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Introduction 
The Amador County Transportation Commission (ACTC) has initiated an Extreme Weather and Natural 
Disaster Prevention and Response Strategies Needs Assessment Program (Needs Assessment Program, 
or Program) with funding provided in late 2018 by the California Department of Transportation 
(Caltrans) under its Adaptation Planning Grant program. ACTC’s EWER Program strives to build on 
current efforts already underway by private and public agencies in Amador and Calaveras counties.  The 
Program will specifically focus on developing response strategies to mitigate extreme weather event 
exacerbated natural disaster risks in the following municipalities (collectively referred to in this report as 
the Planning Area: 

• Amador County 
• Calaveras County 
• City of Angels Camp, Calaveras County 
• City of Sutter Creek, Amador County 
• City of Jackson, Amador County 
• City of Ione, Amador County 
• City of Plymouth, Amador County 
• City of Amador City, Amador County 

 

Within these primary geographies, the EWER Program will further focus on mitigating the deleterious 
effects of the following threats on the ability of the transportation infrastructure to provide emergency 
and support services: 

• Wildfire 
• Flooding 
• Landslides/slumps 
• Hazard trees 

 

As the sole deliverable to satisfy conditions of ACTC’s Adaptation Planning Grant with Caltrans, this 
Extreme Weather Event Resiliency Program Report is organized as follows: 

• Introduction 
• Chapter 1: Existing Conditions 
• Chapter 2: Vulnerabilities and Risks 
• Chapter 3: Needs Assessment 
• Chapter 4: Prevention Strategies, Mitigation Treatments, and Emergency Services 



• Chapter 5: Funding Needs 
• Chapter 6: Economic Recovery and Resiliency Strategy 
• Conclusion and Next Steps 

 

ACTC’s Needs Assessment Program and this Program Report have been developed to follow the Federal 
Emergency Management Agency (FEMA) Threat & Hazard Identification and Risk Assessment (THRIA) 
and Stakeholder Preparedness Review (SPR) processes.  These processes provide a framework to 
position EWER Program stakeholders to qualify for federal, state, and local funding necessary to mitigate 
identified risks and needs in service of developing resilient transportation resources and emergency 
planning systems 

  



1.0 Existing Conditions of the Plan Area Road Network 

To come 

  



2.0 Extreme Weather Vulnerabilities and Risks Within the Planning 
Area  

This chapter describes the physical and biological factors that contribute to the risk to transportation 
infrastructure associated with extreme weather events in the Plan Area. Several sources and databases 
have been consulted in the preparation of this chapter to describe landscape features and land cover 
types subject to wildfire, flooding, slide/slump, and hazard tree risks. 

Physical factors refer to the landscape characteristics that influence the processes of extreme weather 
events. Physical factors such as elevation, slope, temperature, precipitation and others can affect both 
the severity of extreme weather events such as fire or flooding and can act as constraints to mitigate the 
risk to transportation infrastructure (e.g. placing additional evacuation routes may not be possible in 
areas with steep slopes).  

Biological factors refer to the living environment that may influence extreme weather events. With 
respect to wildfire, biological factors such as vegetation type or fuel loads may predispose an area to 
burn frequently or with greater severity. For example, grasslands generally burn at lower temperatures 
than mature forests (Sugihara et al. 2006). In contrast to physical factors, biological factors can 
potentially be managed to mitigate risk from extreme weather events (e.g. grassland fuel reduction via 
targeted grazing can reduce fire risk).  

The potential for catastrophic wildfire has been identified by stakeholders as the dominant concern 
stemming from increased climate variability. Therefore, the following information focuses on fire risk. 
However, the physical and biological factors identified here also have important consequences for other 
potential risks to transportation infrastructure such as flooding and tree mortality.  

2.1 Fire History within the Planning Area 
The landscapes of Amador and Calaveras counties have a long history of wildfire, and fires have 
frequently occurred in valley lowlands, foothills, and upcountry areas. Fire history refers to the 
frequency of wildfire and often considers wildfire intensity and area burned.  Wildfire frequency is 
influenced by a variety of factors including the type of vegetation, vegetation management, and 
frequency of ignitions. These factors have changed over time, particularly after European expansion and 
as a result of fire management strategies in the 20th century.  

