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ABSTRACT 

Wildfire in the Southwestern United States is an escalating problem for residents 

and managers to contend with, particularly for those living and working in the Wildland 

Urban Interface. Fuel management mitigates the cost of wildfire suppression and 

protects people and assets. In the Fry Fire District, grants from the Arizona State 

Department of Forestry and Fire enable collaboration between the district and private 

landowners in fuel reduction with mechanical thinning and controlled burns. In this 

study, GIS tools were used to analyze multiple seasonal images from Landsat 8 Surface 

Reflectance data. The acquired images were corrected for cloud cover and cloud 

shadow. The change in Normalized Difference Vegetation Index and change in 

Normalized Burn Ratio were then calculated to assess density and recovery. Managing 

fuels, particularly in the WUI, can help mitigate the extremity, intensity, suppression 

cost, and loss of life and property resulting from wildfires. 
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INTRODUCTION 

Wildfire in the Southwestern United States is an escalating problem for residents 

and managers to contend with, particularly for those living and working in the Wildland 

Urban Interface. Fuel management mitigates the cost of wildfire suppression and 

protects people and assets. Arizona’s fire districts are special taxing districts, funded 

through personal property taxes levied on properties withing the district’s boundaries. 

They are independent of city and county governments, and can vary greatly in size, 

population, and geography (Arizona Fire District Association FAQ).  The US Department 

of Forestry and Rangeland includes multiple priorities in its National Strategy for the 

Development of the National Cohesive Wildland Fire Management. This strategy 

includes engaging property owners in fuel reduction programs that align with the 

departments vision as well as the stakeholders’ values. They have identified counties 

across the United States that are in need of broad scale fuels management and are 

high priority for community planning, among other categories. Cochise County, Arizona, 

was identified in this assessment as high priority for both categories mentioned 

(Wildland Fire Leadership Council). 

Progress has been made in using fuel reduction methods to reduce wildfire risk, 

mitigate costs, and protect highly valued assets. Common methods of fuel reduction 

include prescribed burn, mechanical thinning, and managed wildfire, all of which can 

improve fire resistance (Stephens, et al., 2012). In some situations, herbicides may be 

used to reduce invasive species, such as buffelgrass (Arizona-Sonora Desert Museum). 

Biological controls (grazing) may also be employed. Communities in areas susceptible 

to wildfire (Wildland Urban Interface or WUI) can be better protected from loss of life 
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and structures with fire fuel management programs (US Department of Interior).   

Economic losses from wildfires can be mitigated as well. Costs in terms of loss of 

assets have been shown to be lower in areas that employ fuel reduction methods 

(Loomis, et al. 2019). Geospatial analysis can help managers plan prescribed fires by 

improving understanding of landscape, terrain, weather patterns and modeling fire 

behavior. Another issue managers must face is communicating the value of prescribed 

fires and managed fires to their audience. Helping the public understand why the 

process is valuable may be central to their goals (Skrip, 2019). In areas where 

managers must work with private landowners, such as the Fry Fire District in Cochise 

County, stakeholders’ trust and participation is necessary. 

The purpose of this paper is to develop a better understanding of vegetation 

density and fuel loads in Cochise County’s eastern canyons of the Huachuca 

Mountains. Analyzing areas where fuel reduction measures have been applied and then 

comparing them to Normalized Difference Vegetation Index (NDVI) and Normalized 

Burn Index (NBR) of untreated areas at the parcel level will help assess risk level. 

Understanding these metrics and how they change over time will help managers 

determine if and when fuel loads should be reduced. This project focuses on portions of 

the Fry Fire District (FFD), in southwestern Cochise County, Arizona. The study area, 

shown in Figure 1, also includes eastern canyons of the Huachuca Mountains, one of 

the Sky Island Mountain Ranges of Arizona. Ramsey Canyon and Ash Canyons have 

some home sites and there are other properties in the area’s Wildland Urban Interface 

(WUI). Ranging from desert grassland to pine-oak woodland, these riparian canyons are 

unique ecosystems (Warshall, 1994).  
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Figure 1. Study Area 
 
 

FFD covers approximately 206 square miles in Southeastern Cochise County. 

