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Abstract 
The movement of soil particles and rocks down hillslopes has affected the southern Santa 

Barbara County foothills over millions of years. The landscape has been shaped by the 

periodic cascades of soil debris in Santa Barbara County watersheds. Sediment transport 

from higher elevations to lower elevations, driven by gravity, can be exacerbated by soil 

cohesion, rainfall intensity, wildfire, and topographical relief. The combination of these 

factors influences the overall volume of sediment transported. Predicting the volume of a 

debris flow often has large uncertainty. Debris flows can have dire consequences, as 

evidenced by the post-Thomas Fire event on January 9, 2018, where 23 people lost their 

lives. With the built environment encroaching into potential inundation zones, adaptive 

management strategies can limit the risk to those most vulnerable. One such strategy is the 

conversion of existing debris basin infrastructure into slotted outfalls, which better facilitate 

the transport of fine sediments downstream while also providing improved fish passage for 

the endangered Southern Steelhead. In addition to infrastructure modifications, beneficial 

reuse of sediment such as beach nourishment provide further ways to address this issue, 

particularly considering a changing climate. This project (1) modeled debris flow 

probabilities and volumes with geospatial tools and datasets, (2) evaluated environmental and 

socioeconomic impacts of sediment from debris flows via cost-benefit analysis, and (3) 

examined the broader implications of climate change influence on debris flow recurrence and 

volumes.
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SECTION  1 - Executive Summary 
Debris flows in Santa Barbara County are a public management concern, particularly due to 

threats they pose to people and property. This study focuses on characteristics and impacts of 

post-fire debris flow in three Montecito-area watersheds. The steep hillslopes of the 

Montecito Creek, San Ysidro Creek, and Romero Canyon Creek watersheds are prone to 

varying amounts of sediment transport. In the 1960s and 1970s, the Army Corps of Engineers 

(ACOE) constructed debris retention basins to mitigate hazard from debris flow to the 

downstream communities. This infrastructure reduces hazard by capturing large debris 

moving from higher elevations but presents additional management challenges with 

socioeconomic and environmental consequences. These challenges require examination and 

consideration, especially in a changing climate. 

This project addresses the inquiry of South Coast Habitat Restoration (SCHR) to analyze 

management strategies by (1) modeling debris flow probabilities and volumes with 

geospatial tools and datasets, (2) evaluating environmental and socioeconomic impacts of 

debris flow and sediment management mainly via cost-benefit analysis, and (3) examining 

the broader implications of climate change on debris flow recurrence and volumes. 

The study examined the present likelihood of debris flow and major debris flow, and also 

tested a simulated increase in fire severity and an 18 percent increase in regional precipitation 

intensity. These were tested separately to examine sensitivity of debris flow to individual 

impacts of climate change. Mean debris flow probability in all watersheds was unchanged 

with an increase in either fire severity or precipitation intensity, while major debris flow 

likelihood increased under both climate change scenarios. For an increase in both fire 

severity and precipitation intensity, the watersheds experienced an increase in major debris 

flow probability from 0.4 percent to 0.7 percent. 

Using an empirical model, this project estimated the potential volumes of debris generated 

during post-fire debris flow events in the study watersheds. The results of this modeling 

indicate that single precipitation events with rainfall intensities ranging from 0.866 in/hr to 

1.57 in/hr could produce post-fire debris flow volumes from 75,000 yd3 to 141,000 yd3 in 

Montecito basin, 64,000 yd3 to 120,000 yd3 in San Ysidro, and 48,000 yd3 to 92,000 yd3 in 

Romero Canyon. These values can be used as a tool to inform future management decisions 

and evaluate potential socioeconomic and environmental impacts. 

Three separate cost-benefit analyses were performed: (1) the implementation of a redesigned 

debris basin with slotted outfalls, (2) sediment delivered to Goleta Beach to maintain 

shoreline, and (3) the direct market sale of sediment. The cost-benefit analysis accounts for 

selected costs associated with sediment transportation from the basin. The study uses 10-year 

and 100-year timeframes. The cost-benefit analysis found that transportation prices are the 

leading cost of sediment management. Out of the three management options examined, 

replacement of boxed outfalls with slotted outfalls maximizes benefits for the county. The 
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slotted outfall design improves fish passage while avoiding the cost of transporting sediment. 

The management strategies are not mutually exclusive and can be implemented in 

combination with one another to maximize public wellbeing. 

This study dealt with multidisciplinary facets that are the subjects of active research and was 

further limited due to the complex nature of the topic. As a result, more local research is 

necessary to improve accuracy. For instance, this studyôs probability modeling is based on a 

larger regional data set, which does not capture unique local characteristics of the study 

watersheds. A possible next step to improve modeling accuracy is to collect and employ 

more localized data to predict debris flow volumes and likelihood under various climate 

conditions. Patterns of climate change will influence the variability of rainfall, fire regime, 

and vegetation cover. Uncertainty can be addressed as local climate change models continue 

to advance. 

The cost-benefit analysis was limited due to the availability of data capturing true economic 

values of non-market goods and services. Secondary data used in the cost-benefit analysis 

comes from varied geographical and temporal settings, which results in assumptions that 

influence the accuracy of the findings. A next step to address these limitations is to assess the 

valuation of endangered species habitat in the watersheds. Improvement of this data will give 

a better idea of the public benefit to be gained from the slotted outfall option. For a 

comprehensive understanding of beach nourishment value, further research should obtain 

more applicable estimates of beach erosion rates and the present value of beach area. 

Additional study can more accurately capture the value of non-market goods, informing 

future decision-making. 

Climate change will be an influential factor for sediment management in the future because 

of the likelihood of shifts in fire regimes and rainfall intensity. While the exact local impacts 

of climate change remain inconclusive, precipitation extremes are anticipated to increase. 

Furthermore, climate change is amplifying autumn wildfire probability in California and 

lengthening the fire season. Increased intensity of rain events in this region, which remains 

prone to high wildfire recurrence, underlines an increased need to adapt current strategies of 

managing sediment and mitigating impacts from debris flows. 

There are currently plans, either approved or in progress, to install slotted outfall designs 

through modification on the debris basins within the study watersheds and across the county. 

Construction is slated to take place between 2022 and 2027. Another improvement to 

watershed infrastructure is the building of the Randall Road Debris Basin on San Ysidro 

Creek, which does not feature a dam structure but rather widens the riparian corridor and 

moves residences out of the hazard zone. The modification of debris basins is a strategy that 

facilitates environmental benefits while continuing to protect the built environment. While 

the slotted outfall redesign option is being implemented already, other management strategies 

discussed in this report can be used concurrently to achieve outcomes that balance public 

need with environmental benefits.  
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Debris flow hazard and sediment generation remain constant management concerns in the 

region, which will continue into the future. While modification of existing infrastructure can 

help alleviate the accumulation of fine sediments, management that considers the public good 

of sediment resources (i.e., beneficial reuse) can further accrue societal benefits. Field 

measurements and modeling will be needed to accurately estimate debris flow recurrence and 

volume, particularly as climate change influences fire regimes and precipitation intensity. 

Continued refinement of analytical tools is an important step to understand the potential 

hazard and sediment management challenges underlying future debris flow events. Using 

science to reduce uncertainty can give managers a meaningful edge in the challenge of post-

fire debris flow in a changing climate. 
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SECTION  2 - Project Overview 

Introduction  

Southern California coastal watersheds have a long history of fire and flooding recurrence 

cycles. This natural process leaves behind burned hillslopes with hydrophobic soils that are 

more susceptible to mass wasting events like debris flows. Additionally, watersheds in the 

Southern California transverse ranges are characterized by steep slopes and soils composed 

of soft, easily fracturable material that can slide effortlessly in a mass wasting event under 

conducive conditions (Kean et al., 2019).  

