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Il. Proposal Narrative

Justification Statement:With clarity of Lake Tahoe the dominant concernhia Basin,
protecting soil resources and reducing erosioreatiyr dictate how many forest and fuel
management activities are carried out. Concurrergtuction of wildfire hazards looms large in
land management decisions over the recent pasigydarly following major wildfires in 2007.
Balancing these two often opposing concerns isjamashallenge for land managers and
policymakers in the Lake Tahoe Basin. While fustatments may meet soil erosion and fire
behavior reduction objectives in the short terrasthsame treatments may exacerbate the same
issues in the long-term in the event of a wildfigoth the amount and continuity of organic
material on the forest floor may result in higkefgeverity and more homogenous burns. As an
example, the Little Washoe Fire near Tahoe Citynduthe summer of 2007 burned into an area
where thinning had been conducted and small tneg@slash masticated, producing a compact
but continuous fuel bed. Fire managers commetigtihe compacted fuel bed appeared to slow
rates of spread and moderate flame lengths, mdikengontrol easier. Because of the large
amount of organic material on the forest floor, boer, the heat generated was still sufficient to
kill all or most overstory trees, and the fuel douity resulted in a complete burn. To reduce the
potential for erosion, considerable rehabilitatéxpense will be required, and stand replacement
will result in succession to shrubs and small tteaswill increase fire hazard within the critical
wildland-urban interface for many decades. Figpsession policies throughout the Basin have
resulted in a similar conundrum. The excess latet woody fuel that is now on the forest floor
and the greater continuity of this organic matemal indeed protect the soil, but when this
material burns, either through wildfire or presedifire, the result is a burn that is much more
continuous than historical fires were likely to(f@ example, the Angora Fire of 2007), leaving
the system more prone to erosion. As a resulgmsige rehabilitation is required. Research is
urgently needed to understand how best to balalosgoa and fire hazard reduction objectives
using forest and fuel management activities inLthlee Tahoe Basin.

Background and Problem Statemen®Prior to Euroamerican settlement, low to moderate
severity fires burned through forests in the Lakéde Basin at an average return interval of 11
years (Taylor 2004). After fire, litter and otHare fuels necessary to sustain surface fire requir
time to accumulate to the point where they propafje¢. Because of the spatial heterogeneity of
Basin forests, litter accumulation can be quitealde. Historically, the mixture of areas with and
without sufficient fuels to carry fire led to patchurn patterns (Knapp and Keeley 2006), but the
way fire now burns may be fundamentally differelnt.forests that have experienced many
decades of fire suppression, forest densificatiod, fuel accumulation, most areas currently
contain sufficient fine fuels to carry fire. Thixreased connectivity (Miller and Urban 2000)
has implications for how much fuel is consumed,aim®unt of mineral soil exposed, and with
wildfires — the total fire size.

All of these factors can influence erosion and medlitation rates. Understanding
relationships between fuels management, erosiorsedithentation is of central importance for
ecosystem health of the Lake Tahoe Basin. ThetglafiLake Tahoe has declined dramatically
in 40 years of measurement. Research suggesthéhatigins of this decline are linked to
watershed sources of suspended sediment and batsplporus (Jassby et al. 1994, 1999). A
documented shift towards earlier snowmelt and eed rainfall relative to snowfall in the
mountainous west (Knowles et al. 2006, Westerlirg).€2006) is likely to increase the
probability of high-severity fire and the erosivity precipitation (Beeson et al., 2001).

Burn patchiness may have played an important rigtetically, with unburned islands at
multiple scales creating barriers to erosion. Bedesuggests that there may be thresholds of
bare mineral soil exposure that when exceededtnesekponential increases in sediment yield
(Campbell et al. 1977, Johansen et al. 2001). Usiimdall simulation experiments, Johansen et



al. (2001) found sediment yield to be highly caatetl with the amount of bare mineral soil
exposed. Compiling data across multiple studiesifierent ecosystems, Johansen et al. (2001)
determined that the relationship between sedimeid gnd bare soil is non-linear; sedimentation
rates were low at low to moderate levels of sofiasure, but once a threshold of approximately
60-70% of the ground surface was exposed, erosmrased exponentially. They proposed that
as the percentage of area exposed increases,rtheatedness of burned patches increases,
reducing sediment capture and infiltration.

