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ABSTRACT

Runoff and erosion rates rise dramatically in thimy seasons following
wildfire, increasing the risk of destructive flogd®diment accumulation,
and debris flows. Watershed assessments are tiyppeaformed post-fire,
but risk quantification and determination of mitiga treatments are
limited when a fire occurs immediately before they season. In highly
vulnerable areas, such as Mission Creek watersh&hlifornia, pre-fire
analysis of post-fire risk is warranted. This stekamined potential post-
fire runoff and erosion risk by simulating the etfe of fire on upper
Mission Creek watershed. The project utilized fieloservations of an
analogous burned watershed, spatially explicit data watershed
characteristics, historic rainfall and runoff me&snents, and accepted
modeling techniques to estimate post-fire changesydrologic and
sedimentary processes in Mission Creek watershesuli® estimate flood
discharge associated with the 100-year storm is fiomes more likely
after fire, and even small storms will flood areafsdowntown Santa
Barbara. Sediment yield from the upper watershed inarease by
several orders of magnitude, depending on pretigitaincreasing flood
risk through channel aggradation. These estimat® wsed to assess
various pre- and post-fire mitigation projects thaduce risk for
downstream communities in Santa Barbara.
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1. EXECUTIVE SUMMARY

Wildfires pose a complex management problem, eafpeon fire-prone areas such as
southern California. Flood, sedimentation, and deflow hazards increase in the
years following fire when precipitation falls on rbahillslopes and unprotected,
sometimes hydrophobic soils. Communities downstrefburned areas are at higher
risk when storm runoff and erosion are intensified.

Mission Creek watershed, a small coastal waterghasduthern California, has high
wildfire potential indicated by regional fire hisyoand current fuel accumulation.
Mission Creek begins in steep, chaparral-coveredmain slopes and flows to the
Pacific Ocean after winding through flood-prone dtown Santa Barbara. Fire in the
upper watershed would greatly increase water adionsat supplies to the channel,
increasing flood risk to downstream urban areas.

This project uses spatially and temporally explididta and watershed modeling
programs to quantify increases in runoff, sedimta and risk of debris flows in

Mission Creek watershed following a potential willdf Current observations of post-
fire hydrologic and sedimentary response in therbmeaGap Fire burn area
contributed to the analysis. Fine-scale analydmwal for early planning and pre-
emptive mitigation, which can supplement the typpast-fire response planned in
emergency circumstances.

Approach

Three modeling programs were used to calculate-fpesthanges in hydrology,

erosion, and debris flow risk:

1. The Hydrologic Modeling System{HEC-HMS, U.S Army Corps of Engineers)
was used to estimate post-fire storm runoff to Mis<reek.

2. TheErosion Risk Management ToalERMIT, U.S. Forest Service) was used to
predict post-fire sediment delivery rates from acef erosion.

3. The Shallow Landslide Stability ModeglSHALSTAB, UC Berkeley) was used to
identify areas of the watershed where sediment Igujppm landsliding could
increase, enhancing the risk of debris flows.

Increased flood risk from sediment accumulationlomwer Mission Creek was
analyzed by combining estimates of post-fire sedintlivery (from ERMIT) and
discharge predictions (from HEC-HMS) with calcuthgediment transport capacities
for the creek.

Scenarios

Small and large fire scenarios were developed, Isitimg a fire in 25 and 50 percent
of the upper watershed. Precipitation scenariogwereloped for rainstorms with 2-
5-, 10-, 25-, 50-, and 100-year recurrence intsrti@lrepresent a range of storm sizes.
The effect of dry and wet antecedent soil moisttwaditions on runoff was also
examined.



Results

» Flooding is predicted to occur in some portion bé tlower Mission Creek
watershed in all fire and storm scenarios consilere

» Discharge equal to the 100-year flood, as predibedEMA, is four to twenty
times more likely after a fire.

» Erosion rates increase by up to 385 percent foy@a2 storm and three orders of
magnitude for a 100-year storm.

» Areas of chronically unstable soils increase by&®&ent in the upper and middle
watershed after a large fire.

» 1 foot of sediment accumulation in lower Missione€k decreases discharge
capacity by approximately 10 percent.

Recommendations

Prioritizing post-fire risk mitigation actions imgres emergency response plans and
allows for pre-emptive mitigation to supplement egemcy post-fire response.
Recommendations focus on both specific actionsettuge runoff and sediment
delivery and on coordinated emergency and longeatagnning.

Emergency Post-Fire Actions:

1. Clear sediment basinsClear the two sediment basins in the upper wWager$o
full capacity after a fire to reduce delivery ofigaent to lower Mission Creek.

2. Increase channel capacityClear the creek channel of debris and vegetaton
increase flow velocity and prevent blockage frongéadebris.

3. Stabilize hillslopes: Apply hydromulch to areas of upper Mission Creek
watershed to reduce sediment delivery by up to 90%.

Immediate Actions;

1. Incorporate post-fire risk into Long Range Devel@mnPlans: Create LRDPs
through the cooperative efforts of both local agemcand community
organizations, with special attention given to timque hazards created by post-
fire storm management.

2. Incorporate post-fire risk into Winter Storm Emengg Response Plan:
Incorporate post-fire flooding and sedimentatia@ksiinto management plans that
detail emergency response actions during stormtgven

3. Improve information systems:Ilmprove public services by providing easily
accessible and centralized information to citizens.

4. Increase channel capacityimprove infrastructure in downtown Santa Barlara
increase capacity in the lower channel and decnésisef flooding.



2. INTRODUCTION

Flooding and debris flows in urban areas damagpgrty and endanger human lives.
Wildfires increase the magnitude of runoff and enoscreating a risk to downstream
communities that lasts for 1-3 years after a fibeBano 2000, Loaiciga 2001). As
development in southern California encroaches wpitdiand areas, the threat of fire
and post-fire impacts to lives and property corggito increase. Post-wildfire debris
flows killed 16 people and caused tens of milli@iglollars of property damage in
Southern California in 2003 (Cannehal. 2007). To aid in the management of these
risks, it is imperative to understand the contngjlfactors behind post-fire changes in
hydrologic and sedimentary processes, as well &s rtagnitude of change.
Predictions of runoff and sedimentation after fiesee important both for long-term
planning of risks to infrastructure and for shamrt emergency planning for public
safety and hazard mitigation. It is standard pracedor local and federal agencies to
conduct rapid assessments of potential hydrologid aedimentary changes in
response to a wildfire. However, making advanceliptns of these phenomena in
high-risk areas aids disaster planning and mitgatiflood control infrastructure
upgrades (which can require decades to completd)pablic awareness of possible
environmental hazards.

Mission Creek watershed has a high wildfire potdritased on regional fire history
and fuel accumulation since the last major fire 1@64. Mission Creek floods

overbank in the low-gradient reaches sporadicaliyh recurrence periods ranging
from two to forty years, but the risks of floodsdasebris flows increase significantly
after fire in the upper watershed (FEMA 2005a).c8ithe magnitude of increase in
risk depends on local factors and watershed charsiits, studies of recently burned
analogous watersheds can be used to inform estinsatif local post-fire erosion and
flooding risk.

The July 2008 Gap Fire burned approximately 9,56@saof vegetation on steep
hillslopes above Goleta, California, nine miles ivafsthe Mission Creek watershed.
Areas of the Los Padres National Forest and prilatds were affected by the fire
(BAER, 2008). The Burnt Area Emergency ResponseHBATeam responded by
conducting a rapid assessment of the burn areawsggesting management actions to
mitigate risks to the City of Goleta. As many oé thurned watersheds empty through
the city to the subjacent Goleta Slough near theteéS8arbara Airport, city and
county implemented mitigation programs to deal witke increased sedimentation
and flood risk in winter of 2008-9. The City remavdebris from the channel and
sediment basins, constructed racks to catch dedms,treated the land surface of
burnt areas to reduce potential hazards. Earlynasibn of the magnitude and spatial
extent of post-fire effects can improve the efing and timing of management
decisions. These predictions can be aided by wadranalysis, field observations,
and calculations of the hydrologic and sedimentéignges in the basins.



San Pedro Creek watershed was 63 percent burrtbd Bap Fire and is comparable
in topography, geology, hydrology and climate. Enhesmilarities provide an
opportunity to refine predictions of post-fire resge in Mission Creek watershed by
observing the response of San Pedro watershedetds#p Fire. Investigation of
runoff and sedimentation in San Pedro Creek dutiregwinter of 2009 supports
predictions of the increases in these processesafire for similar watersheds such
as Mission Creek watershed. This process valigaedictions and provides the City
of Santa Barbara and stakeholders in Mission Cnestlkrshed with an early estimate
of potential flood and sedimentation risk afteutufe wildfire.

2.1 Project Significance

Wildfire increases the risk of debris flows andoilis in the following rainy season,
threatening life and property. The upper slopesMidsion Creek watershed last
burned in the Coyote Fire of 1964, after which fiom and debris flow events were
recorded (FEMA 2005a). Forty-five years of vegetatirecovery and fuel
accumulation have increased the likelihood of wviidin the basin.

Conceptualizing and quantifying the post-fire capsnces of such a burn provides
the foundation for risk analysis and mitigationnplang. First, this project utilizes
historical and current data about Mission Creek &ad Pedro Creek watersheds to
predict the potential increase in hydrologic andirsentation processes in Mission
Creek. The analysis uses field observations andolygic and sedimentation
modeling programs to accomplish this goal. Secdhd, project investigates and
guantifies increased risk created by these proseskée integrating predictions into
post-fire management and hazard mitigation plans.

2.2 Research Questions

1. How would a fire in upper Mission Creek watershéfda hydrologic and
sedimentation processes in the succeeding rairspssa

2. What risks must be addressed to prepare downstteammunities and what are
the magnitudes of those risks?

3. How can early predictions of potential post-firedtl and sedimentation risk
inform mitigation strategies?

2.3 Research Obijectives

1. Identify the physical changes to the sedimentadiath hydrologic properties of
San Pedro and Mission watersheds after a fire.

2. Calculate the response of Mission Creek watershedltifire based on the
characteristics of the watershed, and taking a@ggnof observations of the
responses of San Pedro watershed to the 2008 Gdipavi

3. Assess and communicate risks to downstream comiesiais well as policy and
management implications of the analysis.



3. BACKGROUND

3.1 Regional California Climate

Southern California has a Mediterranean climatearatterized by winter
precipitation from October to May and summer drduffBoldsteinet al 2000).
Annual average rainfall varies strongly with elesat and between years, with some
years receiving over twice the average rainfalllgvlother years experience winter
drought (Figure 3-A). This interannual precipitatigariation has a significant impact
on the hydrology of the region (Inman and Jenki®@9).

Downtown Santa Barbara WY Rainfall Totals
1868-2006 (135 years)
E = El Nino Years
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Figure 3-A: Downtown SB Rainfall Totals Compared thiAverage (red line).
(Santa Barbara County Water Resources Division02)

There is also high precipitation variability withigny given year. Variability in
precipitation increases in El Nifio years. Oftenjteern California will receive the
majority of annual winter precipitation from one two storm events. These events
vary widely in duration and intensity, as well dse ttime interval between
occurrences (Laveet al. 1997). Time intervals between storm events detegmin
antecedent moisture in soils and vegetation, whicturn, alters hydrology, erosion
rates and fire regimes.

Additionally, from late fall into winter, dry, hoSanta Ana winds from eastern
California are common (Callaway and Davis 1992nt&a\na winds occur between
September and April, with a peak occurrence in Ddxr. The winds are driven by
the co-occurrence of a high pressure system onstratea low pressure system off



the coast. The pressure differential leads to gtnwimds (30 knots or 35 miles per
hour or more) pushing down the coastal ranges ¢osta (Raphael 2003). This
phenomenon can impact the size and intensity @$ fim the region.

Scientific consensus is that local Southern Calitoclimate will be altered by global

climate change, but the magnitudes of change arevelb defined. Most predictions

are for a longer-duration fire season and rairgdints of lower frequency, but higher
duration (Milleret al. 2003; Inman and Jenkins 1999).

3.2 Fire Regime

In Southern California, thousands of fires burrotiyh massive tracts of wildland

every year (Haston and Michaelsen 1994). The adagiuth and central California is

dominated by dense chaparral scrublands, one ohtst fire-susceptible ecosystems
in the world. Winds, as well as soil and vegetatiooisture content, are important
factors in the ignition of chaparral wildland fir¢ghou, Weise and Mahalingam

2005). Lightning is the only natural source of \iild ignition, yet the most common

ignition sources today are anthropogenic (Keetegl. 2003). Chaparral fires tend to

be active crown fires: rapidly moving fires thainp from canopy to canopy, burning
through the vegetative column to the ground surfaceé often scorching the soil.

Historic fire frequency and intensity regimes remai topic for academic debate.
Many scholars provide a fire recurrence interva@fto 40 years (Keeley and Davis
2006; Conard and Weise 1998). Menskgtgal. (1999) used a 560 year record of
charcoal deposits in the Santa Barbara basin grmdete that the fire regime has not
changed dramatically since the 1400s.

There is clear consensus that wildfires have alwalgyed a role in chaparral
ecosystems, with many plant species requiringforeseed dispersal and re-growth
(Keeley 2001). It is only the risk to humans ingbechaparral-covered watersheds
that poses a significant “environmental” problems Auch, this paper will not
examine the ecosystem impacts of fire, floodingmsion processes. Rather, it will
focus solely on the threat these processes hdwentan life and property.

“The general public refuses to accept that cataghic wildfires are inevitable and
that where shrublands meet human development,tdisiasa likely result.” (Zedler
1995)



3.3 Effects of Fire on Hydrology and Sedimentation

Wildfire Effects on Hydrology

Fires increase the runoff potential of a watershededucing vegetation cover and
root structures and lowering the infiltration cajpaof the soils. These hydrologic
effects of wildfire are well-documented and inceeasth overall streamflow volumes
and the peak flows (Meixner and Wohlgemuth 2008kt#ire hydrograph responses
are more flashy than normal runoff with more fregfudbood events, especially in the
first year following a fire. Annual runoff yield oabe increased as much as 30% in
the first year after a fire (Lavabre 1993).

The processes by which wildfires alter runoff methis fall into two categories.
First, removing vegetation decreases evapotrargpiraf water that has infiltrated
the soil, making more water available for runoffafiabre 1993). The result is
increased streamflow volumes in the weeks and nsoatter rainfall. Second, fire
lowers infiltration capacity of soils to varying glees by exposing bare soil to
raindrop impacts that compact and seal the surdaceby creating a hydrophobic
layer that prevents water from entering the soilpenetrating more than several
centimeters below the surface (Robichaud 2000)ideé&rly hot fires can alter soil
chemistry, creating a layer virtually impenetrallg water (DeBano 2000). The
hydrophobic layer usually occurs at depths betwer8 inches (5-20 cm) (DeBano
2000, Ondaet al. 2008, Gabet and Dunne 2003), and is maximized wfren
temperatures reach 175° - 200° C (DeBano 2000).

During a post-fire rainfall event, moisture movhasough the soil until it encounters
the hydrophobic layer, at which point infiltratiarapacity drops significantly and
overland flow increases. This overland flow rapidigins to the channel network and
contributes to flashy hydrograph responses witthartslag to peak (Ondat al.
2008). The hydrophobic layer also decreases therviatiding capacity of soils by up
to 20 times its pre-fire volume (DeBano 2000, Wé&B81), increasing the quantity of
water in drainage networks and contributing to @ased flood peaks seen after post-
fire rainstorms.

