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ABSTRACT: Alluvial fans are continuously being developed for residential, industrial, commercial, and agricul-
tural uses in southern California. Development and alteration of alluvial fans need to consider the possibility of
mud and debris flows from upstream mountain watersheds affected by fires. Accurate prediction of sediment
yield (or hyper-concentrated sediment yield) is essential for the design, operation, and maintenance of debris
basins to safeguard properly the general populace. This paper presents a model for the prediction of sediment
yields that result from a combination of fire and subsequent storm events. The watersheds used in this analysis
are located in the foothills of the San Gabriel Mountains in southern California. A multiple regression analysis
is first utilized to establish a fundamental statistical relationship for sediment yield as a function of relief ratio,
drainage area, maximum 1-h rainfall intensity and fire factor using 45 years of data (1938-1983). In addition, a
method for multi-sequence sediment yield prediction under fire conditions was developed and calibrated using
17 years of sediment yield, fire, and precipitation data for the period 1984-2000. After calibration, this model
was verified by applying it to provide a prediction of the sediment yields for the 2001-2002 fire events in south-
ern California. The findings indicate a strong correlation between the estimated and measured sediment yields.
The proposed method for sequence sediment yield prediction following fire events can be a useful tool to sche-
dule cleanout operations for debris basins and to develop an emergency response strategy for the southern Cali-
fornia region where plentiful sediment supplies exist and frequent fires occur.
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INTRODUCTION

Alluvial fan areas are rapidly being urbanized in
arid and semiarid regions of southern California
because of their relatively mild terrain and esthetic
views. The mountain areas upslope from the alluvial
fans are susceptible to fires, and this can significantly

increase the amount of material transported down-
stream during subsequent major storms. In this situ-
ation, the material collected in debris basins is
generated through a spectrum of processes, including
surface runoff, flooding, and debris flow. Development
of these fan areas must consider the possibility of
increasing sediment yield from mountain watersheds
due to the frequent occurrence of fire events.
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The Los Angeles District of the US Army Corps of
Engineers (USACE) has designed and built many
debris control dams and storage structures in the
San Gabriel Mountain watersheds since the early
1930s, which the Los Angeles County Department of
Public Works (LACDPW) maintains. The combined
total maximum capacity of the 116 debris basins
under the Los Angeles County operation is approxi-
mately 6 million cubic meters.

Existing methods (Ferrell, 1959; Tatum, 1963;
McCuen and Hromadka, 1996; Gatwood et al., 2000;
Gindi et al., 2006) for predicting sediment yield focus
on a single design storm event for estimating the pos-
sible sediment yield. The authors propose an alterna-
tive approach to predict accumulated sediment yields
generated from multiple rainfall events within a sin-
gle storm season. A major objective of this research is
to provide an easy-to-use and comprehensive warning
and response system. This system can provide the
accurate and timely sediment yield predictions. It will
be helpful to maximize the response time for the deb-
ris basin cleanout and emergency management
response by predicting sequent sediment yields

resulting from fire and subsequent storms. Under
present conditions, debris basins are excavated imme-
diately after a big storm event to restore the storage
capacity before the occurrence of subsequent storm
events. Because most of the existing debris structures
are designed to intercept debris from a single large
storm, most of them are insufficiently designed to
control materials produced by multiple events. It is a
complicated task to coordinate the excavation of deb-
ris from several debris basins before ensuing storms
occur. The flood season in southern California follows
closely after the fire season and sometimes overlaps.
A system for prioritization of debris basin excavation
is needed to manage the debris basins properly based
on the basin capacity, accumulated sediment yield,
remaining capacity, and forecasted storms.

The model developed here, named the multi-
sequence debris prediction model (MSDPM), incorpo-
rates the effect of multiple storm events after the
occurrence of fires to predict cumulated sediment
yields. The debris basins used in the analysis are
located in the San Gabriel Mountains within Los
Angeles County, as shown in Figure 1. Debris clean-

FIGURE 1. Study Area of MSDPM.
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out data from 1938 to 2002 were obtained for 80 deb-
ris basins from the LACDPW and the Los Angeles
District of the USACE and were used to develop the
model. Debris cleanout data were based on truck
counts after excavating all material (clay, silt, sand,
gravel, boulders, and organic materials) collected in
debris basins.

