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Abstract

Analysis of Landsat imagery was applied to classify burn severity within the 2013 Rim Fire area
using the relative difference normalized burn ratio (RANBR). Results showed 53,220 ha in the
High Burn Severity (HBS) class and another 34,214 ha in the Moderate Burn Severity (MBS) class.
Within Yosemite National Park, 12,084 ha were detected by RANBR analysis in the HBS class and
another 11,089 ha in the MBS class. The most typical ecosystem habitat detected within the HBS
class was Ponderosa pine—Mixed Conifer forest, between the elevations of 1000 and 2000 meters
or on slopes between 5 and 30 percent. Most of the HBS areas were located in areas where high
levels of pre-fire fuels were quantified by 2013 Landsat vegetation index (NDVI) values between
500 and 800. The Low Burn Severity (LBS) class covered a higher fraction of areas where the du-
ration since last fire (YSF) was less than 25 years, compared to the HBS class, which covered a
higher fraction of areas where the YSF was greater than 60 years.
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1. Introduction

The Rim Fire started east of Groveland (Tuolumne County) on August 17, 2013 in the Stanislaus National For-
est of the central Sierra Nevada of California. The fire burned over an estimated 104,131 ha (257,314 acres) be-
fore it was largely contained around September 17, 2013 [1]. This made the Rim Fire the largest wildfire on
record for the Sierra Nevada. Approximately 31,263 ha (77,254 acres) were reportedly burned within Yosemite
National Park [2].

During the summer of 2013, fuel moisture was critically low in the central Sierra Nevada due to prolonged
drought [1]. The probability of ignition and rapid fuel consumption was very high in the months leading up to
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the Rim Fire. In the Stanislaus National Forest, there were ground observations of the Rim Fire completely
burning dense stands of pine trees and other woody vegetation. In the higher elevations within Yosemite Na-
tional Park (YNP), and notably around Hetch Hetchy Reservoir, the Rim Fire generally burned as a low(er) in-
tensity, slower-moving ground fire below tree crowns, due to the thinner forest stands and exposed granitic out-
crops [3]. The National Park Service (NPS) policy of allowing recent fires to burn when they do not threaten
property or lives may have played a role in the controlling fire intensity within YNP.

“Burn severity” is one of the most commonly mapped measures of wildfire effects on vegetation and soils [4].
The Normalized Burn Ratio (NBR) computed from Landsat infrared bands is primarily sensitive to live chloro-
phyll and water content of vegetation and soils, but it is also responsive to canopy lignin, hydrous minerals, ash
and char [5]. The NBR is also called the normalized difference water index (NDWI) and has been validated in
the field repeatedly as an index of fire fuel moisture [6]-[9]. Similarly, the mid-summer normalized difference
vegetation index (NDVI) from Landsat has been shown to be proportional to conifer and deciduous hardwood
forest components of heavy fuel loads in YNP [10].

Most burn severity mapping applications have subtracted a post-fire NBR image from a pre-fire NBR image
to derive the “differenced NBR” (dNBR) product [11]. In this study, the dNBR product for the 2013 Rim Fire
area was categorized into burn severity classes and analyzed by numerous landscape variables, including pre-fire
NDVI, to aid in understanding the geographic variation in the effects of this historic fire event.

2. Methods

Cloud-free imagery from the Landsat 8 Enhanced Thematic Mapper (ETM) sensor was selected from the US
Geological Survey Earth Explorer data portal (http://earthexplorer.usgs.gov/). Pre-fire Landsat 8 image data
from path/row 43/34 were acquired for 30 July 2013, near the peak of the summer season in Sierra Nevada. For
burn severity mapping, post-fire Landsat 8 imagery from 18 October 2013 was acquired.

All images used in this study were geometrically registered using terrain correction algorithms (Level 1T) ap-
plied by the US Geological Survey EROS Data Center, and then converted to at-sensor reflectance following the
algorithms from [12]. No further corrections for atmospheric scattering were applied, since the reflectance in-
dices used in this study employed near-infrared (NIR) and short wave infrared (SWIR) wavelengths that are mi-
nimally affected by atmospheric scattering [13], especially during the summer months for the Sierra Nevada
study area [4].

Burn severity at 30-m ground resolution was determined using the normalized burn ratio (NBR, [11], derived
from the NIR and SWIR bands (4 and 7, respectively) of the Landsat TM sensors.

