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ABSTRACT 
 

The MODIS active-fire product is currently being used by fire researchers and fire managers to  

monitor the occurrence, extent, and other characteristics of fire nationally and globally. The goal 

of this study was to evaluate how sensor zenith angle, flame length, area burning, rate of spread, 

fire movement, fire activity, canopy cover, and ecoregion class affect the detection of active fire 

with the MODIS active-fire product. A total of 265 active-fire observations were taken in 13 

states by wildland fire fighters during the summers of 2007 and 2008; 12% were taken in 

grasslands, 15% in shrublands, and 73% in forests. Of these observations, 34% were detected by 

MODIS. Sensor zenith angle and fire activity had the greatest influence on the detection of fire, 

with the detection rates ranging from 56% for a sensor zenith angle of 0 to 10 degrees to 12% at 

a sensor zenith angle of 60 to 70 degrees, and detection rates for fire activity ranging from 56% 

for a fire with torching to 5% for a creeping fire. Observations with the lowest sensor zenith 

angle and the highest fire activity were detected 66% of the time. Through several case studies of 

fires that were observed but not detected, cloud cover and missing data were found to be possible 

contributors and may account for some of the differences between observed and detected fire 

activity.  
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INTRODUCTION 
 
Background  
 
Monitoring the location, size, growth and intensity of large fires is a high priority for both fire 
scientists and fire managers in the US and abroad. On a global scale it is becoming increasingly 
important to understand the contributions that fires make to changes in the composition of the 
atmosphere. A large percentage of the global emissions of greenhouse gasses are produced by 
burning biomass (Penner et al., 1992, IPCC 2007), and these gases have a significant effect on 
the atmospheric chemistry, cloud properties and radiation budget (Crutzen et al.1979; Crutzen 
and Andreae 1990; Kaufman et al.1992; Kaufman et al.1998a). In the United States, with 10 to 
12 million acres (4 to 4.8 million ha) expected to burn annually (QFR 2009), costs increasing to 
as much as $220 per acre ($553 per ha)(www.nifc.gov, QFR 2009), and a rapidly growing 
wildland urban interface (Theobald and Romme 2007), fire managers need ways to quickly, 
reliably and accurately detect where fires are burning and how intensely.  

 
Satellites have been used to observe fires on a global scale, providing a variety data products 
with differing spatial, spectral, and temporal resolutions. Fire occurrence can be monitored by 
either detecting changes on the ground or detecting active burning. Several sensors that are 
commonly used to identify and analyze burned areas are Advanced Very High Resolution 
Radiometer (AVHRR) (Flannigan and Vonder Haar 1986; Kaufman et al.1990), SPOT 
VEGETATION (Stroppiana et al.2002; Silva 2003 et al.2003), and Landsat (Salvador et al.2000; 
Holden et al.2005). Pre- to post-fire change in vegetation inferred from satellite imagery is 
commonly used to assess fire effects, such as burn severity (Rouse et al.1974; Wilson and 
Sander 2002; Key and Benson 2005; Lentile et al. 2006). Sensors developed for observing 
actively burning fires include the Moderate Resolution Imaging Spectroradiometer (MODIS) 
(Justice et al.2002; Wooster et al.2003; Smith and Wooster 2005), Advanced Very High 
Resolution radiometer (AVHRR) (Frazer et al.2000; Kennedy et al.1994), the Along Track 
Scanning Radiometer (ATSR) (Eva and Lambin 1998) and others (Riggan et al.2004; Butler et 
al.2004). 

 
MODIS is commonly used by fire mangers in the US to get general information about fire 
activity across the country and to monitor local fire occurrence and activity 
(http://activefiremaps.fs.fed.us/; www.geomac.gov/). This information has proved useful in the 
organization of large incidents by indicating the locations of actively burning fires, , in 
visualizing direction of growth for remote fires that are not frequently monitored by other means, 
and occasionally to identify new fires. Although fire managers increasingly depend on fire 
perimeter and location information inferred from MODIS imagery, the degree to which fires are 
reliably detected with MODIS and the factors affecting detection have not been widely tested 
with on-the-ground fire observations.  
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Detection of active fires using MODIS 
 
In this study, I compare the MODIS active-fire product (i.e. MOD14) to in-situ data collected by 
fire observers. I use MODIS because of its advanced fire detection algorithms (Giglio et al. 
2003; Csiszar et al. 2006; Hawbaker et al. 2008), the availability of MODIS imagery for most 
locations several times daily, and the frequent use of MODIS imagery by fire managers and fire 
scienctits. MODIS was first launched on the Terra platform in 1999 and then on the Aqua 
platform in 2002 (Justice et al. 2002). MODIS has a spectral resolution of 250 m in the red and 
near-infrared which is aggregated to reduce false detections and clouds (Giglio et al. 2003) 
producing a final resolution of 1 km with a sub-pixel accuracy of 50 m at nadir (Wolf et al. 
2002). Images are available from MODIS 3 to 4 times a day on average; from Terra at around 
5:30 and 18:30 Greenwich Mean Time (GMT), and from Aqua at around 9:30 and 20:30 GMT 
(http://www-air.larc.nasa.gov/tools/predict.htm), with times varying as much as an hour from 
day to day at any given location.  
 