The MSDPM is based on three main physical pro-
cesses: the critical condition to entrained sediment,
the transport capacity to move sediment toward the
concentration point (debris basin), and the antecedent
precipitation condition coupled with subsequent rain-
fall events. A multiple regression analysis was first
utilized using data from 1938 to 1983 (Gatwood et al.,
2000) to develop a functional relationship between
sediment yield and other parameters considered to
affect sediment yield including precipitation,
watershed area, watershed relief ratio, and a non-
dimensional fire factor. The relief ratio (S) was
defined as the difference in elevation between the
highest point and the lowest point in the watershed
divided by the longest stream length in the
watershed (Gatwood et al., 2000). The fire factor (F)
was generated using the percentage of the watershed
burned, the number of years since the burn, and the
number of antecedent precipitation events above a
certain threshold value since the fire. Following the
fire, sediment sources were gradually reduced with
subsequent storms. The regression equation was
expanded to include threshold precipitation factors
because precipitation in the form of rain, and occa-
sionally snow, plays a major role in the occurrence of
landslides, debris flow, or mud flow (Chleborad,

2003). The model was calibrated using the field data
on sediment yield, time since the last fire and fire
extent, and rainfall data of the subsequent 17 years
(1984 to 2000). To serve as verification, the calibrated
model was then applied to events after 2000 and com-
pared with the available field data. The MSDPM can
be used to provide a prediction of multi-sequence sed-
iment yield that incorporates the effect of fire and
subsequent storm events because it was developed
based on physical processes and verified with field
data.

MODEL DEVELOPMENT

The MSDPM was developed for debris prediction
from relatively small watersheds (25-800 ha) (Pak,
2005). The MSDPM allows the user to determine the
sediment yield based on the total rainfall amount,
maximum 1-h rainfall intensity, threshold maximum
1-h rainfall intensity (TMRI), total minimum rainfall
amount (TMRA), relief ratio (S), drainage area (A),
antecedent precipitation events, and fire condition.
The fire condition is defined on the percentage of the
basin area burned, the time since the last fire and
the number of antecedent effective precipitation
events. These effective events include the number of
previous events that generated sediment yield, as
shown in Tables 1 and 2, and have precipitation val-
ues exceeding the TMRI and TMRA. This information
can be provided by government agencies or an

TABLE 1. Sediment Yield Calculation Sheet for Brand Debris Basin.

Date
Dy

(m3)
Dy

(m3)
I

(mm ⁄ h)
P

(mm)
Ic

(mm ⁄ h)
Pc

(mm) Bp By Ap F

Design
Basin

Capacity
(m3)

Remaining
Debris Basin

Capacity* (m3)

Remaining
Debris Basin
Capacity (%)

8 Nov 02 0 0 2.032 11.430 7.930 22.789 0.9 1 0 6.13 126,916 126,916 100
9 Nov 02 0 0 2.032 4.826 7.930 22.789 0.9 1 0 6.13 126,916 126,916 100
29 Nov 02 0 0 1.016 1.270 7.930 22.789 0.9 1 0 6.13 126,916 126,916 100
16 Dec 02 11,881 11,881 8.128 25.400 7.930 22.789 0.9 1 0 6.13 126,916 115,035 91
20 Dec 02 0 11,881 6.604 23.622 7.930 22.789 0.9 1 1 6.10 126,916 115,035 91
28 Dec 02 0 11,881 4.064 6.858 7.930 22.789 0.9 1 1 6.10 126,916 115,035 91
11 Feb 03 0 11,881 5.080 28.448 7.930 22.789 0.9 1 1 6.10 126,916 115,035 91
12 Feb 03 16,396 28,277 14.986 83.312 7.930 22.789 0.9 1 1 6.10 126,916 98,639 78
13 Feb 03 12,624 40,901 9.398 95.250 7.930 22.789 0.9 1 2 6.07 126,916 86,015 68
25 Feb 03 0 40,901 4.318 10.922 7.930 22.789 0.9 1 3 6.03 126,916 86,015 68
27 Feb 03 0 40,901 1.016 1.270 7.930 22.789 0.9 1 3 6.03 126,916 86,015 68
4 Mar 03 0 40,901 5.080 5.080 7.930 22.789 0.9 1 3 6.03 126,916 86,015 68
15 Mar 03 17,528 58,429 17.526 59.944 7.930 22.789 0.9 1 3 6.03 126,916 68,487 54
16 Mar 03 17,506 75,934 17.780 79.502 7.930 22.789 0.9 1 4 6.00 126,916 50,982 40
2 Apr 03 0 75,934 1.016 0.040 7.930 22.789 0.9 1 5 5.97 126,916 50,982 40
Total 75,935 m3