Debris flowsïsometimes referred to as mudslides, mudflows, lahars, or debris avalanchesï

are a geological phenomenon in which water-laden soil masses and rocks move down 

mountainsides into stream channels, entrain objects in their paths, and form muddy deposits 

on valley floors (Iverson, 1997). They are particularly dangerous to life and property because 

they move quickly, destroy objects in their paths, and often strike without warning (USGS, 

2005). Debris flows generally occur during periods of intense rainfall or rapid snowmelt and 

usually start on hillsides or mountains. Debris flows can travel at speeds up to and exceeding 

35 mph and can carry large items such as boulders, trees, and cars (Bugnion et al., 2012). 

Areas recently burned by fire are especially susceptible to debris flows, including areas 

downslope and outside of the burned area. 

 

Figure 2.1 - Debris Runout flow across Highway 101. Source: (Wally Skalji) 
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Many California coastal communities at the base of watersheds in the California transverse 

ranges are at risk of flash floods and accompanying sediment flows after moderate to heavy 

precipitation events. Wildfire events exacerbate this effect before rain because of the 

reduction of vegetation cover and the resulting hydrophobic soil after a fire (Pierson et al., 

2001). As the size of the debris flow increases, larger particles are entrained, and channel 

erosion occurs (Benda & Dunne, 1997). Multiple debris flows may be generated from 

eroding mountainous portions of the drainage basin. The magnitude of debris flows varies as 

a function of fire severity, precipitation rate, and sediment supply. Regularly, varying fluxes 

of sediment enter debris basins, with variation correlated largely with precipitation 

(Lancaster et al., 2019). 

A prime example of a debris flow produced by this fire-flood cycle occurred on January 9th, 

2018, in Montecito, CA, a community of southern Santa Barbara County (Figure 2.1). The 

2018 Montecito mudslide demonstrated the significant hazard these events pose on 

communities built within the coastal ranges. The 2017 Thomas Fire, a massive fire affecting 

Ventura and Santa Barbara Counties, was one of multiple wildfires that ignited in southern 

California in December of that year. It burned approximately 440 mi2 before being fully 

contained on January 12th, 2018. At the time, it was the largest wildfire in modern California 

history. On January 9th, 2018, 3:30 AM PST, 0.54 inches of rain in 5 minutes was reported in 

the Montecito area (Oakley et al., 2018). Heavy rain on burned hill slopes above the 

Montecito community resulted in rapid erosion of sediments that sent mud, boulders, and 

debris flowing down the watershed (Figure 2.2). Homes downstream were severely damaged 

or destroyed, and 23 residents lost their lives. Mass wasting of soil and stream channels led to 

catastrophic damage to the watersheds. While multiple watersheds were affected by the 

Thomas Fire and subsequent debris flows, the most devastating impacts occurred on 

Montecito Creek, San Ysidro Creek, and Romero Canyon Creek. 

 

Figure 2.2 - Large boulders, debris, and sediments resulted in major impacts on Jan 9, 2018. Source: (Mike 

Eliason) 
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During the 1960s and into the 1970s, the United States Army Corps of Engineers (ACOE) 

installed debris catchment basin facilities at the base of the foothills in many of these steep 

coastal range watersheds to prevent flooding and mitigate the impact of debris flow events. 

The debris basins are still in operation and are managed by Santa Barbara County Flood 

Control District (SBCFCD). Strategically placed downstream of steeply sloped wildlands, the 

facilities are located where the longitudinal slope profile of the creek generally eases from 

the mountains. The debris basins are positioned upstream from much of the built 

environment on the Santa Barbara coastal plains to provide protection from hazards by 

catching debris entrenched in a flow before endangerment of human life and destruction of 

property. 

The debris basins are excavated on an as-needed routine maintenance basis, and materials are 

redistributed to several locations throughout Santa Barbara County as needed. This 

maintenance performed by SBCFCD occurs either following fires in the upper watershed 

relative to the basins or when the basins have accumulated sediments in advance of the rainy 

season. This process presents capital costs to SBCFCD and taxpayers associated with 

excavation and transport/redistribution of sediment via trucks. Additionally, sediment 

management decisions are associated with unquantified environmental costs such as 

greenhouse gas (GHG) emissions from transport, degradation of habitat for federally 

endangered Southern Steelhead Trout, and depletion of sediments from natural systems that 

maintain downstream habitat and beaches. These costs and sediment delivery vary 

significantly between extreme debris flow events and lower magnitude sediment flows 

produced by less severe fire or rainfall intensity. These differences result in varying levels of 

annual debris basin maintenance, clearing activities, and fiscal costs. 

Estimating the volume of sediment delivery in post-fire events gives managers more insight 

to better forecast the needs of the watershed and the people within them. Rarer, extreme 

debris flow events, such as what occurred in Montecito on January 9th, 2018, can cause 

severe adverse impacts. Rainfall scenarios that do not trigger a massive debris flow still 

result in sediment delivery. These ñsmallerò events have the potential to ñfill inò the debris 

basin facilities diminishing their retention capacities and thus rendering the basins less 

effective for sediment storage in future rainfall events. SBCFCD excavates (Figure 2.3) and 

re-distributes sediment to offsite locations, usually prior to or following a flow into the debris 

basin. This activity maintains the maximized retention of debris flow should an extreme 

event occur. 

 

While it is known that sediment delivery increases post-fire events in watersheds, reliably 

predicting the amount of sediment delivered has remained challenging for managers and 

earth scientists alike. Factors that make accurate predictions challenging are precipitation, 

fire intensity/severity, vegetation cover, sediment supply, and hillslope stability. Since the 

debris basins serve as a ñstoppingò point for sediment in the creeks, sediment loads can be 

loosely quantified based on SBCFCD excavation records from when the facilities are 

desilted. Utili zing this data, local environmental managers can benefit from understanding 

sediment delivery with more predictability. Data-backed estimates allow for proactive 

planning of fiscal budgets, communication with first responders and the public, as well as 

guidance for management efforts. 
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Figure 2.3 - Cold Springs Debris Basin excavation. Source: Bill Macfadyen  

With climate change effecting coastal California communities, local managers continue to 

take an active approach, developing plans to mitigate hazard. The riparian corridors below 

the Santa Ynez mountains remain about as populated as they were prior to the 2018 debris 

flow, with construction of new infrastructure and the rebuilding of damaged properties 

continuing to occur. Climate change must be considered and incorporated into sediment 

management plans to manage continued impacts. Even without considering climate change, 

there is an estimated 6 percent chance of a high magnitude debris flow event occurring in the 

next 100 years (Adamaitis, 2020). While predictions of the local impact of climate change 

remain inconclusive, precipitation extremes are anticipated to increase, and atmospheric 

river-driven rain events are likely to increase along the West Coast (Central Coast Region 

Report, 2019). Increased intensity of rain events in a region that remains prone to high 

wildfire recurrence suggests a continued need to manage sediment and mitigate impacts from 

debris flow. 

Purpose and Significance 

The January 9th, 2018, Montecito debris flow event resulted in the loss of 23 community 

members and hundreds of millions of dollars in damage and recovery costs (Kean et al., 

2019). This disaster demonstrated the importance of planning and managing the inevitability 

of high magnitude debris flows. Climate changeôs effect on the recurrence interval for such 

large events may be inconclusive; major debris flows like the Montecito event are rare. The 
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likelihood of another event of this scale occurring in the next 100 years is approximately 6 

percent (Adamaitis, 2020), partially owing to recovery of vegetation and the reduction of 

sediment supplies (SBC OEM, 2021). A higher priority from an operational standpoint is 

SBCFCDôs response to smaller events and routine annual maintenance of the watersheds and 

debris basins. These actions require thoughtful management of watershed sediments. With 

high environmental, economic, and social implications associated with sediments, ideal 

solutions are those that are economically feasible and maximize benefits.   

Considering debris flow events is essential for preparedness of the community along with 

county agencies who are responsible for protecting life and property. Other agencies are 

either tasked with or have a vested interest in protecting local natural resources like the 

habitats present within the watersheds. Sediment flow events can cause damage to sensitive 

riparian and forest habitats which may take years to recover (Keeley, 2004). Certain speciesô 

populations may be reduced to deficient levels, threatening their recovery with possibilities 

of local extinction events (Rieman & Clayton, 1997). Transporting sediment and debris from 

basins to other locations may have deleterious ecological effects on the relocation site due to 

possible contaminants (Chapman & Anderson, 2005). Sediment debris transportation can 

also release large GHG emissions via truck transportation. Preventive management strategies 

and planned infrastructure improvements considered in this project may help reduce artificial 

sediment flux out of the system, which could have significant conservation effects and 

mitigate debris flow impacts.  