As shown by the Angora Fire, the Little Washoe Fared other recent fires within and
outside of the Basin, it is clear that the amounat eontinuity of surface fuel currently found in
many contemporary forests leads to undesirableom#s when burned in a wildfire. Wildfires
occurring in the driest conditions of summer andiyefall frequently burn a high proportion of
the available fuel and cover a large proportiothefground surface. In addition, high surface
fuel loads increase the probability of torching angwn fire (Agee and Skinner 2005, Ritchie et
al. 2007). Fires that consume tree crowns elirsinaedle cast, which can rapidly cover the
ground after less severe fires and reduce posefiosion (Pannkuk and Robichaud 2003).
Treating/ removing this surface fuel through prisea burning would reduce the probability of
such high severity fire. However, the Tahoe Bé&sis its own unique constraints to fire
management because of erosion concerns with qmilseixe, the extensive wildland-urban
interface, and air quality issues. Where presdriive is not an option, mechanical treatments
may be used instead, but how much fuel/ organitemest it necessary to leave on the forest floor
and in what spatial arrangement should it be ¢eftinimize the threat of erosion while also
reducing the chance of forest loss in a wildfi/here prescribed fire is an option for reducing
these fuel loads, is it possible to develop burmirescriptions that lead to patchy burns with
enough unburned islands to capture sediments aicahsume enough fuel to reduce the
probability of high fire severity?

It is well known that fuel consumption is stronglgsociated with fuel moisture at the time of
burning (Van Wagner 1972, Hille and Stephens 2008 consumption constrained at higher
fuel moisture values because of the high specédat lof water (Frandsen 1987). How fuel
moisture influences the spatial patchiness of bigrese aspect of fire severity that has only
more recently been addressed (Miller and Urban 280[@ and Stephens 2005, Knapp et al.
2005, Knapp and Keeley 2006). Knapp et al. (2006hd that early season burns conducted
under higher fuel moisture conditions were patchia left more than twice as much ground
unburned compared to late season burns (27% vs, rEafectively). This burn patchiness, in
surface fuels similar to those found in the TahasiB, occurred at many spatial scales, ranging
from centimeters to 10’s of meters (Rocca 2004; Ejg

Burn patchiness may be explained by fuel moistaretion across the forest floor and
influenced by shading and rainfall interceptionthy forest canopy (Miyanishi and Johnson
2002, Hille and Stephens 2005). With prescribething, managers can time ignition for
particular fuel moisture levels and thus contrel #mount of spatial patchiness in burn pattern.
Prescribed burns conducted when duff is still redédy moist can lead to burn patterns with
patchiness closer to historical norms (Knapp e2@05). Patchy burns may be especially
desirable for the initial restoration burn aftendoperiods of fire suppression. Once the firshbur
restores some heterogeneity in forest fuels, pagsisiin subsequent burns is easier to attain. A
tradeoff is that less fuel is consumed and moievisLip burns may be required to meet fuel
reduction objectives, but by reducing fuel graduahd leaving more unburned patches, the
potential for erosion may be reduced.

Perhaps nowhere else is this conflict betweenriolction objectives and erosion control
objectives clearer than in the Tahoe Basin. Thréhigh severity wildfire is minimized by
reducing surface fuel loads; however, this exposiitiare mineral soil may lead to erosion and
sedimentation concerns. Research linking the ammoharrangement of surface fuels to erosion
and sedimentation and determining erosion threshwilll help managers design mechanical and



prescribed fire treatments that balance fire hageddction objectives with ecological and
hydrological realities unique to the Tahoe Basimtliermore, research on how fuel moisture
influences prescribed fire burn pattern in différgier types under contemporary conditions of
high fuel loading and high fuel continuity may alidourn prescriptions to be developed that
better meet both fire hazard reduction and watalityuyoals.