*Basin capacity is assumed its maximum capacity (100% empty).
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organization such as the Burned Area Emergency
Response (BAER) Team.

It should be noted that the MSDPM does not con-
sider the spatial variation of effective rainfall nor the
burn severity within the watershed. Thus, the cur-
rent MSDPM is applicable primarily for small water-
sheds; its accuracy decreases for larger watersheds.

Data Collection and Evaluation

Several large fire events (burned 40-100% of water-
sheds) were selected for detailed study among the
recorded fire events. Sediment yield data were col-
lected from debris clean out data based on truck
counts after excavating debris materials (including
clay, silt, sand, gravel, boulders, and organic materi-
als) from debris basins that have watershed areas
affected by these major fire events. Each measured
sediment volume was related back to the multiple
effective storm events (during 3-12 months) that gen-
erated the sediment found within the debris basin.
Precipitation data were collected from the available
precipitation gages located in or near (within maxi-
mum 11 km) watersheds affected by these fires. The
evaluation and selection of data was a time-consum-
ing process because the field data were not always
consistent or complete. At the start of data analysis,
all debris basins that had burned upstream water-
sheds were selected and rainfall data at several pre-
cipitation gages were identified. Data from
precipitation gages that were working throughout the
period analyzed were used for the model.

Development of Nondimensional Fire Factor (F)

Fires generally cause water repellency in soils to be
temporarily hydrophobic, which effects infiltration,
runoff, and erosion in burned watersheds (DeBano,
2000). Several previous studies had shown that fire
had a powerful influence on the erosion of southern
California mountain watersheds (Troxell and
Peterson, 1937; Cannon et al., 2003, Cannon et al.,
2004; Middleton et al., 2004). For example, Rowe et al.
(1949 and 1954) estimated that a 100% burned
watershed produces 35 times more sediment yield
than in an unburned state. The fire factor equation,
Equation (1), was developed using the fire factor curve
for watersheds in the range of 26 to 777 ha (0.1 to
3.0 mile2) of Los Angeles District Debris Method and
by adding effects of antecedent precipitation events.
Tatum (1963) developed the fire factor curve of Los
Angeles District Debris Method using a relationship
established by Rowe et al. (1949 and 1954) to correlate
measured sediment yields and computed sediment
yields by means of a single fire curve. The Tatum
curve relates the percentage increase in the sediment
yield attributable to fire to the elapsed time following
fire occurrence (Tatum, 1963) and was used as the
basis for the preliminary fire factor curve examined.
This curve assumed that watersheds of unequal size
and gradient respond at the same rate over a period of
time in terms of sediment yield. This technique, asso-
ciated with watersheds of small area, acknowledges
fire and its associated effects as a major component in
a sediment yield estimation method (Gatwood et al.,
2000). Data (fire maps or burn severity maps) to

TABLE 2. Sediment Yield Calculation Sheet for Childs Debris Basin.

