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Estimating Unsteady Soil Loss due to Rainfall Impact according to 
Rim Fire at California
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Abstract

Recently, in the United States, there has been short-term intensive rainfall due to El Niño and Rania. The Rim 
Fire was a wildland fire that was started in a remote canyon in Stanislaus National Forest in California. This 
portion of the central Sierra Nevada spans Tuolumne and Mariposa counties. This study is about estimating 
unsteady soil loss due to rainfall impact according to Rim Fire at California. It implies that caution needs to be 
taken in selecting the grid size for estimating soil loss using numerical modeling approach. Soil loss increased in 
all duration times before Rim fire. But it increased until 7 days and reduced or kept stable after that. Based on the 
2014 average rainfall 1388 mm/yr, soil loss was estimated to be 247,518 ton/ha/yr before Rim Fire, and 9,389,937 
ton/ha/yr after that.
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1. Introduction

Water erosion is a dynamic soil threat with physical 
attributes. Soil erosion is the displacement of upper layer of 
soil, one form of soil degradation. The erosion of soil is a 
naturally occurring process on all land. The agents of soil 
erosion are water and wind, each contributing a significant 
amount of soil loss each year. Soil erosion may be a slow 
process that continues relatively unnoticed, or it may occur 
at an alarming rate causing a serious loss of topsoil. The 
loss of soil from farmland may be reflected in reduced 
crop production potential, lower surface water quality and 
damaged drainage networks. Water erosion is one of the 
most serious forms of land degradation in the world (Nanna, 
1996). Sediment leaving an eroding slope is a combination 
of aggregates soil particles and some unaggregated soil 
particles. Through extensive research and analysis of global 

warming, the average temperature of the earth has risen 
1.5°C per year, over the past 100 years. Ferri and Minacapilli 
(1995) extended USLE with a sediment delivery term, so 
as to allow it predicting sediment outputs from watersheds. 
This work should be considered as multi-scale modelling, as 
it links small homogeneous geomorphological units where 
soil loss is assessed using USLE, with sediment yield through 
the drainage network of the watershed. The approach was 
based on the work of Walling (1983) and had as an output 
the SEDD model. Kim et al. (2003) studied analyzing soil 
erosion quantity of a basin by using DEM, soil map and 
landuse map and to find a soil erosion hazard zone in a basin 
based on this data. According to the results of the analysis, a 
lot of soil loss shows in a bare area. In case of a forest, a slope 
has a lot of influence on soil loss. Park et al. (2013) studied 
assessment of soil loss in irrigation reservoir based on GIS. 
There were studied to improve prediction reliability for soil 
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loss of irrigation reservoir, using GIS that has Hydrologic 
-Topographical parameter and digital map as its input 
parameters. Choi (2016) studied analysis of the adequacy of 
check dam according to soil loss using RUSLE.

The Rim Fire was a wildland fire that started in a remote 
canyon in Stanislaus National Forest in California. This 
portion of the central Sierra Nevada spans Tuolumne and 
Mariposa counties. The fire started on August 17, 2013 during 
California wildfire season. It’s been the third largest wildfire 
in California's history. Wildfires had caused more soil loss 
due to rain. So we studied soil loss according to forest fire at 
Rim Fire area of California in America.

2. How to Study

2.1 Workflow

Fig. 1 is workflow in this study. Various data from Landsat 
8, LiDAR, Soilmap and National Weather Service were used 
for RUSLE database. RUSLE estimates average annual soil 
loss (A) by taking into account rainfall erosivity (R), soil 
erodibility (K), topography and hydrology (LS), land cover 
(C), and conservation practices (P). RUSLE values can be 

used to establish a relative ranking system of nonpoint source 
pollution potential among agricultural fields.