NBR = (NIR —~SWIR)/(NIR +SWIR) (1)

NBR (scaled by 1000 to an integer format) is influenced by land surface conditions, such as canopy density
and soil surface charring. The relative differenced NBR was computed as a comparison of pre- and post-fire
surface conditions for the fire events listed in Table 1.

RANBR =[(NBRpre - fire—- NBR post—fire)}/\/ABs (NBRpre —fire) )

The absolute value (ABS) of the pre-fire NBR in the denominator allowed computation of the square-root
without changing the sign of the dNBR [4]. Positive RANBR values would represent a decrease in vegetation
cover and a higher burn severity, while negative values would represent an increase in vegetation cover.

Following protocols from the composite burn index (CBI; [14], three burn severity classes were defined for
conifer forest types of California by Miller et al. [4] by the RANBR values: Unburned < 1, Low 1 - 250, Mod-
erate 251 - 600, and High > 600. Within the CBI protocol, the low severity class was generally associated with
little change in vegetation cover, whereas the high severity class was generally associated with complete mortal-
ity of live vegetation, i.e. stand replacing fire.

The normalized difference vegetation index (NDVI) has been commonly used in disturbance ecology to mon-
itor fire impacts and recovery trajectories [15]. NDVI exploits differential reflectance between the red and
near-infrared (NIR) portions of the spectrum by the equation:

NDVI = (NIR —Red)/(NIR + Red)

where NIR is the reflectance of wavelengths from 0.76 to 0.9 um and Red is the reflectance from 0.63 to 0.69 um.
Pre-fire NDVI (for 30 July 2013) was scaled from 0 to 1000, increasing with higher live green canopy cover.
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Table 1. Pre-fire land cover (CDL 2012) fractional areas within Rim Fire burn severity classes.

Land Cover Class % LBS % MBS % HBS % All Burned Area
Developed Open 0.8 0.3 0.2 0.5
Developed Low 0.2 0.0 0.0 0.1
Barren 5.2 1.9 0.2 2.9
Deciduous Forest 11 0.3 0.1 0.6
Evergreen Forest 55.2 58.6 56.7 56.4
Shrubland 32.0 34.4 40.5 35.3
Grassland 39 3.8 21 33

A 100-meter grid resolution map layer was generated to estimate the years since the last previous wildfire
from the fire perimeter database compiled by the California Department of Forestry, Fire and Resource Assess-
ment Program (FRAP; data available at http://frap.cdf.ca.gov/).

Summaries of landscape variables were generated as burn severity class statistics for all 30-m Landsat pixels.
For plots, a sample of 2000 points randomly selected across the Rim Fire area was used. Tests of statistical sig-
nificance between classes were carried out using the two-sample Kolmogorov-Smirnov (K-S) test, a non-para-
metric method that compares the cumulative distributions of two data sets [16]. The K-S test does not assume
that data were sampled from Gaussian distributions (nor any other defined distributions), nor can its results be
affected by changing data ranks or by numerical (e.g., logarithm) transformations. The K-S test reports the
maximum difference between the two cumulative distributions, and calculates a p value from that difference and
the sample sizes. It tests the null hypothesis that both groups were sampled from populations with identical dis-
tributions according to different medians, variances, or outliers. If the K-S p value is small (i.e., <0.05), it can be
concluded that the two groups were sampled from populations with significantly different distributions.

3. Results
3.1. Area Burned

Results from the Rim Fire RANBR analysis detected 53,220 ha in the High Burn Severity (HBS) class and
another 34,214 ha in the Moderate Burn Severity (MBS) class (Figure 1), which is a 1.6:1 ratio of HBS:MBS
areas. This combined (HSB + MBS) area estimate was 84% of (or 16,700 ha [41,266 acres] lower than) the CAL
FIRE 2013 [1] incident estimate of the total burned area. If the 71,333 ha detected in the RANBR Low Burn Se-
verity (LBS) class were added, then the total area affected by the Rim Fire would have been 158,568 ha, or 52%
higher than the CAL FIRE 2013 [1] incident estimate.

Outside of YNP, the largest extents of HBS area detected by RANBR analysis (from north to south) were
centered around Bear Creek, Eleanor Creek, Jawbone Forest Service Station, Jones Meadow, Spinning Wheel
Forest Service Station, and the Moccasin Lower Dam. Within YNP, 12,084 ha were detected by RANBR analy-
sis in the HBS class and another 11,089 ha in the MBS class, which is much closer to a 1:1 ratio of HBS:MBS
than was estimated for the entire Rim Fire area. The largest extents of HBS area in YNP were detected in the vi-
cinity of the historical Base Line Camp, Cottonwood Meadow, and to the southwest of both Bald Mountain and
Smith Peak.