Date
Dy

(m3)
Dy

(m3)
I

(mm ⁄ h)
P

(mm)
Ic

(mm ⁄ h)
Pc

(mm) Bp By Ap F

Design
Basin

Capacity
(m3)

Remaining
Debris Basin

Capacity*
(m3)

Remaining
Debris Basin
Capacity (%)

8 Nov 02 0 0 2.032 11.430 7.444 21.876 0.8 1 0 5.75 38,228 38,228 100
9 Nov 02 0 0 2.032 4.826 7.444 21.876 0.8 1 0 5.75 38,228 38,228 100
29 Nov 02 0 0 1.016 1.270 7.444 21.876 0.8 1 0 5.75 38,228 38,228 100
16 Dec 02 3,181 3,181 8.128 25.400 7.444 21.876 0.8 1 0 5.75 38,228 35,047 92
20 Dec 02 0 3,181 6.604 23.622 7.444 21.876 0.8 1 1 5.72 38,228 35,047 92
28 Dec 02 0 3,181 4.064 6.858 7.444 21.876 0.8 1 1 5.72 38,228 35,047 92
11 Feb 03 0 3,181 5.080 28.448 7.444 21.876 0.8 1 1 5.72 38,228 35,047 92
12 Feb 03 4,392 7,573 14.986 83.312 7.444 21.876 0.8 1 1 5.72 38,228 30,655 80
13 Feb 03 3,384 10,957 9.398 95.250 7.444 21.876 0.8 1 2 5.70 38,228 27,271 71
25 Feb 03 0 10,957 4.318 10.922 7.444 21.876 0.8 1 3 5.67 38,228 27,271 71
27 Feb 03 0 10,957 1.016 1.270 7.444 21.876 0.8 1 3 5.67 38,228 27,271 71
4 Mar 03 0 10,957 5.080 5.080 7.444 21.876 0.8 1 3 5.67 38,228 27,271 71
15 Mar 03 4,701 15,658 17.526 59.944 7.444 21.876 0.8 1 3 5.67 38,228 22,570 59
16 Mar 03 4,697 20,355 17.780 79.502 7.444 21.876 0.8 1 4 5.64 38,228 17,873 47
2 Apr 03 0 20,404 1.016 1.016 7.444 21.876 0.8 1 5 5.61 38,228 17,873 47
Total 20,355 m3

*Basin Capacity is assumed its maximum capacity (100% empty).
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calculate the fire factor were obtained from the BAER
team, the LACDPW or the Los Angeles District of the
USACE for the fire areas.

In this study, a fire factor (F) was generated using
the percentage of the watershed burned, the number
of years since the fire, and the number of antecedent
precipitation events above a certain threshold value
since the fire. The impacts of fire and sources of deb-
ris are gradually reduced with subsequent storms
(Pak, 2005).

The final fire factor was obtained as follows:

F ¼ 6:5� ½Bp � B�0:29y þ ð1� BpÞ � ð20� ByÞ�0:29�
� ð2� eðAp=200ÞÞ; ð1Þ

where Bp is the percentage of burn ⁄ 100 (0 £ Bp £ 1);
By is the number of years since burn (1 year £
By £ 10 years); Ap is the number of antecedent effec-
tive precipitation events that have enough energy to
generate sediment yield (refer to Tables 1 and 2) for
3.0 £ F £ 6.5.

The final fire factor equation, Equation (1), was
calibrated in a manner that minimizes the differences
between the measured sediment yields and estimated
sediment yields within the main sediment yield equa-
tion, Equation (5).

Development of Regression Equation

Development of multiple regression equation,
Equation (2), was the first step to provide the funda-
mental statistical equation of MSDPM. The relief
ratio (S), drainage area (A), maximum 1-h rainfall
intensity (Im) of each storm event generated based on
precipitation data, and fire factor (F) were finally
selected as independent variables among other meteo-
rologic and physiographic parameters through the
stepwise multiple linear regression analysis. In the
selected stepwise regression routine, independent
variables are progressively added by the program in
order of decreasing significance. Variables determined
to be significant in earlier stages of the computations
may be deleted upon introduction of more significant
variables at a later stage. This process allows for
determination of the effect of an independent variable
on the dependent variable as well as the change in
the relative value of this variable upon the inclusion
of additional variables (Gatwood et al., 2000).