Of the wavelengths of the electromagnetic spectrum observed using MODIS, the information 
collected by the 4µm (T4) and 11µm (T11) wavelengths (Kaufman et al.1998a; Giglio 2003; 
Justice et al. 2006) provides a distinct signal of fire by taking advantage of the large amount of 
mid-infrared radiation being emitted (Dozier 1981; Matson and Dozier 1981). The two 4µm 
channels of MODIS are 21 and 22 which saturate at nearly 500 K and 331 K respectively. 
Channel 22 is less noisy and used whenever possible, but if the temperature of the pixel exceeds 
331 K, channel 21 is used to derive T4 (Giglio et al. 2003). The information for T11 is collected 
from Channel 31; it saturates at 400 K for Terra and 340 K for Aqua (Giglio et al. 2003).  

  
The fire detection algorithm is designed to detect as much active burning as possible with the 
fewest false detections. MODIS does not have on-board calibration, which has necessitated a 
series of adjustments (Giglio et al. 2003; Justice et al. 2006) to the original detection algorithm 
from the prelaunch calibration (Kaufman et al. 1998a). Analysts systematically classify each 
pixel as either fire, missing data, cloud, water, non-fire, or unknown. The first pixels to be 
removed from the pool of possible fires are those with missing data, followed by those that have 
been classified as cloud or water (Giglio et al. 2003). All remaining pixels are processed and 
flagged as potential fire if they pass the following criteria: T4>310 K (305 K at night), ΔT>10 K 
(where ΔT= T4- T11), and when channel 2 which is used to identify sunglint is <0.3 (omitted at 
night) (Giglio et al. 2003). Of the pixels that pass this criteria, those that have a T4 of >360 K 
(320 K at night) are considered to be unambiguous fire, while all others move on to a second 
round of screening.  

 
The background around each pixel is used to estimate what the radiometric signal would be 
without the presence of fire (Giglio et al. 2003). This is done by selecting a window around the 
pixel, starting at 3 X 3 pixels, and increasing the size of that window up to 21 X 21 pixels until at 
least 25% or 8 of the neighboring pixels are deemed valid. In this process, there is a distinction 
made between those background pixels that have also been classified as potential fire, and those 
that have not. After background characterization is complete to the standards specified, a series 
of contextual tests are performed to isolate the fire pixels, reject small convective cloud pixels, 
and account for the possible interference from windows that contain large fires (Giglio et al. 
2003). Pixels that fail contextual tests are labeled as no-fire or unknown. Potential sources of 
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false detections accounted for in the algorithm include sunglint rejection, desert boundary 
rejection, and coastal false alarm rejection (Giglio et al. 2003).  

 
Kaufman et al. (1998b) introduced the concept of remotely measured fire radiative energy (FRE) 
to improve the detection of active fires. FRE can be inferred directly from Earth-orbiting 
satellites since it is a measure of the chemical energy emitted from burning vegetation as 
radiation (Wooster et al.2003). Kaufman et al. (1998b) found the calculation of FRE to improve 
the detection of active fires, and Wooster (2002) found FRE valuable for assessing biomass 
combustion in natural wildfires (Wooster et al.2003). FRE is a measure over the whole area of 
the fire, while fire radiative power (FRP) is a measurement of the energy of fire at the pixel 
level; FRP is directly related to the rate of fuel combustion (Kaufman et al.1998b; Wooster et 
al.2003). Smith and Wooster (2005) found an order of magnitude difference in the FRP from 
head fires and back fires which is consistent with field measures of fire-line intensity (FLI) 
(Trollope et al.1996; Lentile et al.2006).  
 
 
MODIS product validation 
 
In order to correctly interpret satellite-based fire detection data and avoid misunderstandings 
about data quality (Csiszar et al.2006), validation of these sensors should be performed to reveal 
the product accuracy in a variety of environmental situations. The importance of validation has 
prompted the development (Morisette et al.2002) and implementation (Morisette et al.2005a, 
Morisette et al.2005b, Csiszar et al.2006) of a framework for determining the accuracy of the 
MODIS active-fire product (Table 1). There have also been validation studies performed that do 
not follow this framework but provide valuable information on active fire detection (Cardosa et 
al.2005, Hawbaker et al.2008) or look specifically at the FRE (Wooster et al.2003, ) or FRP 
(Mottram et al.2005, Smith and Wooster 2005).  