2.2 RUSLE

The soil loss computed by RUSLE is the amount of 
sediment lost from a landscape profile described by the user. 
A landscape profile is defined by a slope length, which is the 
length from the origin of overland flow to the point where 
the flow reaches a major flow concentration or a major area 
of deposition. The soil loss is an average erosion rate for the 
landscape profile. Erosion can vary widely even on a uniform 
slope, depending on slope position and configuration of 
the slope profile. RUSLE does not estimate the amount of 
sediment leaving a field or watershed, but estimates soil 
movement at a particular site. RUSLE uses the same factorial 
approach employed by

RUSLE: A = R × K × LS × C × P (1)

where A: annual soil loss from sheet and rill erosion in 
tons/acre, R: rainfall erosivity factor, K: soil erodibility 
factor, LS: slope length and steepness factor, C: cover and 

Fig. 1. Workflow
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management factor, and P: support practice factor.
Each factor has been either updated with recent 

information, or new factor relationships have been derived 
based on modern erosion theory and data. Unlike the Water 
Erosion Prediction Project (WEPP), RUSLE does not 
explicitly consider runoff or the individual erosion processes 
of detachment, transport, and deposition.

Major changes to the USLE incorporated into RUSLE 
include:

R factor: new and improved isoerodent maps and 
erodibility index (EI) distributions for some areas.

K factor: time-variant soil erodibility which reflects 
freeze-thaw in some geographic areas.

LS factor: new equations to account for slope length and 
steepness.

C factor: additional sub-factors for evaluating the cover 
and management factor for cropland and rangeland.

P factor: new conservation practice values for cropland 
and rangeland.

The factors discussed in this study are used to compute 
RUSLE estimates in the RUSLE software program version 
1.043. Individual factor values can be entered directly into 
the formula or calculated from information provided by the 
user. The following section briefly describes each RUSLE 
factor and lists required inputs for the time-invariant (average 
annual values) module.

3. Database and Analysis

3.1 R factor 

R factor is new and improved isoerodent maps and 
erodibility index distributions for some areas. There are three 
rainfall observatories Cherry Valley Dam, Hetch Hetchy and 
Mather. We used rainfall data at Cherry Valley Dam rainfall 
observatory in this paper because it was the biggest rainfall 
in the basin area (Fig. 2).

(1) Rainfall data

Probable precipitation duration times were used for 
durations from 5 minutes to 4,320 minutes and return periods 
from 1 to 100 years (Table 1).

Table 1. Probable precipitation duration times (unit: mm)

Recurrence 
interval of 

rainfall (year)

Rainfall duration times (min.)

5 10 15 30 60 120 180 360 720 1440 2880 4320

1 5 7 9 12 16 22 27 39 57 83 115 137
2 6 9 11 15 19 26 33 48 72 108 150 178
5 8 11 14 18 24 33 41 60 92 142 197 233
10 9 13 16 22 28 39 49 71 109 169 235 280
25 12 17 20 27 35 49 61 88 133 206 289 344
50 14 20 24 32 42 58 72 102 153 234 330 396
100 16 23 28 38 49 69 84 118 173 263 373 449
200 19 27 33 44 57 80 98 135 195 293 417 505
500 23 33 40 55 70 99 119 162 226 334 478 583
1000 27 39 47 64 82 115 139 184 251 365 527 646

Fig. 2. Area of the Rim Fire
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(2) Rainfall intensity data

Intensity–duration–frequency (IDF) relationship of 
rainfall amounts is one of the most commonly used tools 
in water resources engineering for planning, design and 
operation of water resources projects. Equation (2) was 
used in this study. Table 2 shows parameters according to 
recurrence interval of rainfall.

Ln(I) = a+b(ln(Tε))+c(ln(Tε))2+d(ln(Tε))3+e(ln(Tε))4+ f(ln(Tε))5+g(ln(Tε))6 (2)

where I : Rainfall intensity(mm/hr), T : Rainfall duration 

time (hr), and a, b, c, d, e, f, g : Parameters according to 
recurrence interval of rainfall.

The intensity-duration-frequency curves are used in 
hydrology to express in a synthetic way, fixed a return period 
T and a duration d of a rainfall event, and for a given location, 
the information on the maximum rainfall height h and the 
maximum rainfall intensity i. Known these parameters, it 
is possible to build synthetic rain graphs that are useful to 
the elaboration of flood hydrographs. Fig. 3 shows intensity-
duration-frequency curves in this study area.