In order to generate a framework for management solutions that address these concerns, a 

broad community understanding of sediment flow needs to be established for the Montecito-

area watersheds. Information about how often flows occur and how much sediment might be 

generated under various conditions is crucial to this understanding. Through empirical 

modeling, this project assesses the probability and magnitude of debris flow events in three 

Montecito-area watersheds: Montecito Creek, San Ysidro Creek, and Romero Creek. All 

three of these watersheds were heavily impacted by the 2018 post-Thomas fire debris flow 

event, which resulted in property damage, injury, and death. Even minor to moderate 

magnitude debris flows have costs and impact management concerns. This analysis produces 

reasonable metrics to estimate the costs and benefits of various strategies for feasible 

sediment and debris flow management to improve societal and ecosystem well-being.  

The costs of emergency sediment management after the catastrophic January 9th, 2018, event 

was over $900 million in indirect cost as of January 2020 (Lancaster et al., 2021). The 

tabulated cost provides a real-world example of how much sediment can cost the public. We 

complete a limited cost-benefit analysis using an empirical and systematic approach to 

evaluating management alternatives. The advantage of this method is that it allows for 

consideration of the many social and environmental consequences of sediment flow events 

and routine sediment management decisions while also weighing economic costs. It attempts 

to address stakeholder concerns by examining a multitude of ñimpact categoriesò that 

represent the consequences of actions to relevant stakeholders. We consider many of these 

factors in our analysis and use proxies where specific data is deficient.  

The disadvantage of this approach is that the number of impact categories considered and the 

granularity of the examination can drastically change the results. Many of the social costs of 



9 

 

debris flow and sediment management are difficult to account for in a cost-benefit analysis. 

For example, urban infrastructure disruptions such as highway integrity and traffic affect the 

areaôs workforce and livelihood. However, their quantification depends on many factors that 

are difficult to assess and have considerable uncertainty. Pollution and contamination release 

have consequences for the health and safety of nearby urban populations. Assessing the 

impact requires scientific data that account for complex variables. Due to scope limitations, 

we examine many of these considerations using a qualitative approach rather than including 

them in the cost-benefit analysis. 

This project aims to address and ameliorate some of the management issues through a 

comprehensive analysis of the watersheds. Additionally, we address possible hazard 

mitigation opportunities and methods of increasing the saliency of debris flow events. This 

can increase levels of safe practices by community residents and decrease the loss of life and 

property during extreme events.  

With intensifying climate change, fires and intense storms are likely to become more 

common (Oakley et al., 2018). Understanding the future probability of the occurrence of 

debris flows and sediment fluxes will better enable county and city managers, community 

members, and the conservation community to make informed decisions with more optimal 

outcomes. Management strategies can be implemented to mitigate impacts from debris flows 

and protect human and sensitive ecological communities. 

Minor vs. Major Debris Flow Distinction  

The distinction between minor and major debris flows is dependent on local settings and 

damages (Santi et al., 2011). A relatively small magnitude debris flow can incur massive 

damages to a downhill community, conversely a large magnitude debris flow can occur in 

uninhabited regions incurring no damage to life or property. Minor debris flows can be 

expected on a regular basis with or without the presence of fire, while major debris flows 

have an observed occurrence interval between 10 and 13 years across the wider Southern 

California region (Kean & Staley, 2021, Cannon et al., 2011), and much longer intervals for a 

specific location (Keller et al., 2020).  

This study considers any debris flow event that does not overflow the debris basins as a 

minor event. Debris basins fill approximately 25 percent of their holding capacity every 5 

to10 years (SBCFCD, 2017). For example, Romero Creek debris basin has a holding capacity 

of 27,000 yd3 which implies that over a 5 to 10-year period one can expect small debris flow 

events to contribute roughly 7,000 yd3. Inputs are highly dependent on precipitation, with 

drought periods resulting in multiple years of minimal sediment accumulation. There can be 

extended periods with minimal sediment accumulation, or rapid aggregation of material 

which requires management actions. 

SBCFCD removes material from basins either in response to fires higher in the watershed or 

in advance of an incoming rainy season (SBCFCD, 2021). The largest volumes removed 

from debris basins between 2006 and 2018 were 2,000 yd3 in 2010 and 2012 respectively, 

which correlated to a wetter period. 2010 and 2012 were relatively average precipitation 

years (~20 inches of annual rainfall) while 2011 was well above average (>40 inches) 

(SBCFCD, 2022). These sediment values are considerably less relative to the volumes of 
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sediment following the major Montecito debris flow event in 2018, though sediment 

generated by a minor to moderate event still have management implications. 

Climate Change-Fire and Precipitation   

The 2017 Thomas Fire was the largest fire in recent California history when it was fully 

extinguished at 281,893 acres and is now the 8th largest wildfire in recent California history 

(CalFire, 2022). In early December and driven by strong Santa Ana winds through dry 

vegetation, the fire burned rapidly from Ventura County to the front country of the Santa 

Ynez Mountains north of Carpinteria and Montecito. Denuding the hillsides in advance of the 

rainy season, the Thomas Fire created the ideal conditions for a major debris flow with a 

precipitation event of suitable intensity. Research indicates that climate change may weaken 

Santa Ana wind conditions in Southern California while increasing seasonality (Guzman-

Morales and Gershunov, 2019). Furthermore, climate change is driving an increase in 

autumn wildfire probability in California (Goss et al., 2020). 

Climate change is also driving increased precipitation variability in California. The rainy 

season is shortening but the probability of intense precipitation increasing (Swain et al., 

2018). This would suggest that an increased probability of intense precipitation following 

extended dry periods, when mixed with shifted fire regimes, would result in an increasing 

likelihood of minor and major debris flow events (Ren and Lesile, 2020). From both a 

sediment management and disaster resiliency perspective, it is critical to consider climate 

change in relation to sediment transport events in the study watersheds, particularly 

following fire.  

Perception of Debris Flow Sediment in the Community 

Debris following heavy rainstorms can result in the destruction of property, damage to 

ecosystems, clogging of drainage conduits, and closure of transportation corridors. When 

debris exceeds the capacity of the designed infrastructure, risk and uncertainty increase, as 

does the cost to the community. The threat of high magnitude debris flows is a public cost 

that flood managers and insurance companies have considered for decades. The costs are 

well known, but the benefits of sediments are broadly not recognized at a community level. 

Traditional sediment management can lead to a disparity in the communityôs understanding, 

even going as far as deterring projects that retain sediment in the system. Community 

understanding of the different sediment management strategies and their associated cost and 

benefits will need to be addressed for long term solution feasibility. 

One lesser-known cost to the community of traditional basin sediment management is the 

increased risk of stream bank collapse. Hard structures in stream channels like basins or 

dams retain the sediment, leaving the rest of the stream system starved for material, 

undercutting streambanks, and lowering streambed elevation over time. The reduced in-

stream sediment also impacts trout habitat. This is impactful to trout populations that need 

pebble-sized substrate to spawn, which is kept out of the system using hard infrastructure 

(Raleigh et al., 1984). The sediment is also beneficial when used as a beach fill to counteract 
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the effects of erosion. Nourishing beaches increases usability as a public good. If sediment is 

to be used sustainably on beaches, water quality impacts need to be addressed at a 

community level (Li et al., 2020). 

Project Objectives 

The objective of this project is to study the environmental and socioeconomic impacts of 

sediment from debris flows and other sediment fluxes. We accomplish this by examining the 

relationship of sediment delivery with fire and intense precipitation events, evaluating 

sediment management strategies from a cost-benefit perspective, and considering the impact 

of climate change. Socioeconomic considerations will be determined through the analysis of 

debris management techniques and studying potential distribution effects. The ancillary 

objective of this project is to evaluate the risk of debris flows in the future. This will be done 

by estimating debris flow volumes for current and future climate scenarios. To build a strong 

foundation for the analysis, our group worked closely with South Coast Habitat Restoration 

(SCHR) and SBCFCD to understand current practices. The methodology and results from 

each objective were discussed in separate sections of this report. We developed 

recommendations for management solutions based upon our analysis, which can be found in 

the discussion and conclusion sections of the report.  

