (including 549 homes) lost; and 

▪ 70,868 acres burned.49 

In addition, resources assigned to combat the fire included 4,865 personnel, 519 fire engines, 92 
hand crews, 10 helicopters, and 94 dozers. And California Governor Jerry Brown declared a state of 
emergency in Calaveras County when the fire expanded to 65,000 acres in size.50 The Butte Fire 
alone represented 8 percent of total area burned by wildfire in California in 2015, which was 
893,362 acres in total. 

Figure 15 shows WUI areas within the County in relation to the largest fire that has occurred in 
Calaveras County in recent history, the Butte Fire. It appears that the wildfire suppression effort was 
able to prevent the Butte Fire from spreading into all of the interface WUI areas and a majority of 
the intermix WUI areas. This prevented even greater human and structural loss, given that the 
wildfire perimeter was held from extending into a majority of the WUI areas for much of the 
County. However, major devastation still occurred within some WUI areas due to the Butte Fire. 

Climate change resulted in the grape harvest starting two weeks earlier than normal and also 
exacerbated the Butte Fire given that California was in the midst of a five-year drought that lasted 
from 2012 to 2016.51 Daniel Berlant with CalFIRE said that the State's historic multi-year drought 
was a factor in the Butte Fire, because such drought conditions allow for a simple spark, an ember, 
and any type of open flame to quickly ignite into a wildfire and spread very rapidly. CalFire called 
the growth of the Butte Fire "unprecedented."52 

  

 
49 CalFIRE. 2021. Top 20 Most Destructive California Wildfires. Available: 
<https://www.fire.ca.gov/media/t1rdhizr/top20_destruction.pdf>. Accessed May 26, 2021. 
50 Wildfire Today. 2021. Butte Fire Archives. Available: <https://wildfiretoday.com/tag/butte-fire/>. Accessed June 8, 2021. 
51 California Department of Water Resources (CDWR). 2021. Drought. Accessible: <https://water.ca.gov/water-basics/drought >. 
Accessed June 10, 2021. 
52 Capradio. 2021. Available: <https://www.capradio.org/articles/2015/09/14/california-drought-factor-in-rapid-growth-of-wildfires/>. 
Accessed June 9,2021. 
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Figure 15 Calaveras County WUI Areas and Butte Fire Perimeter 

 
Sources: CalFIRE, 2020; ESRI, 2021 
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Steps that could possibly have prevented or at least minimized the spread of the Butte County Fire 
include: 

▪ better management and maintenance of powerlines, including but not limited to 
undergrounding of powerlines; 

▪ Better management and clearing of defensible space around powerlines that traverse 
forested areas as well as the buildings throughout the County that were lost and damaged 
from the wildfire; and 

▪ Quicker notification and response of downed or malfunctioning powerlines by the electric 
provider to the local fire departments and stations. 

In addition, in order to disrupt the feedback cycle of wildfires that threatens communities at the 
WUI, it is necessary to identify and assess both GHG emissions and climate change impacts posed by 
wildfire and to subsequently develop mitigation and adaptation strategies. In order to do so, 
planning, fire, and forest managers require information regarding where fires are likely to occur, the 
intensity at which they might occur, and with what impacts to communities, assets, and resources. 

4.6 County Climate Change Vulnerability Summary 

Climate change resulting in increased temperatures, drought, and dry fuel load throughout the State 
is anticipated to exacerbate the potential for wildfire hazard and impact within the County. Forest 
management practices such as thinning and prescribed burns can reduce the severity and intensity 
of wildfires, in turn reducing the potential for uncontrolled fires in the WUI where the majority of 
residences exist and providing net benefits to the County. This connection between climate change 
and related impacts in the WUI is essential for understanding the climate hazards specific to wildfire 
in terms of the potential impact to residents, businesses, the local economy, and ecosystem 
services. Section 5 discusses best practices for reducing wildfire impact. 
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5 Wildfire Impact Reduction Best Practices 

Given Calaveras County vulnerability to wildfire and per best practices identified by State agencies in 
the State Wildfire and Resilience Action Plan and OPR Fire Hazard Planning Technical Advisory, in 
order to protect public health and minimize risks to existing and new land uses, there should be an 
acceleration of efforts within the County to: 

▪ Restore the health and resilience of forests, grasslands, and natural places; 

▪ Improve the fire safety of communities and land uses; and 

▪ Sustain the economic vitality of rural forested areas.53 

Since the scale of the potential wildfire problem is great, multiple routes of action need to be taken 
to accomplish wildfire resiliency. 