Fire history can be useful in predicting the probability of fire occurrences; however, the accuracy of 
these predictions is limited by changing conditions such as longer drier summers and greater frequency 
of ignition due to an expanding Wildland Urban Interface (Keeley 1999).  

Recent fire history can be valuable in determining and quantifying near term fire risk, as recently burned 
areas have not fully revegetated leading to reduced burn severity (Parks et al. 2015). Recently burned 
areas may burn at lower severity for a period of 15 years or less (Parks et al. 2015, Harris and Taylor 
2017).  

CAL FIRE tracks fire histories as part of its efforts to understand and manage fire risk. The CAL FIRE 
database tracks timber fires that burned more than 10 acres and grassland fires that burned more than 
300 acres.  



Figure 2-1 shows historic wildfires perimeters within Amador and Calaveras counties from 1878 to 2018, 
and fire size is summarized in Table 1. Wildfire frequency and the size of individual wildfires has been 
increasing across the Western U.S., and this pattern is evident in Amador and Calaveras counties (Table 
1). Larger fires and more numerous fires have occurred since 1950 (vs. pre-1950), although record 
keeping was not as rigorous prior to 1950. The trend of more frequent and larger fires in recent years 
likely reflects increased human populations and access to rural areas, increased standing fuel loads from 
fire suppression practices, and an increasingly warming climate that produces a longer and dryer 
summer season. 

Table 1. The frequency and combined size of named wildfires within the planning area through 2017. 

  
Amador County Calaveras County Combined Planning Area 

Decade 
# of 
Fires Acres Burned 

# of 
Fires Acres Burned 

# of 
Fires1 Acres Burned 

<1920 4 2,945  2 529  4 3,474  

1920's 8 12,967  1 127  8 13,094  

1930's 1 38  0  1 38  

1950's 10 4,239  48 37,524  56 41,762  

1960's 10 40,675  26 17,299  35 57,974  

1970's 1 2,618  12 11,461  13 14,079  

1980's 4 3,481  19 22,327  23 25,808  

1990's 7 1,181  21 27,444  28 28,625  

2000's 15 21,356  57 23,307  70 44,663  

2010's 14 5,903  35 77,321  46 83,224  
1Combined area may have fewer fires than Individual Counties as some fires burn across county lines 
and are counted in the sum for each county 

- This summary includes only named wildfires 
- Source: FRAP  

 

The trend in increasing frequency of large fires spanning thousands of acres has important 
consequences for transportation infrastructure. In addition to impacting a larger proportion of the 
population of Amador and Calaveras counties, larger fires are more likely to burn across major 
evacuation routes and may further burn across multiple evacuation routes.   

2.2 Land Cover within the Planning Area 
Land Cover describes the amount of land that can be characterized as vegetation, water, impervious 
surfaces, and other classifications relevant to wildfire. Certain landcover types naturally contain more 
fuel or may be subject to management practices that influence the probability of ignition or fire 
behavior (e.g. irrigation during dry periods).  

Land Cover incorporates the availability of fuels and can influence the probability of fire and fire 
behavior (e.g. Syphard et al. 2007). Landcover types have historically been useful predictors of fire risk, 
in that vegetated landscapes such as forests or grasslands harbored higher fire risk while urban 



landscapes typically exhibited low fire risk. However, recent catastrophic wildfires in Redding, Santa 
Rosa, and Paradise highlight the increasing risk of wildfire to even lower risk land cove types as the 
climate exhibits extreme weather fluctuations.  

Landcover distribution within the Planning Area is strongly influenced by its location between the 
central valley and Sierra Nevada, with elevation within the planning area increasing steadily from west 
to east. Regional climates and local weather patterns vary by Planning Area elevations. The western 
portion of the Planning Area is dominated by long dry summers and mild winters. Precipitation mainly 
occurs as rain during the winter months. Annual grasses and drought tolerant hardwood trees, often oak 
trees, dominate the landscape. Orographic lifting increases the amount of precipitation at mid-
elevations, but vegetation is still dominated by oak and other hardwood trees. At the higher elevations 
along much of the eastern portion of the planning area, most precipitation falls as snow, and summer 
temperatures are milder. These areas contain highly developed tree canopies of mixed conifer and 
hardwood trees (Figure 2-2). As landcover vegetation types change across the planning area, potential 
fire behavior also changes. Grassland fires typically burn quickly at low temperatures, while forests with 
multiple canopy layers may burn more slowly with intense temperatures and more dangerous 
conditions.   