We organized our objectives into the following focus areas: 

Objective 1: Modeling debris flow probabilities and volumes with geospatial tools and 

datasets. 

Objective 2: Evaluate environmental, and socioeconomic impacts of sediment from debris 

flows via cost-benefit analysis.  

Objective 3: Examine the broader implications of climate change influence on debris flows 

recurrence and volume in the study area. 
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SECTION 3- Background 

Geographic Setting 

This projectôs study area centers on three watersheds that were heavily impacted during the 

January 9th, 2018 debris flow: Montecito Creek, San Ysidro Creek, and Romero Creek. 

Another watershed, Gobernador Creek, which is in the nearby community of Carpinteria, is 

used as a reference in this analysis.  

The three study watersheds are nestled in the Santa Ynez mountains above the 

unincorporated community of Montecito, a census-designated place in southeastern Santa 

Barbara County. Montecito borders the City of Santa Barbara to the east and features 

primarily suburban residential land use. According to the 2010 census, the population of 

Montecito was 8,965 residents. Between 2015 and 2019, the median income for Montecitoôs 

3,100 households was $159,706 (2019 dollars). The 2019 median property value in 

Montecito was $2M, 8.32 times greater than the national average (Census.gov, 2022). 

The three watersheds are characterized by steep slopes with sandstone boulder-dominated 

channels. Due to the transverse orientation of the Santa Ynez Mountains, the creeks flow 

north-south, draining the steep topography into the coastal plain below. Elevations for the 

three watersheds range from 0 feet at sea level to 3822 feet at the highest point, with an 

average slope of 25.6°. Combined, the watersheds encompass roughly 18 mi2 (Figure 3.1). 

Individually, the Montecito Creek watershed encompasses 6.6 mi2 with a mean slope of 

24.9°, the San Ysidro Creek watershed encompasses 5.6 mi2 with a mean slope of 28.5°, and 

Romero Creek watershed encompasses 5.8 mi2 with a mean slope of 23.5°. Our reference 

watershed, Gobernador Creek, has a maximum elevation of 4,680 feet and encompasses 7.2 

mi2 with a mean slope of 33.3°. 

 

Figure 3.1 - Study watersheds and reference watershed relief. 
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The watersheds are characterized by natural vegetation higher in the watersheds (which is 

primarily located within Los Padres National Forest) and residential development in the 

coastal plain. Much of the development on the coastal plain is built upon prehistoric debris 

flow runouts, as shown by the presence of boulders ranging in size from six to twenty feet 

(Keller et al., 2020). Anthropogenic ignitions, development in the wildland urban interface 

(WUI), and climate change are all influences on shifting the fire regime (Keeley & Syphard, 

2016).  

A reference watershed used in this analysis is Gobernador Creek, a tributary of Carpinteria 

Creek, which flows through the City of Carpinteria, a coastal community southeast of 

Montecito. While suburban development in Montecito abuts the study area creeks with 

minimal setbacks, Gobernador Creek has larger streamside setbacks. Unlike the Montecito 

watersheds, land use along Gobernador Creek generally supports agriculture rather than 

housing. While Gobernador Creek sustained impacts during the January 9th, 2018 debris 

flow, the impacts were considerably less severe relative to the Montecito area creeks 

(Lancaster et al., 2021). 

In addition to Gobernador Creek, all three of the study watersheds also feature debris basins 

that were constructed by ACOE following wildfire events (Figure 3.2). The Cold Springs and 

San Ysidro debris basins were constructed in 1964 following the Coyote Fire, while the 

Romero and Gobernador basins were built in 1971 after the Romero Fire. All creeks in the 

study area are federally designated by the National Marine Fisheries Service (NMFS) as 

critical habitat for the Southern California population of Steelhead Trout. The debris basin on 

Gobernador Creek was modified in 2008 to promote fish passage while retaining flood 

control functionality.  

In addition to the debris basins installed in the 1960s and 1970s, temporary ringnets have 

been installed in the study watersheds. Figure 3.2 shows the location of debris basins within 

the study watersheds, along with ringnet locations which were installed on private property 

following the January 9th, 2018 debris flow.  

Geology 

 

The mountains above Montecito and Santa Barbara consist of steeply dipping Tertiary 

sedimentary rocks that include thick-bedded durable sandstone, with interbeds of shale, 

claystone, and silty sandstone (Keaton et al., 2019). These rock types weather to bouldery 

and cobbly clayey and silty sand sediments (Kean et al., 2019). The regionôs drainage basins 

have large upper sub basins separated from the coastal plain. Montecito is located between 

narrow steep-sided canyons (Keaton et al., 2019). The area under Montecito and Carpinteria 

experienced a geologic history that was slightly different from Santa Barbaraôs because the 

shallow Pleistocene epoch seas only extended to what is now presently known as near-shore 

areas of Montecito and Carpinteria (Hoover, 2020). Terrestrial deposits consisting of cobble, 

clay, and boulders underlie most of Montecito, forming groundwater basins that provide 

substantial water supplies to the local community (Hoover, 2020). No rocks in Santa Barbara 

County are older than the Jurassic period in age (Norris, 2003). 
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Figure 3.2 - Map of study watersheds with debris basin and ring net locations identified. 

Vegetation 

 

The study watersheds are characterized by chaparral vegetation found in Mediterranean 

climates like California. Two species (Figure 3.3) that can be found in the study watersheds 

are the manzanita shrub (Arctostaphylos glauca) and scrub oak (Quercus dumosa) (Baker 

and Halsey, 2020). Vegetation within the watersheds is also characterized by patches of oak 

woodland, and riparian buffers along creeks. Chaparral ecosystems are characterized by 

recurrent disturbance by wildfire, with an average fire return interval ranging from ten to 

fifty years (Baker and Halsey, 2020). The combustion via wildfire of manzanita and other 

chaparral species results in hydrophobic soils that increase runoff and sediment transport 

(Wells, 1987).   
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Figure 3.3 - Pictures of Manzanita (Arctostaphylos Glauca) and Scrub oak (Quercus Dumosa). Source: (CA 

Chaparral Institute) 

Normalized Difference Vegetation Index (NDVI ) 

We can monitor plant cover in the watersheds over time using Landsat data. The following 

images are compiled to show the seasonal variability of vegetation in the watershed. The 

Normalized Difference Vegetation Index (NDVI) shows the level of healthy plant cover on 

the land surface. High levels of vegetation are displayed in green and low levels of vegetation 

in red. The following four maps (Figures 3.4-3.7) illustrate seasonal and conditional 

variations that influence vegetation cover in the study watersheds.    

February of 2016 was part of a drought period that received lower than average precipitation. 

Vegetation covers the managed lands at the bases of the study watersheds with a notable 

decrease in cover in the upland portions (Figure 3.4). The irrigation required for developed 

landscapes results in higher vegetation values when compared to the dryer undeveloped 

portions. Another factor is the growth pattern of the vegetation in the ecosystem, which is 

low-lying grass in the winter and accumulates to greater cover over the spring and summer. 

August of 2016 shows the cover after the winter and spring growing season as well as a 

heavy storm in March (Figure 3.5). The summer season historically yields little precipitation, 

yet the vegetation is still present in the watershed near the end of summer. 
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Figure 3.4 - NDVI from February 2016 shows a drought year with lower amounts of vegetation in the 

watershed.  

 

Figure 3.5 - NDVI from August 2016 show an increase in vegetation in the upper watershed then compared to 

February of the same year. 
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The NDVI values were much higher in October 2017 due to high precipitation observed in 

the winter season (Figure 3.5). Fall is a drier season that sees vegetation desiccated.  

 

Figure 3.6 - NDVI from October 2017 shows the vegetation cover in the watershed prior to the Thomas Fire. 