Grant funds from the Arizona State Department of Forestry and Fire enable 

collaboration between FFD and private landowners in fuel reduction with mechanical 

thinning and controlled burns. District boundaries shown above, in Figure 1, were 

obtained from the Cochise County Assessor’s Office open data portal available at 

https://gis-cochise.opendata.arcgis.com. Part of the study area falls outside those 

boundaries, however, parcels listed by FFD as part of the district are in that area, and 

therefore are included in this study area.  
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METHODS 

Landsat 8 Collection 2 Level 2 products were obtained from the USGS Earth 

Explorer website, https://earthexplorer.usgs.gov. Data was filtered for Landsat 8 C2L2 

products in the date range with less than 20% cloud cover. Quality Assessment (QA) 

pixel bands were evaluated to ensure visibility in the study area.  

ArcGIS Pro raster function “Remap” was used to remove the cloud pixels from 

the QA raster. Values representing acceptable QA pixel values were entered into the 

raster function as definition type “List,” with and output of 1 representing the Boolean 

value for “true”. Other pixels are deleted. Values are defined in the Landsat 8 Collection 

2 (C2) Level 2 Science Product Guide (Vermote, et al., 2016). Pixels with values of 

21,824 and 24,888 were retained in the QA band. As shown in Table 1, these values 

represent clear land and water, respectively.  

Raster band images were then processed to remove pixels with outlying values. 

In ArcGIS Pro, the Clip Raster geoprocessing tool was used in batch mode to remove 

clouds and cloud shadow for all raster images on the QA pixel raster date. The outputs 

were then extracted to the study area. The “Extract by Mask” geoprocessing tool, in 

batch mode, allowed removal of pixels outside the study area for all raster datasets. 

These smaller files require less storage and processing time. Raster Calculator was 

then used to calculate the indices. This workflow is visualized in Figure 2. 
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Table 1.  Pixel Value Interpretation. Credit USGS: Landsat 8 Collection 2 (C2) Level 2 
Science Product Guide. 

 

              
 

           Figure 2. Workflow 

Acquire Data (Landsat 8 
for 2017, 2018, 2019)

Remap to QA raster to 
remove cloud pixels

Clip rasters to QA 

Extract by mask to 
study area

Calculate NDVI/ dNDVI

Calculate NBR/ dNBR

Image classification

Results
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Normalized Difference Vegetation Index 

Normalized Difference Vegetation Index (NDVI) is used to measure the 

greenness, health, and growth of natural vegetation (Vermote, et al. 2016). Landsat 8 

surface reflectance data, specifically Landsat 8 bands Near Infrared band 5 and Red 

band 4 are used to calculate NDVI:  

 

NDVI = (NIR – Red) / (NIR + Red) 
 

Healthy plants will have a high reflectance of the NIR band and high absorption 

of the red band (ArcGIS Pro). As seen in Figure 3 below, higher values represent 

healthier vegetation. 

 

 
 

Figure 3. Image credit ESRI. NDVI interpretation. Results range from -1 to 1. 
 

 
Measuring the density of vegetation seasonally and over time, then calculating 

the difference, can provide information on the health of the vegetation has changed over 

time (Brown). To measure change in NDVI between two points in time, calculate the 

NDVI for the specified time periods and subtract. A positive result indicates increased 

biomass, and a negative result indicates decreased biomass. (ArcGIS Pro) Comparing 
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points from the same season but different years will provide the most meaningful 

estimates, as it provides a consistent, “apples to apples” comparison. Because 

chlorophyll production varies with seasons, increasing in spring and summer, 

decreasing in fall and winter with the cyclical nature of phenology, values should be 

compared at the same point in season. Comparing senescing plants to plants in full 

green season will yield invalid results. Additional considerations for using NDVI include 

assessing the impact of soil brightness and cloud cover or cloud shadow, which can 

skew results (Forkel, et al., 2013).  

Change in NDVI can then classified to represent areas with increased, 

vegetation, decreased vegetation, and areas of no change. Understanding the change 

over time and general trend in density changes will help with longer term planning. 