CAL FIRE’s FRAP forest vegetation (FVEG) database was accessed to characterize coarse-scale land cover 
types within unincorporated and incorporated areas of Amador and Calaveras counties. The landcover 
types occurring the planning area are summarized in Table 2.  Table 2 describes the vegetation types in 
terms of fuels and typical fire behavior within these vegetation types.  

2.2.1 Landcover within Unincorporated Amador County.   
Within unincorporated Amador County, the most expansive vegetation types are coniferous forest 
(26.4% of total area), hardwood woodland (21.8%), and hardwood forest (11.3%) (Table 3). Coniferous 
forest and hardwood forest are found in the higher elevations of Amador County between 3000 ft and 
9000+ ft above sea level (asl).  Hardwood woodland is found in the foothill regions surrounding the 
incorporated cites of Amador County from 500 ft to 3000 ft asl.  Herbaceous vegetation dominates 
(20.0%) the vegetative cover of western Amador County where rangeland and pasture in the valley floor 
are widespread.  Shrub cover (6.7%) is generally interspersed within the upcountry and foothill regions 
(Figure 2-2). 

 

 

  



Table 2. Landcover types and wildfire behavior   
Landcover 

Classification Vegetation Fuel Type 
Wildfire Behavior 

Association 

Coniferous Forest Dense Evergreen trees mixed with 
hardwood  Timber Fuel dependent, fires may 

be slow moving and severe 

Herbaceous Low growing annual plants that 
die each year leaving fine fuels Grass Fires are typically low 

severity and fast moving 
Hardwood 
Woodland 

Sparse broad-leaved trees with a 
grassy understory Timber Fuel dependent, fires may 

be slow moving and sever 

Hardwood Forest Dense Forest dominated by broad 
leaved trees Timber Fuel dependent, fires may 

be slow moving and severe 

Shrub Low sparse to dense shrubs, often 
interspersed with grasses Brush Fires are typically high 

severity and fast moving 
Barren/Other None None Does not typically carry fire 

Agriculture Regularly spaced annual or 
perennial crops None Does not typically carry fire 

Water None None Does not typically carry fire 
Urban Landscaping None Does not typically carry fire 

Wetland Dense herbaceous vegetation Grass Fires are typically low 
severity and fast moving 

 

Table 3. Land Cover in Unincorporated Amador County 
Vegetation Type Acreage % of total Running % 
Coniferous Forest 100,543 26.52% 26.52% 
Herbaceous 88,812 23.42% 49.94% 
Hardwood Woodland 82,379 21.73% 71.67% 
Hardwood Forest 43,059 11.36% 83.02% 
Shrub 25,644 6.76% 89.79% 
Barren/Other 13,544 3.57% 93.36% 
Agriculture 9,556 2.52% 95.88% 
Water 7,914 2.09% 97.97% 
Urban 6,140 1.62% 99.59% 
Wetland 1,571 0.41% 100.00% 
TOTAL 379,163 100%   

 

2.2.2. Landcover within Unincorporated Calaveras County.   
The relative composition of vegetation cover within unincorporated Calaveras County is very similar to 
Amador County (Table 4).  Coniferous forest (29.5%) and hardwood forest (8.0%) are most abundant in 
the higher elevation (upcountry) areas, hardwood woodland (27.4%) is widespread in the foothills, and 
herbaceous vegetation (20.0%) is abundant in the valley floor.  Shrub cover (9.7%) is common within 



both upcountry and foothill regions of Calaveras County, but is much more widespread in Calaveras 
County upcountry areas (approx. 64,000 acres) than Amador County (approx. 26,000 acres).  More 
extensive shrub cover in Calaveras County is possibly due to recent fires (e.g., portions of the 2018 Butte 
Fire) within coniferous forest areas that are in the early stage of successional regrowth from shrubs to 
forestlands (Figure 2-2). 