January shows the starkest difference between seasonal variation and results of wildfire 

removing the vegetation cover in the upper watersheds (Figure 3.7). Lack of plant is one of 

the main drivers for debris flows after a rainstorm. The post-Thomas fire rains were less 

intense than rains observed in March 2016 yet resulted in more sediment transport. 

 

Figure 3.7 - NDVI from January 10th, 2018 shows the rapid transformation of the land surface from October 

2017 due to the Thomas Fire and the day after the catastrophic January 9th, 2018 debris flow.  
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Regional Fire and Debris Flow History  

Regional Fire History 

Santa Barbara County is characterized by its temperate Mediterranean climate and frequent 

periods of prolonged drought. Local weather patterns combined with mountain systems 

dominated by seasonally flammable grasses and chaparral provide conditions that make this 

regionôs ecosystem prone to wildfires. There is research indicating that over the past 560 

years, large wildfires (greater than 50,000 acres) have occurred in this area on an average of 

every 20 to 30 years (Mensing et al., 1999).  

 

 
 

Figure 3.8 - Most major fires in Santa Barbara County, from 1912 to 2017, with their names, approximate size 

and the year they occurred are shown with burns color-coded by decade. Source: (Santa Barbara Fire 

Department) 

Since the 1950s, the greater Santa Barbara area has averaged one large fire per decade 

(Figure 3.8); however, the number of large fires within and adjacent to the County has 

increased substantially over the last decade. Impactful fires and debris flows include the 

following:  
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The 1964 Coyote Fire burned east of the San Marcos Pass, consuming 65,339 acres and 

destroying 106 structures (Figure 3.9). Following the fire, a storm event on November 9th, 

1964, caused massive flooding and debris flows in Montecito and San Ysidro Creeks, 

totaling a damage estimate of $500,000 (ACOE, 1999, Lancaster et al. 2021). Just west, a 

debris flow destroyed 12 homes and 6 bridges along Mission Creek (Lancaster et al., 2021). 

Two months later, on January 25th, 1969, a large storm swept over an area above Carpinteria 

that was previously severely burned in the Coyote Fire, causing debris flows to tributaries of 

Montecito and Romero Creeks (SBCFCD, 1969). This resulted in flooding over U.S. 101 and 

an estimated 100 destroyed homes in Montecito, 20 homes and 20 damaged commercial 

structures in Carpinteria (Lancaster et al., 2021). There are witness reports of 18 to 20-foot-

tall walls of debris moving down the inundated channels (ACOE, 1974). 

 

 
Figure 3.9 - Coyote Fire burn scar. Source: (SB Independent) 

The Romero Fire, which began on October 7th, 1971, burned 14,538 acres, took the lives of 

four firefighters, and destroyed four homes (Hill, 2019). Heavy rains in December brought 

mud and debris-laden flooding to Romero, Toro Canyon, Santa Monica, and Carpinteria 

creeks (Lancaster et al., 2021). An estimated 10 to 15 households needed to be evacuated, 

and U.S. 101 was closed for 8 hours as a 3-foot-tall wall of mud made its way across the 

highway on its way to the ocean (Figure 3.10) (Lancaster et al., 2021). 
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Figure 3.10 - View of U.S. 101 overtopped with mud after a debris flow post-Romero Fire. Source: (SB Bucket 

Brigade) 
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In 1990 the Painted Cave Fire blazed through Highway 154 and the Painted Cave 

community. It burnt and eventually made its way across U.S. 101, destroying 500 homes, 

burning nearly 5,000 acres, and resulting in one lost life before it was contained (Figure 3.11) 

(Hill, 2019). This was the most destructive fire the Santa Barbara region had seen in decades 

and spurred statewide collaboration and prompted governments to invest in local solutions to 

the growing wildfire challenge, including the inception Fire Safe Councils. (Keller et al., 

1997). 

 

 
Figure 3.11 - Burn scar of Painted Cave Fire. Source: (SB Bucket Brigade) 

 

A notable three-year stretch of wildfires in the Santa Barbara region began in 2007. The Zaca 

Fire (2007) burned for four months in the backcountry, spreading over nearly 240,000 acres 

within its final perimeter, and had a cost of $120 million to contain (CalFire, 2022). 2008 

saw the Gap Fire burning 10,000 acres above Goleta and the Tea Fire, which destroyed 210 

homes in Montecito, largely attributed to sundowner winds. Sundowner winds are so named 

because they often begin in the late afternoon or early evening, their onset is typically 

associated with a rapid rise in temperature and decrease in relative humidity. In the most 

extreme Sundowner wind events, wind speeds can be of gale force or higher, and 

temperatures over the coastal plain, and even at the coast itself, can rise significantly above 

100°F. These winds have been associated with many of the most destructive fire events that 

have occurred in the Santa Barbara region (Smith et al., 2018). On May 5th, 2009, the Jesusita 

Fire started along the Jesusita Trail below Cathedral Peak in the Santa Barbara foothills. The 

fire spread into the populated areas of Mission and Rattlesnake Canyons, destroying 80 

homes and 79 outbuildings while burning 8,733 acres. 
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In 2016, the 7,400-acre Sherpa Fire started in almost the exact location as the 1955 Refugio 

Fire and caused the closure of U.S, 101, interrupted Amtrak services and forced the closure 

of popular state beaches near Gaviota (Hill, 2019). In early 2017, roughly 6 months after the 

Sherpa Fire, Gaviota experienced an intense rainstorm with a peak 15-minute rainfall 

intensity rate of .039 in/hr that initiated debris flows and sediment-laden flooding in several 

watersheds recently burned by the Sherpa Fire (Schwartz et al., 2021). The flows destroyed 

historic adobes and necessitated the rescue of 12 campers.  

Discussed earlier, the 2017 Thomas Fire, a massive fire affecting Ventura and Santa Barbara 

Counties, was one of multiple wildfires that ignited in southern California in December of 

that year (Figure 3.12). It burned approximately 281,893 acres (440 mi2) before being fully 

contained on January 12th, 2018. At the time, it was the largest wildfire in modern California 

history. On January 9th, 2018, at 3:30 AM, 0.54 inch of rain in 5 minutes was reported in the 

Montecito area (Oakley et al., 2018). Shortly thereafter, mud and boulders from the Santa 

Ynez Mountains flowed down creeks and valleys into Montecito (Cui et al., 2018). These 

post-fire debris flows consisting of mud, boulders, and tree branches that were up to 15 feet 

in height, moving debris including boulders up to 20 feet at estimated speeds of up to 20 

miles per hour into the lower areas of Montecito. This resulted in 23 deaths and over 150 

hospitalizations. The disaster caused at least $177 million in property damage, at least $7 

million in emergency responses, and another $43 million in cleaning costs (Kean et al., 

2019). 

 

Figure 3.12 - Thomas Fire burn scar with study and reference watersheds overlaid. 
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Historical Debris Flows 

 

The study watersheds have a history of flooding and debris flow, both in the geologic record 

and in historical times (Lancaster et al., 2020). Smaller sediment flows/landslides are 

presumed to have happened throughout history but are much harder to characterize 

quantitatively due to a lack of physical evidence lasting to the present day (Adamaitis, 2020). 

Evidence of a historic sequence of debris flows as old as 90,000 to 130,000 years has been 

identified in the same area as the study watersheds (Keller et al., 2020). Scattered boulders 

and old channel levees that were untouched by the 2018 Montecito debris-flow event are 

visible examples of major past events (Kean et al., 2019). Other visible examples include 

deposits from a massive debris flow with boulders up to 15 feet in diameter being present just 

west of Montecito at the confluence of Rattlesnake and Mission Creeks, just outside the 

study watersheds (Urban, 2004; Minor et al., 2009).  

