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but were on average 24% under-approximated when 
compared to values supplied by California Department 
of Forestry and Fire Protection (Cal Fire, 2017). The errors 
in classification are detectable in FIG 3 where there are 
unburned areas in close proximity to high-severity burn 
areas. The shapefiles used to determine the areas, which 
were converted from raster to vector files, are shown in 
FIG 4. This image is overlaid on the burn areas so that 
overlap and non-overlap of the shapefiles can visual-
ly show where burned areas were not categorized. The 
imagery noise correction analysis, like reflectance, cloud 
cover, and air moisture, greatly improve the accuracy of 
the analysis. 

A comparison of the two fires, with respect to burn 
severity, was conducted using ground truthing data to 
validate the remote sensing results (FIG 5). A field visit to 
Santa Rosa fire areas was made in mid-March 2018 to ob-
serve the impact of the fire as well as to validate our burn 
severity classification maps. A total of 60 ground-truthing 
points were tested for burn severity and 45 points were 
matched with dNBR analysis, resulting in 75% accuracy 
for classifying and references images. 

FIG 6 summarizes the burn acreage of both Nuns and 
Tubbs fires in 2017 in Santa Rosa. These results showed 
that the Nuns fire had more total acreage burned than the 
Tubbs fire. However, the percentage burn for low, me-
dium, and high burn severity classes for both fires was 
more or less similar. For example, of the total area of the 
Nuns and Tubbs fires, 3% and 4% were high severity, 
22% and 25% were moderately burn, and 76% and 71% 
were low burn, respectively. Using Cal Fire records, it 
was identified that our analysis was moderately accurate 
(76 ± 8%) (Jenson, 2005).

DISCUSSION—Wildfire in California has increased 
dramatically since 1970, and a large area of northern Cali-
fornia forests has burned (Westerling et al., 2011; Schoen-
nagel et al., 2017). The key factors contributing to increas-
ing wildfires in the western United States are linked to 
anthropogenic climate change, e.g., increased fuel aridity 
(Abatzoglou and Williams, 2016), rising temperatures 
(Schoennagel et al., 2017), and increased drought (West-
erling, 2016). Anticipatory climatic models predict a 100% 
increase in wildfire occurrence in northern California by 
2085 (Westerling et al., 2011). Moderate to large increas-
es in wildfires are predicted in wildland-urban interfac-
es in the next 20 years (Schoennagel et al., 2017; Moritz 
et al., 2014). Sonoma County is located at the high-risk 

Parameter
dNBR  
(acres)

Change Detection  
(acres)

Nuns Tubbs Nuns Tubbs

Estimated 37,503 23,998 38,355 24,579

Actual 46,104 35,270 46,104 35,270

Accuracy 81% 68% 83% 70%

Table 1. Comparison of the approximated burned acre-
age between the Tubbs and Nuns fires using the dNBR and a 
change detection method.

Figure 3. dNBR analysis for the Tubbs fire (top-left) and 
Nuns fire (bottom-right) using four main classes to catego-
rize burn severity in the greater Sonoma and Napa County 
areas.
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boundary zone within a wildland-urban interface and 
has experienced wildfire in the past. However, human 
settlement in this area has grown by 20% between 1990 
and 2010 (Michels and Sagara, 2018). Despite records 
of this area’s fire risk, human settlement in the area has 
grown by 20% between 1990 and 2010, indicating that 
people moving to the area tended to not know about the 
history of wildfire or were unaffected by the risk. More-
over, housing density in Sonoma County is predicted to 
grow from 1.81 houses/acre to 3.05 houses/acre between 
2010 and 2050, respectively, resulting in future risk to set-
tlements (Mann et al., 2014).