Goals, Objectives, and Hypothesis to be Test@drr goal is to understand erosion thresholds
in order to determine the optimal levels of surfagd retention with mechanical mastication and
prescribed fire treatments that maximize fire hadizlre severity reduction goals while
minimizing the threat of erosion and sedimentati®econdarily, we seek to understand the
mechanisms by which burn patchiness (includingmnsedt capture in islands of unburned fuel)
can be created even under the current high fudingaand fuel continuity in Tahoe Basin forests
by linking fuel moisture with timing of prescribdéide, and the pattern of the resulting burn. We
propose to 1) determine how much organic matesiegduired on the forest floor to buffer
against erosion and whether erosion thresholds fexithe Basin’s soils by using on-site
overland-flow simulation, 2) evaluate the role pégal arrangement of organic material (evenly
dispersed vs. patchy) on erosion rates, and 3jrdete the extent to which heterogeneity in
prescribed burn severity (including percentagerofigd surface burned) is generated by fuel
moisture heterogeneity and how this changes wabk@e

Specific hypothesis to be tested include:

» Differences in post-treatment percentage of graurthce exposed will result in
quantifiable differences in erosion rate as meabuiith on site runoff simulators.

» Patchily distributed and evenly dispersed surfaetsfwill result in equivalent erosion
rates while the former will be superior in reducthg risk of high severity fire and rate
of fire spread.

» As aresult of greater fuel moisture heterogeneitgscribed burns conducted earlier in
the season will have increased post-burn patchemedshus reduced erosion rates. Forest
floor fuel moisture content will differ based ongetation and fuel composition and
structure and this variation will decrease overdheseason.

Approach, Methodology, and Location of Research

i. Geographic location

The experiments will be performed in forestieelas within the Lake Tahoe Basin where
mastication treatments have recently been compsetdther sites where prescribed fires are
planned. Communication with the Lake Tahoe Basima&g@ment Unit (LTBMU) Fire
Management Officer (Kit Bailey, November 2007) iraties that four to eight understory
prescribed burns are planned for each of the sumoi2008 and 2009, over a range of forested
environments. Permission to perform pre- and passtication and burn fuels and forest litter
studies, and rainfall simulation measurementshelbbtained from the LTBMU, California State
Parks, California Tahoe Conservancy, or the relelaand owner. Sites will be selected to capture
the Basin’s dominant soils, forest floor types, alupes.

i. Approach and methodology
In collaboration with the LTBMU (letters stipport filed in Appendix), we will select sites
within the Basin with either planned 2008-2009 priged fires or recent (1-2 yrs) fuel
mastication treatments. Within this list of burmjercts, we will select sites from fir-dominated



and pine-dominated stands on volcanic and grasiils, where possibleAt each site, we will
estimate downed woody fuel loading using modifimasi of standard methods (Brown 1974) with
supplementary collections of forest floor mass. &agon (overstory, midstory and understory)
composition and structure at each site will be dathplong the same transects as the fuels. After
site characterization, we will conduct experimedgsigned to evaluate sediment yield response
to specific fuel treatments or prescribed burn lpatess.

Pre and post fuel characterization (amount and spatial arrangement) for prescribed burns and
wildfires

For all prescribed fires and any wildfires that naggur in 2008 and 2009, we will
intensively characterize forest floor fuels. lh@kscribed fire units, we will establish 20 linea
transects along hillslope contours that capturevéinmbility in fuels and vegetation (lengths will
be at least 50m long, but vary based on burn wetand the scale of burn heterogeneity). Prior
to burns, we will survey woody fuel loading aloragh transect, and install twenty 30cm duff
pins flush with the forest floor at equal intervaleng the transect (dependent on transect length)
to evaluate forest floor depth by horizon. Follogvihe prescribed burns we will re-measure fuel
along each transect, quantifying changes in depdhzass of each fuel category and note the
start and end point of unburned or partially burpatthes. In Basin stands burned by wildfire
over the study period, we will follow the same nweth as in the prescribed burn units by
randomly establishing twenty 50 m linear transéaitewing hillslope contours to capture post-
fire variation in forest floor fuels. If no wildfiss occur within the Basin during these 3 years, we
will sample wildfires on adjacent forest lands wéthilar vegetation and soils. Along each
burned transect we will record frequency and cdgetance) of mineral soil exposure and depth
of residual forest floor (by horizon). These fuehsumption data will be analyzed using two-way
ANOVA comparing forest type (fir vs. pine) and fisgoe (prescribed vs. wildfire) effects on
mineral soil exposure, depths of residual foresdrfl unburned patch area, and unburned patch
size. Metrics that encompass the amount of variangeng sites for each fuel consumption
parameter will be similarly analyzed