 
Although some validation has been performed on the MODIS active-fire product, the increasing 
demand for remotely sensed active fire necessitates a better understanding of this and other 
products (Schroeder et al. 2008). Validation studies that have taken place to date typically use 
higher spatial resolution sensors for comparison, most commonly ASTER (Table 1). In an effort 
to avoid some of the compounding errors and limitations of using other sensors for validation, I 
use in-situ data collected by wildland fire fighters, primarily during the summers of 2007 and 
2008. Unlike validation using ASTER, my method allows fires that are viewed at angles higher 
than 8.5˚ to be checked for detection. Although these in-situ data are not temporally coincident (a 
great benefit to using ASTER) (Morisette et al. 2005a, Morisette et al. 2005b, Csiszar et al. 
2006), my study demonstrates whether or not fire behavior in a small window of time can be 
inferred using MODIS. Having active fire observations taken from the ground also provides an 
opportunity to identify and evaluate some of the variables that may influence fire detection. Both 
sensor-to-sensor and in-situ-to-sensor validation are important to using and understanding the 
MODIS active-fire product for many different applications across continents. 
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Objectives 
The objectives of this study are to:  

a. Use wildland fire fighters to effectively collect quality on-the-ground data on active fire 
behavior that can be compared to observations from satellites. 

b. Evaluate the variables that influence fire detection with MODIS. 
c. Identify the likelihood of fire detection with MODIS at thresholds for each of the 

variables. 
 

d. Identify the relationship between FRP and the active-fire observations. 
 

I hypothesize that: 
a. Of the groups asked to collect data, 20% will return usable observations; variability in 

fire season and individual fire assignments will account for this low rate of return 
b. Variables that will influence the detection of fire using MODIS will be sensor zenith 

angle, flame length, area burning, rate of spread, fire movement, fire activity, canopy 
cover, and ecoregion class.  

c. As sensor zenith angle and canopy cover decrease and flame length, area burning, rate of 
spread, fire movement and fire activity increase, the probability of fire detection using 
MODIS will increase.  

d. FRP and the fire activity level are positively correlated 
 
 

METHODS 
 
Fire observers 
 
Almost all actively burning wildland fires in the United States are staffed with fire personnel 
performing monitoring, suppression, resource protection or other fire management activities. 
There are very strict safety regulations regarding the qualifications required to work near actively 
burning fires; these regulations often make it difficult for research teams to enter into a fire area 
during active burning.   
 
To take advantage of the resources that are already in the position to monitor fires, I used Fire 
Use Modules (FUMs) and Interagency Hotshot Crews (IHCs) to take active-fire observations. 
FUMs each include 7 to 11 people, most of whom are qualified Fire Effects Monitors (a 
government qualification signifying that the person has taken the course work for and had 
practice in observing fire behavior and effects). Although these crews participate in a variety of 
activities on fires, their typical role is backcountry observation and tactical operations. During 
the summer months, FUMs are commonly assigned to wildfires that are being managed to burn 
with little or no human intervention. Outside of the wildfire season, FUMs are often used to 
implement prescribed burns. FUMs observe fire activity and weather, and they work to protect 
certain resources threatened by fire. The location and function of these crews make them ideal 
for collecting a few points of additional information in their current active-fire observations. 
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Interagency Hotshot Crews each include 20 to 22 individuals. They often work close to the major 
fire activity in their serious and sometimes dangerous job of fire suppression. This often requires 
the full attention of every crew member, leaving little time for recording fire observations. 
However, to improve safety and situational awareness, many of these crews post a “look-out” to 
make weather and fire behavior observations in their immediate and surrounding areas; these 
look-outs were asked to make the additional observations needed for this study. 
 
In 2007, I sent observation packets to 15 FUMs, but few returned observations because most 
were assigned to tasks similar to those performed by IHCs because of the many large fires 
experienced that year. To ensure a more substantial return in 2008, I contacted nearly all the 
FUMs and IHCs nationwide. Of these, 22 FUMs and 78 IHCs agreed to make fire observations 
for me.   

   
 

In-situ active-fire observations by wildland fire fighters  
 
All groups that agreed to participate in my project were sent observation packets containing a 
Rite-in-the-Rain notebook which held the observations and directions, and a folder for storing 
extra forms and completed observations. Aside from the information needed to identify the 
observer and locate the fire (fire name, Latitude, Longitude), the crews were asked to collect the 
following information (a sample observation packet is included in Appendix A): flame length, 
size of flaming area or area burning, rate of spread (ROS), percent canopy cover, primary fire 
carrier, fire movement (back, flank, or head), fire activity (creeping, surface, torching, or crown), 
other fire activity within 1 km, and comments. Observations were recorded in units that were 
familiar to the fire observers in order to get the most accurate measurement. Thus flame length 
was recorded in feet and ROS in chains/hour (a chain is 66 feet or 20.1 m). 
 
Of these observations, only two (area burning and other fire) were additional to the observations 
of fire behavior normally taken on fires. Area burning was meant to determine how much area 
on the ground was actively flaming. Because this was difficult to measure and there was a great 
potential for differences between observers, this and other variables were assigned to classes. I 
asked about the occurrence of other fire within 1 km to help me to determine if there may have 
been other energy source(s) that influence fire detection by MODIS. Observers were asked to 
comment on the location and activity of the other fire that was not directly being recorded. 
 