3.2. Pre-Fire Land Cover

Land cover classification for this study was based on the most recent US Forest Service CALVEG product [17]
and the 2012 USDA National Agricultural Statistics Service (NASS) California Cropland Data Layer (CDL)
(available at http://nassgeodata.gmu.edu/CropScape). The 30-meter resolution CDL is produced using satellite
imagery from Landsat and the Indian Remote Sensing RESOURCESAT-1 (IRS-P6) Advanced Wide Field Sen-
sor (AWIFS) collected during the summer growing season.

The predominant pre-fire land cover class in all burn severity classes was evergreen forest at an overall frac-
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tional coverage of 56% (Table 1). The CALVEG layer shows the majority of these forests classified as Ponde-
rosa pine—Mixed Conifer. Shrubland was the next most common pre-fire land cover type in the Rim Fire
burned areas at an overall fractional coverage of 35%. The CALVEG layer shows the majority of these shrub-
land areas classified as lower montane chaparral and canyon live oak. The fractional shrubland cover increased
from 32% in LBS areas to 41% in HBS areas. The pre-fire fractional coverage of land classified as deciduous
forest, grassland, and developed open cover were all two to ten times lower in HBS areas as in LBS areas.

3.3. Pre-Fire Fuel by NDVI

The majority of HBS areas were located in areas where the pre-fire NDVI was greater than 400, with many HBS
areas clustered in areas where pre-fire NDVI was between 500 and 800 (Figure 2). Comparisons of the fre-
quency distributions of pre-fire NDVI values showed a significant difference (K-S p < 0.001) between the sam-
pled LBS and HBS classes. When all Rim Fire burned areas were categorized, the HBS class areas showed the
highest mean pre-fire NDVI, followed by MBS and LBS classes, with a 90 NDVI unit average difference be-
tween the LBS and HBS categories (Table 2).

3.4. Elevation

The majority of HBS areas were located between the elevations of 1000 and 2000 meters, with few HBS areas
detected at elevations higher than 2500 meters (Figure 3). Comparisons of the frequency distributions of eleva-
tion values showed a significant difference (K-S p < 0.001) between the sampled LBS and HBS classes. When
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Figure 1. Results from RANBR analysis of Landsat imagery (30-meter pixel
resolution) for the 2013 Rim Fire area. County boundaries (solid) and the
Yosemite National Park boundary (dashed) are shown in lighter lines.
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Figure 2. Plot of the sampled (n = 2000) frequency distributions of the Rim
Fire RANBR values by 2013 pre-fire Landsat NDVI.
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Figure 3. Plot of the sampled (n = 2000) frequency distributions of the Rim
Fire RANBR values by elevation.

Table 2. Summary of pre-fire NDVI values by RANBR classes for the Rim Fire.

RANBR Severity Classes Max Mean Standard Deviation
Non-burned 809 503 170
Low 850 513 199
Moderate 868 555 159
High 844 592 125

all Rim Fire burned areas were categorized, the HBS areas showed the lowest mean elevation, followed by MBS
and LBS classes, with a 250 meter average difference between the LBS and HBS categories (Table 3).
3.5. Slope and Aspect

The majority of HBS areas were located between slopes of 5 percent and 30 percent, with few HBS areas de-
tected at slopes steeper than 40 percent (Figure 4). Comparisons of the frequency distributions of slope values
showed a significant difference (K-S p < 0.05) between the sampled LBS and HBS classes. Likewise, many
HBS areas were located on south-facing aspects, with fewer HBS areas detected on north- and east-facing areas
(Figure 4).

3.6. Fire History

When all Rim Fire burned areas were categorized, the HBS areas showed the highest average years since fire
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Figure 4. Plots of the sampled (n = 2000) frequency distributions of the Rim
Fire RANBR values by slope and aspect.

Table 3. Summary of elevation (m) values by RANBR classes for the Rim Fire.

RANBR

Severity Classes Max Mean Standard Deviation
Non-burned 3041 1582 621
Low 3025 1617 564
Moderate 3022 1507 501
High 3009 1366 372

(YSF) at 50 yr, followed by MBS and LBS classes, both with average YSF estimated at 40 yr (Table 4). Com-
parisons of the frequency distributions of YSF values showed a significant difference (K-S p < 0.001) between
the LBS and HBS classes (Figure 5). The LBS class covered a higher fraction of areas where the YSF was less
than 25 yr, compared to the HBS class, which covered a higher fraction of areas where the YSF was greater than

60 yr.