5.1.1 Restored Forest/Shrub/Grassland Health and Resilience 

5.1.1.1 Forest Health and Resilience Management 

Activities to restore forest health and resilience should focus on thinning overgrown forests and dry 
fuel load within the Stanislaus National Forest and privately held forested areas of Calaveras County, 
with particular attention to areas along highways and roadways where wildfires are most likely to 
ignite at the WUI interface. Meadow restoration to improve water quantity and quality could also 
be part of shrubland and grassland resilience-building activities.54 Thinning of overgrown forests 
and forests with large amounts of forest debris and decay can also be accomplished through 
prescribed burns that are carefully planned and closely watched by the local fire districts and 
CalFIRE. 

Work to improve resilience to wildfire is currently being performed in Calaveras County through the 
efforts of multiple agencies. The Upper Mokelumne River Watershed Authority has been treating 
overgrown forests in the Stanislaus and El Dorado National Forests since 2006, under contract with 
the U.S. Forest Service, with activities focusing on areas along roadways. As of 2021, over 4,000 
acres of overgrown forests in the Upper Mokelumne River Watershed have been treated through 
this effort, with plans to expand to efforts to include an additional 50,000 acres of permitted 
projects.55 One such project was the Lily Gap Project, which included thinning of trees and brush on 
157 acres near the town of West Point.56 Additionally, prescribed burns are regularly performed 
within the Stanislaus National Forest and Calaveras Big Tree State Park, with 218 and 248 acres of 
prescribed burns planned for 2021 in each part, respectively.57,58 

 
53 OPR. 2020. Fire Hazard Planning Technical Advisory. 
54 Calaveras County. 2007. Voluntary Oak Woodland Management Plan. Available: 
<https://ema.calaverasgov.us/Portals/EMA/Documents/Ag/Oak_Woodland_Management_Plan.pdf>. Accessed June 3, 2021. 
55 Upper Mokelumne River Watershed Authority (UMRWA). 2021. Forest Health Projects Reducing Risk of Catastrophic Wildfire. 
Available:<http://www.umrwa.org/uploads/UMRWA_BFF%20Press%20Release%20-%20final.pdf>. Accessed June 3, 2021. 
56United States Department of the Interior, Bureau of Land Management (USDI BLM). ND. California Stewardship Contracting. Available: 
<https://www.blm.gov/programs/natural-resources/forests-and-woodlands/stewardship-contracting/california>. Accessed June 3, 2021. 
57 McCarty. 2021. Custodians of Stanislaus National Forest plan prescribed burns mid-May into June. The Union Democrat. Available: 
<https://www.uniondemocrat.com/news/article_fd01b854-b1c3-11eb-b138-cf0480ee59ee.html>. Accessed June 3, 2021. 
58 Pine Tree, The. 2021. California State Parks and CalFIRE Plan Prescribed Burns at Calaveras Big Trees State Park. Available: 
<http://thepinetree.net/new/?p=119052>. Accessed June 3, 2021. 
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5.1.1.2 Collaborative Forestry 

Regional stakeholder collaborations and community-based organizations could improve capacity 
and options for County- and regional-scale forest management and restoration. Collaboration at the 
community and regional levels promote ecosystem restoration in a manner that improves the 
resilience of forests and capacity of such communities to respond to climate change. Collaboratives 
within the Sierra Nevada region are working to address pivotal barriers to forest restoration through 
development of tools and approaches aimed at maintaining healthy resilient forests and managing 
response and realignment in the face of climate change. And community organizations are also 
providing the local and social capital to enable forest restoration and health initiatives to move 
forward. Calaveras County can continue and expand upon the following collaborative forestry 
actions within the Sierra Nevada region: 

▪ collaborative groups engaged in environmental planning for forest restoration helping the 
U.S. Forest Service as extension of staff in order to carry out 

▪ State and federal agencies partnered as part of the Tahoe-Central Sierra Initiative to 
conduct fuel treatments along highway corridors, restoring ecosystem resilience and 
protecting communities; and 

▪ A Master Stewardship Agreement established to collaboratively pursue projects that 
promote forest resilience within the Stanislaus National Forest. 59  

5.1.2 Improved Community and Land Use Fire Safety 

5.1.2.1 Creation and Maintenance of Defensible Space 

For people living in a wildfire-prone zone such as the Sierra Nevada region (including Calaveras 
County), CalFIRE and FEMA suggest creating at least a 100-foot defensible space around such 
homes. Defensible space is an area around a building or structure within which vegetation and other 
debris are completely cleared; this reduces the spread of fire and can save homes and other 
buildings from igniting. Specifically, as shown in Figure 16, defensible space is a multi-zone 
protection that homeowners can create around their homes to limit or slow the spread of fire, and 
it involves clearing dead brush and vegetation as well as keeping a distance between tree limbs and 
ground plants. In addition, maintaining a 100-foot defensible space buffer around buildings and 
structures is required by California Public Resources Code, Division 4, Part 2.60 

 
59 OPR, CNRA, and CEC. 2021. California’s Fourth Climate Change Assessment Report – Sierra Nevada Region Report. Available: 
<https://www.energy.ca.gov/sites/default/files/2019-11/Reg_Report-SUM-CCCA4-2018-004_SierraNevada_ADA.pdf>. Accessed May 28., 
2021. 
60 California Legislative Information (CLI). 2021. California Public Resources Code, Division 4, Part 2. Available: 
<https://leginfo.legislature.ca.gov/faces/codes_displayText.xhtml?lawCode=PRC&division=4.&title=&part=2.&chapter=1.&article=2.>. 
Accessed May 27, 2021. 
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Figure 16 Defensible Space Zones 

 

Source: CalFIRE. 2021. Wildfire Defensible Space Guidance.  