Observers were encouraged to contact me with any questions they had throughout the summer. 
They were also encouraged to take and send me photographs of the fire behavior. I used these 
photographs to provide some quality control on the written observations.  
 
 
Relating fire observations to MODIS fire points 
 
Obtaining MODIS active-fire data  
The MODIS data used for the comparison to active-fire observations came from the USDA 
Forest Service’s Remote Sensing Application Center (RSAC) which receives real-time imagery 
from direct readout ground stations located in Salt Lake City, Utah; Madison, Wisconsin; and 
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Fairbanks, Alaska (Quayle 2008). Data from the NASA GSFC Rapid Response System is used to 
fill any gaps that may have occurred in the data collected from the ground stations to produce 
year-round coverage for almost all of North America. The latest fire detection algorithms (Justice 
et al.2006) are applied to the acquired imagery to produce the active-fire product available to the 
public on the RSAC website (http://activefiremaps.fs.fed.us/gisdata.php).  

 
Preparing the data 
Observations that were missing vital identification information (date, time, latitude, longitude) 
were excluded from analysis. During data entry, all measurements were converted to the same 
units and where flame length observations were written as a range, for this study I analyzed the 
maximum flame length observed. To represent the level of energy being emitted from the ground 
at that particular observation point, flame length and the area burning were multiplied together; 
the product is referred to as area*FL. Continuous variables were divided into classes based on 
the distribution of data (Table 2).    
 
The time of the MODIS observation is recorded in GMT which necessitated the conversion of 
the observation time. This was done by determining which time zone the observation was taken 
in and adjusting the time accordingly. From the location of the observation points, the ecoregion 
class that the fire observation was take in was also determined. Observations were joined by 
location with the ecoregion class produced by Olson et al. (2001). 
 
Classifying detection 
After all columns of data were organized, the spreadsheet was saved as a text file and imported 
into ArcGIS 9.3. Latitude and Longitude were used as the X Y coordinates and the points were 
projected into the same coordinate system as the MODIS FRP points. A series of selections were 
performed to determine which MODIS fire points were within 500 m, 1 km, 2 km, and 3 km of 
each observation. These distances were chosen for several reasons. Due to the size of a MODIS 
pixel 500 m is the smallest unit necessary to determine if there were FRP points directly around 
the observations. The other distances were selected to both account for variation in distance of 
the observer to the observed fire, and to protect against errors in fire location recorded by the 
observer. A maximum of 3km is expected to account for this variability, and represents the limit 
to which we feel comfortable assigning an observation to a MODIS fire point. All MODIS fire 
points that were found within a 3 km area and within seven hours of an observation were 
exported.  
 
Observations were then assigned a value of either “detect”, “no detect”, or “other better” based 
on several factors. In order to understand the potential that each observation had to be observed, 
the nearest MODIS overpass times were determined for each point by querying their individual 
observation locations and dates in the NASA LaRC Satellite Overpass Predictor for both the 
Terra and Aqua platforms. The time of overpass and sensor zenith angle was recorded for each 
observation. There were several groups of observations that occurred on the same day and 
location, but at different times. In these cases, the observation that was either closest to the time 
of detection, or closest to the overpass of MODIS were given the value of “detect” or “no 
detect”. All other observations on that day were given the value of “other better”. As an example, 
one observer recorded fire behavior on-the-hour from 16:00 to 23:00 GMT. Terra had an 
overpass time of 18:00 and Aqua has an overpass time of 21:00. There were MODIS fire points 
for Aqua but not for Terra; therefore the observation taken by the observer at 18:00 would be 
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classified as “no detect”, the 21:00 observation would be a “detect”, and all others would be 
“other better”. 

 
Choosing the most appropriate MODIS overpass for the observation was at times challenging. 
Fire behavior can change in a matter of seconds and that potential for change increases with 
time. In instances where an observation was in between overpasses (ex. Overpasses at 19:09 and 
20:46, Observation at 19:50) the time difference between the overpass and observation were 
determined (-41 and 56 minutes, respectively). Fire observers are trained to take observations 
when fire behavior changes; therefore overpasses that occur after the observation are more likely 
to be representing the behavior noted in the observation. In the example given above, although 
the first overpass is closer in time, the second overpass is more likely to be representing the fire 
behavior at the time of the observation. With this concept of fire observer selection in mind, 
different time classes were created (Table 2) and assigned to each observation.   

 
Matching fire observations to FRP 
In an effort to understand the relationship between FRP and fire intensity, the “detected” 
observations were compared to the corresponding FRP value. This was a straight forward match 
for many of the fire observations since there was only one MODIS fire point near the observation 
in space and time. There were, however, observations that had multiple MODIS fire points 
around them, necessitating the development of a strategy for assigning the most likely FRP value 
for that observation. Of the fire points that were close in both space and time, the FRP point that 
was highest was chosen for comparison because I was interested in whether higher fire intensity 
is represented by the high FRP.  
 