To determine within-ecosystem drivers of fuel canption and mineral soil exposure, we
will use multiple regression analysis with fuehsamption (litter, duff, 1-, 10-, 100-hr timelag
fuels) and % of the length of the transect with enath soil exposed as response variables and day-
of-burn fuel moisture content and fuel loading eedjctors.

Characterization of fuel moisture patterns over the season

To characterize forest floor moisture contemtatan, we will establish intensive forest floor
mapping arrays at each selected site. Arrays wiisist of 30 cm X 30 cm subplots placed across
a range of overstory cover (from closed-canopypenings) representing a range in forest floor
depth. In each subplot, we will describe pre-firel$ by horizon (litter and duff) depth and bulk
density. We will characterize woody and foresofltuel moisture in two ways: using fuel
moisture sensors and periodic destructive sampiegwill collect surface fuel moisture at each
site within the arrays using Campbell ScientificS05 fuel moisture sensors attached to CS1000
dataloggers. We will couple these continuous messents with collections of surface fuels at
monthly intervals throughout the 2008 and 2009deasons, beginning shortly before surface
fuels are dry enough for a prescribed burn andngnidi the fall, when fuels are too moist too
burn. All collected fuels will be sealed in polggtene bags and oven-dried at 60°C for 72 h to
determine moisture content. All fuel moisture e wvill be compared between ecosystems (fir
vs. pine) in a repeated measures ANCOVA incorpogagiosition beneath the canopy or distance
from the nearest tree as a covariate. The amouwrr@nce among samples for each fuel
moisture parameter will be similarly analyzed.

Response of Treatmentsto Smulated Overland Flow



Rainfall simulation (RS) experiments haverbesdely used to obtain site-specific erosion
rates for field treatments that are difficult tplieate accurately in the laboratory. The standard
for rainfall simulation experiments is to use 33X 10.7 m erosion plots with a 16 m rotating
boom rainfall simulator (e.g. Johansen et al. 20a1is large size limits the number of
treatments and replications that can be examiresildly in diverse terrain with dense forest
stands, steep slopes, and where access to wéteitésl. A smaller rainfall simulator (0.8 m X
0.8 m plots), such as the type used by project teamber M. Grismer in the Lake Tahoe Basin
to evaluate revegetation/mulch erosion controlistudbed soils associated with ski-runs, road
cuts and fills (Grismer and Hogan 2004, 2005) ptesione alternative. However the small RS
size does not allow for the measurement of hillslepale erosional processes and the impacts of
fuel treatments and burn patchiness we wish taucaptith this proposed work. Another
alternative is to simulate overland flow direclRobichaud et al. have successfully used runoff
simulators to evaluate post fire erosion effectlaho for 2, 4, and 9 meter plot lengths (2002,
2006). Field observations in the Lake Tahoe Bagilicate that raindrop impact has little effect
on surface aggregate breakdown and subsequentesedimyvement; rather erosion is largely
controlled by available “stream power”. Furthermowith its subalpine elevation (1897-3320 m)
the bulk of precipitation in the Lake Tahoe Basilisfas snow. The dominant overland erosional
process results from snowmelt and resulting ruraiffer than rainfall impact. For this study,
project team member Grismer will build a portahleaff simulator using his own design or
using the template of Robichaud et al. (2002, 2006)