 

During the Randall Road Debris Basin excavation on San Ysidro Creek, evidence of a 

historic debris flow, including boulders up to 15 feet in diameter, estimated to be hundreds of 

thousands of years old, was uncovered along San Ysidro Creek (SBCFCD personal 

communication, 2021). Along Montecito Creek a debris flow runout stretching from the 

confluence of Hot Springs Creek and Montecito Creek down towards the ocean, about 2.25 

miles, was discovered by a UCSB research team investigating the January 9th, 2018 

Montecito debris flow. The historic debris flow along Montecito Creek was estimated to be 

between 1,000 to 2,000 years old (Keller et al., 2020). Of the 29 debris flow events recorded 

in Southern Santa Barbara County (Gaviota to Rincon Point) in the last 196 years, 19 events 

occurred in Montecito (Gurrola personal communication, 2021). Furthermore, five large, 

significant debris flow events were identified from these 19 events, including post-fire debris 

flow events in 1825, 1914, and 2018. A mean recurrence interval for Montecito events in the 

~200-year record was determined to be 48 years for large debris flow events, with a 

minimum of 23 years and a maximum of 81 years (Gurrola personal communication, 2021). 

Precipitation History  

Santa Barbara Countyôs precipitation patterns are characterized by dry, warmer summers and 

wet, cooler winters. Annual rainfall totals can vary considerably, with some years 

considerably above or below the average yearly rainfall of ~20 inches. The El Niño Southern 

Oscillation (ENSO) can influence weather patterns with El Niño years generally resulting in 

above-average annual precipitation and La Niña years in the inverse, although this is not 

always the case and this system still requires more study to understand implications for local 

precipitation that contributes to debris flows. Atmospheric river events driven by subtropical 

moisture also play a large role in the regionôs precipitation, with the storm front resulting in 

the 2018 Montecito debris flow driven by a narrow-band cold front enhanced by orographic 

lifting (Oakley et al., 2018). Minor to moderate storms can initiate mass wasting events, 

particularly if there has recently been a wildfire in the watershed, with debris flow initiation 

largely driven by 5- or 15-minute intensities rather than total precipitation of an individual 

storm event (McGuire and Youberg, 2020). Recent precipitation also plays a role with the 

saturation of soil or lack thereof, heavily influencing runoff, rill erosion, and sediment 

transport. 
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Summers in Montecito are warm and arid, while winters are cold, wet, and partly cloudy. 

Over the course of the year, the temperature typically varies from 42°F to 78°F, rarely falling 

below 34°F or above 84°F. The mean annual precipitation is 19.8 in. (SBCFCD, 2020), 

although annual precipitation can vary substantially (a maximum of 46.9 in. for 1998 and a 

minimum of 6.41 in for 2007) (Table 3.1). Over 90 percent of Santa Barbaraôs rainfall occurs 

during the 6-month (October to March) wet season, which lends to the study watershedôs 

rivers, creeks, and streams being intermittent and only flowing for a few weeks or months 

after rainfall occurs (Hoover, 2020). Storms in the typical 6-month window can produce as 

much as 10 inches per storm, which is observed in 1995 but are typically less (Figure 3.13). 

The proximity of the Pacific Ocean tends to moderate Montecitoôs climate and temperatures 

near the coast, while adjacent steep mountain ranges paralleling the coast result in a 

significant orographic effect (Oakley et al., 2018). The orographic effect occurs when ocean 

storms are forced upward against the mountains resulting in increased precipitation with 

increasing elevation. In conjunction with the steep, short watersheds, this effect occasionally 

results in flash flooding along the countyôs south coast. 

Table 3.1 - Santa Barbara Monthly Climate Summary. Source: (SBCFCD) 

 Jan Feb Mar  Apr  May Jun Jul Aug Sep Oct  Nov Dec Annual 

Average 

Max. 

Temp. 

(F) 64.9 65.6 66.8 69.0 69.9 72.4 75.9 77.1 76.7 74.4 70.9 66.4 70.8 

Average 

Min. 

Temp. 

(F) 43.0 44.6 46.2 48.6 51.3 54.3 57.3 57.9 56.4 52.5 46.9 43.4 50.2 

Average 

Total 

Precip 

(in.) 3.98 3.86 2.97 1.21 0.36 0.08 0.02 0.03 0.20 0.69 1.50 2.82 17.73 
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Figure 3.13 - Daily precipitation values from the Cold Springs Debris basin from the years of 1995 to 2020. 

Note that no data exists for this gauge for 2018. Source: (SBCFCD) 

The 5 closest rain gauges in the area are located at the Cold Springs Basin, Summerland at 

the intersection of Vista Oceano Lane and Lambert Road, Pine Canyon off of route 166, 

Montecito near the debris basin off of Olive Mill Road, the KTYD radio tower off of 

Gibraltar Road and Doulton Tunnel (Figure 3.14). The average annual precipitation of the 

lowest elevation rain monitoring station is about 15 in/yr, while the highest elevation station 

is about 28 in/yr. 

 



26 

 

 
Figure 3.14 - Thiessen Polygons show the closest rain gauges for each watershed.  

The variation can be observed in the data between stations of lower elevations near the coast 

and higher elevations inland. Assumptions of point rainfall data need to be interpolated over 

the watershed area. The Doulton Tunnel station is the highest elevation, and its rain gauge 

data shows higher values (Figure 3.15). The station located at the Cold Springs Debris Basin 

is an intermediate elevation and shows intermediate annual rainfall amounts (Figure 3.16). 

The Summerland rain gauge is the lowest elevation and closest to the coast and has the 

lowest annual rainfall totals (Figure 3.17). The intensities follow the same trend of increasing 

values as elevation increases when observing the 15-min intensities of the three stations 

(Table 3.2).   
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Figure 3.15 - Annual precipitation from the Doulton Tunnel rain gauge. Source: (SBCFCD) 

 

Figure 3.16 - Annual precipitation from the Cold Springs Debris Basin rain gauge. Source: (SBCFCD) 
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Figure 3.17 - Annual precipitation from the Summerland rain gauge. Source: (SBCFCD) 

  

Table 3.2 - Average peak intensity for 3 stations near the watersheds and elevations. 

Station 

Annual average peak 

rainfall intensity (15min) 

(inches) 

Average annual 

precipitation 

(inches) 

Elevation 

(feet) 

Carpinteria 0.28 17.2 30 

Cold Springs 0.39 23.98 590 

Doulton Tunnel 0.49 28.91 1775 

 

 

Debris basin clearing typically takes place in the summer months to avoid complications 

from rainfall. From the periods 2008 to 2017, the Cold Springs Debris Basin required 

clearing after the rainy season of 2010 and 2011 (Figure 3.18). The figure below plots data 

for the Cold Springs debris basin that triggered desilting operations. Fires are also plotted on 

figure 3.18 to communicate the temporal relationship that burn scaring can have on sediment 

delivery. Basin clearing activities were triggered for two years after the 2009 Jesusita fire 

while, no desilting activities were triggered in the basin from 2013 to the events following 

the Thomas fire. 
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Figure 3.18 - Basin clearings are signified with green dotted lines and occur after the rainy seasons following a 

fire in the watershed. The yellow dotted lines show the selected debris flows of January 9th, 2018 and the San 

Ysidro event that occurred on February 2nd, 2019. Note that no data exists for this gauge for 2018 and not all 

debris flow events are represented in this figure. 

As stated in table 3.2, annual peak rainfall intensity can range between 0.28 and 0.49 inches 

of accumulations in 15-min intervals, while individual storms can vary in intensity from 

<0.05 to 0.24 per 15-min interval (Figure 3.19). The figure below plots the rainfall intensity 

data associated with the February 2nd, 2019 event that resulted in the San Ysidro basin 

overflowing. Short-term high-intensity periods can be hidden in aggregated data, showing the 

need for individual storm analysis to be completed for debris flow threshold identification.     