Statistics 
Several statistical tests were performed using SigmaPlot 11.0 to determine the relationships 
between “detect” and “no detect” observations, map the probability of detection for a variety of 
categories in each variable, and identify the influence that certain variables have on detection. 
All variables were first tested for normality using the Shaparo-Wilk test. No variables were 
found to be normally distributed, and attempts to normalize the data using log 10, ln, 
exponential, reciprocal, square, center, and standardized transformations were unsuccessful. The 
failure to normalize the data may be due to the high proportion of all observations in the lower 
range of most variables. For variables with a limited number of possible responses (canopy 
cover, fire movement, and fire activity) a slight imbalance in values may have prevented the data 
from being normal.   

 
Each statistical test was performed on both the entire set of observations, and on individual and 
selected groups of time classes. This was done to identify any difference in results for time 
classes, the presence of which may indicate the appropriateness of using certain time classes for 
analysis.  

 
The “detect” and “no detect” observations were compared using the Mann-Whitney Rank Sum 
Test to identify variables were significantly (P≤0.05) different between the two groups., The 
percentage of “detect” and “no detect” for certain categories in each variable were then 
compared in order to understand the conditions for which fire detection using MODIS is most 
likely to detect fire. This was done by taking a variable and separating out each category then 
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counting the number of observations for “detect” and “no detect”. Chi-squared (χ2) was 
calculated for each variable and when appropriate regressions were calculated using the mean 
value for each category.  

 
To identify variables that most consistently and significantly (P ≤0.05) influenced fire detection 
by MODIS, I used multiple logistic regression with both backward selection and forward 
selection. These variables can then be used to determine what proportion of “detect” and “no 
detect” they were able to predict. This will reveal if there are other variables influencing the 
detection of fire besides those used in the model (such as variables that were either not collected 
or not significant enough to be included). Many of the variables used in the models were found 
to be correlated with each other (e.g. flame length, ROS, and fire activity) so interaction terms 
were added where appropriate.   

 
To calculate the correlation of FRP to other variables, I used the Spearman Rank Order 
Correlation. This nonparametric test allows for the comparison of data that are not normally 
distributed or linearly related. FRP was compared to flame length, area burning, area*FL, ROS, 
fire movement, and fire activity to determine the influence that each of these variables has on the 
value of FRP. Each of these variables was also plotted against FRP to facilitate visual 
comparison; perfect agreement would appear as a 1:1 line. 

 
 

Case studies of fires expected to be but not detected 
 
Several fires with on-the-ground observations of very actively burning fires viewed at low zenith 
angles were not detected using MODIS. Variables that may have influenced this lack of 
detection that were not accounted for in the active-fire observations are missing data, clouds, or 
smoke over the fire. I assessed the influence of these variables using data products ordered from 
LPDAAC using the WIST website (https://wist.echo.nasa.gov/api/). The land surface 
temperature daily LB Global 1 km V005 (MOD11A1, MYD11A1) was used to observe missing 
data over the fire area, and the surface reflectance daily L2G Global 1 km sin grid V005 
(MOD09GA, MYD09GA) was used to determine the presence of cloud or smoke over the fire. 
After the images were ordered for the date and geographic location of on-the-ground 
observations, the MODIS reprojection tool was used to select the desired bands in each image 
(Emis 31 and Bands 1 to 4), convert each image into a GEOtiff, select out the fire area, and 
reproject it into a common projection. Using the four bands retrieved from the surface 
reflectance images, a true (Bands 1, 4, and 3) and false (2, 1, and 4) color composite were 
generated in ArcGIS 9.3 for visual assessment of both cloud and smoke. The location of the 
observations was then overlain on these images to determine if missing data, cloud, or smoke 
may have caused the observation to not be detected. 
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RESULTS 
 
Fire observations 
 
Of the 100 groups of wildland firefighters that were asked to participate, 32 groups (32%) 
returned observations. In total, 405 observations were recorded with 265 remaining after the 
removal of invalid entries and those observations classed as “other better”. Fire observations 
were taken in 13 states: Arizona, California, Colorado, Florida, Idaho, Montana, Nevada, New 
Mexico, Oregon, Texas, Utah, Washington, and Wyoming (Figure 2), with 23 different 
ecoregions represented. Of all observations, 32 (12%) occurred in grasslands, 39 (15%) in 
shrublands, and 194 (73%) in forests.  