After selecting and characterizing fuel loagdand patchiness at eight prescribed burn and
eight fuel mastication sites, we will locate pls runoff simulation. Treatments will follow the
block design outlined below (Table 1). The diffarsmes will represent blocks. For masticated
fuel treatment sites we will use a control and sdaveatments (Experiment 1 in Table 1). Four of
these treatments will involve removing 25, 50, 7l 400% of surface fuels. This will be done
by removing all fuels, dividing by the desired amband redistributing a proportion back on the
plot. The amount of fuel will be lessened but fo@htinuity retained. The final three treatments
will be 25%, 50% and 75% removal, with the remairakgchily rather than evenly distributed so
that the fuel complex is broken up. For thesedlireatments, fuels will be removed from the
upper 25%, 50% and 75% of the plots, respectiw{ppsing bare mineral soil. The lower
portions of the plot will be left untouched. Anyels removed to create the treatments will be
dried and weighed to provide a second estimatéefigel loading.

For the prescribed burn erosion rate studywillautilize a control and 5 treatments
(Experiment 2 in Table 1). The control will be gadn an area protected from burning by a
constructed line, so that all surface fuel remaitect. Fuel reduction treatments will be placed
at locations where fire has passed over 0-25%,025;%0-75% and 75-100% of the plot,
exposing bare soil. Actual amount of bare mineodlexposed will be estimated by survey and
measured by GIS post-processing of digital phofagya

After the forest litter/surface fuels treatiteehave been conducted or burn plot locations
identified, erosion plot boundaries will be deliedtby sheet metal plates. Plot size will be 2
meters X 5 meters. The size of the plot may bestelflidepending slopes and burn patchiness
observed in the field. A sheet metal apron antéctibn pipe will be mounted at the bottom of
the plot, and sealed flush to the soil surface. flin@ff simulator will be installed at the top of
the plot. Multiple 12-minute periods of concengdhflow will be released at 15 L/min. Multiple
periods are necessary to evaluate armoring — tie@teto which erosion rates are reduced as
available fine material is flushed away. All runafill be captured in sample bottles and
collection basins. Measurements of travel time égy/sinfiltration rate (cm/s), runoff amount (1),
sediment concentration versus time, average setlico@aentration (mg/l), and sediment yield
(g) will be obtained. Particle size distributiondlWwe characterized for suspended sediment
samples using laser particle size analysis (SpeBt@2200, Redwood City, CA, owned by
HSU).



The six burn patchiness treatments (Experir@emable 1) will be replicated eight times in
separate blocks. Combined with eight treatmentsamh of eight blocks for fuel mastication
sites, we will perform a total of 112 runoff simiitans over the course of two field seasons. We
will use ANOVA to evaluate the significance of tnent effects. We will then use a regression
framework to look for threshold effects.

Integrating fire hazard and erosion risk

The goal of the study is to provide managétk the information they need to design
prescribed burn and fuel mastication treatmentswilboptimize the reduction of fire hazard
while minimizing erosion rates, as illustrated fwnctional response curves ( Figure 2). In this
example, bare soil coverage of 40-50% would optinfiie hazard and erosion yield. Our
proposed work would directly provide the data neeedelineate the erosion -fire hazard
relationship of Figure 2 for Lake Tahoe conditiofbe fire hazard and fuel load/ fuel patchiness
relationships will be developed using standardbiebavior and fire spread models such as
BehavePlus (Andrews et al. 2005) and FARSITE (Rir2@04), the latter to compare spread
rates across simulated landscapes with randomematdntaining different fuel loading
conditions such as those tested by the treatmenl®ierosion rate experiments. This component
of the work will be conducted by a postdoctorakgsher working with co-P.I. Knapp.

The final integration of the experiment vaiinsist of a) estimating erosion yields for
surveyed study sites using the relationships définehe runoff simulations between burn
parameters or mastication treatments and erosimahbpevaluating how fuel moisture affected
burn severity and patchiness.