Table 2. Parameters according to recurrence interval of rainfall

Recurrence 
interval of 

rainfall (yr)
a b c d e f g

1 2.7827 -0.57541 0.016452 0.019511 -0.00298 -0.0014 0.000244
2 2.962619 -0.59171 0.037875 0.020729 -0.00538 -0.00089 0.000202
5 3.184486 -0.58295 0.031357 0.020349 -0.00317 -0.00128 0.000198
10 3.356294 -0.5855 0.029237 0.023005 -0.00366 -0.00137 0.000222
25 3.57059 -0.56613 0.034679 0.008894 -0.00242 -7.7E-05 4.14E-07
50 3.747922 -0.57184 0.028327 0.009091 -0.0022 -4.6E-05 -4.6E-06
100 3.916393 -0.57107 0.018312 0.008567 -0.0015 -1.6E-05 -2.1E-05
200 4.06715 -0.56758 0.018054 0.003532 -0.0012 0.000437 -8.6E-05
500 4.282099 -0.56839 0.00673 0.001583 -0.00036 0.000557 -0.00011
1000 4.437658 -0.56292 0.003862 -0.006 0.00025 0.001343 -0.00024

Fig. 3. IDF curves
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3.2 Revised universal soil loss equation

As mentioned earlier, the RUSLE (Revised Universal Soil 
Loss Equation), modified from the USLE (Wischmeier and 
Smith, 1978), is designed to compute the average annual 
erosion on hillslopes but it is more diverse and extensive 
in function (Renard et al., 1998). In RUSLE, there are five 
factors (soil erodibility: K, slope length: L, steepness: S, 
cover management: C, and support practice: P) derived from 
the surface characteristics and one factor (rainfall erosivity: 
R), which reflects the raindrop effect and the runoff rate, 
derived from the rainfall forcing data. Table 3 shows RULSE 

factors according to rainfall data at Cherry Valley Dam 
rainfall observatory..  Table 4 is result of RULSE. Equation 
(3), which is well known for its superiority in Korea (KICT, 
2002), was used to calculate rainfall erosivity factor, R as 
follows;

R = 38.5 + 0.35 × Pr (3)

where R: rainfall erosivity factor (in MJ·mm·ha-1·yr-1) and 
Pr: the annual average rainfall (in mm·yr-1).

Table 3. RULSE factor according to rainfall data at Cherry Valley Dam rainfall observatory

Recurrence interval 
of rainfall Rainfall Accumulation 

rainfall
Interval 
rainfall

Interval 
time

Rainfall 
intensity

Rainfall 
erosivity 

factor

Total 
rainfall 
erosivity 

factorhr min

0.00 0 0.00 0.00 - - - - -
0.08 5 5.50 5.50 5.50 0.08 66.00 371.939 2045.67 
0.17 10 4.00 9.50 4.00 0.08 48.00 359.630 1438.52 
0.25 15 3.20 3.20 3.20 0.25 12.80 308.542 987.33 
0.50 30 2.20 2.20 2.20 0.50 4.40 267.267 587.99 
1.00 60 1.40 3.60 1.40 0.50 2.80 249.797 349.72 
2.00 120 1.00 4.60 1.00 1.00 1.00 210.000 210.00 
3.00 180 0.80 5.40 0.80 1.00 0.80 201.375 161.10 
6.00 360 0.60 6.00 0.60 3.00 0.20 147.792 88.68 
12.00 720 0.40 6.40 0.40 6.00 0.07 105.328 42.13 
24.00 1440 0.30 6.70 0.30 12.00 0.03 67.417 20.22 

Table 4. Results of RULSE (unit: 107 Joule·mm/ha/hr)

Duration 
times (yr) 1 day 2 day 3 day 4 day 7 day 10 day 20 day

2 26.04 41.71 53.28 64.85 99.56 158.14 381.38 
25 182.86 323.60 390.24 422.23 438.22 438.22 438.22 
50 263.13 465.73 568.95 621.83 659.42 659.42 659.42 
100 362.37 645.97 794.52 877.05 934.07 934.07 934.07 
200 486.34 870.70 1084.23 1198.41 1275.98 1232.40 1023.22 
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Fig.4 is results of RUSLE for various duration times in this 
study. R-value was calculated by using the average annual 
rainfall 524.3 in RUSLE equation.