Table 4. Land Cover in Unincorporated Calaveras County 
Vegetation Type Acreage % of total Running % 
Coniferous Forest 194,712 29.47% 29.47% 
Hardwood Woodland 181,062 27.40% 56.87% 
Herbaceous 131,877 19.96% 76.82% 
Shrub 63,907 9.67% 86.50% 
Hardwood Forest 53,102 8.04% 94.53% 
Water 17,023 2.58% 97.11% 
Urban 12,299 1.86% 98.97% 
Barren/Other 3,120 0.47% 99.44% 
Agriculture 2,841 0.43% 99.87% 
Wetland 852 0.13% 100.00% 
TOTAL 660,795 100.00% 100.00% 

 

2.2.3. Landcover within Incorporated areas of Amador and Calaveras County.   
Land cover types within the six incorporated cities addressed in this EWER Report differ substantially 
from land cover within the upcountry of eastern Amador and Calaveras counties. Coniferous forest, the 
most abundant land cover type in eastern Amador and Calaveras counties, is not mapped in these areas 
by the CAL FIRE FVEG system.  Instead, Urban development (41.4%) is the dominant land cover/use 
within these areas.  Hardwood woodland (27.1%) is the most abundant natural cover type in developed 
areas, chiefly reflecting the foothill locations of the six incorporated cities.  Rangeland/pasture occupies 
24.4% of these incorporated areas. Together, these three land cover types occupy almost 93 percent of 
total land cover within these six incorporated areas (Table 5).  

  



Table 5. Land Cover in Incorporated Area of Amador and Calaveras County 
Vegetation Type Acreage % of total Running % 
Urban 4,236 38.05% 38.05% 
Hardwood Woodland 3,263 29.31% 67.35% 
Herbaceous 2,874 25.81% 93.16% 
Agriculture 241 2.16% 95.33% 
Hardwood Forest 214 1.92% 97.25% 
Shrub 128 1.15% 98.40% 
Water 106 0.95% 99.35% 
Wetland 44 0.40% 99.75% 
Barren/Other 28 0.25% 100.00% 
Coniferous Forest 0 0.00% 100.00% 
TOTAL 11,134 100.00%   

 

2.3 Slope 
Slope is an important aspect of topography that describes elevation change across the landscape. Slope 
affects both fire behavior and the ability of emergency responders to access fire affected areas. Fires 
burning in areas with steep slopes can spread more rapidly because fire can pre-heat and dry upslope 
fuels (Linn et al. 2010). Slope also dictates the location and complexity of transportation infrastructure. 
Consequently, areas with greater slopes may have higher probability of wildfire spread and greater 
challenges to ingress and egress.  

The topography of the planning area is strongly influenced by its location between the Central Valley 
and Sierra Nevada. The greatest slopes are concentrated in the eastern portions of the planning area as 
elevation increases, and sloes are secondarily greatest near the north Fork of the Mokelumne River and 
its tributaries (Figure 2-3). 

Transportation infrastructure is largely concentrated in areas with less than 25% slopes (Figure 2-3). This 
is partly due to the shape of the counties, with the bulk of the planning area located within the Central 
Valley Foothills. In addition, the majority of incorporated cities within the plan area, and the 
transportation infrastructure serving these cities, occur in lower slope areas in western Amador and 
Calaveras Counties.  

2.4 Fuel Rank 
Fuel refers to living or dead organic matter that can burn and carry fire. The availability of fuel 
incorporates the type of vegetation growing in an area and any management activities that may affect 
the availability of fuels (e.g. grazing animals reduce the availability of fine fuels or thinning ladder fuels 
in forested areas may reduce fire severity).  

There are many ways in which the characteristics of fuels affect fire behavior. Fuels can include living 
vegetation, but also includes dead vegetation, slash and litter. Fuel size, shape, complexity, spacing, and 
chemical composition, among other factors can dictate the probability of fires spread and fire intensity. 
For example, a grassland fire or fire in a mature forest stand may spread quickly but with low 



temperature and a low severity. Whereas fire in a stand including grasses, shrubs and young trees may 
spread quickly and burn at high temperatures for longer periods. One consequence of aggressive fire 
suppression in the mid-20th century has been an accumulation of fuels in forested areas, such as the 
conifer forests present within the Plan Area.  

CAL FIRE ranks fuels effects on fire behavior based on expert opinion and models fire behavior using 
past data as a guide.  

[Placeholder for Fuel Rank Map and Discussion] 

2.5 Fire Probability 
The likelihood that a given area will burn in any given year can be simulated using a combination of 
information on vegetation, climate, and expected patterns of development. CalFire uses a model based 
on this information to generate the probability that an area will burn in any given year (Mann et al. 
2016). The resulting map shows the probability that an area will burn within a 100-year period.  