Wildfire Effects on Erosion and Sedimentation

Fire accelerates erosion and sedimentation progepadicularly in areas with steep
slopes and easily eroded soils, such as those fourwhstal California (Wells 1981).
After wildfires, bare hillslopes have little protem from precipitation, which

increases erosion from rainsplash and overland {i@hlgemuth 2002). Rills or

small channels may form on scorched slopes as wateumulates on the
hydrophobic layer, saturating soils and decreaBintion between soil particles. This
creates a risk of thin debris flows which continwgsil the hydrophobic layer has
been weathered or eroded and infiltration increéSadbet and Dunne 2003). Debris



flows are rapidly moving mixtures of mud and wateat can also be initiated by the
collapse of saturated soils. Larger debris flows gmther momentum and be
particularly destructive when they exceed the ciépaxf existing channels (Wells
1981).

Rainsplash, rill erosion, slope collapse, and erodsrom overland flow increase
sediment yields, which may be up to 35 times highan average during the first
year after a fire (Wells 1981). Studies conductedhe San Dimas experimental
forest in Southern California indicate a 2-3-fofetiease in sediment production in
chaparral and 7-fold increase in grassland the g#ar a fire occurs (Wohlgemuth
2002). Published estimates of sediment productitan ires in chaparral ecosystems
range between 12 and 88 tons/ acre (Keller 1997ellT§981) compared with a
baseline rate of 3.9 tons/ acre (Rosta@l. 1949). (See Appendix 10.2.4)

3.4 Study Area

A small coastal watershed of 11.5°(80 knf), Mission Creek watershed runs from
the undeveloped mountainous terrain of Los Padeg®hhal Forest in the Santa Ynez
Mountains through residential Mission Canyon to ¢ty center of Santa Barbara
(Figure 3-B). The Mission Creek watershed was chofe this study for its
importance to stakeholders, the availability ofegdaind its position as a highly visible
watershed likely to burn in the next decade. Tipogpaphy of the watershed, a result
of active tectonics, consists of a basin that rises sea level to nearly 3,900 feet
(1,200 meters) (Gurrola 2006). Thin soils and laageas of bedrock outcrop, with a
dense cover of chaparral vegetation characterieestbep, upper portion of the
watershed (Bean 2007). Low- to mid- density urbaindn begins in the middle
portion of the watershed, which is moderately st@émelmann 2001). Historically,
fires and debris flows have occurred in the uppet middle watershed areas (Ed
Keller, pers.comm.). Lower Mission Creek passes near the hestBanta Barbara
Mission and continues through the heart of downt&amta Barbara to the Pacific
Ocean. This urban area has experienced some fipadimvelve of the past 100 years
(FEMA 2005b).

Nearby San Pedro watershed (Figure 3-B), studieddmparison and as an example
of a burned watershed, is 7.1%(18.5 knf), rises 2,900 feet (880 meters) above sea
level and has similar pre-fire vegetation, hydrgl@nd geology to Mission Creek.
San Pedro differs from Mission in size and land, esethe mid-watershed area is
agricultural, rather than residential, and in tihampties into Goleta Slough before
entering the Pacific Ocean (Vogelmann 2001). Thp Bee of July 2008 burned 63
percent of the San Pedro watershed, with the buaned located in the upper and
middle watershed (BAER 2008). This burn is simitaa scenario that could occur in
upper Mission Creek watershed (David Neels, pemsing.). Additionally, San Pedro
is a useful study area because of concurrent ds&grUSGS and the installation of
a stream gauge in the lower reach.
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Figure 3-B: Location and extent of study area, inading the Mission Creek and San Pedro
watersheds. (Source Data: County of Santa Barbdtk§GS, ESRI Data and Maps)



Geology and Soils

Watershed geology can determine the types of erasioexpect after a fire. The
Santa Ynez Mountains, part of the rapidly upliftiifgansverse Ranges (Gurrola
2006), consist of sandstone and shale (induratadasid silt). The sandstone is more
resistant than the shale and forms east-west trigmitiges with shale units forming
depressions and less steep portions of hillsideh Beatersheds contain seven
geologic units which are, from oldest to youngestak Juncal (shale) Formation,
hard Matilija Sandstone, weak Cozy Dell Shale, h@mldwater Sandstone, weak
Sespe Formation, very weak Rincon Shale, and weasthsolidated Quaternary
deposits from landslides, debris flows and theasti® (Dibblee 1986). As both
watersheds exhibit extensive bedrock outcroppingsréas of low rock strength, the
rate of bedrock weathering to loose debris is higte upper basins of the Santa Ynez
range have considerable areas of exposed bedrspécially on their steeper slopes.
The proportion of bare rock in these watersheds rfasbeen mapped, but using
digital image processing, the area of bedrock opjung was estimated to be
between 2 percent and 9 percent in each of thergorebasins of the Mission Creek
watershed. Mission Creek watershed has higher piiope of weaker rocks and
greater volumes of runoff from the higher terramaking it likely that rates of
sediment production and erosion will be higher ¢héman in San Pedro Creek
watershed.

Understanding watershed soil characteristics eaieglthe reaction of the basin to
precipitation. As shown in Figure 3-C, soils depth®oth watersheds are below one
foot (0.3 m) in depth at the headwaters, one tofeeb (0.3-0.6 m) deep in the middle
watershed and two to five feet (0.6-1.6 m) deepghenhistorical flood plains. With
large outcroppings of bedrock and low soil depthsthe upper watersheds, the
average water absorption capacity of the waterghkxv. The soils in upper Mission
and San Pedro watersheds are classified into lygioosoil group D, reflecting their
depth, rather than their texture (Soil Survey Stafidated). As shallow soils can only
accept low volumes of infiltration before becomisgturated with water, even the
sandy loam soils of the Santa Barbara area, whaclerglly have a high infiltration
capacity, hold low amounts of water in areas wihyvhin soils (Dunne and Leopold
1978). However, a significant but unknown fractafrrainfall enters rock fractures in
the first few storms of the rainy season, as irtdatdy the generally low response of
the streamflow to rain storms at that time of y@&wighleyet al. 2003).
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Figure 3-C: Soil Depth in Mission Creek (a) and Sdfedro Watersheds (b).
(Source: Soil Survey Staff, undated)

Local Flood and Fire History

Mission Creek is typical of most streams in coastaithern California with very low
stream flow throughout the year, except for a fewsdeach year during and shortly
after winter rains. With steep hillslopes and shallsoils the watershed responds
rapidly to medium- and high-intensity precipitatiand can create intense flooding
conditions (FEMA 2005a). Such conditions can oauning events in years of high
or low annual rainfall, but are more likely in highinfall years. Total annual rainfall
in downtown Santa Barbara has varied from 47 in¢h&8 cm) in 1998 to 4.5 inches
(11.4 cm) in 1877. The steep topography of the teb&3alifornia mountain ranges
causes orographic enhancement, which increasegallain higher elevations.
Rainfall intensities of up to 2.5 inches (6.35 gme) hour have been recorded at San
Marcos Pass (elevation 2,225 feet or 678 meteraht@SBarbara County Water
Resources Division 2002). Flood records in Santdo&a reach back more than 100
years and because of inadequate drainage in theflobding is relatively frequent
(Table 3-A). With eight Presidential Disaster Deateons due to flooding in the past
100 years, floods are one of the most common rlatlisasters to affect Santa
Barbara County (FEMA 2005a).
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Table 3-A: History of Major Flooding Events in SaatBarbara (Source: FEMA 2005a)

Year | Dates of Floods | Notes

1861 | December Great Flood (1)

1862 | January Great Flood (I

1914 | January 15th 2-week storm

1952 | January 50 homes inundated around Mission Creek
1964 | November Post-Coyote Fire flood

1969 | January Five deaths - most highways closed

1971 | December Federal disaster area declared

1978 | February/March | Flooding mostly in fields and coastal areas
1980 | February Mudslides

1983 | (Rainy Season) 200% normal rainfall, slope destabilization
1993 | (Rainy Season) 1.25 inches in 15 minutes

1995 | (Rainy Season) 510 structures flooded, all transportation cut off
1998 | February Transportation disrupted, better flood control reduced damages

Santa Barbara County also experiences frequenfingsd(Table 3-B, Figure 3-D).
There have been 10 significant wild fires in thent8aBarbara area in the past 50
years. Only two, the Wheeler and Zaca fires (bo#inig on U.S. Forest Service
land) burned more than 100,000 acres; however,lenfaks occurring in drainages
above urban areas or encroaching upon residerdgraimunities have also caused
major economic damage and loss of life. Recordedrécurrence, the time between
two fires in the same geographic location, in tle&t& Barbara area ranges from 6
years (between the Coyote and Cielo fires northSahta Barbara) to 53 years
(between the Refugio and Gap fires above Goletdpper Mission Creek watershed
last burned 45 years ago in the Coyote Fire of 18®&st-fire flooding of Mission
Creek after the Coyote Fire resulted in the desbmcof twelve homes and six
bridges, eye witness accounts of “20-foot wallsnafter, mud, boulders, and trees
moving down the channels at approximately 15 mpes hour,” and more than
$300,000 worth of damage to public and private prigp(FEMA 2005a). A small
portion of the Mission drainage near Rattlesnakee&yr approximately 0.2 m{0.6
km?) also burned in the 2008 Tea Fire, though theiias mostly contained within
the Sycamore Canyon area.
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Table 3-B: History of significant fires in Santa B&dara area since 1955 (Source data: CalFire,
USDA Forest Service Region 5, BLM, NPS, County @frfia Barbara, USGS)

Year | Fire Name Area Burned (acres)
1955 | Refugio 79,428
1964 | Coyote 65,337
1964 | Polo 684
1971 | Cielo 2,010
1971 | Romero 14,538
1977 | Sycamore Canyon | 679
1979 | Eagle Canyon 3,765
1979 | Brad 137
1981 | Rey 6,120
1990 | Painted Cave 4,267
1998 | Ogilvy 4,000
2007 | Zaca 240,207
2007 | Ranch 478
2008 | Gap 9,544
2008 | Tea 1,940

SYCAMORE
CAN

N
- San Pedro Creek Watershed - Mission Creek Watershed A‘l

0 15 3 6

Figure 3-D: Santa Barbara fire history since 199%jith recent Gap and Tea Fires in red (Source
data: CalFire, USDA Forest Service Region 5, BLMP$, County of Santa Barbara, USGS)
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3.5 Current Post-Fire Management Policies in SarBarbara

Most post-fire hazard policies are defined on a&dascase basis depending on the
size and intensity of the fire, primary jurisdict®affected, and funding available for
mitigation activities. In Santa Barbara County,uanver of state and federal agencies
work with local government to ensure the reductioh risk to downstream
communities from flooding and debris flows. Thegabkeek to expand research on
mitigation treatments and post-fire debris flows amder to improve future
management responses. Agencies work together we&hCounty Department of
Public Works to assess which actions will dimintble risk of local flooding and
damage.

Winter storms typically occur less than 6 monthfofeing the summer fire season,
allowing little time for officials to enact emerggnmitigation activities. Sometimes,
there is hardly enough time for agencies to agbesarea for potential hazards or get
reactive measures approved through government pgthwFor example, the
Montecito Tea Fire (2008) occurred late enougthenfire season that the burned area
experienced a rainstorm during the fragile peridtbrgy after the fire was
extinguished. This prompted a precautionary evamuafrom neighborhoods
downstream from the burn area. An effort to disti#sandbags prior to the storm did
not prevent a shallow landslide from blocking a thod roadway, initiating a
coordinated emergency effort to remove debris vidavy machinery and local
volunteers.

Many, but not all fires, receive federal level asseent. Fires occurring on private
lands, such as the Montecito Tea Fire, do not vectiis level of attention, and any
post-fire strategies must be assessed and initataddividual landowners or local
agencies. In the case of the Gap Fire, since tleewns initiated in Los Padres
National Forest and burned extensive tracts of laathiaged by the Forest Service,
local officials had the support of the Burned Arfemergency Response (BAER)
Team in assessing potential for post-fire floodangl sedimentation hazards. It is
comprised of specialists in hydrology, soil scienb®logy, and engineering who
predict post-fire response then recommend actiwgiscan be taken on Forest Service
property that will minimize damage human life angportant resources.

Through a rapid assessment process, the BAER teamlaghed rough estimates of
increases in peak discharge and erosion ratetiédourn area. The BAER team then
identified more than 120 residences and 70 busasdssthe drainage area below the
Gap Fire that are at risk of damage from postdflveding and debris flows. U.S.
Highway 101, railroad lines, Santa Barbara Airpd@bleta Water District water
treatment plant and Cachuma Operation and MaintenBoard water pipeline were
other major resources that the BAER team identiigat risk (BAER 2008).
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Federal funding for emergency flood preparatiorbumn areas is available through
the USDA Natural Resource Conservation Service (NR@llowing the creation of

an Emergency Watershed Response Plan (for exarsgde,Gap Fire Emergency
Response Plan, Santa Barbara County 2008). Sudls pl@ drafted with the best
available information about local watershed cood#i fire severity and extent, and
the capacity of existing flood and erosion consgstems. Local officials allocate
funds to mitigation measures that will ensure pgesaf runoff and debris through
existing culverts. Actions taken by Santa Barbaoar®y Flood Control in a post-fire

response can include: hillslope hydromulching, mhea of stream channels,
installation of debris racks to trap sediment angbdv at strategic locations, and
increase of the storage capacity of debris basinsexravation. In some cases,
evacuations during large storm systems may be sacedor at least one winter
following the fire.

The County and officials from the National Weatl8grvice (NWS) are working

together to create an early warning system fohflisoding in the Gap and Tea Fire
areas (Boldt, NWS, 2009 pers. comm.). The NWS idistes flash flood watches
then flash flood warnings based on expected totdliatensity of precipitation from a
certain storm, and adjusts their typical warningtems for fire affected regions. This
is accomplished through a special partnership wighUSGS, which uses historical
events to suggest thresholds of rainfall intensitrehich would create high risk
flooding or debris flow conditions. The rainfallt@msities that trigger a flash flood
watch or warning are generally about half the amaimat would trigger such

advisories in a non-fire region (Boldt, NWS, 20@% comm.).

NWS staff also visits burn areas to discuss deftwis and flooding hazards with
local Emergency, Flood, and City, and County offici Oftentimes, the role of the
NWS is to urge governments and citizens to heedhgeasystems, as well as to
educate residents of burn areas on the NWS wagyisigm and mitigation measures.
This education is extremely important, since pestqmeparedness of homeowners
must complement the coordinated efforts of the veslé agencies. Information
provided on the County of Santa Barbara DepartnoénPublic Works website
(http://www.countyofsb.org/pwd) includes homeowneranuals for preventing
erosion, flood insurance links & quotes, free saugdllistribution locations, and
instructions on how to create a family emergengpoase plan in preparation for a
flood (SBCDPW, 2009).

In the case of a large storm in the winter follogvia wildfire, the County Office of
Emergency Services (OES) coordinates logisticarfaltiple agencies and manages
the potential for a call to evacuate certain arafsisk for flood. The Office of
Emergency Services uses the NWS statements of Flasd Watches and Warnings
to determine how to direct the activities of thepbDeof Public Works, Fire
Department, Law Enforcement, Animal Control, mediantacts, and other
administrators. In response to heightened flookl insthe Tea Fire area, the City of

15



Santa Barbara OES created emergency responseigegispecific to the risk from
this fire, supporting effective coordination andpegpriate responses to the risk for
flooding (City of Santa Barbara 2009).

Early knowledge of post-fire risk can contribute loal mitigation policies and
actions. Finer-scale analysis allows for early piag and preemptive mitigation,
which can supplement the normal post-fire resporsgditionally, a thorough
understanding of the increased magnitude of hafalidwing a fire can allow
managers to determine an acceptable level of rilenwmaking funding and
allocation decisions.
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4. APPROACH

4.1 Conceptual Approach

Risk is a product of the likelihood of occurrencedathe magnitude of hazard
associated with a particular event. For post-fioeding and sedimentation, the risk
of damage involves the likelihood and magnitudehef fire and the weather events
following a fire. The analysis presented here assura portion of the upper
watershed is burned, and predicts the increasdowod frisk the following rainy
season. Two fire scenarios and six precipitatiomnévscenarios with varying
likelihoods are examined. Post-fire increase irofm Mission Creek watershed is
guantified, incorporating estimates of sediment thay exacerbate flooding when it
accumulates in the channel and decreases chanpatitya The probability of
ignition and spread of fire are not addressed.