 

 
Figure 3.19 - Rainfall intensity in 15-min intervals reported in inches of accumulation for the San Ysidro debris 

flow event that occurred on February 2nd, 2019.  
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Non-Fire Debris Flow 

While fire is a major driver of debris flow magnitude due to amplifying effects of vegetation 

loss and decreased water infiltration into hydrophobic soil, it is important to note that earth 

moving hazards can occur independently of fire. Generally, there is a correlation to 

precipitation, although this is not necessarily true for geophysical hazards such as 

earthquakes. The primary example of a major landslide event occurring independent of fire 

was the La Conchita landslide of 2005, which occurred in Ventura County. After sliding in 

1995, the active slide lost stability in 2005 after 16.9 inches of rainfall over 15 days, resulting 

in 10 deaths and 13 homes being destroyed (Jibson, 2006). On a less localized scale, heavy 

rainfall can drive impacts to transportation corridors through fallen debris, localized flooding, 

and moving sediments, as shown by landslides and rockfalls along Highway 154 that often 

correlate to intense precipitation independent of preceding wildfire (Bolton, 2020).     

 

Debris Basins Maintenance 

SBCFCD conducts routine maintenance of Santa Barbara County debris basins under the 

1996 Debris Basin Maintenance Plan and, more recently, the 2003 Debris Basin Maintenance 

Plan. The Updated Basin Maintenance and Management Plan (2021) builds upon the 1996 

and 2003, and 2017 maintenance plans that describe the maintenance of the districtôs 17 

debris basins along the south coast of Santa Barbara County (Figure 3.20 shows the eastern 

11 basins). In 2016 SBCFCD collaborated with ACOE and NOAA Fisheries for management 

of critical habitat for the Southern California DPS for steelhead (O. mykiss) (SBCFCD, 

2017). The outcome requires SBCFCD to implement a maintenance plan that enforces an 

upkeep plan that calls for establishing and continuing essential processes that are crucial to 

healthy habitat for endangered steelhead, including in the Montecito area study watersheds 

(SBCFCD, 2017).   
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Figure 3.20 - Study watershed debris basin locations and 7 others. Source: (SBCFCD) 

 

Routine Maintenance 

 

General routine maintenance aims to allow retention of high-quality habitat within each of 

the basins between desilting events. It typically occurs between the months of August and 

November to avoid the rainy season and breeding seasons for birds and other wildlife. 

Routine maintenance of debris basins includes keeping the outlet works and other specific 

areas clear of obstructive vegetation to minimize plugging (SBCFCD, 2021). Maintenance of 

the outlet works will ensure that the basins allow all low and moderate flows to pass so that 

they donôt incrementally fill in, which would reduce their effectiveness when needed. 

Routine maintenance may also include minor repairs to the grouted rock dam embankments 

and outlet pipe that occasionally experience erosion and need to be fixed to protect the 

structure from further erosion or failure.   

 

 

 

 

 

 

 



32 

 

Cold Springs Debris Basin 

 
Figure 3.21 - Map of Cold Springs Debris Basin. Source: (SBCFCD) 

The Cold Springs Debris Basin is located on Cold Springs Creek, a tributary of Montecito 

Creek (Figure 3.21, 3.22). It is a boxed outfall structure and is located west of East Mountain 

Drive. The Cold Springs Debris Basinôs capacity was expanded to 20,000 yd3 following the 
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2018 Montecito debris flow and SBCFCD currently plans to modify the basin to a slotted 

outfall. Refer to Figure 1.3 for an image of Cold Springs Debris Basin being excavated. 

 

 
Figure 3.22 - Picture of Cold Springs Debris Basin. 
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Montecito Creek Debris Basin 

 
Figure 3.23 - Location of Montecito Creek Debris Basin. Source: (SBCFCD) 

 

The Montecito Creek basin is below the Colds Springs and Hot Springs reaches of Montecito 

Creek which takes up about 1400 acres in the watershed (Lancaster et al., 2020) (Figure 

3.23). The Montecito Creek Debris Basin is located on Montecito Creek just east of Olive 

Mill Road and south of the Casa Dorinda retirement facility. Montecito Creek Debris Basin 

is an engineered facility that was completed in 2002 by SBCFCD after repeated flooding due 

to sedimentation in 1995 and 1998. The basin was designed to trap 5500 yd3 of flood debris 
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in anticipation of accelerated erosion of the watershed (Figure 3.24). The Debris Basin 

project includes a fishway along the east side of the basin, designed and implemented in 

consultation with the National Marine Fisheries Service (NMFS), to allow for fish passage. 

The upstream end of the basin involves the fishway merging back into the existing privately-

owned concrete channel. This transitional area was further modified for improved sediment 

transport and fish passage in 2011 by constructing a slot and weir structure along the floor of 

the concrete channel (Figure 3.24). To date, the modification in 2011 has been successful in 

diverting sediment into the main basin rather than into the fishway. Past maintenance at 

Montecito Basin has also involved periodic sediment removal from the transitional area and 

the fishway, minor concrete sealing and drain repairs, and annual maintenance of a pilot 

channel through the main basin. Construction of the Montecito Creek Debris Basin was 

completed in September 2002. Once construction was complete, the district began restoration 

along the basin slopes and overbank areas surrounding the basins. Because steelhead trout are 

known to inhabit Montecito Creek, construction of the debris basin incorporated a fishway 

along the east bank of the facility. This fishway consists of resting pools at the upstream and 

downstream end of the basin and a concrete lined channel with baffles inserted at intervals to 

slow water velocities through the fishway to allow steelhead to navigate both upstream and 

downstream.  

 

The Montecito Creek Debris Basin is maintained on a routine basis to ensure that it will be 

able to function properly when there are high flows. Long-term maintenance includes 

complete debris removal after the basin fills or after there is a significant fire in the 

watershed. This will be necessary after the basin fills approximately 25 percent or roughly 

every 5 to 10 years given average or less rainfall; the basin may have to be cleaned more than 

once on excessive rainfall years. Complete debris/vegetation removal will also be conducted 

if there is a significant fire in the watershed. Access will be taken from Olive Mill Road and 

the adjacent gravel roadway leading to the downstream end of the basin. Debris will be 

hauled to an appropriate disposal site after desilting. 

 

 
Figure 3.24 - Montecito Creek debris basin. Source: (SBCFCD) 
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San Ysidro Creek Debris Basin 

 
Figure 3.25 - Location of San Ysidro debris basin. Source: (SBCFCD) 

San Ysidro Creek originates in the foothills of the Santa Ynez Mountains and drains a 2,621-

acre watershed capable of producing 3500 cubic feet per second (cfs) during a 100-year 

return period precipitation event (SBCFCD, 2021). A well-developed riparian corridor exists 

to the north of the basin with chaparral habitat. The San Ysidro Creek Debris Basin is located 

on San Ysidro Creek at the end of West Park Lane in Montecito (Figure 3.25). The basin is 

surrounded by eucalyptus trees with the dam located at the south end (Figure 3.26). The 

basin was designed to trap 11,000 yd3 of flood debris in anticipation of accelerated erosion of 



37 

 

the fire-scorched watershed. The basin was maintained on an annual basis after construction 

until 1987. Between 1987 and 1994, the basin was maintained on an as-needed basis. 

Desilting projects occurred in 1969, 1978, 1983, twice in 1995, 1998, and 2005 (SBCFCD, 

2021).  

 

San Ysidro Basin was scheduled to be removed during the Fall of 2019. However, following 

the 2018 debris flow, SBCFCD decided to retain the basin and modify it from a boxed outfall 

to a slotted outfall to facilitate fish passage. This modification will be similar to the existing 

modification of the Gobernador Creek Debris Basin. 

 

 
 

Figure 3.26 - San Ysidro debris basin. Source: (SBCFCD) 
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Randall Road Debris Basin 

 

 
 

Figure 3.27 - Randall Road Debris Basin location. Source: (SBCFCD) 

Following the 2018 Montecito debris flow, SBCFCD, in partnership with various entities 

including the federal government and a local non-profit Partners for Community Renewal 

Santa Barbara County, constructed the Randall Road Debris Basin on seven parcels on 

Randall Road just west of San Ysidro Creek (Figure 3.27). The area around Randall Road 

was heavily impacted during the 2018 Montecito debris flow, with the homes along Randall 

Road destroyed. The Randall Road project is effectively the re-expansion of the riparian 

corridor to achieve flood control benefits. Figure 3.28 shows an aerial view of the Randall 

Road Debris Basin looking south with San Ysidro Creek on the left. Randall Road is an 
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example of a public-private partnership leveraging federal support to achieve community 

resiliency.  