 
 
Variables that are significantly different between “detect” and “no detect” 
 
Of 265 observations, 91 (34%) were classified as “detect” and 174 (66%) were classified as “no 
detect”. In order to understand of the effects of different variables on the detection of fire by 
MODIS, I looked at the relationship between variables for “detect” and “no detect” observations 
using the Mann-Whitney Rank Sum Test. Observations were compared using selected groups of 
time classes as there were too few observations in individual time classes for individual analyses. 
(Table 3). None of the variables differed significantly for fire behavior observations taken after 
the nearest MODIS overpass (≥-1:30 to -0:01). For all other groups of time classes, sensor zenith 
angle differed significantly between “detect” and “no detect”, with flame length, ROS, and fire 
activity as significant in most groups, and area*FL and area burning as significant in some 
cases. Although the time classes 1 and 2 (≥-1:30 to -0:01) did not produce significant differences 
when tested separately, they do appear to hinder and in some cases contribute when they are 
assessed with the addition of other time classes (Table 3).  

  
 

Proportion of detection for different categories in each variable 
 
The variables found to be significant in the above analyses also exhibited predicted trends as the 
values of the variables changed (Figure 1). Variables that had the most significant change in 
detection as the values changed were fire activity (χ2 test, p = 0.012), sensor zenith angle (χ2 test, 
p = 0.002), ROS (χ2 test, p = 0.12), and flame length (χ2 test, p = 0.12). For fire activity, detection 
ranged from 5% for creeping fires to 56% for torching fires. Detection with the variable sensor 
zenith angle ranged from 12% for 60 to 70o from nadir to 56% for 0 to 10o from nadir. 
 
To assess the proportion of fires detected under ideal observation conditions, sensor zenith angle 
and fire activity (the most reliable variables) were used to organize the data. Observations that 
had the lowest sensor zenith angle and the highest fire activity were assessed to see at what 
values MODIS has the highest proportion of detection. At a sensor zenith angle of 0 to 20˚ and 
fire activity of torching and greater, MODIS was able to detect 66% of the observed fires (Figure 
3). Other combinations with a sensor zenith angle from 0-10˚ and 0-20˚, and fire activity of 
surface or greater, were detected an average of 55% of the time.    
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Variables that explain “detect” or “no detect” 
 
Each of the time class groups were tested using multiple logistic regression to assess the changes 
in significant variables and overall model performance (Table 3).  For each group, several 
models were developed that had significant variables, and one model for each group was chosen 
based on the ability of the variables to predict detection or no detection and the number of 
variables used in the model. The better the model is at predicting “detect” and “no detect”, the 
more influential the variables used in the model are in detection by MODIS. Each model 
provided the Actual “detect” and “no detect” and the Predicted “detect” and “no detect”. In a 
model where the variables explain all detection and no detection, the Predicted would equal 
Actual (Table 4), but since all models had at least some other variables influencing detection, the 
models with the highest proportion Predicted were favored. The percentages shown here (Table 
5) should not be confused with the likelihood that MODIS will detect a fire; they are simply used 
to determine which variables are most influential in the detection of fire by MODIS. Using time 
classes three through five (0:00 to ≥+1:30) produced the best combination of predicted “detect” 
and predicted “no detect” (Table 5). 
 
Sensor zenith angle and fire activity were the most influential variables in fire detection by 
MODIS (Table 5). Other variables that were found to be significant in some models but may not 
have produced the best model for a group of time classes are area burning, area*FL, ROS, and 
flame length. 
 
 
The relationship of FRP to active-fire observations 
 
Using Spearman’s Rank Order, six fire behavior variables were assessed for a relationship to 
FRP (flame length, area burning, area*FL, ROS, fire movement, and fire activity). Although 
flame length was significantly correlated with the value of FRP (P = 0.031), the R2 was 0.14. 
None of the variables were close to a 1:1 relationship, and all of the R2 values were less than 
0.14.   

 
 

Case studies of fires expected to be but not detected 
 
I examined all of the actively burning fires with on-the-ground observations that were not 
detected by MODIS under ideal sensor zenith angle (0 to 10˚) and fire activity (surface and 
greater) to determine the influence of missing data, cloud, and smoke on fire detection. Of the 12 
fires I examined, five observations were directly obscured by cloud with the possible 
contribution of smoke (one of these also had missing data) (Figure 5). Three had clouds near the 
observation that may have impeded detection, and four (one third of those I examined) had no 
missing data and no visible obstructions. Of the four that were not obstructed, two had no 
difference in time between observation and overpass and two had observations that occurred 
after the nearest overpass.  The recorded notes for one of the observations indicates that it was 
taken on a portion of a wildfire that was intentionally ignited as part of the suppression strategy; 
this ignition took place after the MODIS overpass suggesting that there was not similar fire 
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activity at that location before the time of observation. The presence of a time difference does 
not in itself explain the detection of fires since there are many instances where fire behavior 
remains similar over time.  It is possible, however, to see a shift in fire behavior with any 
difference in time.  
 