Toolsfor Watershed Analysis

Three computer programs were used to calculate-fpesthanges in watershed
hydrologic and sedimentation properties. With eawh these tools, realistic
assumptions were utilized based on group knowledeggmarch, and observations of
local conditions in the Mission Creek and San Pedmtersheds. Details of
Methodology and Results, including limitations, adéscussed in Section 5
(Hydrology) and Section 6 (Sedimentation).

Post-fire hydrologic watershed response was estmhaising the Hydrologic
Modeling System (HEC-HMS), a widely accepted rdlrfanoff prediction tool that
calculates stream discharge from a precipitaticenevlhe program was developed
by the Hydrologic Engineering Center of the U.Sm&rCorps of Engineers, and is
capable of quantifying changes in runoff underealéht watershed characteristics,
including land use, soil moisture, and most impatitefor this analysis, fire.

Analysis of post-fire sedimentation included thegification of surface erosion and
spatial assessment of areas of possible debris fi@saluction. The Erosion Risk
Management Tool (ERMIT) was used to predict surfaaesion by combining local
climate data with soil, hillslope, and burn chaesistics to estimate the probability of
sediment delivery rates in the first few yearsradtdire. It is a web-based application
developed by the U.S. Forest Service and utilize@resively by the Burnt Area
Emergency Response team. The shallow landslidialgiléy model (SHALSTAB)
was used to identify areas of the watershed whedement is prone to mobilization
by collapse events that may evolve into debris $lowhis mapping program
calculates the instability of a hillslope based watershed topography and soil
characteristics.

17



Sub-Basin Delineation

Watershed conditions vary by slope, aspect, andratbpographic characteristics,
therefore post-fire estimates must be made on & dbat can account for the
variation in hydrologic and erosion processes. Vgatls were delineated into sub-
basins using a Geographic Information System (Ai8}&ccording to a 10-meter
digital elevation model and the location of streaetworks obtained from U.S.
Geological Survey datasets (Figure 4-A). Sub-bagiese further divided into two
planes separated by the stream channel. ERMIT sisatgquires the definition of
average basin-wide conditions at a hillslope spatiale. The average geometry of
these planes in the topographic model was utilirecteate uniform “hillslopes” and
calculate parameter inputs. This consistency betveealyses allows for meaningful
spatial comparison between runoff and sedimentatites.

Figure 4-A: Sub-basin delineation for Mission Creekatershed used in sediment and hydrologic
modeling. There are five basins in the upper watezd and twelve in the middle and lower
watershed (Source Data: ESRI data and maps, Digikdbe 2009).
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4.2 Scenario Development

Rainstorm Duration and Intensity

Small Storm Large Storm

Lower likelihood,
Higher Magnitude of
Hazard

Higher likelihood,
Lower Magnitude of
Hazard

Fire Size and Intensity

Figure 4-B: Risk is determined by the size and insity of fire and precipitation.
The combinations of events that have the lowestlikood have the highest risk and vice-versa.

Fire Scenarios

To assess risk of post-fire flooding and sediméoratcalculations were made for
various combinations of realistic fire and pre@pin scenarios (Figure 4-B). Small
and large fire scenarios were developed based emrgm of watershed burnt, with
the burn always occurring in the upper Mission Eneatershed.

The large fire scenario burns the upper five susiftsa covering 5.9 Mi(15.27 knd),

or 53% of the watershed. This scenario represetiite durning down to Foothill
Road, which is considered a “worst case scenatiel break by the Santa Barbara
County Fire Department. The small fire scenari@ssumed to burn only the wild
areas of upper Mission Creek Watershed above thielemtial areas in Mission
Canyon. This hypothetical fire affects three of sub-basins of the upper watershed,
covering 24% of the total watershed area (3.49 oni7.10 kni). The small fire
scenario is considered to have a higher likelihtleeh the large fire, considering
contemporary fire suppression techniques when Bwesproperty are at risk.

These scenarios represent the effect of fire simedownstream flooding and

sedimentation. However, as the extent of futuresfits unpredictable, a fire is

unlikely to burn exactly as they are delineatedehdihese fire scenarios make the
assumption that similarly sized fires in the uppetershed will have comparable
effects downstream, regardless of variations mlfioundaries.
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Precipitation Scenarios

A variety of precipitation seasons or events cdalldw either fire scenario described
above. Rainy seasons in the region are typicallyidated by several large storms
that provide most of the years’ precipitation, soeaent-driven analysis is the most
appropriate for Mission Creek watershed. This mtojpodels several design storms
of various recurrence intervals to mimic stormsgiag occurring within a rainy

season. Storms with recurrence intervals of 2, &, 25, 50, and 100 years
(probability of occurring in one year is 0.5, 0021, 0.04, 0.02 and 0.01, respectively)

were chosen to represent the range of probabilgtres magnitudes of events that
could occur.
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5. METHODOLOGY & RESULTS: HYDROLOGY

Model Development

This project employed the Hydrologic Engineeringnteées (U.S. Army Corps of
Engineers) Hydrologic Modeling System (HEC-HMS)model hydrologic response
in Mission Creek watershed. The program uses a surmmbequations to calculate
runoff volume, timing of discharge, channel flowndarouting. For each of these
processes, different modeling methods can be chtodesst capture the project goals.
It was decided that the SCS Curve Number method5($€86, 1993) for runoff
volume and the Kinematic Wave method (USACE 1979) runoff timing and
routing were most appropriate for small, steeptigiy urbanized watersheds such as
Mission Creek.

It was the intention of the project to use obseovet of the change in hydrologic
response of San Pedro watershed to the Gap Firéoaaquply this to expected post-
fire hydrology in Mission Creek watershed. A HEC-BNhodel was fully developed
for San Pedro Creek watershed for this purposestfesam gauge data were not
available for San Pedro Creek prior to October 2@ Jose Creek was used to test
the reliability of parameter inputs to the San Be@reek model. San Jose Creek
watershed is located directly to the East of Sadr&’€reek watershed and has
recorded 15-minute interval stream gauge data $huoteber 2003.

Unfortunately, none of the storms in the rainy sea®llowing the Gap Fire (prior to
the publishing of this paper) produced sufficiamaff for refining the model’s post-
fire predictions. Therefore, the HEC-HMS model 8an Pedro Creek watershed was
not utilized in the analysis, and the project indgteised data from published literature
to inform model adjustments and predict post-fibmaff in Mission Creek. If a
significant storm occurs later this year, it is tfhéntion of the authors to further
substantiate model predictions by observing postdfunoff rates in the Gap Fire
area.

HEC-HMS estimates stream discharge by convertiegipitation on the land surface
into runoff in the stream. The program makes sdparalculations of runoff for each
sub-basin in the watershed, then routes water ffensub-basins into the channel.
Sub-basins used for the project are described apteh 4 and shown in Figure 4-A.
Model parameters for each sub-basin and streanh regare estimated using ArcGIS
and spatial information on landcover, soil chamasties, channel geometry, and
hydrography.

The SCS Curve Number Method calculates the amouninoff from precipitation

by using a parameter called the curve number. pasiameter reflects the hydrologic
properties of a sub-basin based on the water sotagacity of the land surface.
Higher curve numbers represent lower storage agtehirunoff potential. Curve
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number estimates for current conditions were ddriveing published data on land
use type and hydrologic soil properties (Dunne bkedpold 1978). Curve numbers
were adjusted upward to simulate the effects lo$svegetation and soll
hydrophobicity after a fire. Magnitude of these uadiinents was estimated from
published studies of hydrologic models of localevglheds after a fire (Constantiete
al 2008). These values were spatially averaged taimba curve numbers
representative of the hydrologic properties of eaci-basin. A more detailed
description of parameter estimation and tablesatibated and projected pre- and
post-fire curve numbers are given in Appendix 10.1.

HEC-HMS Calibration

HEC-HMS was then used to predict runoff rates fststorm events, and these were
checked against stream discharges measured by tBe Geological Survey.
Historical precipitation and stream discharge detan 5 rain gauges and 2 stream
gauges in and near Mission Creek watershed weik (k$gure 5-A). Curve number
parameters were then systematically adjusted umtbeled discharge mirrored
recorded values, a process known as calibratioa.Mission Creek watershed HEC-
HMS model was calibrated for two storms in 200%u#ay 7-11 and February 16-23.
The January storm had higher antecedent rainfilfipagh the typical measure of
antecedent soil wetness (defined as total raimfiathe five days prior to a storm)
characterized the initial soil moisture as dry (Derand Leopold 1978). The degree
to which soils are saturated with water prior tstarm, or antecedent moisture
condition, affects how much precipitation is absattby the soil before it begins to
run off, and higher initial soil moisture resultshigher runoff volumes.

Pre-fire dry antecedent moisture models were cidor to the January 7-11, 2005
storm, approximately a 10-year recurrence evené mMiodeled hydrograph for this
storm accurately predicted the timing of peak flamsl the magnitude of these peaks
within 17 percent for the two USGS gauges on Misdiireek (Figure 5-B). The
model was validated using the February 16-23, Z006n, approximately a 1-2 year
recurrence event on dry antecedent moisture, andoitinued to make good
predictions on the timing and magnitude of peakfidFigure 5-C). The model was
also checked against measurements for three smstdiens during 2006 (less than 1-
year recurrence events). For these smaller stahasnodel over-predicted runoff by
roughly 100 percent, implying that accuracy for Bemastorms is not as great as for
2- to 10-year recurrence events.
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Figure 5-A Five rain gauges and two stream gaugblattwere used for modeling hydrology in the
Mission Creek watershed (Source data: U.S. GeolayBurvey, ESRI Data and Maps,
Santa Barbara County Flood Control)
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Figure 5-B: Hydrograph of Modeled (Solid Blue Linge)s. Observed Discharge (Black) for
January 7-11, 2005 at the Mission Creek gauge askon Street (USGS 11119750).
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Both the January and February storms were chaizateras beginning on dry
antecedent moisture, as characterized by the antduainfall in the five days prior
to the event (Dunne and Leopold 1978). Howeverrethgas most likely higher
moisture content in the deeper soil and fracturedrdick layers, so that infiltration
was decreased as compared to a storm earlier iaitmg season. For example, when
the calibrated model for dry antecedent moisture wsed for the first storm in the
2005 Water Year, October 16-20, 2004, the simulabedff significantly exceeded
the magnitude of measured peak flows. The likelyseaof this is the underlying
geology of the Mission Creek watershed, which awsaignificantly more water
during the first precipitation events each wint&his infiltration is significantly
decreased as more rain falls on the watershednestbhger term storage is filled. In
fact, the first precipitation of each year in SaBarbara rarely creates runoff in
Mission Creek, and some years with low rainfall exgnce minimal streamflow
(Figure 5-D). As this project is primarily interedtin risk from larger storms that
create a significant amount of runoff, and thesenss usually occur later in the
winter, this HEC-HMS model is calibrated appropigt The model is less accurate
for small storms early in the winter.
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Figure 5-D: Daily Rainfall (Goleta Airport) and Disharge at Mission Creek (Rocky Nook Park

USGS Gauge 11112745); Oct 2004-Sept 2008. The faisifall event (blue line) in the cluster of

storms that represents the winter rainfall, raregbroduces runoff, as indicated by the pink lines
directly below. Some winters produce no runoff (@006-Oct 2007).
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Scenario Analysis

Storm recurrence intervals of 2-, 5-, 10-, 25-,,%0vd 100-year were derived from
storm intensity tables from Santa Barbara Countyoél Control. Discharge in

Mission Creek for these design storms was preditdedour scenarios: (1) pre-fire

on dry antecedent moisture conditions (baselin@aso®), (2) small fire and dry

antecedent moisture, (3) large fire and dry antecedhoisture, and (4) large fire and
wet antecedent moisture. Our analysis focused ercdmtrolling factors of post-fire

peak discharges, such as fire size and antecedeistune, and how these factors
contribute to flood hazard in Mission Creek watersh(A table of peak discharge
and total discharge results is provided in Apperidixl.4)

24-hour design storms were created in HEC-HMS, lwische most common storm
duration used in the United States for drainage¢esysplanning (USACE 2000a).

Historical rainfall intensities and recurrence mtds for each rain gauge were
obtained from Santa Barbara County records. Fdn eaio gauge, we constructed a
storm using the alternating block method, in whioh maximum 15-minute intensity

is placed in the middle of the total duration (2ufts). The rainfall durations are then
placed in descending intensities on either sidd@tentral block (USACE 2000a).

Results

HEC-HMS results showed a range of increases in pestharge from pre-fire to
post-fire conditions for given storms (Figure 5-E)odel output was consistent with
expected results, as predicted discharge incredfiesncreasing fire size, antecedent
soil moisture, and storm size. The percentage aiseren peak discharge is greatest
for small storms when there has been a large fickeamtecedent moisture is high. For
example, a 5-year storm that occurs after a largewiith high antecedent moisture,
will produce a discharge equal to the 100-yeamstore-fire.

The smallest increase was 55 percent for a 25steam, after a small fire. A large

fire and wet antecedent conditions resulted in @ g€rcent increase in runoff during
a 2-year storm. Estimated total discharge volunceessed by 22 percent (100-year
recurrence interval storm, small fire) to 146 petd@-year recurrence interval storm,
large fire, wet antecedent moisture).

The effects of a small fire increase runoff peakesnf 55 percent to 155 percent of
baseline conditions (the increase from the greenth the yellow line in Figure 5-E).
A 2-year recurrence interval storm that would cegaak discharge of 848 cubic feet
per second (cfs) when the watershed is unburnedtses 2,155 cfs discharge in the
small fire, dry antecedent moisture scenario, aladischarge to what would be
expected with a 10-year recurrence interval stoefore a fire.
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As would be expected, the large fire scenario hatbee pronounced impact on peak
discharge than the small fire scenario. For a Z&-yecurrence interval storm on dry
antecedent moisture conditions peak discharge aseck to 55 percent of baseline
conditions for the small fire scenario and 115 petdor the large fire scenario. The
small fire scenario predicted discharge peaks coampa to those of the 100-year
recurrence interval storm on an unburned watersfduls indicates a fourfold
increase in the risk of the100-year flood when Hafupper watershed is burned.

Antecedent moisture conditions also affect the awhaaf runoff created in the
Mission Creek watershed. When compared to dry add moisture with the same
fire scenario, peak discharge when soils are waeases by 24 to 28 percent. For
example, a 100-year recurrence interval storm ogguron a large fire with dry
antecedent conditions has a predicted peak disehafrd 2,574 cfs, and the peak
discharge with the same fire and storm has an astohrdischarge of 14,057 cfs.

L6000 Peak Discharge for Different Storm Sizes in Mission Creek
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Figure 5-E: Predicted Peak Discharges at the MissiSt. gauging station (USGS 11119750)
for the 2-, 5-, 10-, 25-, 50-, and 100-year stororgler four scenarios
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HEC-HMS predictions for design storms on an unbdriBssion Creek watershed
are consistent with predictions made by FEMA ardgaPearson Type Il analysis.
FEMA estimates a 100-year flood at 7,050 cfs induis Creek (FEMA 2005a),
comparable to the model’'s estimate of a 100-yeschdirge of 6,600 cfs. A log-
Pearson type Ill analysis, a widely accepted metfmddoing flood frequency
analysis in the United States, was also conducsgaguJSGS gaugél11197500n
Mission Creek. Log-Pearson type 1l is a theorétmabability distribution that is
used to estimate peak discharges of different renoe intervals from the historical
record of annual maximum peak discharges (Bediedt Huber 1992). From the
historical record of 38 years, peak discharges vétiurrence intervals of 2-, 5-, 10-,
25-, 50- and 100-years were calculated. The HEC-HNflel estimates compare
favorably to the results of the log-Pearson typeuialysis. The log-Pearson analysis
predicted a 100-year discharge of 6,800 cfs whichomparable to the HEC-HMS
model’s prediction of 6,600 cfs (see Appendix 18).1.