  

 
 

Figure 3.28 - Randall Road Debris Basin. (SBCFCD) 
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Romero Creek Debris Basin 

 

 
Figure 3.29 - Romero Creek Debris Basin location. Source: (SBCFCD) 

 Romero Creek originates in the foothills of the Santa Ynez Mountains and drains a 1,303-

acre watershed capable of producing 3400 cfs during a 100-year return period precipitation 

event (SBCFCD, 2021). The Romero Creek Debris Basin is located on Romero Creek just 

east of 975 Romero Canyon Road in Montecito (Figure 3.29). A small tributary enters the 

basin from the east, and Romero Creek flows into the basin from the north. A well-developed 

riparian corridor exists to the north of the basin (Figure 3.30). The dam is located at the south 

end of the basin. Romero Creek Debris Basin is an engineered facility built in 1971 by 

ACOE after the Romero Fire burned a large percentage of the watershed. The basin was 

designed to trap 27,000 yd3 of flood debris in anticipation of accelerated erosion of the 

denuded watershed (SBCFCD, 2017). The basin has been maintained on an as-needed basis 

since 1994. Major desilting projects occurred in 1969, 1978, 1983, twice in 1995, 1998, and 

2005. The Romero Creek Debris Basin is maintained on a routine basis to ensure that it is 
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able to function properly when there are high flows. Long-term maintenance includes 

complete debris removal after the basin fills or after there is a significant fire in the 

watershed. Routine maintenance consists of maintaining a 15-foot-wide pilot channel from 

the upstream end of the basin to the outlet works. The 48-inch outlet pipe and the grouted rip-

rap spillway are maintained on an as-needed basis. Typically, maintenance consists of 

repairing the outlet pipe and spillway when they are cracked or chipped by pouring more 

concrete and adding rip-rap. Long-term maintenance consists of complete debris removal 

from the basin. This will be necessary after the basin fills approximately 25 percent or 

roughly every 5 to 10 years. Complete debris/vegetation removal will also be conducted if 

there is a significant fire in the watershed and debris will be hauled to an appropriate disposal 

site after desilting. 

 

 
 

Figure 3.30 - Romero Creek Debris Basin. Source: (SBCFCD) 

Gobernador Creek originates in the foothills of the Santa Ynez Mountains and drains a 

5,086- acre watershed capable of producing 4900 cfs during a 100-year return period 

precipitation event (SBCFCD, 2021). The Gobernador Creek Debris Basin is located on 

Gobernador Creek, approximately 1,000 feet north of 7000 Gobernador Canyon Road 

(Figure 3.31). Gobernador Creek Debris Basin is an engineered facility that was built in 1971 

by ACOE after the Romero Fire burned a large percentage of the watershed. The basin has 
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been maintained under the current program since 1996. Major desilting projects occurred in 

1969, 1978, 1983, twice in 1995, 1998, 2005, and 2018. 

 

Gobernador Creek Debris Basin 

 

 
Figure 3.31 - Map of Gobernador Debris Basin. Source: (SBCFCD) 

Gobernador Creek originates in the foothills of the Santa Ynez Mountains and drains a 

5,086- acre watershed capable of producing 4900 cfs during a 100-year return period 

precipitation event (SBCFCD, 2021). The Gobernador Creek Debris Basin is located on 
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Gobernador Creek, approximately 1,000 feet north of 7000 Gobernador Canyon Road 

(Figure 3.31). Gobernador Creek Debris Basin is an engineered facility that was built in 1971 

by ACOE after the Romero Fire burned a large percentage of the watershed. The basin has 

been maintained under the current program since 1996. Major desilting projects occurred in 

1969, 1978, 1983, twice in 1995, 1998, 2005, and 2018.      

 

In 2008 SBCFCD modified the Gobernador Creek Debris Basin from a boxed outflow 

(currently utilized on debris basins on the study watershed creeks) to a slotted outflow 

(Figure 3.32, 3.33). This was to achieve fish passage benefits while maintaining flood control 

capabilities. The Gobernador Debris Basin performed very well during the 2018 debris flow 

(SBCFCD personal communication, 2021). 

 

 

 

Figure 3.32 - Slotted outfall on Gobernador, May 2021. Source: Sedimetrics 
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Figure 3.33 - Gobernador Slotted Outfall. Source: (SBCFCD) 

 

Ringnets 

The Partnership for Resilient Communities (TPRC) is dedicated to reducing risks to the 

Montecito community from natural hazards and identified ringnets higher in the study 

watersheds to possibly slow the speed of materials in future potential debris flow events, 

particularly large boulders and woody debris. The ringnets are planned to be installed 

temporarily and are slated for removal when vegetation higher in the watersheds has 

recovered adequately to reduce sediment transport (Figure 3.34). Six ringnets were installed 

on private property due to the efforts of TPRC. 
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Figure 3.34 - Ringnets on Cold Springs Creek. Source: (SCHR) 

 

Background of Sediment Management for Steelhead and Federally 

Protected Status  

The lower sections of the creeks which comprise our study watersheds are all designated as 

critical habitats for the federally endangered Southern California steelhead trout 

(Oncorhynchus mykiss) (Figure 3.35). This distinct population segment (DPS) comprises 

naturally spawned anadromous steelhead hatched below natural and artificial barriers ranging 

from the Santa Maria River at the San Luis Obispo-Santa Barbara County line in the north to 

the US-Mexico border at the Tijuana River in the south (NOAA Fisheries, 2022). In 2005 

NOAA designated critical habitat for the seven evolutionarily significant units of Pacific 

salmon and steelhead in California, which includes the DPS of Southern California steelhead. 

Steelhead was historically numerous in the rivers and creeks of Southern California, though 

their numbers have drastically declined in the latter half of the 20th century into the 21st 

century, resulting in the endangered listing under the Endangered Species Act (ESA). The 

Santa Ynez River in Santa Barbara County represented a major stronghold for the Southern 

DSP, although the construction of Bradbury Dam in the 1950s now creates an impassable 

barrier to fish passage (Alagona et al., 2012). Multiple creeks (including Montecito, San 

Ysidro, and Romero) were designated as critical habitat as of 2005. The modification of 
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Gobernador debris basin on Gobernador Creek in the Carpinteria Creek watershed was 

primarily motivated by improved fish passage for steelhead. 

 

Figure 3.35 - Picture of Steelhead (Oncorhynchus mykiss). Source: (Pacific Grove Museum of Natural History) 

Planned Future Infrastructure and Debris Basins Modifications 

In 2014 the National Marine Fisheries Service (NOAA Fisheries or NMFS) delivered a 

jeopardy biological opinion (BO) finding SBCFCD in violation of their ESA obligations to 

protect steelhead trout along several creeks in Santa Barbara County. As a result of this BO, 

SBCFCD completed the planning process to remove five debris basin structures, including 

Cold Springs Debris Basin on Cold Springs Creek, which flows into Montecito Creek and 

San Ysidro Debris Basin (SBCFCD, 2017). Following the catastrophic 2018 Montecito 

debris flow, SBCFCD updated their modification plans to retain debris basin structures on 

Cold Springs and San Ysidro Creeks with future modification in the same style as the debris 

basin on Gobernador Creek (Figure 3.36). The planned modifications involve transitioning 

from a boxed outfall (Figure 3.37) to a slotted outfall, ideally facilitating fish passage and 

finer sediments to pass downstream through the debris basins. Finer sediment is needed in 

creeks to maintain the trout reproduction environment. Trout require pebble size grains for 

spawning, and keeping all sediment out of the river will lead to decreased habitat for fish and 

other marine species. Pebble count data indicate that suitable spawning substrates (3 to 

100mm in size) make up about 56 percent of the substrate composition. Optimal substrate 

sizes (15 to 60mm) appear to make up approximately 44 percent of the substrate composition 

(Raleigh et al. 1984). 
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Figure 3.36 - Gobernador Before and After Modification. Source: (SBCFCD) 

 
 
Figure 3.37 - Example of boxed outfall from San Antonio Debris Basin. Source: (SBCFCD)  

 




























































































