 
DISCUSSION 
 
Fire observations  
 
Overall, I was pleased with the rate of return and the quality of observations produced by fire 
fighters. Many fire fighters expressed appreciation for being included in the study and all were 
interested in the results produced. Although this is a means of data collection that should be used 
sparingly so as not to interfere with the primary duties of the fire fighters,  we found them to be 
enthusiastic and interested in the scientific process and willing to do similar observations in the 
future. It is very important that the research be coordinated with fire personnel well in advance 
and with the help of a liaison very knowledgeable of fire fighting and fire management (Lentile 
et al. 2007). Because I am a fire fighter with 7 years of experience, I may have been more 
successful in getting fire fighters to take observations.  
 
Although the 20% expected and the 32% of actual return may appear relatively low, there are 
several reasons that we anticipated and planned for these numbers, and some possible options for 
increasing the rate of return in future studies. One of the main advantages of using fire fighters to 
take observations (namely their location on wildland fires) can also become a disadvantage 
because observations are secondary to their primary assignments on the fires. Assignments on 
fires vary in their difficulty and need for the devotion of all resources. Many crews found 
themselves too consumed with their primary duties to take observations. Sometimes, the crews 
were not in the locations to take active-fire observations (for example if they were preparing 
areas in advance of the fire or working in areas where the fire had already burned). Regardless of 
the assignment that a crew is on, the logistics of running an effective team of fire fighters can be 
very demanding and may have caused some groups to set the observations aside. Although these 
factors are hard to avoid, the rate of return on the observations may have been improved if crews 
were reminded directly before the start of the season and mid-season. This would not remove the 
extraneous circumstances of their assignments on fires, but it would reduce the loss from simply 
leaving the observation booklet behind.  
   
 
Variables influencing fire detection using MODIS 
 
As expected, MODIS overpasses that occur at the same time or after an observation are more 
likely to pick up the observed fire behavior.  This was supported by the results from the Mann-
Whitney Rank Sum test (Table 3) as well as the multiple logistic regression (Table 4).  Overall, 
sensor zenith angle and fire activity were the most reliable variables, with area burning, flame 
length, and ROS also important in determining whether or not a fire was detected by MODIS. 
Some of the variables used in this analysis performed as expected, while others did not. 
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Sensor zenith angle 
As sensor zenith angle increased, the detection rate decreases from 56% at 0 to 10 o, to 12% at 60 
to 70 o (χ2 test, p=0.002). This is consistent with the findings by Kaufman et al. (1998), Giglio et 
al.(1999), Morisette et al.(2005b) and Schroder et al.(2005). This decrease in detection is related 
to the increased pixel size at larger scan angles which reduces the fire size relative to the pixel 
size (Giglio et al.1999). This variable was found to be statistically different between “detect” and 
“no detect” for almost all groups of time classes, and was always a significant variable in the best 
model for predicting detection 
 
Fire activity 
As fire activity increased from creeping to crowning, the probability of detection increased as I 
expected. The detection rate for a creeping fire was 5% increasing to 56% for torching (χ2 test, p 

= 0.012). The percentage of detection leveled off after torching indicating that there is a less 
noticeable difference in fire detection between torching and crowning. The performance of this 
variable may be attributed to the ease with which fire observers are able to classify it since it is a 
common measure of fire behavior. This variable is well suited to observe general fire behavior as 
opposed to the spikes in fire activity that are observed by flame length which essentially is a finer 
resolution, continuous measure of the fire activity. This becomes very important when the timing 
of the MODIS over-pass is not coincident with the fire behavior observation on-the-ground, 
where although a fire had occasional bursts of high intensity, the general fire behavior was better 
described as a “surface” fire rather than a “torching” fire. Fire activity was also consistently 
different between “detect” and “no detect” and contributed to most of the best models for 
predicting detection.  

 
Area burning 
I expected high variability in this variable between observations because of the difficulty in 
ocularly estimating area. My hope was to capture the relative area on the ground which I believe 
was accomplished by placing the data collected into broad classes. Observations with 0.1 to 5 m2 
of active flaming were detected 25% of the time, compared to observations with 100000+ m2 
which had a 48% detection rate (χ2 test, p = 0.37). These results are consistent with previous 
studies which indicate that larger fires (as represented by the number of fire pixels in the 
reference image) have a much higher detection rate (Morisette et al. 2005a, b, Csiszar et al. 
2006, Hawbaker et al. 2008, Schroeder et al. 2008). Area burning for “detect” and “no detect” 
was only found to be statistically significant for time classes three through five (0:00 to ≥+1:30) 
and did not contribute to any of the best models, although it was a significant variable in many 
models that were not selected as the best predictors of fire detection.  