The majority of the Rim Fire burned areas within YNP had experienced wildfires within the past 20 years,
particularly from the Ackerson Fire of 1996 (Figure 6). Despite the short period of 17 years between the Ack-
erson Fire and the Rim Fire, all Rim Fire burn severity classes were well-represented within the Ackerson Fire
boundary, regardless of the RANBR burn severity class determined for the Ackerson Fire. Nevertheless, Potter
[18] estimated using the RANBR methodology that only about 20% of the 23,944 ha Ackerson fire area was

within the HBS class, and most of that HBS area was located outside of YNP to the west.

Only the southern section of the Rim Fire within YNP, located roughly between Long Gulch and Crane Flat,
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Figure 5. Plots of the frequency distributions of all Rim Fire HBS and LBS
class areas by years since last fire.

Table 4. Summary of years since fire by RANBR classes for the Rim Fire.

RANBR

Severity Classes Median Mean Standard Deviation
Non-burned 26 47 34
Low 26 40 30
Moderate 26 41 31
High 40 50 33

had not experienced many wildfires within the past 135 years ([1] and FRAP). Despite the long period (>100
years) between the past fires and the Rim Fire, all Rim Fire burn severity classes were well-represented within
this southern section burned in 2013. A notable portion of Aspen Valley that had not burned in over 100 years

was also unburned by the Rim Fire.

In the Rim Fire burned areas outside of YNP, the two largest previously burned areas were the Granite Fire of
1973, the Stanislaus Complex fires of 1987 (at the western extreme of the Rim Fire area), and the Rogge Fire of
1996 (Figure 5). Despite the variable period (17 - 40 years) between these past fires and the Rim Fire, all Rim
Fire burn severity classes were well-represented within these three past burned areas. The most extensive HBS
area outside of YNP from the Rim Fire that had not burned within the past 135 years was located roughly be-

tween Niagara Creek and Meyers Ranch.
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Figure 6. Burn severity classes for the 2013 Rim Fire area, shaded by the
years since last wildfire (FRAP, 2013). Darkest shaded areas had burned
within the past 20 years. Past fire years are labeled. The Yosemite National
Park boundary (dashed) is shown in lighter lines.

4. Discussion

The results from this geographic analysis of burn severity classes for the 2013 California Rim Fire enabled the
cross tabulation of areas of interest where several key ecological and topographic variables co-occurred. For in-
stance, 23,669 ha (or 44%) of the total HBS area from the Rim Fire were classified as conifer forest cover lo-
cated at elevations below 2000 m, and nearly 2,865 ha of the total MBS and HBS areas combined were classi-
fied as vegetation cover where the duration since the last fire was greater than 25 yr.

Previous field studies have implied that the percentage of high-severity fires in conifer forests of California
has been higher in areas dominated by smaller-diameter trees than in areas with larger diameter trees [4] [19].
However, Landsat imagery at a 30-meter resolution cannot readily discriminate tree diameter classes to support
this type of analysis for the Rim Fire burned areas.

In 2014 and beyond, Landsat images can be used to monitor vegetation recovery from the Rim Fire and to
document forest regrowth trajectories in all categories of burn severity [18] [20] [21]. These previous studies
have shown that NDVI typically increases rapidly over the first five years following a stand-replacing fire,
doubling in value by about 10 years after the burn, and then leveling off to approach pre-fire (mature) forest
stand values by about 25 - 30 years after the fire event. A complementary approach would be to combine
CALVEG categories with the US Department of Agriculture’s National Agricultural Imagery Program (NAIP)
1-meter resolution aerial imagery of pre-fire and post-fire NDVI. NAIP is similar in quality and scale to tradi-
tional aerial photographs, but with the advantages of enhanced spectral information and digital format [22]. This
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approach could produce downscaled CALVEG products for the Rim Fire area suitable for comparison to small
plot (<25 m?) pre- and post-fire vegetation surveys.

5. Conclusion

The 2013 Rim Fire in the Sierra Nevada of California affected over 158,500 ha, 33% of which was detected as
high burn severity by Landsat image analysis. The most typical ecosystem habitat detected within high severity
burns areas was Ponderosa pine—Mixed Conifer forest, located between the elevations of 1000 and 2000 meters
or on slopes between 5 and 30 percent. The low burn severity areas covered a higher fraction of areas where the
duration since last fire was less than 25 years, compared to high burn severity, which covered a larger fraction of
areas where the duration since last fire was greater than 60 years.
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