Limitations of Analysis

Models of environmental processes such as hydroboyy sedimentation provide

valuable tools for assessing the likelihood and mitage of the hazards analyzed in
this project, but there are known limitations teithuse. It is important to recognize

the limitations of the analysis so that one magd@iVely assess and communicate
predictions and results. This section providessawdision of the limitations of each of
the three programs used for flood, sedimentatiod,debris-flow prediction.

The HEC-HMS model constructed for Mission Creekést at estimating discharge
for 2- to 10-year recurrence interval storms, andeutainty increases greatly with
storms outside of a the 2- to 25-year recurrenterval range. The ability of the
model to accurately predict the magnitude of flgpadks for storms larger than the
10-year storm has not been validated as these stareninfrequent and stream gauge
data is unreliable when storms cause Mission Ciredkw overbank.

Modeled discharge predictions also work best forfal events in the middle or late
in the rainy season. Predictions will overestimrateoff from unburned areas when
little or no precipitation has occurred in the nfordr two prior. This is largely
attributed to the fractured rocks of the basin,chhappear to absorb more water than
is expected by normal parameterization of the maedil hydrological properties
transferred from otherwise comparable soils.
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6. METHODOLOGY AND RESULTS: SEDIMENTATION

Assessment of sediment sources and potential ptiodugolumes is an important
component of a post-fire risk analysis of Missiore€k. If sediment accumulates on
the stream channel bed, channel capacity is dilmdisand the risk of overbank
flooding increases. The results of two computer e®dontributed to our analysis of
the potential increase in sediment accumulatiothéncreek after a fire. Each model
examines a certain type of sediment erosion procesespread water erosion of
burned hillslope surfaces, and more localized lkaels that evolve into debris flows.
The surface erosion model also has the capacagdoess certain hillslope mitigation
treatments that are commonly considered in post-famergency situations.
Calculations are verified through the use of puigdliterature and field observations
in the San Pedro watershed after the Gap Fire.

6.1 Surface Erosion Model (ERMIT)

The Erosion Risk Management Tool (ERMIT) is a welsdx application designed
and maintained by the United States Forest SenRmrky Mountain Research
Center. ERMIT was created as a user-friendly iatefto the Water Erosion
Prediction Project (WEPP) software in order to gtssianagers with post-fire erosion
prediction and mitigation. (For a schematic diagrand description of the WEPP
program, see Appendix 10.2.3)

The ERMIT interface allows the user to manipuleaeameters affected by a wildfire,
such as soil burn severity class, pre-fire vegatadiescriptors, and soil characteristics
(soil texture, rock content). The program also usémmation hillslope gradient and
horizontal length. Historic climate data for theesyic geographic location is
integrated into WEPP through software called PRIGAppendix 10.2.5). Using
PRISM to characterize storms of 2-100 year recegentervals, ERMIT produces an
event-driven estimate of sediment delivery rateehEERMIT output is based on 20-
40 individual WEPP model runs for each of five ywefllowing a wildfire. Sediment
delivery estimates are calculated for single stewents, rather than a full winter
season of different-sized storms, which complememtsevent-driven hydrologic
analysis. Additionally, ERMIT estimates the effedfsvarious hillslope treatments
such as hydromulching, seeding, straw mulch andi@mnobarriers. See Appendix
10.2.1 for detailed description of parameters, igpand sensitivity analysis.

ERMIT makes its calculations on a hillslope scalkowing for the estimation of

sediment yield ranges from various areas in theeshed, characterized by their
average hillslope gradient and length, and soiétyfigure 6-A is an example of the
ERMIT Sediment Delivery Exceedance Probability ¢rdpr a sub-basin in upper
San Pedro watershed. This graph predicts the mmimount of sediment expected
from a particular storm event. The x-axis indicaediment in tons/acre delivered to
the channel and available for transport downstredime y-axis indicates the
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probability of a single storm event occurring. Eaciored line represents a winter
storm following wildfire, with red indicating therét year after a fire, and so on. The
expected sediment delivery values decrease draatigticom one year to the next
following a fire due to the natural buffering capigs of re-vegetation and soil
recovery.

Sediment Delivery Exceedance Probability for untreated SANTA BARBARAMission +
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01-23-2009 -- sandy loam; 50% rock; 67%, 67%, 67% slope; 1000 ft; moderate soil burn severity [wepp-13113]

Figure 6-A: A sample output from one sub-basin irgt-fire San Pedro watershed. The y-axis is the
probability in percent of a particular size storm any given year. The x-axis is the
sediment delivery in tons/acre predicted for ttsaib-basin.

Scenario Analysis

After sub-basin delineation for both San Pedro Bisksion Creek Watersheds (See
Section 4.1), input parameters for each of the @ipper sub-basins of Mission were
calculated using Arc-GIS and observations of fifeas in San Pedro. Using ERMIT
in this manner allows for the identification of Ieibpes in Mission with high
sediment delivery potential, and provides a ranfypost-fire erosion rates for the
upper watershed.

Total sediment deliveries after a small and laige ih Mission were calculated by
multiplying the sediment delivery rate for each 4asin with the area of that sub-
basin. In our large fire scenario, all five uppeb-asins were burned, while only
three sub-basins were burned in the small fire @d@enBaseline erosion rates for the
Mission Creek Watershed of 3.9 tons/acre (Rosteal. 1954) were used for
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calculations of total sediment production in théwmed sub-basins. Total sediment
delivery for the entire watershed was determinedtoyming results from each sub
basin in a burned or unburned state, dependinge@sdenario.

The analysis only examines the upper watersheddwor reasons. Due to local
watershed characteristics, the upper 50 percent aofwatershed produces
approximately 60 percent of the total runoff meaduat the bottom of Mission
Creek, and impacts erosion proportionally. Alsoge tlower portions of both
watersheds have low gradients and are covered agiialt with only small areas
exposed to erosion.

Results

Combined sediment delivery rates from ERMIT (indf@cre) for both watersheds are
presented in Figure 6-B. The small fire scenario Kbission Creek watershed
produced similar sediment delivery rates as es@théy the BAER Team for San
Pedro watershed following the Gap Fire. For thee@rystorm event following a small
fire, ERMIT predicted an average of 14 tons/acresefliment lost in the upper
watershed, or a range of 3.9 tons/acre (for urdniregions of the upper watershed)
to about 23 tons/acre in areas of steep slopesoritrast, for the large fire scenario,
ERMIT calculated an approximate 30 percent increasediment production. A 2-
year event following a large fire in Mission yields average of 20.4 tons/acre
(Range: 14-25 tons/acre).

The difference between the large and small firenades widened for less likely
scenarios: namely the 50- and 100-year storm eveéntsmall fire in Mission
followed by a 100-year storm will produce an averaf 171 tons/acre. A large fire
could produce as much as 265 tons/acre, a 55 gdra@rase in sediment delivery
from the small fire scenario.

Total post-fire sediment production values, shownTable 6-A, are significantly
higher than predicted sediment delivery with a lgacknd rate of 3.9 tons/acre
(Roweet al 1954). Total sediment production was calculatganhiltiplying the rate
of delivery from ERMIT by the area of the watersledrected for bedrock exposure.
Results indicate that a 2-year storm after a sfiral(which burns 1,818 acres) could
mobilize 41,470 tons of sediment into Mission CreAklarge fire, burning 3,774
acres of the upper watershed, could produce 6tgt@btons of sediment. This is 385
percent higher than background sediment productites for the upper watershed of
13,979 tons (Roweet al. 1954). A large storm (100-year recurrence intgrval
following a large fire in upper Mission Creek watieed could produce an increase of
90 percent from the small fire scenario.
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Figure 6-B: ERMIT predicted sediment delivery inrie/acre averaged over the entire watershed.

Table 6-A: Summary of Total Sediment Delivery calated from ERMIT results for
large and small fires in the Mission Creek WatergheTlotal sediment delivery
for Mission has been adjusted for bedrock exposure.

LARGE FIRE: Mission SMALL FIRE: Mission
Storm Recurrence Creek Total Sediment Creek Total Sediment
Interval Delivery (tons) Delivery (tons)

2-year 67,776 41,470
5-year 193,387 105,546
10-year 369,420 197,850
25-year 637,960 337,334
50-year 835,911 440,117
100-year 936,100 483,870

These results suggest that the risk associated post-fire flooding is heavily

dependent on the intensity of rain events the Wwahg winter and the size of the
watershed area burned. Sediment delivery estinfatesach fire scenario increase
rapidly between small storms, and then plateau filoen50-year event onward. This
suggests that there may be a certain thresholdoahsevent, where the maximum

amount of sediment is being mobilized.
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ERMIT Validation

Regular communication with US Forest Service pearsbrtonfirmed that chosen
input parameters were representative and apprepaiatl that the predictions align
well with experience in other burned watershedsll{@ Elliot pers. comm2008).
Additionally, published field measurements of seslitn delivery from post-fire
watersheds were utilized to verify chosen inputpaeters (Appendix 10.2.4). Table
6-B lists sediment delivery in tons/acre from vaddistorical studies in California
chaparral in the year following a fire, using eitfield estimates or calculations from
sediment basins. The measured sediment yield raingedabout 13 tons/ acre to 88
tons/acre for 2- to10-year storm events duringdfiewing winter.

Table 6-B: Post-fire sediment delivery from published literature. References: (1) Wells 1981, (2)
Krammes 1960, (3) Keller 1997, (4) Tyrrel 1981.

Published Literature Sediment Delivery (tons/acre)
CA Chaparral, Pine Canyon, cal 13
Johnstone Fire, San Dimas, CA (2 yr rainstor ms)? 25
Painted Cave Fire, Santa Barbara, CA (2-10 yr rainstorms)® 33
Panorama Fire, San Bernardino Forest (mixed treatments)4 47-88
Rowe et al(1954) San Pedro Creek post-fire calculation 97
Rowe et al(1954) Mission Creek post-fire calculation 124

Table 6-C: Post-fire sediment delivery from ERMiil tons/acre to be compared with the BAER
team estimate of 53.6 tons/acre in the San Pedraék&hed after a 2-year recurrence interval storm.

Storm LARGE FIRE: Mission SMALL FIRE: Mission GAP FIRE: San
Recurrence | Creek Sediment Delivery | Creek Sediment Delivery Pedro Sediment

Interval (tong/acre) (tongacre) Delivery (tongacre)

2-year 20 14 18

5-year 55 37 42

10-year 103 69 70

ERMIT estimates of sediment delivery from the Saar® watershed after the Gap
Fire are comparable to these published values €gablA and 6-B) Comparing San
Pedro ERMIT results with the BAER Team estimates wadfinal valuable step in
validation of the project methodology. The BAER ireastimates a 53.6 tons/acre
sediment delivery for the entire San Pedro watelsheing a 2-year storm event the
year following the Gap Fire. Individual ERMIT sulagin results for this size storm
ranged from about 8 tons/acre to 40 tons/acre gimowt the San Pedro Watershed,
depending on the hillslope characteristics.

ERMIT Application to Mitigation Treatments

One of the greatest strengths of the ERMIT moddékipractical nature. This simple,
web-based program can be utilized by emergencyonsgpteams to perform rapid
assessments based on just a few characteristitseoburned watershed. It also
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provides estimates of what can be expected fronowsmitigation measures. The
mitigation treatments component of ERMIT allows mgers to input the particular
storm event they would like to plan for as a “probty that sediment yield will be
exceeded”. The model equates this parameter t@rblgability that a larger storm
will occur in a given year. Once a manager hasddecivhat storm event should be
used for planning, ERMIT provides tables indicatihgw various mitigation
treatments might be utilized to decrease sedimentatigure 6-C is a sample set of
ERMIT calculations for erosion rate decrease wiltious mitigation treatments,
including hillslope treatments such as hydromulghiseeding, straw mulch and
erosion barriers. Ultimately, ERMIT gives managstgpport for difficult post-fire
decisions based on fundamental hydrologic and sademny theory.

Mitigation Treatment Comparisons

Probability that

sediment yield
will be exceeded Year following fire

& Eventsediment delivery (ton ac™ =

1] Yo @ 1st year |2nd year 3rd year 4th year |5th year
Untreated & | 23.22 7.18 26 2.06 2.01
Seeding= | 23.22 3.65 2.06 2.01 2.01
Mulch (05tonac)= | 3.23 3 26 2.06 2.01
Mulch (1 ton ac'1] = | 2.84 27 26 2.06 2.01

Mulch (1.5 ton ac"'] = | 2.78 2.64 26 2.06 2.01
Mulch (2 ton ac'1] = | 272 2.63 26 2.06 2.01

Erosion Barriers: Diameterl[l.15 ft Spacing |5|J ft @ a

Logs & Wattles = | 22.76 7.18 26 2.06 2.01

Figure 6-C: Mitigation Treatment Comparison from ERIT for a small, steep sub-basin
in the upper Mission Creek Watershed. Sedimentidaly in tons/acre is presented for a
50% exceedance probability, or a 2-year storm eyémtthe first 5 years following a fire.

Mitigation treatments are calculated in ERMIT bycr@asing the occurrence
probability of less erodible soils in the watershead decreasing the occurrence
probability of erodible soils (Robichauet al. 2007). The effectiveness of various
mitigation treatments in specific burned watersheas well as the accuracy of
ERMIT sediment delivery reduction, is a subject farther study. In general,
Robichaudet al. 2007, have found that ERMIT *“...under-predicts sseht yields
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from untreated and seeded hillslopes in the Coofadnt Range, but is much more
accurate for predicting sediment yields from hifsts treated with straw mulch.”

Straw mulch and hydromulch are widely used after o decrease and slow runoff,

protect bare soils from raindrop impact, and deswearosion rates on hillslopes.

Straw mulch is hand-applied to the surface and somes anchored to the ground

with a crimping-device, but local Santa Ana andniowner” wind patterns create

unfavorable conditions for this treatment. Therefdrydromulch is a practical option

for local burn areas because it contains a bindiggnt (guar gum) and can be
sprayed from trucks, or aerially in areas with aad access, and is rarely affected by
wind. ERMIT considers hand-applied straw mulchtgeffectiveness measure, with

application rates ranging from 0.5 tons /acre ttwords/acre. In this analysis, straw

mulch treatment is used as a proxy for hydromulgatment, as it is the most

accurate estimate of mulching effectiveness aviailab

Table 6-D: ERMIT estimation of the decrease in sedint delivery caused by application
of mulch in upper Mission Creek watershed. Mulch glication is one ton/acre.

Storm Event
Probability

Average Sediment
Delivery
*No Treatment*

Average Sediment
Delivery
*Mulch*

% Reduction in
Sediment Delivery

2 yr recurrence

20 tons/acre

3 tons/acre

85%

5 yr recurrence

55 tons/acre

6 tons/acre

88%

10 yr recurrence 103 tons/acre 10 tons/acre 90%
25 yr recurrence 177 tons/acre 17 tons/acre 90%
50 yr recurrence 231 tons/acre 73 tons/acre 69%

100 yr recurrence

265 tons/acre

265 tons/acre

0%

ERMIT predicts straw mulch treatment of hillslopegl reduce sediment delivery

rates by 85-90 percent for small to moderate dizens in Mission Creek watershed
(Table 6-D). However, the effectiveness of mulch tre hillslopes declines

dramatically for lower probability storms, such the® 50 and 100 year recurrence
storms. Expert opinion and early observations oftddnStates Forest Service test
plots confirm this loss in effectiveness for larggerms (Mary Moore, USFS, pers.
comm.).