Managers can use this information to identify areas that are increasing (or decreasing) 

in density and why, so that they can make informed decisions on prioritizing resources 

and developing treatment plans. Prescribed fire is a primary resource for managing fuel 

loads at the landscape scale and can intersect with removal of biomass in the WUI to 

protect homes and businesses when managers use large scale spatial patterns that 

reduce the potential for catastrophic fires and can alter fire behavior when planned with 

an understanding of terrain, weather, drought conditions and historical natural fire 

behavior in addition to vegetation change (USDA, 2003). 

Normalized Burn Ratio 

The Normalized Burn Ratio (NBR) is used to identify burned areas (Vermote, et 

al., 2016). NBR can be used to describe what is happening in areas in burned areas, 
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post fire (Eidenshink et al., 2007). For Landsat 8, bands 5 (NIR) and 7 (SWIR) are used 

to calculate NBR:  

NBR = (NIR – SWIR) / (NIR + SWIR) 

 

The resulting values are interpreted as lower values indicating less vegetation and 

higher values more vegetation (UN-SPIDER). Change in NBR was designed to assess 

burn severity over large fires. One challenge with NBR/dNBR is ensuring accuracy 

when bare soil is present. Pre-fire vegetation analysis can help exclude these areas to 

ensure they do not skew results (Torres-Perez, Juan, and Bengtsson, Zach, 2021). As 

seen below in Table 2, dNBR is interpreted as lowest values indicating the most 

regrowth and can be used as a measure of recovery. 

 
 

Table 2.  Burn severity levels, credit USGS. 
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DATA 

Landsat 8 OLI/TIRS images from 2017, 2018, and 2019 were acquired from the 

USGS’ Earth Explorer site, https://earthexplorer.usgs.gov. Landsat Collection 2 surface 

reflectance products represent a measure of solar radiation that the earth’s surface 

reflects to the sensor. Each band image is a measure of a specific wavelength of light 

reflected, listed in Table 3. 

 
 

 
 

Table 3. Landsat 8 OLI/TIRS bands, credit USGS. 
 

 
The Landsat 8 Collection 2, Level 2 (C2L2) data products are typically available 

for use 15-17 days after they are acquired due to processing time, as shown in Figure 4.  

 

 
 

Figure 4. Landsat 8 OLI/TIRS C2L2 processing time, credit USGS. 
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Images with low sun angle (angle greater than 76 degrees) or high latitudes (greater 

than 65 degrees) are not calculated (USGS). A low sun angle creates more scattering of 

reflected light (reduced reflectivity) and increases uncertainty. Other adverse conditions 

that can affect Landsat 8 surface reflectance products are: hyper-arid or snow-covered 

regions, low sun angle conditions, or coastal areas where land area is small compared 

to water area (USGS). Cloud cover, which can also impact results if not corrected, was 

assessed for each image using the Quality Assessment images provided with each 

date’s dataset. Cloud and clous shadow pixels were removed. Usable data is listed in 

Table 4, with metadata in Table 5. All raster images are row 35, band 38 which cover 

the entire study area. Bands used were the QA pixel band (for clous/cloud shadow 

correction), band 4, band 5, and band 7 (USGS). 

A list of parcels in the study area and fire district boundaries were obtained from 

Cochise County GIS, shown in Table 6. These parcels are located within the study area 

and FFD, so that change indices can be compared between treated and untreated 

parcels. The list of treated parcels was obtained from Fry Fire District.  
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Official name of data set 
Year of 
publication  

Collection 
Dates  

Owner URL of the repository. 

Landsat 8 Collection 2 
Level 2 

2021 
6/10/2021 USGS https://earthexplorer.usgs.gov  

Landsat 8 Collection 2 
Level 2 

2020 6/7/2020 
USGS https://earthexplorer.usgs.gov  

Landsat 8 Collection 2 
Level 2 2019 1/28/2019 USGS https://earthexplorer.usgs.gov  

  2019 4/18/2019     
  2019 7/23/2019     
 * 2019 10/11/2019     
  2019 12/14/2019     
Landsat 8 Collection 2 
Level 2 

2017 
1/6/2017 USGS https://earthexplorer.usgs.gov  

  2017 4/12/2017     

  2017 7/1/2017     

 * 2017 10/21/2017     

  2017 12/8/2017     
 

Table 4. Landsat 8 data list. Acquisition and ownership: *Upper Ramsey and Carr 

Canyons were obscured by clouds on the collection date in 2017. Data is unavailable 

for those small areas for October. Results in NDVI/dNDVI were clipped to remove 

invalid data. 