3.3 Soil erosion factor

Soil erosion factor K was estimated from the National 
Land Cover Database as a quantitative representation of the 
soil erosion (Fig.5 and Table 5).

Table 5. K factor

Symbol K factor Symbol K factor Symbol K factor Symbol K factor
s1061 0.24 s1075 0.24 s751 0.43 s841 0.00
s1062 0.32 s1109 0.00 s757 0.43 s844 0.28
s1063 0.24 s1110 0.00 s818 0.37 s845 0.37
s1066 0.00 s1112 0.20 s828 0.15 s846 0.00
s1073 0.20 s1117 0.24 s8369 0.00

Fig. 5. K factor

Fig. 4. Results of RUSLE for various duration times
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3.4 Topographic factor

The topographic (LS) factor adjusts erosion predictions to 
give greater rates for longer (L) and steeper (S) slopes. And 
table 6 shows result of slope analysis. There are a number 
of algorithms available for the calculation of the LS factor, 
and some debate on the appropriate method. We used the 
approach developed by Moore and Burch (1986). They 
derived an equation for estimating LS based on the slope 
steepness algorithm and the flow accumulation algorithm, 
both data layers that can be derived in GIS from a digital 
elevation model. The Moore and Burch LS factor is given by

LS = ([Accum] * λ/ 22.13 )0.04 * (sin [Slope]/0.0896)1.3 (4)

Where [Accum] and [Slope]: the flow accumulation and 
slope grids, respectively, derived in GIS, and λ: the length of 
a grid cell in the DEM.

3.5 Characterization of VM factor

In this study, The VM factor is treated the same as CP 
factor. The VM factor is a combination of C and P and has an 
advantage of reflecting the variation of surface condition due 
to a construction work. The VM factor represents the degree 
of protection from possible erosion in the soil. Israelsen et 
al. (1980) proposed a range of the values from VM = 1 for 
recently scarified soil to a depth of 15 to 20 to VM = 0.01 for 
soils surfaces covered by vegetation. VMs were calculated 
using Landsat-8 satellite image provided by the United States 
Geological Survey (USGS).

For comparison before and after forest fires we used the 
Landsat-8 imagery taken on July 16, 2013 and September 30, 2013. 
Band 3, 5 and 7 of images were used to classify the vegetation 
region. We applied Maximum Likelihood Classification method 
to these bands to determine the fire area. The classification 
results were vectorized in GIS as shown in Fig. 6.

Table 6. Result of analysis slope

Slope (°) 0~20 21~40 41~60 61~80 Over 80
Area (m2)
Ratio (%)

1,112,844,600
67.0

486,149,400
29.3

38,768,400
2.3

1,043,100
0.1

22,081,500
1.3

Before Rim Fire (2013.07.30.) After Rim Fire (2013.09.16.)

Fig. 6. Landsat-8 imagery and classification
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The forest area decreased from 96% to 56% in this period. 
On the other hand, the barren area increased from 1% to 40% 
in the same period. VM values were tabulated as Table 8. 
Maps from Fig. 7 to 10 show the slope analysis, stream order 
analysis, LS factor and VM factor.

3.6 Sediment delivery ratio

Sediment prediction can be done by calculating SDR 
(Sediment Delivery Ratio). SDR calculation is important for 
realistic prediction of total sedimentation base on erosion 
calculation in watershed. Accurate prediction of sediment 
delivery ratio is an important and effective approach to predict 

Table 7. Results of the classifications (unit: m2)

Classification Forest Grassland Barren land Water Area
(ratio) 

Before Rim Fire 1,590,311,022
(96%)

32,701,135
(2%)

19,016,325
(1%)

18,294,218
(1%)

1,660,322,700
(100%)

After Rim Fire 922,471,894 
(56%)

60,927,980 
(4%)

658,628,609 
(40%)

18,294,218 
(1%)

1,660,322,700
(100%)