Many post-fire mitigation studies are not peereexed and are generally
inconclusive with highly variable results. MacDahabnd Robichaud (2008)
conducted a four year study in the Colorado Froahd® and found that both
hydromulch and straw mulch reduced sediment pragludty 90 percent in the first
year following a wildfire, supporting our applicati of ERMIT straw mulch
calculations to the potential effectiveness of leydulch. Hubbert (2005) monitored
treatment effectiveness for two fires in SoutheatifGrnia. In the first case study, the
hydromulch was completely ineffective, due to higlinds carrying away the
treatment. In the second, hillslopes treated gi€s0ent coverage had reduced erosion
rates of approximately half of expected. Still, mamanagers believe that mitigation
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treatments, such as hydromulching, have high anpatefor reducing post-fire
erosion. However, until efficacy metrics can beed®ined with some high level of
accuracy, it is only possible to estimate the éffeaess of mulching within one
order of magnitude.

Limitations of Analysis

ERMIT is an event-driven tool that predicts the ams of sediment mobilized by
surface erosion and is not designed to predict &tasion over a season. Thus, if
more than one large rainstorm were to occur imglsiwinter, it would be important
that any sediment accumulated in the first storm rémoved promptly from
vulnerable reaches. ERMIT is unable to considee@dent moisture, so there is no
difference in the output between a 10-year stormnewccurring in March after
several low intensity rain storms and that samerstas one of the first rains of the
winter. Also, since local climate files are createased on a 66-year period of
historical data, ERMIT results for larger storm(i25-, 50-, and 100-year storms)
are less likely to be included in actual historicita. Therefore, estimates of
sediment supplies for large storms are likely toohéside of the local instrumental
record, and therefore are more difficult to assEssthermore, this analysis assumes
that all of the sediment delivered to the chanadransported downstream, possibly
overestimating possible post-fire erosion. Desplitese approximations, fire area
managers utilize the tool to support a precautypagproach to management.

The most significant factors in sediment deliveayes are rainfall and storm event
frequency and intensity, along with soil burn séygisee Appendix 10.2). ERMIT is
extremely sensitive to fire intensity, as a higtensity burn can produce double the
sediment volume as a low intensity burn. This pro@nly varies the acreage burned
within a watershed, as opposed to modeling firensity. Fire intensity varies widely
within a burn area and is dependent on the resedénee of the fire in any given
place. The Gap Fire had areas of low, moderatehagld intensity burns (BEAR
2008). Because of the spatial heterogeneity ofifitensity, our analysis assumes a
potential fire in Mission Creek watershed will haaemoderate burn intensity This
decision prevents examination of the affects of barn intensity on erosion and
runoff. However, the fire size variation does alldar the comparison of two
wildfires in Mission watershed with similar burnteémsity to the 2008 Gap Fire,
which burned on average at a moderate intensitis tEBlehnique furthers our goal of
utilizing the Gap Fire to determine representapigeameters for our modeling tools.

In order to keep the user interface simple, ERV&E b coarse spatial analysis of soil
texture, a factor which may greatly influence seshindelivery rates. The parameters
within ERMIT control multiple parameter “sets” ima Water Erosion Prediction
Project (WEPP) model. These sets include soil dbaratics such as soil depth,
cohesion, etc, which may not accurately represkat characteristics of Mission
watershed due to the coarse spatial analysis ofMB®P model. Additionally, the
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predictions of erosion by ERMIT and WEPP are fal sovered hillslopes only, and
don’t account for the large areas of exposed bédrothe upper watershed

Finally, ERMIT was designed to predict sedimeniwazly probability in a watershed
fitting the general description of Mission. It imtndesigned to capture the unique
dynamic processes within particular watersheds ighalidet al. 2007). In order to
capture a more accurate view of erosion processaddission Creek watershed, a
spatial analysis using Digital Elevation Model (DEbMased flowpath methods could
be more appropriate, but would still be limitedthg lack of local measurements for
calibration since measurements of sedimentatianitieg from fires in this region are
rare.

6.2 Shallow Landslide/Debris Flow Model (SHALSTAB)

The Shallow Landsliding Stability Model (SHALSTARB3 a decision support tool
designed to spatially assess the potential fornsewoli production from unstable
slopes under different watershed conditions (DOdbtriand Montgomery,
1998). Depending on the size of failure, landslide®m damage property, roads,
landscapes, and stream channels. In order to pgréviendamage, there is a need to
recognize areas of high risk, avoid actions thainmte or exacerbate landslide
conditions, and prepare for the occurrence of inhestaillsides. Although natural, the
conditions leading to landsliding can also be daf#dcby human actions such as
development and wildfire. With SHALSTAB, the slopestability is spatially
displayed under different management scenarioshbyging the input parameters to
the model.

SHALSTAB incorporates the slope as well as the atune of the hillside to
determine areas where soil and water will conveagel accumulate, creating
conditions prone to landsliding. The model alswonporates soil properties include
the internal friction angle (which depends largetysoil texture), depth, bulk density,
and soil/root cohesion to identify potentially uaide sites. These areas are
represented by a certain valueToftransmissivity, or the ability of the subsurfdoe
convey the water downhill, which can then be coragaio g, the intensity of a
rainstorm. The SHALSTAB model calculates the ratiaq/T, the log of which is a
measure of the site’s susceptibility to failurethwa larger ratio indicating a higher
vulnerability to landsliding. For specific informam regarding the chosen inputs to
SHALSTAB, please see Appendix 10.3.

Scenario Analysis

Cohesion, which depends slightly on clay contentd afominantly on root

reinforcement, is an important input to the SHALSI Anodel, especially as it
represents a soil characteristic impacted by nhtorrahuman initiated fires that
decrease the root strength of hillslope vegetatidietrich and Booker 1995). Soill
depth is variable throughout both watersheds, &edsbils data classifies broadly
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with ranges of depths. Most of Mission Creek wdtedsis classified as “0-60 cm”
depth, so a low, medium, and high estimate of depth was used to observe the
effects of fire under different soil characteristicSince SHALSTAB can only
calculate slope instability with one input for tletire watershed, maps were created
for a number of combinations of soil cohesion amitidepth (Table 6-D).

Table 6-D: SHALSTAB fire scenarios in Mission Creekatershed with different
combinations of soil depth (to include the range il types in the upper watershed)
and cohesion (representing a change in the sailisture due to burning of roots).

Code | Soil depth, Cohesion | Friction Angle | Soil Density Soil Depth Cohesion
SH Shallow, High 35 1450 0.25 1000
SM Shallow, Medium 35 1450 0.25 500
SL Shallow, Low 35 1450 0.25 0
MH Medium, High 35 1450 0.875 1000
MM Medium, Medium 35 1450 0.875 500
ML Medium, Low 35 1450 0.875 0
DH Deep, High 35 1450 1.5 1000
DM Deep, Medium 35 1450 1.5 500
DL Deep, Low 35 1450 1.5 0

SHAL STAB Results

The baseline pre-fire scenario of medium soil de|
and medium cohesion is represented in Figure €
Each SHALSTAB trial produces a GIS layer «
hillslope instability, with very stable soils shovas
light blue and chronically unstable soils in dagkl.r
SHALSTAB consistently predicts stable soils in tl
lower watershed and considerably variak
conditions in the mid-upper watershed, depend
on model inputs. SHALSTAB presents “chronical
unstable” hillslopes (shown in dark red) as thc ,_ @
with a log g/T of -3.4 or more, which corresponds E -

a g/T ratio of less than 0.00040. A low g/T rat ‘

suggests features that are prone to failure due

thick soil. This is true even for low-intensity stus,

and these areas present a capacity for high w ﬂ ,

pressures and a high water table, with propertiat e

may trigger a debris flow. Lighter red values are

only slightly more stable, representing a g/T ratio Figure 6-D: Baseline SHALSTAB
0.00079, and are much more common through_ scenario (MM) (see Table 6-D)
the areas of relief between ridges. Note that rmosharios depict ridges in a lighter
yellow or blue color. Those g/T values, above 0,0@present exposed bedrock or
soil profiles that are thin because of gravitatiomomvement of soil downhill and
away from such formations. The lower watershedeisegally stable (blue) in every
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scenario because it has a low gradient, and isdhlysrarely affected by small-scale
landsliding near stream reaches, where slopes igieerhand sub-surface water
converges.

Decreasing cohesion increases slope instabilifye@ally in areas that are already
prone to landsliding (converging slopes, canyongmar and bedrock hollows).
Deeper soils are more likely to collapse, and skaboil conditions present a lower
hazard for landsliding. However, even in the shalkoil scenario, decreasing the
cohesion to a value of zero creates conditionshiitslope instability, especially in
the steep upper watershed, because thin soilsecaatbrated by small rainstorms.

It is possible to compare the output of SHALSTAR@cling to the percent of the
watershed that is calculated to contain a cereamellof instability for different soil
depth and soil cohesion scenarios (Figure 6-E)y lpircent or more of the Mission
Creek Watershed is considered stable; this is smastthe lower watershed areas
where conditions do not lend to landsliding. Thepartion of the watershed that is
considered chronically instable increases under dohesion conditions, especially
for shallow soils.

100%

90%

80%

70%-

B Stable

o>-22
W-25--22
0-28--25
0-31--28
E<-31

@ Chronic Instability

60%

50%

40%+

30%

20%-

10%

% of Total Watershed for Each Stability Class

0%

Shallow, Medium, & Deep Soil Depth; High, Medium, & Low Cohesion

Figure 6-E: Percent of Mission Creek watershed ekhing a range of stability classes.
The percent of the watershed with stable soils éases under post-fire conditions.
For scenario codes (x-axis), see Table 6-D.
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Figure 6-F compares the SHALSTAB output for thedtias pre-fire scenario (of
medium soil depth and typical cohesion values) thiedsame watershed under post-
fire conditions. The dark red areas with chronicalhstable soil increase by 53% in
the post-fire scenario, primarily in the upper andldle watershed. The greatest
increases in instability were calculated in theegtslopes of the northwest corner of
the watershed in the Los Padres National Forestsedond area of concern is the
residential area of Mission Canyon in the middlg¢esshed, where small localized
debris flows could affect structures and property.

Figure 6-F: Comparison of SHALSTAB output for Misen Creek watershed under piigre (left) and
post-fire (right) conditions, keeping soil depth mstant. Areas of concern are shown in dark red,
mostly in the mid and upper watershed.

Exposed bedrock, estimated at 2-9 percent of tiperuwatershed, is not captured in
SHALSTAB modeling. Nevertheless, SHALSTAB indicatist we should expect
some expansion of chronic instability, especially tbe shallow soils of the steep
upper slopes. In particular, the 55 percent oflihsin covered with stable, shallow
soils under chaparral is likely to diminish to 4&rgent of the basin when the root
cohesion is removed by burning.

The results suggest that some collapse of soililesofs likely to happen in the

northern, remote parts of the watershed in largastarms, which would add
significantly to the sediment yield predicted by MR for water erosion alone as
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landsliding abruptly removes the entire soil pefifom a hillside. It is not so clear
whether the failed material would evolve into dsbfiows that could become
destructive because of their speed, density, asdosity. Debris-flow formation
would require extensive, simultaneous collapseadf mofiles that would overload
the capacity of streamflow to dilute the sedimend &arry it downstream. This
condition would require extensive heavy rain. Hoarexsome degree of debris-flow
formation cannot be ruled out, and it would be wisethe flood-control district to
establish debris-flow sensors in the upper reaohése canyon to provide automated
early warning after a fire.

The SHALSTAB analysis identified areas of the MissiCreek watershed that are
prone to chronic instability, and modeled the pb&reffects of fire on these areas.
Although little quantitative information was gatkdrin this process, understanding
the potential for shallow landsliding was an impatt component of forming an

understanding of watershed processes under buntedrdourned conditions.

Limitations of Analysis

SHALSTAB only identifies areas prone to shallow dalides and cannot predict

whether a slide will occur or its magnitude. laiso unable to estimate the volume of
sediment delivery that may be expected. Therefive,results from this model are
not included to support estimates of sediment dgfivn upper and middle Mission

Creek Watershed. However, the application of thesleh to mission creek suggests
that one should expect some enhancement of lamdglahd therefore of sediment
production over and above the surface erosion affeee.

Additionally, the effects of fire on a watershe@ amot homogenous, and the model
does not account for spatial variance. Furthermibye model is not equipped to use
spatial soils data to change input parameters @inea scale, and can only accept
inputs for the entire watershed as a whole. Thigjept used inputs that were
considered realistic for the scenarios in the ugyer mid watershed, where debris
flow risk would create the greatest hazard, and ssd data specific to those areas.

Finally, the output of SHALSTAB does not allow fprediction of the fate of the
released colluvium. For example, the sediment ctalekl as a debris flow through
stream channels, causing damage and flooding tonstogam communities.
Alternatively, the soil could slide downslope areldontained in natural catch basins,
only affecting local geomorphologic processes ativildual structures. For this
reason, this project does not rely on SHALSTAB tovide any quantitative support
for the estimates of debris potential.
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7. ANALYSIS OF POST-FIRE RISK

7.1 Flood Risk

Every storm and fire scenario this project examineadld create flooding in some

part of Mission Creek, some potentially causingchiésges larger than any in
recorded history. Except for one constriction, MiesCreek is designed to carry
discharges from the 15- to 20-year storm. One afedlission Creek near the

Montecito Street Bridge will flood with discharggseater than 1,500 cfs, but most
reaches of the creek can contain up to 3,200 &81@& 2005a). HEC-HMS results

show a 2-year recurrence interval storm on drysseuld create 3,360 cfs after a
fire burning 25 percent of the watershed.

Not only do the more probable, smaller precipitatevents create discharges that
will flood overbank, but the probability of largejestructive floods increases

significantly. As discussed in Chapter 5, the likebd of discharge comparable to
that of the 100-year flood is four to twenty tingreater following a fire, depending

on the size of fire and antecedent moisture camubt(Figure 7-A).

In 1995, an intense storm flooded downtown Santéb&@a when discharge in

Mission Creek reached 5,120 cfs, causing $4,611¢3@amage and covering most
of the flooded area with approximately 1 foot afdisediment. At least 300 homes
were damaged in the floodwaters, which were estith&t be at least 3 feet deep in
some areas (USACE 2000b). Discharge of this madeitsi typically associated with

a 50-year flood, but results show similar dischakgelld occur after a large fire in a
2- to 5-year storm with wet antecedent soil mogstdrhis translates into a flood of
this magnitude being more than ten times moreikehen 50 percent of the upper
watershed is burned.

This significant increase in flood risk after fimresents a difficult management
problem in an urban channel with limited capackyr the last decade, the City of
Santa Barbara, Santa Barbara County Flood ContibMéater Conservation District,
and the U.S. Army Corps of Engineers have plannédstructure improvements to
increase the conveyance capacity of Mission CrdéRACE 2000b), but these
projects have yet been implemented. The risk afding to downtown Santa Barbara
will decrease significantly in fire and non-fire asre when these projects are
completed.
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Figure 7-A: 100- year Floodplain of Mission Creek ioutlined in bright blue in the Mission Creek
Watershed (yellow background). The discharge thatises this area to flood, which would occur in
a 100-year recurrence storm, is predicted to beateel in a 25-year storm after a small fire (dry
antecedent moisture) or a 5-year storm after a darfire (wet antecedent moisture).
(Source Data: FEMA, ESRI)
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7.2 Effects of Sedimentation on Flooding

Although estimation of flood risk and sedimentatiosk are valuable results

separately, the effects of sedimentation and flogdihould be considered together in
post-fire risk planning. The hazards of floodinglarosion are both driven by the
probability of a certain size of rainstorm occugrim the first year after a fire and do
not operate independently. In any given rainstdima,amount of sediment the creek
can transport is determined by the magnitude ofltdve. As the slope of the channel

decreases in the lower reach of the creek, floworgl decreases, allowing sediment
to drop out of the water column and aggrade thambldbed. Sediment accumulation
on the bed of the channel reduces channel capacity exacerbates flooding

problems.

