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CHAPTER 4 

 

NATURAL DISTURBANCES 
 

Natural disturbances have the potential the shift watershed conditions and processes in 

unprecedented ways, especially if the disturbance is sufficiently severe, frequent, 

widespread, or enduring. Climate scientists predict that the frequency and intensity of many 

natural disturbances will increase with global warming. This chapter considers four 

categories of natural disturbances in Bear Creek watershed: fire, geological hazards, floods, 

and drought. This chapter also describes the environmental and social impacts from these 

disturbances, and the efforts to manage them, and, in addition, outlines considerations for 

disturbances in the development of land uses. Gaps in information needed for managing or 

responding to natural disturbances are summarized at the end of the chapter. 

 

 

4.1 Wildfire  

Fire may extend landscape disturbances over tens of thousands of acres and interrupt 

ecosystem services that support human land uses. In some cases, fire is essential for 

maintaining biological diversity of native species, particularly plants species (Sweeny 

1956, Keeley and Fotheringham 2000), or it can put species at risk by degrading or 

destroying habitat. It can variously control or spread invasive non-native species (di 

Tomaso and Johnson 2006; Keeley 2002). Controlling the destructive impacts of wildfire 

and facilitating vegetation regeneration after fires is a major management focus. 

 

Fire Ecology  

Impacts to water quality and supply, soil nutrient chemistry, soil erosion rates, air quality, 

vegetation, and animals may result from fires. Rapid loss of vegetation after intense and 

extensive fires can change how water moves through the watershed. Lost vegetation can no 

longer intercept rainfall and dissipate the force of rain on soils. Water from rain storms then 

moves with greater speed over land, often leading to high rates of soil erosion and stream 

sedimentation.  

 

Situated at the juncture of the North Coast Bioregion and the Central Valley Bioregion 

(Hoshovksy 1992), the watershed shares traits of fire history and ecology from both 

bioregions. The oak savanna woodlands and semi-arid grasslands in the watershed are 

similar to those of Central Valley foothills and contrast with the chaparral and conifer 

woodland on steeper parts typical of the higher-elevation rugged terrain in the North Coast 

Range.  
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Fire Regimes 

A fire regime consists of a set of factors that determine the severity of a fire: source of 

ignition, seasonality of fire, fire frequency (ñfire-return intervalò), existing fuel conditions 

in different vegetation communities, watershed topography, and weather. The 

Mediterranean climate naturally creates fire-prone conditions in Bear Creek watershed. 

Particularly during the summer and early autumn drought, total water in the watershed is at 

its lowest amount, and live vegetation and organic debris fuels are driest. In general, fire 

moves more quickly across the steeper topography of the west half and southern third of 

the watershed. Higher amounts of aboveground live and dead biomass contribute to larger 

fuel loads and greater fire hazard.  

 

In the fire regime classification of Sugihara et al. (2006), Types I, II, and III are 

characteristic of different parts of Bear Creek watershed. The distribution of fire regime 

classes depends on vegetation types and fuel loading, i.e. the type, amount, and distribution 

of combustible matter. Chaparral vegetation, conifer woodlands, oak woodlands, and 

grasslands, all major vegetation types in Bear Creek watershed, are flammable, each in 

different ways.  

 

Table 4.1 Fire regimes in Bear Creek watershed 
Regime Frequency Severity 

I 0-35 years Low (mostly surface fires) ς grasslands 

II 0-35 years High (mostly stand replacing fires) - chaparral 

III 35-100+ years Mixed (patches of low- and high-intensity fires) ς woodland 

 

Sources of Ignitions: Lightning and People 

Lightning is the natural cause of fire in Bear Creek watershed. In the western half of 

California lightning is a comparatively rare phenomenon, comprising three percent or less 

of total ignitions in northern California west of the Sacramento River Valley (Keeley 2006; 

van Wagtendonk and Cayan 2008). In Bear Creek watershed between 1997 and 2007, 

lightning on three dates ignited five fires (Figure 4.2). CALFIRE and BLM fire crews 

quickly suppressed these fires.  

 

People have probably been the major agents of fire in the watershed for millenia. Native 

Americans ignited fires in the region regularly until the 1840s (Stuart and Stephens 2006), 

accounting for most fires in the North Coast Range before European settlement. The fire 

ignitions displayed in Figure 4.2 do not include prescribed fires intentionally set for 

management purposes. Between 1997 and 2007, 32 ignitions (86 percent of the total 

displayed) not relating to prescribed burns resulted from human actions. Four of these 

ignitions were the acts of arson. The arson fires occurred along lower Bear Creek along 

Highway 16.  