Strategy for engaging with managers

We will establish these study plots in collediimn with managers in the Basin. Each rainfall
simulation experiment is blocked eight times, dmetéfore can be conducted in eight different
locations, enabling us to work with lands of vagyownership, as well as multiple agencies and
managers. This will allow the flow of information tjo both ways (managers ensuring that the
study design directly addresses management issilee Basin, and researchers ensuring that
results are rapidly and widely reported). We halveady discussed our ideas with personnel
from the LTBMU and others in the Basin, and wikhplfield visits with LTBMU, local NF
personnel, and other manager contacts such asatlier@ia Tahoe Conservancy as soon as
funding is gained, in order to pin down the locatad study sites. Please find attached a letter of
support from the California Tahoe Conservancy.o®iear the conclusion of the project, data
will be presented at meetings attended by Basiragens. Final results will be disseminated as
published papers, workshop summaries, and manageuon@maries to regional staff. A project
website will be created, with visually rich contgatared toward diverse audiences. The more
scientific/ technical papers will be linked to tite so that they can be referenced and read by
those who require the extra detail.

Deliverables /products

Workshop with Lake Tahoe Basin resource managers: Balarfoiglg, restoration, and
erosion potential in the Lake Tahoe Basin (fieldrtand presentations).

Workshop or Symposium at a National Meeting: Linking fire severity and erosion potential.
Management Summary. Fuel treatment prescriptions for balancing fuebiaibn, soil
exposure, and potential for erosion in the TahcsrBa

Project Website: Balancing wildfire risk and erosion risk in the @&Nevada

Manuscript: Identifying the sources of variation in forestdianoisture content in fir- and
pine-dominated forests in the Lake Tahoe Basin

Manuscript: Burn heterogeneity in prescribed fires: linkiregson, forest floor composition,
and moisture content variation



Manuscript: Developing fuels treatments for balancing fuelugion, soil exposure, and

potential for erosion in the Tahoe Basin

Manuscript: Consequences of fire and fuels treatments fari@nan the Tahoe Basin

g. Schedule of Milestones/Deliverables

The schedule of events is listed below (T&pldPreliminary site selection, meetings with
cooperating agencies and obtaining permissionga¥ké place in the spring and early summer of
2008. Pre and post burn sampling of fuels, saéldinsent yield, and fire effects will take place
during the summers of 2008 and 2009. Sample primeegsl| take place in the Fall of 2008 and
2009. Data analysis and writing will take placé\fimter and Spring of 2009 and 2010. Writing,
publication of results and conference presentatialisake place throughout 2010. Brief
updates on project accomplishments and invoicdswisubmitted quarterly on thé& af

September, December, March and June.

lll. Figures

Table 1.Block Design for Runoff Simulation Experiments.

Experiment 1: Masticated Fuel Treatment Sites

Plot # 1 2 3 4 5 6 7 8
| Patchy removal Even removal
Treatment | Baresoil Top75% Top50% Top 25% 25% 50% 75% Control-

of plot- bare bare
bare soil

reduction reduction reduction 100%
of fuel of fuel of fuel fuel load

load load load
Experiment 2: Prescribed Burn Sites
Plot # 1 2 3 4 5 6
Treatment Bare 0-25% 25-50% 50-75% 75- Control-
soil surface cover cover 100% 100%
area cover cover
covered

Table 2. Timeline of research activities.



Activity

Time  Site selection. Pre burn  Post burn Runoff Progress report Data analysis,
Period Meet with transects transects. sample, Issued writing,
Basin Erosion duff, & soil publication, &
Contacts simulation processing conferences
Spr 08 *
Sum 08 * * * * *
Fall 08 * *
Win 09 * *
Spr 09 * *
Sum 09 * * * *
Fall 09 * * *
Win 10 * *
Spr 10 * *
Sum10 *
Fall 10 *
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Figure 1. Forest floor after early season prescribed burn in mixed conifer forest in Sequoia
National Park (Elev. 6,500ft), showing patchiness of burn at multiple spatial scales.
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Figure 2. Balancing fuel reduction, soil exposure, and potential for erosionint

he Tahoe Basin.
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