Table 8. VM values

Classification Barren Land Forest Land Grassland Water
C Factor 0.08 0.01 0.01 0.00

Fig. 7. Slope analysis

Fig. 9. LS factor

Fig. 8. Stream order analysis

Fig. 10. VM factor
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sediment yield which is usually not measured. Presently 
available prediction models are not generally applicable to 
a particular watershed. The relationships between SDR and 
other factors have been established as curves. Watersheds 
with large drainage area and the fields with a long distance to 
the streams have a low sediment delivery ratio. As reported 
on a previous study (Ouyang and Bartholic, 1997), Renfro 
(1975) developed an equation relating SDR with the drainage 
area. It is based on Manner’s equation and the sediment yields 
observed in 14 watersheds in the Backland Prairie Area in 
Texas. The model shows a good relationship between SDR 
and the drainage area (R2 = 0.92). The model can be written 
as follows:

Log (SDR) = 1.7935 - 0.14191 log (A) (5)

Where A: drainage area in km2.

Ouyang, D. and J. Bartholic(1997) used the data from 300 
watersheds throughout the world to develop a model by the 
power function. This model is considered a more generalized 
one to estimate SDR:

SDR = 0.42 A-0.125 (6)

Where A: drainage area in square miles.

3.7 Sediment erosion

Table 9 gives result of soil loss according to frequency and 
duration of rainfall. Soil loss increased in all duration times 
before Rim Fire. But it increased until 7 days and reduced or 
kept stable after that.

Fig. 11 and 12 show graphic result of soil loss before and 
after Rim Fire. Table 10 shows sediment erosion according 
to the average annual rainfall at 1388 mm/yr. We calculated 

Fig. 11. Sediment erosion before Rim Fire Fig. 12. Sediment erosion after Rim Fire

Table 9. Sediment erosion according to frequency and duration of rainfall (unit: ton/ha/yr)

1 3 7 10 20

2
Before 97,550 97,828 98,919 105,270 180,468 
After 465,529 946,612 1,151,109 2,811,579 6,818,481 

25
Before 110,299 184,135 208,210 208,210 208,210 
After 3,254,847 6,973,939 7,841,517 7,841,517 7,841,517 

50
Before 131,220 274,387 324,519 324,519 324,519 
After 4,691,744 10,197,458 11,827,093 11,827,093 11,827,093 

100
Before 171,694 402,987 482,439 482,439 482,439 
After 6,477,026 14,262,965 16,779,295 6,779,295 16,779,295 

200
Before 230,949 566,343 680,789 653,202 533,021 
After 8,706,428 19,486,713 22,944,984 22,159,294 18,389,795 

Duration
(days)Frequency

(years)
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soil loss according to the average annual rainfall. And based 
on the 2014 average rainfall. Soil loss was estimated to be 
247,518 ton/ha/yr before Rim Fire, and 9,389,937 ton/ha/yr 
after that. Therefore, the difference between two soil losses 
is about 40 times.

4. Discussion and Conclusions

This study describes the application of the RUSLE 
model, to quantify soil loss in the Rim Fire basin located at 
middle part of California, using the GIS skill. The strategy 
adopted here is, firstly, to calculate six RUSLE factors 
using distributed GIS data (e.g. soil, land cover, and DEM) 
to adequately represent the surface characteristics and, 
secondly, to estimate spatial distribution of soil loss in the 
basin, and, lastly, to find an optimal numerical resolution for 
the RUSLE model, minimizing the difference in modeling 
before and after forest fires. The primary conclusions of this 
study are as follows. Soil loss increased in all duration times 
before Rim Fire. But it increased until 7 days and reduced 
or kept stable after that. And based on the 2014 average 
rainfall 1388 mm/yr, soil loss was estimated to be 247,518 
ton/ha/yr before Rim Fire, and 9,389,937 ton/ha/yr after that. 
Therefore, the difference between two soil losses is about 
40 times. Rainfall equations applied to analyze soil loss in 
this study is often used in the Republic of Korea. We think 
that further studies are needed to estimate the optimized soil 
loss in various area because of a wide variety of probability 
precipitation.
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