 
 

Official name of data set Description  
EPSG 
Code 

Coordinate 
system 

Projection 
system  

Spatial 
resolution 

Landsat 8 Collection 2 
Level 2 

Multispectral 
satellite data 

EPSG 
2152 WGS84 

UTM Zone 
12N 30x30m 

 
Table 5. Landsat 8 data list. Description and metadata. 
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Official 
name of 
data set 

Last 
Update 

Owner URL Description  
Coordinat
e System 

Cad Tax 
codes 

3/2021 

Cochis
e 
County 
GIS 

https://services6.arcgis.
com/Yxem0VOcqSy8T6
TE/arcgis/rest/services/
Cad_Taxcodes/Feature
Server/0/query 

REST service to 
access Cochise 
County Special 
Tax District 
boundaries 

NAD 83 

 
Table 6. Cochise County Tax Codes with Special Tax District data. 
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RESULTS 

Seasonal NDVI is a good indicator of plant density and – with understanding of 

the location of highly valued assets – is useful in assessing areas most in need of 

hazardous fuel reduction. With additional time and the ability to collect field data, priority 

areas for fuel reduction could be determined. 

NDVI results show seasonal variations that are as expected year to year, falling 

into the unhealthy to moderately healthy ranges. Growth seasons (spring and summer) 

show increasing density and winter and fall show the opposite. Overall, from 2017 to 

2019, more area experienced an increase in vegetation density. Change in NDVI values 

were remapped to show change or no change, to facilitate interpretation of results. In 

Figures 5 through 9, dNDVI as a change/no change map for is shown for all the months 

under study.  

Areas of increase and decrease in the change/no-change maps are described in 

Figure 10. For the January comparison, it indicates that more pixels decreased in 

vegetation density than increased in NDVI. The same assessment was made for each 

month and the increases in NDVI vs decreases are charted in Figures 11 to 14 and 

Table 7. It appears that vegetation density increased from 2017 to 2019, with total area 

increased by 60.4759 square miles over the time period, and total are a decreased over 

the time period of 36.5891. Study over a longer time period, while taking weather and 

climate factors into account, could help determine if this is a trend, a result of increased 

precipitation, or another anomaly.  
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       a: January 2019           b: January 2017       c: January 2019-2017 

 
Figure 5. NDVI (a-b) and dNDVI (c) between January 2017 and January 2019. 

 

   
       a: April 2019              b: April 2017          c: April 2019-2017 
 
Figure 6. NDVI (a-b) and dNDVI (c) between April 2017 and April 2019. 
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           a: July 2019                b: July 2017          c: July 2019-2017 

 
Figure 7. NDVI (a-b) and dNDVI (c) between July 2017 and July 2019. 

 

   
    a: October 2019             b: October 2017            c: October 2019-2017 

 
Figure 8. NDVI (a-b) and dNDVI (c) between October 2017 and October 2019. 
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                 a: December 2019           b: December 2017  c: December 2019-2017 

              
Figure 9. NDVI (a-b) and dNDVI (c) between December 2019 and December 2017.     

 
 

                               
 
Figure 10. Change/No 
Change map, January 
(2019-2017). 

Figure 11. Change/No 
Change map, April (2019-
2017). 

Figure 12. Change/No 
Change map, July 
(2019-2017). 
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Figure 13. Change/No 
Change map, October 
(2019-2017).  

 Figure 14. Change/No 
Change map, December 
(2019-2017). 

 
 

Month 
Increase 
(pixels) 

Area 
(SqMi) 

Decrease 
(pixels) 

Area 
(SqMi) 

No 
Change 
(pixels) 

Area 
(SqMi) 

January (2019-2017) 18356 6.3787 38978 13.54 1 0.00035 
April (2019-2017) 37305 12.9632 20030 6.9603 0 0 
July (2019-2017) 50012 17.3788 6017 2.0909 0 0 
October (2019-2017) 44929 15.61 7179 2.49 0 0 
December (2019-
2017) 24217 8.4152 33117 11.5079 1 0.00035 

  

Table 7. Change/ No Change Map Summary of area increase or decrease. 