Sediment delivery estimates (from ERMIT) and runedtimates (from HEC-HMS)
were used with calculated transport rates to esirtiee risk of sedimentation within
the channel resulting from storms with 2-, 5-, 1¥b;, 50-, and 100-year recurrence
intervals. Calculations assume all sediment dedivdo the Creek is either deposited
in one of the two existing sediment basins or fpaned approximately 4 miles to the
lower reaches. The sediment basins were designeaptore 15,900 ybf sediment
for the western basin (Mission) and 8,300 ydr the eastern basin (Rattlesnake
Creek). However, they are currently only maintained capacity of 4,100 ydand
3,000 yd, respectively (Maureen Spencer, SB County Floodt®g pers. comm.).
Calculations of sediment mobility indicate that abhall particles likely to enter the
stream network from burned hillslopes would remaiobile in the upper 4 miles of
the channel network. Coarser particles would retel as quickly as the water, and
some fraction of gravel may be temporarily strantetiveen floods as gravel bars
within the upper watershed. No culvert blockagesewassumed to occur that would
interrupt flow and sediment transport. Sedimentrizagiere assumed to have been
excavated to their full design capacity in thetfwginter following a fire, as this
would capture the most sediment and reduce dovamstresk.

Sediment accumulation was estimated for a 1,10835 m) flood-prone reach in
downtown Santa Barbara, approximately between thkeyHSt. and Gutierrez St
bridges (Figure 7-B). The upstream boundary of tb&ch (cross-section 2) is a break
in channel slope that decreases gradient as cothpanepstream. The downstream
boundary is approximately Gutierrez Street (crassgisn 3), where flood depth in the
channel decreases significantly as shallow wateeasis over a wide area of
downtown Santa Barbara. As sediment accumulatesiaagtases channel capacity,
the amount of water flowing overbank increases.
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Figure 7-B: Sediment Transport Study Reaches (Notstale). The upstream reach (between cross-
section 1 and 2) was assumed to have constant sedfitnansport capacity as estimated for cross-
section 1 by USACE. The downstream reach (betwea®ss section 2 and 3) has lower slope and
therefore decreased sediment transport capacityd &ISACE estimates were adjusted to represent

this change. ERMiT-calculated sediment inputs wexssumed to enter the upstream reach, and the
difference in sediment transported in the upstreamd downstream reaches was calculated. The

difference was assumed to accumulate in the doweein reach.

A reach with greater, relatively constant slope wasignated upstream of the slope
break, beginning at approximately De la Guerra(@bss-section 1), and ending at
cross-section 2. The difference in slope between upstream and downstream
reaches creates a difference in sediment transppécity. Sediment that is no longer
transportable accumulates on the bed in the doeamstrreach. This change in
transport capacity is the basis for sediment actation estimates in this reach of
Mission Creek.

Channel slope at each of the cross-sections wasndeed using water surface
elevation estimates of the 100-year flood (FEMA 24)0 The slope of water surface
elevation was estimated to be 0.0112 for the ugstreeach (between cross-sections
1 and 2) and 0.005 for the downstream reach (betvoeess-sections 2 and 3).
Sediment transport capacity estimates made by t&e Army Corps of Engineers
(USACE, Appendix 10.1.5) were available for crosst®n 1. Sediment transport
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rates were presumed constant over the upstrearh,raasuming constant channel
slope, geometry, and roughness. Sediment transppécity for cross-section 3 was
estimated by adjusting USACE estimates for redstee.

Total sedimentation in the reach was calculatetth@slifference in transport capacity
between the upstream reach and the downstream. réaelcomparison is made for
qualitative illustration only as the USACE predaxctiis untested. Although water
surface slope is the main driver of sediment trartspapacity, smaller influences on
sediment transport are also made by changes imehadth, depth, and roughness.

Gravel bedload transport was estimated by the USASIRg the Meyer-Peter-Muller

equation, which has been calibrated in flumes f&timeating transport in gravel-

bedded streams with an unlimited supply of graVednsport of sand-sized particles
was estimated using Toffaleti’'s equation, which waginally developed for large,

low-gradient rivers. These equations were calilokaieder much different stream
characteristics than small, steep Mission Creekthmy provide an index of probable
changes in transport conditions and therefore aleable for indicating spatial

patterns of sediment transport change and seditemt&ven if the absolute values
predicted are not reliable.

Results of the analysis showed potential graveumedation in the reach between
Haley St. and Gutierrez St. to be 0 to 2 feet, wbst likely accumulation of less
than 1 foot in depth. Predicted aggradation in@easith storm size for storms
smaller than the 10-year recurrence storm, themedses with larger storms as
transport capacity of larger discharges exceedplguypigure 7-C). Using channel
geometry and Manning’s equation, it was estimated 1 foot of channel bed rise
due to aggrading sediment in this reach would tesubh 10 percent decrease in
channel capacity at cross-sections 2 and 3, inicrgélse magnitude of floods in this
part of Mission Creek watershed. Because all stanadyzed would cause flooding
in this reach (discussed in Chapter 5), only tlagestand extent of flooding, not the
probability, will increase significantly.

The transport calculations were not extended tartbath of Mission Creek because
the USACE calculations of flood profiles do notdakccount of the state of the tide,
which would reduce the water-surface slope and citgloof the creek for some
distance upslope at high tides. If a flood occuraédigh tide, it is likely that the
transport capacity of the creek in the vicinityG@dbrillo Boulevard would be reduced
and sediment would also be deposited there. Sedlimenumulation would
exacerbate already intensified flooding from higles (FEMA 2005a).
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Figure 7-C: Potential sediment accumulation in Migs Creek, Downtown Santa Barbara between
approximately Haley and Gutierrez Streets, as cdéted by modifying estimates made by the U.S.
Army Corps of Engineers and the Federal Emergencaigement Agency. The predicted
accumulation exceeds the channel depth for stormgsi@ or greater than the 25-year event. For
reasons discussed and interpreted in the text, sults are meant as qualitative illustration ondf
the potential problemHowever,, results indicate an increased risk of Bednt accumulation and
therefore overbank flooding along lower Mission @k in post-fire floods.

Estimates of gravel accumulation are likely to berenaccurate than those for sand-
sized sediment because the Toffaleti equation wadieal by the USACE in
conditions very different from its range of calibos. Results of sand accumulation
of 4 to 19 ft were calculated for 2- to 100- yearems. The magnitude of
accumulation may be overestimated because of w@mckes in the amount of
sediment input to the reach (the ERMIT calculatipredicted rates of sediment loss
in the 100-year flood are beyond those yet measuardae region) and in the use of
Toffaleti’s transport equation, but a trend of e&sed accumulation with increased
flood size is notable. Sediment accumulating inrdeeh will have higher proportions
of fine sediment (sands) than coarse sediment ¢ga\Also, as storm size increases
and a larger proportion of water floods overbammse of this finer sediment would
disperse with floodwater rather than aggradinghenlied, as seen in the 1995 flood.
Even interpreted qualitatively, however, the caltiohs suggest a serious risk of
sediment accumulation and enhanced overbank flgoaliong lower Mission Creek
in post-fire floods.

Sand and gravel accumulation in lower Mission Crisekssumed to be delivered by

the surface erosion process predicted in ERMIT. éle@w, mass wasting events such
as landslides and debris flows can also providggifcant amount of sediment to
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the channel and exacerbate flooding problems. iBkeof debris flows is greater after
a fire but they are less likely than surface emvsamd more difficult to predict.

SHALSTAB only indicates an extension of the aredsictv are more likely to

produce collapsed debris, and can not quantify kdredbr how much of the debris
will evolve into debris flows that could reach lowdission Creek. For this reason,
debris-flow risk is not included in overall riskagsis or mitigation assessment
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8. RECOMMENDATIONS

Local management of post-fire risk requires plagrand decision making at multiple
levels of government and within communities (ascalssed in Section 3.5). The
methods and results of this project will contribtefuture predictions of post-fire
flooding and sedimentation in Mission Creek andilsimwatersheds. Furthermore,
this information may improve long term environmémianning for post-fire winters

and emergency situations in Mission Canyon and dowm Santa Barbara.

The information generated from this project assistsvaluating the appropriateness
and effectiveness of various emergency post-fireagues for Mission Creek
watershed or similar areas. More importantly, laiféitials can use the results of this
study for management decisions and planning actisiksbefore a wildfire occurs.
Planning for the inevitable fire in the upper watexd by understanding the potential
magnitude of risk associated with increased ergdionding, and debris flows can
reduce the need for extensive emergency watershedecion measures.
Recommendations focus on both specific mitigatiatioas to reduce runoff or
sediment delivery to downstream areas and on coatetl emergency and long-range
planning for local agencies and community leaders.

The results of this project support the followikgommendations:
* Emergency Post-Fire Actions
A. Excavate sediment basins to maximum capacity (itompleted before
the fire)
B. Increase channel capacity (emergency channel sfgand debris control)
C. Stabilize hillslopes by applying hydromulch
* Long Term Planning Actions
D. Increase channel capacity (strategic infrastrucamaeflood control
projects)
E. Incorporate post-fire risk into city and county @ead Plans
F. Incorporate post-fire risk into Winter Storm Emergg Response Plans
G. Establish public information systems

8.1 Emergency Post-Fire Actions

Post-fire management actions include physical éaron hillslopes or in channels to
reduce the volume and rate of runoff and erosiothatsource. Additionally, many

jurisdictions perform emergency dredging or excawatof sediment basins to

increase capacity and prevent debris accumulatnah fleboding downstream. City

and county agencies may undertake any combinafibwcally appropriate measures
during the interval of time between the fire and finst rains of the winter. However,

since emergency mitigation measures can be vergnsige, the efficacy of such

actions needs to be considered on a watershed basis
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Hillslope treatments vary in their effectiveness &m area like the upper Mission
Creek watershed. Some measures only retain sedforesmall areas, thus requiring
labor-intensive application in inaccessible porsicof the watershed. Furthermore,
contour-felled logs, trenches, and silt fences,cWwhare installed on the hillslope
parallel to the channel, need regular maintenarme cbntinued performance
throughout the winter. Erosion control fabric hastgmtial negative impacts on
vegetative re-growth and ground-dwelling animal®kRhaudet al. 2000). As a
surface treatment, seeding is not recommendedaltheetintroduction of non-native
species in an environmentally sensitive chaparahitht. Another surface treatment,
hydromulching, is discussed in contrast to strawichiog in Section 6, but is a
generally accepted treatment for local mountairagré€hannel treatments include
channel clearing, debris racks, and sediment baBiekris racks catch large debris
like boulders and logs and prevent them from plaggionstrictions in the channel.
Debris racks are effective at catching larger dsjdaut do not address the problem of
sediment accumulation. Check dams may be placethanmiddle watershed on
moderate gradients and are effective in slowingrfteement of gravel and sand-
sized particles downstream.

After the Gap Fire, Santa Barbara Country Flood t@bnengaged in channel
clearing, installation of debris racks and mainteaof sediment basins and the
Goleta Slough. Furthermore, the largest expenseswurces was dedicated to the
application of aerial hydromulch (Santa Barbara i@p2008). It is expected that
similar or identical measures would be taken indahient of a fire in Mission Creek
watershed. The intent of this portion of the prbjex to contribute to existing
emergency response plans by prioritizing the méiscve actions to mitigate the
potential impacts of erosion and flooding. Threeesyancy post-fire actions are
discussed: expanding sediment basins, initiatiragnobl clearing, and hydromulching
of exposed hillsides of the upper watershed. A#twe channel and hillslope
treatments were considered but deemed less apat@for the region.

A. Empty Existing Sediment Basins

Consideration of increased post-fire erosion anbrideproduction in the upper
Mission Creek watershed requires an evaluation xitiag sediment basins.
According to calculations with ERMIT, the two sedint basins in the eastern and
western tributaries of Mission Creek are inadeqt@teapture the expected sediment
delivery from even a 2-year storm (50 percent podly of occurring in a year)
following a small fire. Although both sediment basiare excavated periodically,
neither is cleared to the original design volumabl& 8-A displays the current and
design capacities of the eastern (Rattlesnake @argrod western (Mission Creek)
sediment basins in relation to the predicted volumhesediment delivered under
different storm conditions. Rattlesnake Canyon rbasceives a similar amount of
sediment to the Mission Creek basin, although #pacity is much less. The current
capacity is significantly smaller than the desigpacity for both basins, and design
capacity fails to contain sediment production frarg-year storm after a large fire.
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Table 8-A. Sediment volume (yd3) delivered to twdiment basins in Mission Creek Watershed.

Watershed | Sediment volume | Sediment volume Design Current
for a2-yr stormin for a5-yrin capacity of capacity of
largefire largefire debrisbasin | debrisbasin
Rattlesnake 25537 76696 8300 3000
Mission 26440 76210 15900 4100
Total 51977 152906 24200 7100

While sediment basin excavation can occur quickhdar emergency post-fire
situations, supplemental effort and time may beladdo remove enough sediment to
provide adequate debris storage capacity. Thereflm@al jurisdictions should
intensify their sediment basin maintenance prograemachieve complete, rather than
partial, sediment removal after a fire.

B. Increase Channel Capacity: Short Term

The primary mitigation activities completed by SaBarbara County Flood Control
to protect the City of Goleta from post-Gap Fireoffling included the removal of
sediment and riparian vegetation from the lowerensited channels (Santa Barbara
County 2008). The possibility of 1-2 feet (0.3-0Om6) of additional sediment
accumulation in the lower reach of Mission Creehkd(gossibly more upstream of
culverts) supports this mitigation activity.

In addition to sediment accumulation and vegetagjowth, large woody debris and
recently burned materials can become trapped umugge crossings or in culverts
and exacerbate flooding conditions. Therefore, itis¢allation of emergency debris
retention structures such as K-rails and debriksrat accessible areas of the middle
and upper watershed, above urban areas where rlpodnay occur from
accumulation of large debris.

C. Stabilize Hillslopes by Applying Hydromulch

As described in Section 6, the Erosion Risk ManagenTool (ERMIT) has the
capability of estimating the relative decrease edisient production using various
mitigation treatments, including mulching. Erosioay decrease by up to 90%, and it
is most effective in small to moderate storms.

Mulching is the most widely applied post-fire miigpn measure on U.S. Forest
Service (USFS) land in Southern California. Accogdto the USFS, a fire in upper
Mission Creek watershed would necessitate the @gipin of straw or hydromulch

on burned hillslopes due to the presence of resaleand commercial areas
downstream of forest lands. Based on BAER teammewendations, the entire Gap
Fire burn area in the Los Padres National Foresiyding much of the San Pedro
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watershed) was sprayed from the air with hydromwtla cost of $3,200/acre or
around $4 million total (Mary Moore, USFS, persntn.).

8.2 Long Term Planning Actions

Emergency responses to wildfire are necessarilyt$éon and temporary in nature.
Post-fire emergency sediment and vegetation rentogl slightly increase channel
capacity or reduce debris accumulation, but will generate permanent, sustainable
forms of management. An understanding of the unigigks associated with
accelerated flood and sedimentation processes afiiee must be included in long-
term planning strategies. These plans promote awsase and community
preparedness for flooding and possible debris flaNewing residents adequate time
to protect their structures from damage.