In total, 350 sediment yield datasets (Gatwood
et al., 2000) collected from 80 debris basins by the
Los Angeles District of USACE were used to generate
the regression equation. The regression equation was
statistically depicted as the best fit to the data for the
period 1938-1983.

logDy ¼ 0:541ðlog ImÞ þ 0:134ðlogSÞ þ 1:023ðlogAÞ
þ 0:126ðFÞ; ð2Þ

where Dy is the sediment yield (m3); Im is the maxi-
mum 1-h rainfall intensity (mm ⁄ h); S is the relief
ratio (m ⁄ km); A is the drainage area (ha); F is the
non-dimensional fire factor.

The multiple linear regression model described the
relationship between the dependent variable (Dy) and
four independent variables. The multiple correlation
coefficient (R) was 0.761 (R2 = 0.57). This implies that
approximately 57% of the variance in Dy is accounted
for by the independent variables Im, S, A, and F. The
adjusted R-squared, which is more suitable for com-
paring models with different numbers of independent
variables, was 0.575. The standard error of estimate
giving us an indication of the average spread of
observed values around the predicted regression line
was 0.46 (m3).

Threshold Maximum 1-h Rainfall Intensity

Not all of the rainfall events can generate sedi-
ment because some minimum energy is needed to
entrain the particles. Therefore, rainfall events were
screened to select those events where effective rain-
fall exceeded the critical value to entrain sediment
particles. Eventually, the critical maximum 1-h rain-
fall intensity for entrainment of sediment was deter-
mined as the TMRI (Ic) for each watershed based on
the relationship between the TMRI and relief ratio
shown in Figure 2 generated with results of calibra-
tion studies shown in Table 3. Equation (3) was
developed as a trigger to select the maximum 1-h
rainfall intensity for the effective rainfall intensity
that was greater than the TMRI

1

2
1þ Im � Icj j

Im � Icð Þ

� �
; ð3Þ

where Im is the maximum 1-h rainfall intensity per
event (mm ⁄ h); Ic is the threshold maximum 1-h rain-
fall intensity (TMRI) (mm ⁄ h).

Equation (3) equals one if Im > Ic, and equals zero
when Im < Ic.

Total Minimum Rainfall Amount

The TMRA is related to the transport capacity to
move sediment to the concentration point. Not all
rainfall events can lead to significant sediment
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transport. Once sediment has become entrained, a
certain amount of additional energy is needed to
move the sediment to the concentration point. There-
fore, rainfall events were screened again to select the
effective rainfall events that can provide the required
energy. The critical total rainfall amount was deter-
mined as TMRA (Pc) for each watershed based on the
relationship between the TMRA and TMRI shown in
Figure 3 generated with results of calibration studies
shown in Table 3. The total rainfall amount (P) was
compared with the TMRA (Pc) to provide another
trigger for sediment generation. Equation (4) was
developed as a trigger to select the total rainfall
amount for the effective total rainfall that was
greater than the TMRA

1

2
1þ P� Pcj j

P� Pcð Þ

� �
; ð4Þ

where P is the total rainfall amount per event (mm);
Pc is the total minimum rainfall amount (TMRA)
(mm).

Equation (4) equals one if P > Pc and equals zero if
P < Pc.

Formula for MSDPM

Finally, Equation (5) was developed based upon
the hydrologic processes described above as the
MSDPM

XN
i¼1
ðDyÞi ¼ 0:25

XN
i¼1

1þ
ðImÞi� Ic
�� ��
ðImÞi� Ic
� �

 !
1þ

ðPÞi�Pc

�� ��
ðPÞi�Pc

� �
 !

�ðImÞ0:541i S0:134A1:023e0:290F; ð5Þ

where P „ Pc and Im „ Ic; Dy is the sediment yield
(m3); Im is the maximum 1-h rainfall intensity per
event (mm ⁄ h); Ic is the TMRI (mm ⁄ h); P is the total
rainfall amount per event (mm); Pc is the TMRA
(mm); S is the relief ratio (m ⁄ km)

S ¼ h2 � h1
L

;

where h2 is the highest elevation in the watershed
(m); h1 is the lowest elevation in the watershed (m);

FIGURE 2. Relationship of Threshold Maximum
1-h Rainfall Intensity and Relief Ratio.

TABLE 3. Summary of Calibration Results.