5.1.2.2 Emergency Response and Evacuation Planning 

The majority of County residents live in WUI areas proximate to the major transportation corridors 
traversing the County (California State Routes 49, 4, and 26). As such, these transportation corridors 
are key to emergency response (for firefighters needing to access and protect residential areas 
during wildfire events) and emergency evacuation operations (residents fleeing their homes during 
wildfire events). Thus, regular maintenance and improvement of these transportation corridors is 
one of the primary wildfire defense actions that the County can take. 

Per California Assembly Bill 747, county and city general plan safety elements are required to 
address evacuation routes related to identified fire hazards. The Calaveras County Office of 
Emergency Services (OES) strives to build a disaster-prepared and resilient County through 
emergency management and coordination with response partners and the community. County OES 
is responsible for wildfire preparedness, mitigation, and response and recovery and aims to create 
partnerships, plans, and systems to build capabilities and coordinate the preparedness, response, 
and recovery efforts of all County and regional stakeholders. 61 In conjunction with CalFire, 
Calaveras County OES and the Calaveras County Sheriff's Office has created an Emergency 
Evacuation System, which is divided into 60 grid pages and further divided into 307 2-mile by 2-mile 
evacuation zones.62 

 

 
61 Calaveras County Office of Emergency Services (CCOES). 2021. Available: <https://nextdoor.com/agency-post/ca/calaveras-
county/calaveras-county-office-of-emergency-services/evacuation-map-113652600/>. Accessed June 9, 2021 
62 Calaveras County Public Evacuation Application (CCPEA). 2021. Available: 
<https://www.arcgis.com/apps/webappviewer/index.html?id=4792467f1b154c9da6ba04a2f8bc6ca3>. Accessed June 9, 2021 
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5.1.3 Sustained Rural Forested Area Economic Vitality 

Stewardship Authority contracts allow the U.S. Forest Service to blend needed restoration work 
with commercially viable timber extraction work (objectives traditionally achieved through separate 
contracts) to achieve land management goals for the national forests and the public lands that also 
meet local and rural community economic needs. Small-scale bioenergy facilities and co-located 
businesses (e.g., post, pole, etc.), are logical complements to such Stewardship Authority contracts, 
providing local employment by making use of low-value end-products (i.e., small-diameter wood) 
and by-products (i.e., slash). In addition, pairing biomass energy production with community-scale 
manufacturing can increase the volume of fuel load removed from densely stocked forest stands 
and also create more jobs for local County residents. Such an approach would reduce likely 
exposure to high-severity wildfire as well as rebuild community capacity, creating a positive 
feedback loop between the environment and the economy that helps empower the County to 
address future climate impacts.63 

 

 
63 OPR, CNRA, and CEC. 2021. California’s Fourth Climate Change Assessment Report – Sierra Nevada Region Report. Available: 
<https://www.energy.ca.gov/sites/default/files/2019-11/Reg_Report-SUM-CCCA4-2018-004_SierraNevada_ADA.pdf>. Accessed May 28., 
2021. 
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6 Conclusion 

Projected changes in climate change imperil the forest carbon balance. During the 21st century, 
increases in wildfire hazard, drought frequency, and forest vulnerability will represent threats to the 
survival and growth of trees as well as the safety and health of persons. Projected wildfire 
disturbances and land-use changes (i.e., development), indicate that, by the middle of the 21st 
century, the Sierra Nevada region will lose more than 25 percent of the carbon stored in living 
biomass.64  

Fire managers, analysts, and resource specialists value wildfire vulnerability assessment and its role 
in terms of informing decision makers and helping implement action under the framework 
processes. It is the hope that this report discussing Calaveras County natural and working lands 
inventories, potential for future wildfire-related GHG emissions, climate change vulnerability 
assessment specific to wildfire, Butte Fire-specific case studies, and State-agency-supported wildfire 
impact reduction best practices will assist Calaveras County with both GHG emissions reduction 
planning as well as climate change wildfire hazard and forest resilience planning. 

 

64 OPR, CNRA, and CEC. 2021. California’s Fourth Climate Change Assessment Report – Sierra Nevada Region Report. Available: 
<https://www.energy.ca.gov/sites/default/files/2019-11/Reg_Report-SUM-CCCA4-2018-004_SierraNevada_ADA.pdf>. Accessed May 28, 
2021. 
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