Much of the plan area has a high probability (<0.4) to experience wildfire. However, the probability 
maps show some areas where wildfires are less likely to occur. These are are concentrated on the 
western edges of the plan area in less populated annual grasslands, at the northeastern tip of the 
planning area where fuels are likely unavailable at high elevation, and at several isolated areas within 
the interior of the plan area (Figure 2-4.).  

Wildfire probability is high across most of the plan area, particularly in woodland and forested areas. 
The road infrastructure within the plan area is disproportionately located within areas of high fire risk in 
and around the incorporated cities of Amador and Calaveras county (Figure 2-4).  

2.6 Fire Threat  
CAL FIRE ‘s (FRAP) produces maps using a model that integrates potential fire behavior and the 
probability of fire occurrence to identify wildfire threat within California (Figure 2-5.). The model 
integrates surface conditions, expected weather, fire history and the availability of ignitions sources for 
a given area to assigns an index of fire risk.   

Areas that do not support wildland fuels (e.g. open water, agricultural lands, etc.) are omitted from the 
calculation. It is worth noting that agricultural lands, such as vineyards, have been affected by wildfire. 
However, the CalFire model classifies most large urbanized areas as “moderate” fire threat to account 
for fires carried by ornamental vegetation and flammable structures. 

Fire threat within the planning area as predicted by CALFIRE can be seen in Figure 2-5. While no portion 
of the planning area is classified as under extreme fire risk, over 80% of the planning area is considered 
by CAL FIRE to be under high or very high threat of fire (Table 6). These conditions are concentrated in 
hardwood woodlands, hardwood forests and conifer forests (Figure 2-2) and likely reflect the 
combination of a high fuel density and dry summer weather conditions that are common across the 
planning area at the high elevations and the increased ignition potential in the more populated 
hardwood forests at lower elevations.  

Lower fire threat classifications are associated with historic fire locations and upper elevation portions 
of the eastern Planning Area that may have less dense fuel availability or wetter conditions due to their 
alpine climate. 



Most (> 80%) of the Amador County is considered at Very High or High fire threat by CAL FIRE and 
almost 90 percent of unincorporated Calaveras County is classified High, Very High, or Extreme Fire 
Threat (Table 6). 

Table 6.  CAL FIRE Fire Threat Categories in Planning Area (% of area) 

 Unincorporated  
  Amador Co. Calaveras Co. Incorporated Areas 
Extreme  0.004%  
Very High 41.4% 47.2% 42.0% 
High 42.0% 40.9% 40.2% 
Moderate 14.2% 9.1% 12.7% 
Low 2.5% 2.7% 5.1% 
TOTAL 100.0% 100.0% 100.0% 
    

 

2.7 Fire Hazard Severity Zones 
Given the recent catastrophic fire events in populated portions of California, estimating the potential for 
fire to burn in highly populated areas and through high value infrastructure has gained great importance 
in planning for wildfire.  

CAL FIRE provides tools to integrate surface conditions, predicted weather patterns, human influences, 
fire history, and ignition potential to assign hazard classes to areas with similar characteristics (Figure 2-
6.). 

2.7.1 Wildfire Hazard Severity Ranking within the Plan Area 
Hazard Severity Zone mapping was initiated following increasingly frequent wildland-urban interface 
fires (Figure 2-7). The mapped hazard classes (very high, high, moderate) represent the combined 
potential for fire occurrence and potential for fire behavior conditions that lead to building ignition.  Fire 
Hazard Severity Zones (FHSZ) can be used to direct the use of mitigation strategies to reduce risks to 
buildings associated with wildland fires. The zones also identify areas where building codes should 
incorporate designs to reduce the ignition potential for buildings in the wildland-urban interface zones. 

Very High to High Fire Hazard Severity Zones occupy approximately 30 percent of unincorporated 
Amador County land.  The same zones occupy approximately 70 percent of unincorporated Calaveras 
County land (Table 7).  FHSZ rankings are not applied to developed areas for the reasons stated 
previously. 