Debris Basin
S

(m ⁄ km)
Area
(ha)

Fire
Event*

Percentage
of Burn

TMRI
(Ic) (mm ⁄ h)

TMRA
(Pc) (mm)

Measured
Dy (m3)

Estimated
Dy (m3)

Difference
(m3)

Difference
(%)

Lannan Case 1 405 63.9 1 80 5.817 17.755 13,577 13,480 )97 )0.7
Lannan Case 2 405 63.9 1 80 5.817 17.755 5,047 5,526 479 9.5
Kinneloa East 444 51.8 2 100 5.817 18.771 23,627 22,005 )1,621 )6.9
Kinneloa West 476 52.2 2 100 5.309 17.247 33,261 30,751 )2,510 )7.5
Rubio 280 329.02 2 92 7.849 22.835 17,001 17,830 829 4.9
Bailey 337 153.79 2 95 7.087 21.565 22,948 23,501 553 2.4
Sunnyside 476 5.21 2 100 6.325 20.295 1,239 1,282 43 3.4
Carriage House 434 7.69 2 90 6.579 20.041 1,710 2,007 298 17.4
Auburn 522 41.28 2 78 6.071 18.009 8,364 8,942 579 6.9
Fairoaks 60 54.64 2 41 18.263 38.583 1,847 1,748 )99 )5.4
West Ravine 287 63.94 2 69 8.357 22.835 9,331 11,276 1,945 20.8
Big Brial 510 5.26 3 100 5.563 19.025 552 733 181 32.8
Hay 353 52.21 3 100 7.849 24.359 4,484 5,759 1,275 28.4

Notes: Measured Dy, measured based on debris cleanout records; TMRA, total minimum rainfall amount; TMRI, threshold maximum 1-h
rainfall intensity.

*Fire event designation: 1-Santa Anita II Fire, 2-Kinneloa Fire, and 3-Crest Fire.
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L is the maximum stream length (km), measured
through Geographic Information System processing
based on the digital elevation model; A is the size of
drainage area (ha); and F is the fire factor (dimen-
sionless) as shown in Equation (1).

MODEL CALIBRATION BY CASE STUDIES

The TMRI (Ic) and TMRA (Pc) of each debris basin
were determined based on data from three fire events
that occurred between 1984 and 2000.

The Santa Anita II Fire of December 27-31, 1999,
burned 229 ha (566 acres). The Lannan Debris Basin,
which covered 80% of the terrain within the Santa
Anita II Fire area, was chosen due to its data avail-
ability and data quality for the present study. Precip-
itation data were collected from four precipitation
gages [Sierra Madre, Santa Fe Dam, Santa Anita
Dam (Gage No. 63C), and Henniger Flats (Gage No.
253C)] located in the vicinity of the Santa Anita II
Fire area. After analyzing data from four precipita-
tion gages, the Santa Anita Dam precipitation gage
was selected for the data analysis among the four
precipitation gages because its data were the most
reliable for the analysis of Lannan Debris Basin.

On October 27, 1993, the Kinneloa Fire in Alta-
dena caused extensive damage to the surrounding
area and destroyed 121 homes in the foothills of the
San Gabriel Mountains (Wildfire Safety Panel,
1994). Watersheds above the 13 debris basins were
burned between 20 and 100%. Data from 9 of the 13
debris basins were collected due to data availability
and quality. The precipitation data were obtained
from four precipitation gages located in the vicinity

of the Kinneloa fire area. The Sierra Madre gage
was chosen for data analysis among the other four
precipitation gages because its data appeared to be
the most consistent with measured sediment yield
data for the nine debris basins burned by the Kin-
neloa fire.

The Crest Fire of January 26-28, 1984, burned 15
watersheds. The Big Briar and Hay Debris Basins
collect runoff from watersheds that were completely
burned by the Crest Fire. Five precipitation gages
were located in the vicinity of the Crest Fire area.
Four of them are automatic precipitation gages: Sun-
set Ridge (Gage No. 683B), Briggs Terrace (Gage No.
373C), Flintridge-Sacred Heart (Gage No. 280C), and
Devil’s Gate Dam (Gage No. 453D). The La Canada
Irrigation Dist. gage (Gage No. 175B) is a standard
precipitation gage. The Briggs Terrace gage was
selected for data analysis because it is the only gage
with data covering this event.