A. Increase Channel Capacity: Long Term

The risk of increased flood magnitudes as a resiufires in the upper watershed
enhances the value of proposed engineering changesrease the flood conveyance
capacity of lower Mission Creek. Santa Barbara @puitood Control and the US
Army Corps of Engineers are involved in a thirtyayeeffort to increase flood
capacity in lower Mission Creek. This project wouhdrease flood capacity from a
minimum of 1500 to 3400 cubic feet per second,uditlg a weir/culvert system to
divert storm flows into a newly-constructed conerehannel under the railroad
(Matthew Griffin, SB Flood Control, pers. comm.) hi#é this is an important step in
flood management in downtown Santa Barbara, thegeovements will still only
accommodate flows for a 2-year storm after a sfirall regardless of the added risk
of sediment or debris accumulation in the chan8éll, the overall risk reduction
potential of such projects would be considerabieeismaller storms occur with
more frequency.

B. Incorporate Post-Fire Risk into General Plans

The City and County of Santa Barbara create Gerileals that outline long term

management of development and land use. Planseated and updated through the
cooperative efforts of local agencies and commupitganizations, and may be
tailored for specific communities. Estimates of thge and magnitude of risks posed
by post-fire conditions should be included in pliagnelements, especially for areas
with high wvulnerability for flooding or debris flosv Government officials are

responsible for using detailed local information t®termine the acceptable
thresholds of risk, such as the storm size thatilshioe prepared for during planning
of public works projects. For example, the Miss@anyon Community Plan has the
capacity to address the increased risk of debwisslin this community after a fire.

This could be accomplished by the identification wfstable hillslopes through

geographic analysis of the watershed with programet as SHALSTAB.
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Some actions to be included in General or Commuridys may include:

» Assessment of access roads, utilities, or strustimresusceptibility to post-
fire flood and debris flow damage.

* Localized protection of infrastructure through sé&ads, roadside drainage
expansion, or the erection of temporary structlresls to route sediment
around valuable assets in the case of a debris flow

* Long term managed retreat from highly vulnerabésaarthrough the
reclamation of property and removal of structurethe immediate vicinity of
Mission Creek.

* Emergency management plans attentive to the spéssfies surrounding
post-fire watershed conditions (i.e. debris floargsion, and increased
runoff)

F. Incor porate Post-Fire Risk into Storm Emer gency Response Plans

To facilitate the most efficient response to pas-hazards, the Santa Barbara City
and County Offices of Emergency Services shouldastiine post-fire emergency
management and collaborate with the other agencig®ating a county-wide Winter
Storm Emergency Response Plan that addressesdteased risk of flooding and
debris flows in post-fire years. This plan couldlass post-fire mitigation, but would
primarily manage emergency response actions duainigazardous storm event.
Evacuation routes and flash flood or debris flowrmig systems and can be
managed efficiently and effectively for identifigdinerable areas.

Topics to be addressed in Winter Storm Emergensp&ese Plans include:

* What size storm should be considered the threshadt in planning for a
post-fire rainy season? How does this affect fla@dches or warnings and
evacuation planning? How can the approach of swatbren be tracked in
communication with local weather forecasting sesit

» During what storm events (post-fire) are evacuatoutes threatened? Are
there alternative routes which are preferables @ction needed to secure a
safe route out of the area?

* What areas are most at-risk given a certain steenteand should be
prioritized for emergency protections or evacuation

G. Information Systems

Post-fire risk management is facilitated by interagy communication and
information dissemination to the public. Recent andoing advances in information
technology provide easily accessible and centrlinéormation to citizens in order
to improve public services in their communities.cBuepositories improve public
education and awareness of post-fire risk, and prane extremely useful during
emergency management scenarios.
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Information needs fall into two categories, ongami@rmation needs and emergency
information needs. The first is the constant awdity of weather forecasts
(temperature, winds, etc) as well as assessmentscalf watershed hydrology and
erosion risk throughout the fire and rainy seasbms could take the form of a
centralized webpage run in coordination with mudtippcal agencies and with the
participation of community members. The goal iptovide a forum for information
sharing, as well as to increase transparency irsideemaking processes. Citizens
can gain an understanding of risk within their assawell as actions they might take
in advance to mitigate risk.

The second need is the immediate availability apdate of data in emergency
situations, such as the outbreak of a wildfireh&r advent of a large (greater than 2-
year recurrence) storm in the winter following thee. During the Tea Fire, a
graduate student from the Geography DepartmenhefUniversity of California,
Santa Barbara used the Google Maps interface tonm€itizens about the spreading
of the fire, shelter and hospital locations, maadatand recommended evacuation
areas and other real-time information. Though mtediby a private individual with
no connection to emergency services, this provelietdhe single best source for
spatially explicit information about the fire duginthe burn itself. This type of
information system would require the use of a gaphic interface, like Yahoo!
Maps, Google Maps or Google Earth and a staff pemswecall throughout the fire
and rainy season with the ability to acquire arseininate data through the internet.
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APPENDIX 10.1: HEC-HMS

Mission Creek watershed was divided into 17 subrsassing the Pre-Pro extension
to ArcMap GIS, which uses 10-meter digital elevatinodels to delineate sub-basins
and stream segments. Five minute rain gauge dat@ameters representing the
condition of the watershed, and stream channel gagn{size, shape, roughness)
were input to HEC-HMS, which created hydrographsroa time interval for each
storm event.

Rainfall and stream gauge data from the U.S. Gemb&urvey (USGS), the Santa
Barbara Coastal Long Term Ecological Research (UTERd the Santa Barbara
County Flood District were utilized. There wereefistream gauges on Mission
Creek, two of which were used to calibrate the HB@S project (USGS Gauge
11119745 at Rocky Nook Park and USGS Gauge 11118Blission St.) The other
three gauges (LTER Gauges on Rattlesnake Creeka Barbara Botanical Gardens
and Montecito Street) were used for comparison @diefed to measured discharge.

Precipitation was estimated by assigning weighfmégipitation gauges for each sub-
basin based on elevation and proximity to the @tatiFrive minute interval rain gauge
data from five stations at different elevation®mnear the Mission Creek watershed
were used (Graham Ranch, KTYD, Stanwood Fire Stati@ater Treatment Plant,

and Downtown Santa Barbara).

10.1.1 Runoff Volume

The SCS Curve Number method was used to model frmotime (discharge as a
function of precipitation, named Loss in HEC-HMSkchuse it allows the
modification of curve number to simulate changesamdcover, such as those seen
post-fire (SCS 1986). The Curve Number is a parametpresenting the runoff
potential of the land surface. Higher curve numlaes used for urbanized or areas
with low infiltration of precipitation (such as reatly burned land), while lower curve
numbers represent areas with greater surface pbiliteaand a lesser runoff
response. The equation used to model runoff farrtiodel is:

0= (P-1,)?

(P-1,)+S
initial abstraction (soil moisture retention in vas), and S is the maximum possible
retention (inches) based on the curve number select

, in which Q is discharge (inches), P is precipitat{cches), {is

Curve numbers were estimated using the methodidleddby Santa Barbara County
Flood Control (Constantine et. al. 2008). Spat&hdor the watersheds was collected
from 30 m raster National Land Cover Dataset (EBA) and SSURGO shape files
(Soil Survey Staff) converted to 30 m raster. ArgVizonal Statistics was used to
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determine pre-fire curve numbers for each cell Bgigning the intersection of
hydrologic soil group with land cover data and olting the mean for each sub-
basin.

10.1.2 Runoff Timing (overland flow and interflongnd Channel Flow
(routing)

The Kinematic wave transform (USACE, 1979) was usedescribe timing of runoff
in sub-basins and channels, as it is appropriatestwall, steep, partially urbanized
watersheds such as Mission Creek. It represents sab-watershed as an open
channel to which all precipitation not entering gwl flows. It simplifies the routing
processes by modeling flow as when gravitationall &mctional forces are in
equilibrium, an assumption that can be made inpstdannels. Flow momentum is
described by Manning’s equation when these assongtire made, and movement
of a flood wave with this momentum is given by dggiation:

9A , amaimy 92 g

at OX , in which A is the cross-sectional flow area,

x is the distance along channel, q is the laterfféw per unit length of channel, t is
time, and m represents surface roughness. Therterhere, is a coefficient equal to
5/3. Alpha ) is defined by a separate equation:

b
a= 148657% , Where S is slope and N is a roughness factor.
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10.1.3 HEC-HMS Inputs for Mission Creek

This section provides a map and tables of all patamnputs used HEC-HMS for
Mission Creek watershed. Parameters are listed foertwss (SCS Curve Number
method), transform (Kinematic Wave method), anchalearouting (Kinematic Wave
method).

N

A‘l
[ e— L)
0 03 06 1.2 1.8 2.4

Figure 10.1-A: Sub-basin delineation for Mission €ek Watershed used in HEC-HMS
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Table 10.1-A: Mission Creek pre-fire and fire Scem@ Curve Numbers
under different antecedent moisture conditions

Medium/High Intensity

Medium/High Intensity

Fire(LargeFire Fire (Small Fire
Prefire Scenario) Scenario)
Subbasin | Dry | Average| We Dry Average Wet DR Average WET
1 60 80 91 92 95 95 60 80 91
2 61 80 91 92 95 95 91 92 95
3 60 79 90 91 95 95 60 79 9(
4 60 79 90 91 95 95 90 91 95
5 59 79 90 92 95 95 59 79 9(
6 61 67 81 67 91 81 61 67 81
7 56 76 84 76 84 84 56 76 84
8 65 83 89 83 89 89 65 83 89
9 51 70 80 70 80 80 51 70 80
10 64 83 90 83 90 90 64 83 9(
11 66 84 88 84 88 88 66 84 88
12 71 89 93 89 93 93 71 89 93
13 72 89 93 89 93 93 72 89 93
14 68 86 89 86 89 89 68 86 89
15 69 87 90 87 90 90 69 87 9(
16 60 79 84 79 84 84 60 79 84
17 65 83 86 83 86 86 65 83 86
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Table 10.1-B: Basin Plane Kinematic Wave Parameters

Length Slope | Roughness % Area | RS
BasinO1(Plane 1) 2224.5 0.676 0.24 44
Basin01(Plane 2) 2224.5 0.515 0.24 56
Basin02(Plane 1) 786.3 0.449 0.24 47
Basin02(Plane 2) 786.3 0.495 0.24 53
Basin03(Plane 1) 6071.2 0.509 0.24 54
Basin03(Plane 2) 6071.2 0.464 0.24 46
Basin04(Plane 1) 5051 0.478 0.24 52
Basin04(Plane 2) 5051 0.455 0.24 48
Basin05(Plane 1) 1584.5 0.444 0.24 50
Basin05(Plane 2) 1584.5 0.379 0.24 50
Basin06(Plane 1) 391 0.283 0.24 19
Basin06(Plane 2) 391 0.303 0.24 81
Basin07(Plane 1) 233.5 0.101 0.12 44
Basin07(Plane 2) 233.5 0.28 0.16 56
Basin08(Plane 1) 918.7 0.147 0.14 56
Basin08(Plane 2) 918.7 0.242 0.18 44
Basin09(Plane 1) 1896.7 0.229 0.12 37
Basin09(Plane 2) 1896.7 0.178 0.09 63
Basin10(Plane 1) 1445.7 0.073 0.23 53
Basin10(Plane 2) 1445.7 0.19 0.12 47
Basinl1(Plane 1) 3275.2 0.044 0.03 71
Basinl1(Plane 2) 3473.5 0.044 0.03 29
Basin12(Plane 1) 1082.5 0.039 0.02 54
Basin12(Plane 2) 1082.5 0.039 0.02 46
Basin13(Plane 1) 2747 0.054 0.02 37
Basin13(Plane 2) 2747 0.054 0.02 63
Basin14(Plane 1) 1204.4 0.018 0.02 42
Basin14(Plane 2) 1204.4 0.031 0.02 58
Basin15(Plane 1) 582.4 0.018 0.02 40
Basin15(Plane 2) 582.4 0.016 0.02 60
Basin16(Plane 1) 3685 0.089 0.02 60
Basin16(Plane 2) 3685 0.185 0.02 40
Basinl17(Plane 1) 1390 0.028 0.02 44
Basin17(Plane 2) 1390 0.012 0.02 56
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Table 10.1-C: Sub-basin Channel Kinematic Wave Paeters

Length Slope RY Shape Roughness
Basin01 1872.8 0.09 5 Trapezoid 0.06
Basin02 786.3 0.09 5 Trapezoid 0.06
Basin03 5466.45 0.09 5 Trapezoid 0.05
Basin04 3959.25 0.15 5 Trapezoid 0.55
Basin05 1584.5 0.08 5 Trapezoid 0.045
Basin06 391 0.04 5 Trapezoid 0.045
Basin07 233.5 0.09 5 Trapezoid 0.045
Basin08 918.7 0.09 5 Trapezoid 0.04
Basin09 1414.4 0.04 5 Trapezoid 0.04
Basin10 1445.7 0.03 5 Trapezoid 0.04
Basinl11 3374.35 0.01 5 Trapezoid 0.035
Basin12 948.4 0.02 5 Trapezoid 0.035
Basin13 2355.45 0.02 5 Trapezoid 0.035
Basin14 921.25 0.01 5 Trapezoid 0.035
Basin15 582.4 0.01 5 Trapezoid 0.03
Basin16 3057.45 0.01 5 Trapezoid 0.03
Basinl7 1390 0.01 5 Trapezoid 0.03
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10.1.4 Additional Results

Table 10.1-D: HEC-HMS peak discharge predictions fearious storms, fire scenarios, and
antecedent moisture conditions at two gauges in Mission Creek watershed.

Mission Street (USGS 11112750) Montecito &t(eTER)
Storm Fire Scenario A&ﬁg?ﬂzm Peak Discharge (cfs) Peak Discharge (cfs)
No Fire Dry 841 1014
Small Fire Dry 2144 2264
Large Fire Dry 3362 3500
2year | Large Fire Wet 4217 4789
No Fire Dry 2027 2377
Small Fire Dry 3924 4221
Large Fire Dry 4793 6351
5 year Large Fire Wet 6785 7732
No Fire Dry 2653 2236
Small Fire Dry 4860 5397
Large Fire Dry 5803 6351
10 year | Large Fire Wet 8127 9127
No Fire Dry 4376 5111
Small Fire Dry 6778 7640
Large Fire Dry 9395 9897
25 year | Large Fire Wet 10808 12125
No Fire Dry 5266 6199
Small Fire Dry 9596 10409
Large Fire Dry 10794 11578
50 year | Large Fire Wet 12249 13948
No Fire Dry 6598 7806
Small Fire Dry 11412 12443
Large Fire Dry 12581 13637
100 year | Large Fire Wet 14040 16046
No Fire (Observed) Dry 2300 2807
No Fire (Simulated) Dry 2801 3348
Small Fire Dry 3500 4274
Jan 7-11, Large Fire Dry 3981 4274
2005 Large Fire Wet 4136 4765
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10.1.4 Log Pearson Type Ill Analysis

Table 10.1-E: Comparison of HEC-HMS pre-fire predions to Log Pearson Type Il analysis of 36
years of historical runoff records at Mission StUSGS 11119750) Gauging Station.
Note: The highest recorded reading at this gaug@98 cfs in 1995) is expected to be a significant
underestimation as the flow broke out of the chahmdove the gauging station during this event.