BEAR CREEK WATERSHED ASSESSMENT 

 

142 

 

 

Transportation corridors are frequently points for ignitions. Records from the California 

Department of Forestry and Fire Protection (CALFIRE) show that motor vehicles were 

involved in at least eight of the 32 ignitions. CALFIRE estimated costs from these eight 

fires, totaling nine acres, at $42,000.00. Ignitions from other equipment burned 280 acres 

during the same period.  

 

Most large fires since 1950 in the past have not originated in the watershed. For example, 

in June 2008, the 14,500-acre Walker Fire started outside Bear Creek watershed at the 

southern end of Indian Valley Reservoir when the metal undercarriage of a vehicle struck a 

rock on a road. The fire started in the Indian Valley, moved up the west side of Walker 

Ridge and down the east side into Bear Creek watershed, eventually burning more than 

6,325 acres in the watershed.  

 

Seasonality of Fire 

Fires generally occur when fire hazard is greatest, under conditions of low humidity and 

soil moisture and high temperature and wind. These conditions tend to prevail from June 

through October in the watershed. Rare lightning events leading to fire are also seasonal. 

Between 1997 and 2007, lightning ignitions occurred in the months of July and September 

only.  

 

Human alteration of fire regimes comes in part from human-caused ignitions outside the 

summer/autumn fire season. Most human-caused ignitions between 1997 and 2007 

occurred in July and September, but other fires in February and November are well outside 

a natural fire regime based on lightning strikes. 
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Planned ignitions used by land managers and landowners often depart from the natural 

ignition pattern of lightning. For example, the Mendocino National Forest conducts most 

prescribed burns for fuels management once autumn rains begin in the cooler months from 

mid-October through May. In those months, the moisture is usually sufficient to confine a 

burn easily. Higher moisture conditions and cooler temperatures facilitate controlled 

burning. The differences in fire effects on Mediterranean-climate vegetation produced by 

wet-season burns in contrast to summer fires are not well understood. 

 

Annual Frequency of Large Wildfires 

Between 1950 and 2007, nineteen large wildfires burned across 11,292 acres, or seventeen 

percent of Bear Creek watershed (CALFIRE database). Fires burned a second time over 

1,430 acres during the 58-year period, mostly in perimeter areas: along the north edge of 

Mill Creek watershed, on Bear Valley Buttes, along lower Bear Creek, and on Cortina 

Ridge. Three fires originating west of the watershed stopped at the crests of Walker Ridge 

or Love Lady Ridge. Fires on ultramafic soils were much less frequent than fires on non-

ultramafic soils. 

 

The infrequency of fire belies the presence of fire-prone vegetation. With large loads of 

flammable fuels and summer weather conditions that set the stage for wildfire, vigilant fire 

suppression has likely been the key to keeping the number of large wildfires low within the 

watershed in the past 60 years. 

 

Fire Intensity and Severity  

Fire intensity describes the physical features of fire behavior while it is burning. Fire 

severity, by contrast, describes the outcomes of fire regimes on vegetation, wildlife, and 

water resources.  

 

Severity of a fire can significantly alter vegetation in the aftermath of the fire. In the past, 

people have used unnaturally high fire frequency to increase fire severity with a goal to 

removing mixed-species and chamise chaparral (Haidinger and Keeley 1993) and creating 

more grassland for livestock forage. This conversion occurs often when invasive non-

native (mostly annual) grass species have shifted the species mix in the soil seed bank. 

Abnormally frequent burning can eventually exhaust the capacity of chaparral shrubs to re-

seed or re-sprout. Grassland patches developed for livestock grazing, particularly south of 

Highway 20 and in parts of Mill Creek watershed are examples of the use of fire severity as 

a management tool for vegetation.  
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Figure 4.3 ς Six Decades of Wildfire in Bear Creek Watershed, 1950 - 2008 
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Table 4.2 - Overview of components of fire regimes for major vegetation classes in Bear 
Creek watershed 

Vegetation 
Type 

Season 
Fire-Return 

Interval 
Size Complexity Intensity Severity Fire Type 

Foothill 
Woodland 

June - 
October 

Short 
Small to 
Medium 

High 
Low to 

Moderate 
Low to 

Moderate 
Surface 

Valley 
Grassland 

June - 
October 

Short 
Medium 
to Large 

Low Low 
Moderate 

to High 
Surface 

Knobcone 
Pine 

April - 
October 

Medium - 
Long 

Large Low High High Crown 

Cypress 
Woodland 

April - 
October 

Medium - 
Long 

Large 
Low to 

Moderate 
High 

Moderate 
to High 

Crown 

Chaparral, 
SS* 

? 
Short - 

Medium 
? ? High Low Crown 

Chaparral, 
US* 

? 
Medium - 

Long 
Small Low Moderate Moderate Crown 

Source: Davis and Borchert (2006), Keeley (2008 pers. comm.), Safford and Harrison (2004), Wills (2006) 

*SS=chaparral on sedimentary non-ultramafic soils, US=chaparral on ultramafic soils 

  

Fire Fuels 

The flammability of fuels depends on the physical properties of the vegetation. The 

important factors are: the total biomass of vegetation available as the fuel source; size of 

the individual pieces of fuel; surface area to volume ratio for fuel ignition; moisture content 

of the fuel; the compactness of fuels (ñpacking ratioò); and the spatial placement and 

continuity of fuels in the landscape (Husari et al. 2006, van Wagtendonk 2006). 