The burn severity maps for both Tubbs and Nuns fires 
are useful for forest managers to quickly glance at the 
area to determine priority areas for forest management. 
Estimation of wildfire size and fire risk zones are import-
ant for forest managers to implement thinning practices 
for fire-prone areas, fuel treatment, such as prescribed 
burning, and forest health assessment to facilitate recov-
ery and resilience of conifer forests after fire disturbance. 
Generally, the extent of fire, location, and structural dam-
age depicted in photo galleries are posted on federal web 
sites. Therefore, our findings are useful to the US Forest 
Service for the implementation of sustainable forest man-
agement practices of vulnerable areas.

This study suggests that of the two methods applied 

to the burn severity analysis, the method of change de-
tection is superior. Using a pixel-over-pixel iso-clustered 
supervised classification scheme was more accurate than 
the dNBR approach. The use of manual classification and 
raster reclassified image (dNBR) is helpful with heat clas-
sifications. 

We compared the burn acreage estimated through 
change detection and dNBR methods with Cal Fire es-
timation. Our results detected 24% less burned acreage 
than Cal Fire estimation. However, in terms of accuracy 
assessment, 75% agreement between Cal Fire and ground 
control data was obtained. Since we used moderate res-
olution Landsat data, it impacted accuracy. For example, 
our accuracy results were comparable with Fisher et al. 
(2017) land use classification accuracy, in which they ob-
tained 75% for 30 m data and 82% for 1 m data. The fire 
risk map of Tubbs and Nuns is useful to fire and land 
managers to look for high-severity sites that are vulnera-
ble to soil erosion and plant regeneration.

CONCLUSIONS & RECOMMENDATIONS—This 
analysis has drawn the following conclusions for the ap-
plied burn severity analysis on Tubbs and Nuns fires in 
Sonoma and Napa County.

•	 Change detection determined to be more accurate 
than the dNBR approach by itself possibly due to 

Figure 4. The image on the far left depicts the burn severities (e.g. unburned, low, moderate-low, and high burned) for both 
fires (Tubbs fire at top-left and Nuns fire at bottom-right) north and west of Santa Rosa. The middle image is a higher resolu-
tion view at the Tubbs fire and the burn severity distribution. The far right image is the Nuns fire and its associated burn se-
verity results from the analysis. The burn acreage in each severity class was estimated by multiplying number of pixels in each 
category with pixel size (30 m × 30 m) in a raster calculator. These images serve as visual metrics to burn severity perceptions.
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the change detection usage of a pixel-over-pixel 
comparison approach.

•	 The change detection analysis results identified 
that the Nuns fire burned an estimated 38,355 
acres, while the Tubbs fires burned 25,679 acres.

•	 A comparison to the actual acreage burned, pro-
vided by Cal Fire, indicated that this analysis was 
on average 76 ± 8% accurate in identifying burn 
severity on the basis of acreage burned.

•	 We recommended the use of high resolution im-
ages to find post-fire recovery of disturbed forest 

Figure 5. A land field survey (ground truthing) using a GPS Trimble Juno Geo 7X to mark the types of burn severities, while 
comparing a composite map layer of both Tubbs and Nuns fires and ground truthing survey sites. (left to right) Low burn [Gey-
serville: 38.594037N, -122.597456E], Moderate low burn [Geyserville: 38.710837N, -122.911748E], Moderate high burn [Santa 
Rosa: 38.472987N, -122.747941E].

Figure 6. Comparison of fire burn severity on an acre-
age-burned basis for the Tubbs and Nuns fires.



THE 2017 SANTA ROSA FIRE 43

IDEAFEST   
JOURNAL

⚫

Westerling, A. L., Hidalgo, H. G., Cayan, D. R., Swetnam, T. W. 2006. 
Warming and earlier spring increase western US forest wildfire 
activity. Science 313: 940–943.

Williams, A. P., Allen, C. D., Millar, C. I., Swetnam, T. W., Michaelsen, 
J., Still, C. J., Leavitt, S. W. 2010. Forest responses to increasing 

aridity and warmth in the southwestern United States. Proceedings 
of the National Academy of Sciences of the United States of America 107: 
21289–21294.

Figure S1. Workflow for the two main analyses conducted in order to determine acreage burned and burn severity for both 
the Tubbs and Nuns fires.
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