The TMRI is related to the watershed slope as
shown in Figure 2. Higher slopes can entrain sedi-
ment with less intense precipitation. The TMRI and
TMRA were determined by case studies for each deb-
ris basin as shown in Table 3.

Based on the results of these case studies, two
graphs were developed to simplify the estimation of
the TMRI and TMRA for debris prediction. Figure 2
depicts the relationship between the TMRI (Ic) and
Relief Ratio (S). A power regression yielded the equa-
tion, y = 175.05X)0.5491, with an R-squared value of
0.9435. Figure 3 depicts the relationship between the
TMRI (Ic) and TMRA (Pc). A power regression was
also used in this case and yielded y = 5.9752X0.6465,
with an R-squared value of 0.9673. Both equations
exhibit relatively high R-squared values. When using
the MSDPM to predict the sediment yields, the relief
ratio, drainage area, precipitation data, and fire infor-
mation were needed as well as the TMRI and TMRA
values determined from Figures 2 and 3, respectively.
By utilizing these two graphs, the MSDPM can be
used in the field to predict the accumulated sediment
yields. It should be noted that when more data
becomes available in the future, these two graphs can
be updated, and more accurate results can be
expected.

The measured yield and estimated yield were com-
pared. Table 3 shows a difference ranging from 0.7 to
32.8% when using MSDPM to predict sediment yield.
The largest difference ()32.8%) occurs at Big Brial
Debris Basin, in which the area (A) is smaller than
25 ha. Most of the watersheds in the San Gabriel
Mountains are steep slope watershed with large relief
ratio. There are no sufficient data for watersheds that
have a mild relief ratio (S) in the range of 60-
280 m ⁄ km as shown in Figure 2.

FIGURE 3. Relationship of Total Minimum Rainfall
Amount and Threshold Maximum 1-h Rainfall Intensity.
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APPLICATION AND DISCUSSION

After calibration, MSDPM was used to provide the
debris prediction, and the result was then compared
with field data on sediment yields from the Mountain
Fire. This was one of the post 2000 fire events. The
Mountain Fire in the Glendale area (occurred on Sep-
tember 9, 2002) burned over 303 ha (749 acres) of the
watersheds, including areas in the Brand and Childs
Debris Basin, as shown in Figure 4 (LACDPW, 2003,
Storm Report Los Angeles County 2002-2003).

Three automatic precipitation gages [Childs Can-
yon Debris Basin, Downtown Los Angeles Federal
Building, and Brand Park (Gage No. 210C)] were
located in the vicinity of the Mountain Fire area. The
Childs Canyon Debris Basin precipitation gage was
chosen for the data analysis because its precipitation
data were the most reliable and consistent when com-
pared with the results of other gages.

The TMRI and the TMRA for the two debris
basins were determined through the equation y =
175.05x)0.5491 of Figure 2 and the equation y =

5.9752x0.6465 of Figure 3, respectively. Data used to
compute sediment yield for the Brand Debris Basin
and Childs Debris Basin are shown in Tables 1 and
2, respectively. For the Brand Debris Basin, the mea-
sured sediment yield was 81,385 m3. This was caused
by rainfall events occurring between November 8,
2002, and April 2, 2003. The estimated sediment
yield by the MSDPM was 75,935 m3. The difference
of the two values was 5,450 m3 ()7%). For the Childs
Debris Basin, the measured sediment yield was
22,249 m3 generated by rainfall events occurring
between November 8, 2002, and April 2, 2003. The
estimated sediment yield by the MSDPM was
20,355 m3. The difference of the two values was
1,894 m3 (9%). As shown in Tables 1 and 2, MSDPM
was utilized to select effective precipitation events
that have enough energy to generate the sediment
yield among total precipitation events and to estimate
the sediment yield for each effective precipitation
event. The remaining debris basin capacity (Column
13) shown in Tables 1 and 2 was calculated based on
sediment yield estimated after each storm event. An
estimate of the remaining debris basin capacity will

FIGURE 4. Fire Map of Mountain Fire.
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be very useful to the operation or management of
debris basins.