Table 7.  CAL FIRE Fire Hazard Severity Zones, by Area 

 Unincorporated  
 Zone Amador Co. Calaveras Co. Incorporated Areas 
Very High 21.6% 46.8% 0.0% 
High 9.1% 23.9% 2.5% 
Moderate 45.9% 9.6% 9.5% 
Not ranked 23.4% 19.6% 88.0% 
TOTAL 100.0% 100.0% 100.0% 



2.7.2 Plan Area Road Distribution within Fire Hazard Severity Zones 
The road infrastructure within the plan area is disproportionately distributed within fire hazard severity 
zones (Figure 2-7). Tables 8 and 9 summarize the distribution of City, County, and State of California 
responsible roads within fire hazard severity zones. Over 35% of road infrastructure within Amador 
county and more than 87% of roads within Calaveras County occur in areas with High or Very High Risk 
of wildfire damage to infrastructure (Table 8 and Table 9). These metrics highlight the need to mitigate 
risk to transportation infrastructure and the importance of infrastructure as a means of evacuation and 
responder access during wildfire emergencies.  

Table 8. Amador County Road Responsibility Distribution within Fire Hazard Severity 
Zones 

Fire Hazard 
Severity Zone 

Incorporated City 
Responsible (mi.)  

County 
Responsible 

(mi.) 

State 
Highway 

(mi.) 
Total (mi.) 

Very High 0.0 95.1 19.1 114.3 
High 0.4 52.9 8.5 61.8 
Moderate 4.4 243.9 57.7 306.1 
Grand Total 4.8 392.0 85.4 482.2 

 

Table 9. Calaveras County Road Responsibility Distribution within Fire Hazard Severity 
Zones 

Fire Hazard 
Severity Zone 

Incorporated City 
Responsible (mi.)  

County 
Responsible 

(mi.) 

State 
Highway 

(mi.) 
Total (mi.) 

Very High 0.0 417.8 49.7 467.5 
High 0.9 160.8 52.8 214.5 
Moderate 0.0 74.2 18.3 92.5 
Grand Total 1.0 652.7 120.7 774.4 

 

2.8 Other Risks and Threats 
• Flooding 
• Landslides/slumps 
• Hazard trees 
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Figure 2. CALFIRE - Historic Fire PerimetersMap Date: 2/4/2020

Sources: ESRI, Calfire, USGS, Amador County, Calaveras County

2019-125 ACTC Extreme Weather Needs Assessment
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Figure 1. CAL FIRE - FVEG VegetationMap Date: 2/3/2020

Sources: ESRI, USGS, Calfire, USFS, Amador County, Calaveras County

2019-125 ACTC Extreme Weather Needs Assessment
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Figure 3. CAL FIRE - Fire ThreatMap Date: 2/3/2020

Sources: ESRI, Calfire, USGS, CPUC, Amador County, Calaveras County

2019-125 ACTC Extreme Weather Needs Assessment
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Figure 5. CAL FIRE - Fire Hazard
Severity Zones

Map Date: 2/3/2020

Sources: ESRI, Calfire, USGS, CPUC, Amador County, Calaveras County
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Public Resources Code 4201-4204 direct the California
Department of Forestry and Fire Protection (CAL FIRE) to
map fire hazard within State Responsibility Areas (SRA),
based on relevant factors such as fuels, terrain, and
weather.  These statutes were passed after significant
wildland-urban interface fires; consequently these
hazards are described according to their potential for
causing ignitions to buildings.  These zones, referred to
as Fire Hazard Severity Zones (FHSZ), provide the basis
for application of various mitigation strategies to reduce
risks to buildings associated with wildland fires.  The
zones also relate to the requirements for building codes
designed to reduce the ignition potential to buildings in
the wildland-urban interface zones.
This map has been created by CAL FIRE's Fire and
Resource Assessment Program (FRAP) using data and
models describing development patterns, estimated fire
behavior characteristics based on potential fuels over a
30-50 year time horizon, and expected burn probabilities
to quantify the likelihood and nature of vegetation fire
exposure to new construction.  Details on the project and
specific modeling methodology can be found at
http://frap.cdf.ca.gov/projects/hazard/methods.htm.
The version of the map shown here represents the official
"Maps of Fire Hazard Severity Zones in the State
Responsibility Area of California" as required by PRC
4201-4204 and entitled in the California Code of
Regulation, Title 14, Section 1280 Fire Hazard Severity
Zones, and as adopted by CAL FIRE on November 7,
2007.
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