 

Normalized Burn Ratio was then calculated for the study area, from 2017, 2018, and 

2019. Figures 15 and 16 below show NBR from just prior to the fire, and soon after. Fire 

effects from controlled burns were not visible at the parcel level. As seen in the NBR 

results for May 2018 (Figure 16), there was a fire at Rte. 92 and Ramsey Canyon Rd. 

An article from a regional online publication informed that the fire started April 26, 2018. 

(Renteria, 2018). Pre and post fire NBR revealed that fire outline very clearly, showing negative 
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values in that area. This burn scar shown in the box was selected for study of its post fire 

recovery due to its proximity to structures. The fire occurred in an open area of grass and brush, 

adjacent to residential neighborhoods. 

      
 

Figure 15. In the NBR for April of 
2018, the fire had not yet occurred. It 

started on April 26, 2018. The 
satellite images were acquired on 

April 15, 2018 

Figure 16. NBR for May 17, 2018 
shows the outline of the brushfire 

from April 2018. 

 
 

 Post fire recovery from 2018 was evaluated using dNBR. Those results are 

visualized in Figures 17 through 20, revealing a low level of enhanced regrowth from the 

fire. 
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Figure 17. dNBR Summer 

2018-2019. 
Figure 18. dNBR 

Summer 2018-2020 
Figure 19. dNBR Summer 

2018-2021 
 
 

 

Figure 20. Change in regrowth 

 

Recovery from post fire conditions in 2018 was present, although not much more 

in 2021 than in 2019. Other factors in recovery (or lack thereof) could be precipitation 

levels.  

  

0

200

400

600

800

1000

1200

1400

Enhanced Regrowth, Low

2018-2019 2018-2020 2018-2021



26 
 

DISCUSSION 

Normalized Difference Vegetation and the change in NDVI over time is a helpful 

tool for managers in assessing the need for fuel reduction. Thresholds for density in the 

WUI could be established based on terrain, proximity to structures, vegetation type, and 

projected climate and weather concerns. The analysis did not capture change in density 

from fuel reduction efforts. One reason is likely that the 30x30 resolution of Landsat 8 

images is not fine enough to detect change at the parcel level scale. Density at larger 

scale was visible and could be used to monitor trends in vegetation growth thus 

informing plans for reduction measures. Patches with visible change were identifiable. 

Normalized burn ratio and the change in NBR detected burn scars at a larger 

scale. Fire effects from controlled burns may not have been visible in other areas for a 

few reasons. A small area would not have been detectable at the 30x30m resolution of 

Landsat 8. Another possibility is that instead of controlled burns around homes, 

managers and owners may burn slash piles, thus using a combination of fire and 

mechanical thinning, which would not be visible at that resolution. Larger fires in the 

WUI that were detectable could be used to monitor recovery and establish the point at 

which intervention may be necessary. Additionally, with weather and climate modeling, 

projections could be made to inform the time at which intervention should occur. This 

could be useful information for managers working in areas where neighborhoods 

surround areas of open space in these semi- arid grasslands and wooded areas. 

Additionally, if post fire recovery is insubstantial, and desirable, post-fire management 

techniques for restoration could be employed.  
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In the fire examined in the study occurred at the intersection of 2 main roads in 

the community, bordered on the east by residential neighborhoods, and on the west by 

commercial property. The main road in the area was closed while fire fighters worked on 

containment and one building owned by the National parks service was evacuated. 

Wildfire in the WUI devastates communities. In this case, destruction was minimal, but 

with analysis and monitoring of conditions, future fire events might also result in less 

damage and lower cost.  
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CONCLUSION 

In this study, GIS tools were used to analyze multiple seasonal images from 

Landsat 8 Surface Reflectance data. The acquired images were corrected for cloud 

cover and cloud shadow. The change in Normalized Difference Vegetation Index (NDVI) 

and change in Normalized Burn Ratio (NBR) were then calculated. Significant change in 

vegetation was visible in certain areas. NBR failed show clearly identify controlled burns 

at the parcel level for 2018, although efficacy in identifying a larger fire was 

demonstrated, and clarified a disturbance identified in NDVI results. With that 

information, future research may include analysis at a larger scale to assess efficacy of 

NDVI and NBR at the parcel level. A finer grain resolution dataset would be ideal for 

that analysis. 
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