L og Pear son HEC-HMS
Recurrence Typelll M odel
Interval Predictions Predictions
(years) (cfs) (cfs)
2 474 841
5 1139 2027
10 1874 2653
25 3279 4376
50 4788 5266
100 6807 6598
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10.1.5 Sediment Transport Capacity Estimates

Sediment Inflow Rating Curve
Prototype Dimensions
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Figure 10.1-B: Estimated sediment transport capacif Mission Creek near De la Guerra Street
from the U.S. Army Corps of Engineers. The bluedimepresents gravel transport capacity in tons
per day, based on the Meyer-Peter-Muller equatidine yellow line represents sand transport
capacity in tons per day, based on the Meyer-Péfieiiier equation. The yellow line represents sand
transport capacity (tons/day) estimated by Toffékeequation. The other rating curves were not

used in this project.
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APPENDIX 10.2: ERMIT

10.2.1 ERMIT Parameters

Climate Data

ERMIT is linked to PRISM (Parameter-elevation Ragiens on Independent Slopes
Model) which supplies long-term, spatially-expliciimate data. PRISM is a database
of climate files for over 2600 weather stationsoasrthe United States. Using this
data, it is possible to create a “custom climatef €ach watershed, based on
geographic coordinates and elevation. A PRISM dénéile contains daily
precipitation amount and duration, time-to-peak padk intensity of rainfall. It also
contains data on dewpoint temperatures, solar tradisand wind velocity and
direction (Robichaud 2007). For details on custhmate files created for San Pedro
and Mission Creek watersheds, please see Appefdd&l

Soil Texture

Soil texture can be described as clay loam, sdinpsandy loam and loam. We used
National Resource Conservation Service (NRCS) dath from the Soil Survey
Geographic Database (SSURGO) to estimate theesdire in the upper portion of
the watershed. We chose to categorize only therupptershed in ERMIT to get a
more accurate idea of what soils might have higkdieility during a rain event.
WEPP categorizes soil characteristics into 24 sapaparameters. ERMIT has
grouped these 24 parameters into four simplifiesugs in order to facilitate rapid
and simple use for managers (Alberts 1995). Ouwrareh shows that the dominant
soil type within San Pedro and Mission watershedsli loam.

Rock Content

ERMIT uses rock content as a parameter which méatgs hydraulic conductivity.
Water flows around and through rocks, decreasiadtdraulic conductivity. ERMIT
allows a rock content percentage of up to 50%. @&k rcontent increases, erosion
also increases. The BAER Team uses visual obsengto estimate rock content in
San Pedro as 40%. We used the same method to testioelt content within upper
Mission Creek watershed as 50%.

Hillslope Gradient and Horizontal L ength

ERMIT requires hillslope gradient measured as aqréage, or change in y/change
in X. For example, a 100% slope is equivalent #badegree angle. Additionally,
ERMIT allows the separation of the hillslope intipt middle and toe, in order to
better visualize the dynamics of overland flow. th gsERMIT requires a horizontal
hillslope length measured in feet. The maximumvedble hillslope horizontal length
is 300 meters (1000 ft). We estimated these pamméhrough zonal statistical
analyses of the Digital Elevation Models of eachiesshed.
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Soil Burn Severity Class

The user may designate high, medium or low soihkaeverity. ERMIT calls any
section of the watershed with similar soil, vegetatand slope an Overland Flow
Element (OFE). The model allows three OFEs for ematershed and, based on the
categorization of the soil burn severity, modelsaws spatial combinations of burn
severity. There are 8 possible burn scenariosifgir burn intensity, 6 for a medium
burn and 4 for a low burn intensity (see graphiowg

Fire Burn Severity Overland Flow Elements

Click on a colored bar below
to show the corresponding cross-section,

HIGH soil burm severity
MODERATE soil burm severity
LOW soil burn severity OFE1 OFEZ OFE3

Pre-fire Community

ERMIT allows three options for vegetation type—f&ireangeland or chaparral. For
our purposes, we worked only within the chapaaallivegetation type. The

parameter pre-fire community requires the entry@fover shrub, grass and bare
lands within the watershed. We chose to categateaeeloped land as “bare” and
agricultural land as “grass”.

10.2.2 Sensitivity Analysis

The two factors which effect sediment delivery gi®ngest are soil texture and fire
intensity. Clay loam yields the highest sedimenivdey, while sandy loam produces
roughly half of the sediment of clay loam, all atlparameters being held steady.
Likewise, fire intensity can double the sedimenlivéey probability for any give
hillslope.

The model is least sensitive to percent land coagrthis parameter has almost no
effect on the model output. Although none of thenbmations varied by more than 1
ton/acre, combinations with larger areas of balisltype resulted in slightly higher
sediment yields.

As expected, the sediment delivery probability @ases as horizontal hillslope length
increases. All other parameters fixed, the sedindefivery exceedance probability
increases roughly 1 ton/acre with each 100 ft.dase of the horizontal hillslope
length.
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10.2.3 WEPP Flow Diagram

WEPP is described as a “...process-based erosionlraedé with a process based
hydrology model, a daily water balance model, anplgrowth and residue
decomposition model, a climate generator and acswikolidation model...” which
combine to create a sophisticated modeling to@n&yan and Livingston 1995). The
synthesis of several steady-state continuity eqgaoatiwhich mimic multiple co-
occurring dynamic processes has advantages owu#r etapirical models such as
Rowe et al (1949). WEPP allows the estimation of kss both temporally and
spatially, as well as enables the user to extrégdiadings to large-scale watersheds
(Nearing et al 1989).

ERMIT is a simplified user interface which runs WEEBased on common post-fire
soil and hillslope characteristics. WEPP uses hdsdb climate data from nearby
weather stations to create a 100 yr event-basethtdi history. ERMIT takes the user
input and transforms it into “sets” of parameteryscteate a “slope file” and “soil

file.”

ERMIT runs WEPP for “most erodible” soil parametétisese WEPP parameters
were taken from a range of field measurements ao#leb into 5 categories of
occurrence probability, from “most erodible” to d&t erodible”) in conjunction with
a 100-year runoff event. The model also runs fer 6th, 50th 20th, i 5" and
annual runoff event. The three parameters requiviagation: weather, soil burn
severity and soil characteristics, are given indepat occurrence probabilities,
which are then combined to determine the probatoliteach of the 100, 150 or 200
predictions produced by the WEPP application.

A process-based flow diagram detailing the WEPRt&pnd outputs is shown on the
next page.
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e, . User Inputs
S plimane parmeters . P

i b I'r o] AN

hillslope length and gradient

.. C(optional) .- climate 301l bum severity slassification
R TS perameter file o1l texture and rock content
CLIGEN
£ 100 vear 100 year HHH + Soil 5
wilher file management il soil Tile
100yt initial WEPP
WEPE run
detailed Output—
e “‘:'_"]”" summary table of
file - selected events from the
k‘» 100-vr weather file
User inputs LUszer inputs
4 5 to 20 year
weather file .
'H-.___‘\
. ¥ i
Multiple WEPP 4, & o & burmn severity spatial |
runs on armanggments =
permutations of <: WEFPFP ¥
mpul paramelers up to 10 soil parameter sxs
HpH P [Low-51 10 85 and High-51 to 55
event file
\ 100, 150, or 200 runoff evenis
1, 150, or 200 sediment delivery
caleulations
Crutputs—
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10.2.4 Summary of Sedimentation Estimates from Lateire

Sediment
Delivery
(tons/acre)
NO FIRE (Rowe et al 1954) 3.9
Published Literature
Painted Cave Fire (Keller 1997) (total area) 12.8
Painted Cave Fire (Keller 1997) (burned area) 53.9
CA Chaparral (Wells 1981) 13
CA Chaparral (Krammes 1960) 25
San Bdo Forest-Panorama Fire (mixed
treatments) (Tyrrel 1981) 47-88
Mission Creek watershed wi/fire, all events
Rowe et al (1954) 124.1

10.2.5 Custom Climates: Historical PRISM climatdds

Climate paraimeters for SANTA BARBARAMission +

34.54°N 119.72°E; 2968 feet elevation
66 years of record

Mean Mean Me
Month Maxunum Minimumn Preci :mh Number
I Temperature Temperature LECPIARON o et days
C°F) ©F) (in)
| Janmary | 55.8| 34.0] 583 53
| February | 56.5| 36.0| 6.08] 54
| March | 575 378 473 53
[ April | 60.1] 405 1.85] 31
[ May | 61.3 434 0.24 1z
[ Jume | 634 45.3| 0.05] 0.7
[ uy | 67.3 494 0.00] 04
| Angust | 68.4| 50.2] 0.01] 0.4
[September | 67.9| 435 0.3 1z
| October | 65.7| 444 0.39] 16
|November | 619 35.4| 3.36 30
|December | 57.2| 345 4.13 52
| Aunual | | | 27.04| 327
Shaow map | Show PAR | Return toinput gcreen
INTERPOLATED DATA
[ Station |Weighting | Station Weighting
|Wind Stations |Solar Radiation and Max 5 P Stations
| SANTABARBARA CA| 76% | BAKERSFIELD,CALIF 673 %
| conarp ca | 144w | FRESNO, CALIFORMIA | 327 %
| santamariaca | 93% | T
[Dewpoint Stations [Time-to-Peak Stations
| saNTAMARIACA | é09% | SANTA BARBARACA  100%
| LosancELESCaA | 1% | GIBRALTARDAMICA 0%
| | ow | sawmarcosPasscal 0%

Mission Creek Water shed
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Climate parameters for SANTA BARBARAHYDRO +

34.58°N 120.04°E; 2512 feet elevation
66 years of record

Month Maximum | Minimum et Number
Temperature |Temperature in) of wet days
CE CE

January  [57.3 [35.2 [5.46 53

February [58.0 [37.2 [5.82 [5.4

DMarch  [59.3 [38.9 la.52 [53

April 616 [417 [1.ag [3.1

May [62.3 [441.6 [o.28 [12

{June [64.9 [47.5 [0.05 [0.7

July [68.2 [50.6 [0.00 [0.4

[ Augnst | 609 | 514 | o005 | o4

[September| 624 | 488 [ 03 | 1z

[October | 672 | 436 | o061 | 16

|[November| 634 | 296 | 33 [ 30

[December | 587 | sz | 382 [ 52

| Annual | | [ 262 | 327

Show map | Show PAR | Return toinput screen

INTERPOLATED DATA
[ Station |Weighting | Station | Weighting
[ Wind Stations |Solar Radiation and Max 5 P Stations
|SANTA BARBARA CA| 76% | BAKERSFIELD, CALIF | 673%
| OXNARDCA | 144% | FRESNO, CALIFORNIA | 327%
| saNTAMARIA CA | 5% | | 0%
| Dewpoini Stations | Time-io Peak Stations
| SANTAMARIA CA | 609% | SANTA BARBARACA | 100%
| LOS ANGELES CA | 301% |GIERALTARDAM 2CA | 0%
| | o% |sawmaRcospassca | 0w

San Pedro Creek Water shed



10.2.5 Custom Climates (continued): 100-yr PRISMianding
orographic effect

Mission Creek Water shed

100 - YEAR MEAN ANNUAL AVERAGES
28| | |annual precipitation from 3289 [storms
9.5 in| |annual runoff from rainfall from 1732 levents

1.9/ | |annual runeff from snowmelt or winter rainstorm from| | 273 |events

8
Ramfall Event Rankings and Characteristics from the Selected Storms
Storm Rank Stoxmn Stoxm Stoxm 10-min 30-min.
hased connumaf Foumoff | Fredpitation Thuration Peak Rainfall Fubensity | Peak Rainfall ndensity Storm Date
(retum inderval) @) @) W) LYy @h’
Mach 21
1 621 723 1089 470 421 o
5 Detanha 7
Quyer) 450 558 516 .66 329 S
10 Dexanber 3
Atyer) 278 470 552 4 3.7 3
il Fébhruary 19
Gyear) 213 2.80 574 222 27 T
S0 Febhruary 27
(tver) 183 230 472 144 104 =
75 March 29
Aoy 140 122 5.00 112 104 i
s
100 - YEAR MEAN ANNUAL AVERAGES
27| in| |annual precipitation from 3289/ storms
79 m| |annval runoff from rainfall from 1577 levents
0.55| | |annuval runoff from snowmelt or winter rainstorm from| | 101] |events
=]
Ramfall Event Rankings and Characteristics from the Selected Storns
Shoomn Randk: Shoamn Shormn St 10-rin 30-mdn
based enrunof | Runoff | Precpifation | Durafien | Peak Rainfall Fnbensily | Peak Rainfall nfensily | Stoxm Date
(reium inderval) ) ) ™ @ hi) @ hl)
Barch 21
1 537 7.19 7.61 469 420 e 7
5 March 14
Q0var) 3.87 5.63 1032 220 291 vear 76
10 Féhxuary 17
(0year) 314 47 6.35 456 3.7 g
il Fehruary 14
E-pean) 176 423 12.62 1.63 237 yem 76
50 Decanber 4
-year) 1.56 2.80 272 261 225 em 58
5 February 14
fsyer) 147 199 .50 220 142 e 53




APPENDIX 10.3: SHALSTAB

Inputs

For each lower order reach of each watershed th&ilbotion width and area was
required. This information was gathered from Digisevation Maps (DEMS) in the
ArcMap 3.2 Geographic Information System (GIS). DteMs for Mission and San
Pedro watersheds depict steep mountainous terriéingenerally high relief in the
upper and middle watershed, leading to foothilld #men a gently sloping coastal
plain. Topography plays an important role in larslrisk, so calculating areas of
convergence between steep slopes from elevationMDéata is an important
capability of SHALSTAB.

Friction angle

Related to the slope is the friction angle, whidpehds upon the roughness of
surfaces and the shear strength of the soil. laratlords, friction angle is the highest
angle that can be maintained without collapsing,asdower angle means less
resistance. The default value,’38eems appropriate based on expert suggestiog usin
maps of the raw SSURGO (Soil Survey Geographi@,datd geologic rock types of
the region. The model is very sensitive to larganges in this parameter, so it was
held constant throughout our analysis.

Soil parameters

The SHALSTAB model uses information from the Unitethtes Geological Survey
(USGS) SSURGO database. Values for soil depth afiddensity are available for a
number of sites throughout both watersheds, buy gaeatly between upper and
lower watershed. Since the model assesses thee emtitershed at once, these
parameters could be estimated by averaging overgper and lower elevations from
USGS data. Alternatively, we chose to run the SHAB model with a variety of
the most common values in the mid-upper watersh&idse this is the only area
seemingly affected by landslides. Furthermore,ssddta in the upper watersheds is
coarser than in the developed, low-relief regiohSanta Barbara and Goleta.

Soil thickness (depth) is typically deepest in cengent hillslopes where soil
accumulates through biogenic soil creep, contnfgutio hillslope failure and
landslides in such regions. Depth was reportedhénnid-upper watersheds as 0.25
m, 0.875 m, and 1.5 m, so each of these valuestesssd for model response and
effect on instability. Soil bulk density combineg&iwthe volume of soil (from depth
values) and the force of gravity to create a wemmponent, which SHALSTAB
can use to compute the soil stability for one wmgga of slope. Density does not
change much within either watershed, and most agtisrfor this area average around
1450 kg/cm, therefore we did not alter this value in our s (Soil Survey Staff).
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Shallow colluvium is much more stable than deepsséligh soil thickness is found
in areas where topography drives convergent dowasioovement of soil. In these
areas, water is also forced to accumulate, raitiagvater table and water pressures,
lowering the g/T ratio, and increasing the risklordslides.

Soil cohesion

Soil has cohesive properties in particles thatnadljustick together, such as clays and
organic matter. Furthermore, vegetative roots bmadticles to one another, the
substrate, and stable soil, creating an importacharing function on potentially
instable slopes. Plants play other important ratestabilizing soil, as the canopy
intercepts intense rainfall, promotes evapotraaspm and removes moisture,
lowering the soil water pressure. Since vegetaisoremoved during wildfires, soil
cohesion was a very important parameter to invatign our analysis.

Unfortunately, field measurements of cohesion weot available for the Mission
Creek or San Pedro Watersheds for this project. ISSTAB provides a default
cohesion value of 2000 nfirHowever, this program was designed in Oregon revhe
tree and root systems are much more prolific, antfall significantly greater than in
southern California. Therefore, the cohesion oft&@uarbara is likely much lower
(1000 n/m), and significantly lower under fire conditions.e¢hose cohesion of 500
n/m’ to represent a medium intensity fire, and lowetesl cohesion to 0 nfrfor a
high intensity fire scenario. This same adjustmémtcohesion was made by
SHALSTAB creators to model runoff and erosion effeim the Oakland firestorm
area (Dietrich & Booker 1995).
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