 

Fires in grasslands and oak woodlands are usually ground fires with short flame lengths. In 

woodlands, oaks with fire-resistant bark and boles without dead lower branches create a 

break in the continuity of fine fuels on the ground and tree canopy fuels consisting of 

branches, twigs, and foliage. Without a ñfuel ladderò, ground fires do not spread to tree 

crowns. By contrast, shrubs and some trees maintain a continuous fuel supply from both 

dead and live branches between the ground and the tree canopy that frequently gives rise to 

crown fires which began as ground fires. Chaparral shrubs produce low-canopy fires: the 

fire burns close to the ground because the canopy is near the ground. Conifer species in 

Bear Valley watershed, such as knobcone pine and McNab cypress, grow densely, maintain 

their dead lower branches on the bole, and give rise to stand-replacing high-canopy fires. In 

other cases, particularly in wetter streamside woodlands, herbs and shrubs in the woodland 

understory feed flames that then may reach into canopies of overstory trees in a relay 

system of ladder fuels.  

 

Chaparral vegetation on non-ultramafic soils has high flammability with its dense, closed 

canopy. Thus, fires in chaparral shrub ecosystems burn hot and usually remove the standing 

shrub vegetation. After the fire, chaparral shrubs may sprout from root crowns or germinate 

prolifically from seeds stored in the soil. Although fires in chaparral are usually hot 

(intense) because of fuel flammability, the ability of chaparral shrubs to reseed or resprout 
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from root crowns means that the long-term severity of chaparral fires is usually low and 

shrubs recover rapidly under normal conditions.  

 

In contrast, chaparral vegetation growing on ultramafic soils grows more slowly and less 

densely. Safford and Harrison (2004) found that annual height growth of chamise found on 

ultramafic soils had less than half the height growth of chamise growing on sandstone-

derived soils. Because ultramafic chaparral vegetation is not as dense, the litter of dead 

leaves and branches on the ground (fine fuels) is less extensive and forms a shallower layer 

on the ground compared to chaparral on other soil types. Until 2008, most large fires 

burning in chaparral did not burn across ultramafic soils on the east slope of Walker Ridge 

in Bear Creek watershed.  

 

CALFIRE has developed a fuel ranking system to depict the fuel load and its flammability 

characteristics (Figure 4.4). The fuel rank is useful for prioritizing sites for prescription 

burning treatments designed to reduce fuel loads and catastrophic fire. Upper Mill Creek 

subwatershed, Walker Ridge, a band of steep terrain at the west edge of Bear Valley, and 

the complex terrain between Highway 20 and the south end of Bear Valley are areas that 

may benefit from fuel load reduction.  

 

Interaction between Wildfire and Erosion 

Soil erosion the capacity of soils to store carbon, increases the amount and speed of runoff, 

and decreases soil moisture. After wildfires, soil erosion rates increase due to exposed 

ground surfaces. The ecological alteration from wildfire may induce further disturbances 

by way of landslides and debris flows. CALFIRE has analyzed terrain in Bear Creek and 

elsewhere in California using the Revised Universal Soil Loss Equation (Figure 4.5). This 

analysis helps stakeholders quickly identify problem areas from erosion in the aftermath of 

a wildfire. The following two areas are likely to need emergency stabilization: Cortina 

Ridge in the southeast corner of the watershed and the steep slopes on the southwest side of 

Sulphur Creek subwatershed.  

 

Considerations for Fire Management in Bear Creek Watershed 

Applying fire treatments to areas with ultramafic soils and chaparral vegetation may need 

to be different from fire treatments on sedimentary soils with chaparral vegetation. On 

average, fires burn hotter and faster in sedimentary chaparral. The fire-return interval for 

chaparral vegetation on ultramafic soils is about four times longer than for chaparral on 

sedimentary soils (74 years vs. 19 years). Higher productivity on more fertile soils causes 

faster accumulation of biomass and shorter intervals between fires. In contrast, vegetation 

on less fertile ultramafic soils accumulates biomass more slowly than non-ultramafic sites 

(Safford and Harrison 2004).  
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