The USACE Los Angeles District Debris Method
(Gatwood et al., 2000) and LACDPW Debris Method
(Ferrell, 1959; Gindi et al., 2006) were developed to
estimate the unit sediment yield for the design and
analysis of debris structures but not to estimate the
accumulated sediment yields caused by multiple
events. Even though the USACE Los Angeles District
Debris Method and LACDPW Debris Method were
not developed to estimate the multi-sequence sedi-
ment yields, those two methods were applied to esti-
mate the multi-sequence sediment yields for
comparison purpose. The Brand Debris Basin and
Childs Debris Basin were chosen to cover watersheds
with different size and relief ratio affected by recent
fire events. Results using both of these earlier meth-
ods are compared with the results using the present
MSDPM for the Brand Debris Basin and the Childs
Debris Basin in Figures 5 and 6, respectively. These
computations were then compared with the data from
field measurement.

A comparative summary with different predicted
results is presented in Table 4, showing the estima-
tion by the USACE Los Angeles District Debris
Method and LACDPW Debris Method, as well as the
prediction by MSDPM for the Brand Debris and
Childs Debris Basins.

The USACE Los Angeles District Debris Method
was applied using whole storm events for the esti-
mating of sediment yields without considering the
antecedent rainfall condition. The results reflect 86
and 78% differences for Brand Debris Basin and
Childs Debris Basins, respectively. The LACDPW
Debris Method shows 32 and 90% differences for
Brand Debris Basin and Childs Debris Basin, respec-
tively, when compared with the field data. As shown

above, the LACDPW Debris Method provided a rea-
sonable estimate of volume for only the Brand Debris
Basin. When the MSDPM was applied to predict the
sediment yields for the Brand Debris Basin and
Childs Debris Basin, the results agree to within 9%
of the measured amounts.

Multi-sequence debris prediction model consis-
tently provides a closer estimated volume when
compared with other methods. The results have
shown that the two prior sediment yield computa-
tions based on the USACE Los Angeles District
Debris Method (Gatwood et al., 2000) and LACDPW
Debris Method (Ferrell, 1959; Gindi et al., 2006)
are not adequate for estimating multiple sediment
yields. However, the present MSDPM provides more
reliable results for the prediction of the sediment
yields generated by multiple rainfall events after a
fire.

It should be noted that the measured sediment
yields were computed using truck counts since the
detailed surveys of the basin were not available. The
selection of precipitation data selection was very
important in this study because predictions made by
the model were more sensitive to the elevation of the
precipitation gage than to distance from the gage.
Based on the results compared among different meth-
ods, one could reasonably conclude that the MSDPM
can be used to predict the accumulated sediment
yields with greater consistency and reliability for arid
and semiarid southern California watersheds in the
range of 25-800 ha.

The present model was developed for the predic-
tion of sediment yields for watersheds in the San
Gabriel Mountains within Los Angeles County. The
MSDPM was developed based on the limited data;
therefore, it should be updated when more data avail-
able.

FIGURE 5. Comparison of Sediment Yields Estimated Using
Different Methods and Measured Values for Brand Debris Basin.

FIGURE 6. Comparison of Sediment Yields Estimated Using
Different Methods and Measured Values for Childs Debris Basin.
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CONCLUSIONS

The MSDPM described here can be used to deter-
mine if debris basins should be excavated immedi-
ately after a storm to regain storage capacity before
subsequent storms occur. This will enable operators
to have more control in scheduling cleanout operation
for debris basins. The MSDPM can be used to effec-
tively respond to emergency situations to protect
human lives and to lessen the risks of economic dam-
age by predicting more accurately the postfire sedi-
ment yields. This will also allow operators to develop
a more effective rapid response strategy in emergency
situations.

To expend the use of MSDPM for large water-
sheds, the current model is being modified and
updated in conjunction with recent sediment yield
data generated from large watersheds. The MSDPM
could be extended to Coastal Southern California
areas with the investigation of local information and
field inspection. Expanded use of the model for other
areas requires verification with additional field mea-
surements in order that the model can be applied
with confidence for engineering purposes.
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