 
Flame length 
As expected, fires were more likely to be detected at high flame lengths. The detection rate for 
fires with flame lengths of 0 to 5 m was 25%, it was as high as 77% for 20.1 to 30 m flame 
lengths, but was 42% for flame lengths of 30.1+ m (χ2 test, p = 0.12). The reduced performance 
of this variable compared to others may have been caused by differences between observers, but 
it is more likely due to the rapidly changing nature of fire which provided for a shift in flame 
length between the time the fire was observed and the time of MODIS overpass. Flame length 
contributed to several models and was statistically different between “detect” and “no detect” for 
most groups of time classes. 
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Rate of spread 
Although it cannot be detected with one observation at a single point in time, a higher ROS is 
typically associated with higher fire intensity. This variable may have been challenging to 
measure by the fire observers depending on the distance from the fire, vegetation the fire is 
burning in, and the observer experience. A ROS of 0.1 to 1 ch/hr was detected 29% of the time, 
while fires with ROS of >40ch/hr were detected up to 63% (χ2 test, p = 0.12). This variable was 
found to be significantly different for “detect” and “no detect” for most of the time class groups, 
but as with area burning was only significant in models that were not selected as the best 
predictors of fire detection.  

 
Area*flame length 
This variable was created to represent the energy that is being released from fire by multiplying 
area burning by flame length.  It was significantly different for several time class groups, and 
was also a significant variable in several of the best models. There was a large amount of 
variability in proportion of “detect” and “no detect” between classes which produced an 
insignificant χ2 with p = 0.34.  

 
Other variables 
There were several variables that did not perform as well as initially expected. Smith et al. 
(2005) were able to distinguish between head fires and back fires using FRP in African 
grasslands. We failed to do so, perhaps because of the diversity of vegetation types and variation 
in intensity for head fires in the grasslands, shrublands, and forests sampled in this study. Canopy 
Cover did not affect detection of fires as expected, but the observations may not have fully 
represented the many combinations of canopy cover and fire behavior possible. Schroeder et al. 
(2008) suggested that detecting understory fires may be more difficult with a mid-near infrared 
detection algorithm. In open stands, however, fires tend to burn in a long straight line with 
limited flaming front depth, generating less contrast to surrounding pixels making detection more 
difficult. Detection did not vary with ecoregion class which may also be attributed to the 
characteristics of the fires that burns in grasslands and shrublands (i.e. burning in a long straight 
line). Again, additional observations looking specifically at the cover type would be needed to 
draw any definite conclusions. The presence of other fire was also not found to significantly 
contribute to detection by MODIS.  

 
 

The relationship of FRP to active-fire observations 
By using the middle infrared region of the electromagnetic spectrum, FRP has been used 
successfully to gather information on the combustion process (Lentile et al.2006). Wooster and 
Zhang (2004) found that the fires in Russia emitted considerably less energy than those in North 
America; Smith and Wooster (2005) observed an order of magnitude difference between the FRP 
of heading fires versus backing fires in African savannas.  FRP has also been found to be related 
to the total amount of fuel combusted (Kaufman et al.1998; Wooster et al.2003; Roberts et al. 
2005; Wooster et al. 2005). Despite these findings, this study was not able to demonstrate a 
relationship between any of the in-situ fire behavior observations and FRP. The variety of 
vegetation types sampled may have contributed to the lack of relationship since there may be 
differences in the energy released between vegetations types with similar fire behavior 
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characteristics. More analysis specifically evaluating the performance of FRP should be 
conducted to better understand its relationship to different fire intensity levels in different 
vegetation types.    
 
 
Case studies of fires expected to be but not detected 
 
Of the 12 fires assessed for missing data, cloud, and smoke, eight (66%) were likely obscured by 
cloud or smoke. The influence of these two variables on the detection of fire by MODIS has been 
previously observed (Kaufman et al. 1998, Hawbaker et al. 2008, Schroeder et al. 2008, Csiszar 
et al. 2006). Missing data can also impede detection (Schroeder et al. 2008) but was only present 
over one of the 12 observations (an observation that was also obscured by smoke). Of the four 
non-obstructed observations, a change in fire behavior between the time of observation and the 
time of overpass may have accounted for the lack of detection. Sunglint may also have been a 
contributing factor (Kaufman et al. 1998, Schroeder et al. 2008) 
 
Although this is only a small subset of the fire observations that were not detected, this analysis 
helps characterize additional variables that influence fire detection. The spatial and temporal 
variability of the fire observations would make analysis of every point logistically difficult, but 
would be a useful step to fully understanding the influence of missing data, cloud, and smoke 
over all observations. Future work will look specifically at the influence of these variables on 
detection. 

 
 

Limitations 
 
The information presented here is useful for better understanding the variables that influence fire 
detection with MODIS imagery and to get an idea of the likelihood of detection under certain 
conditions. Although the percent of “no detect” I observed will likely vary with geographic 
location or additional active fire observations, I feel confident that the variables presented here 
have a large influence on the active fire detection of MODIS.  

  
Using data from multiple observers with varying experience levels is one limitation to this 
method of data collection. Further, the time between observation and MODIS overpass may be 
considered a limitation to this study. Because fire behavior can change from minute to minute 
and hour to hour, lack of detection could result from even minor differences in time of 
observation and image acquisition. Although we could have predetermined the exact overpass 
time for different locations across the country it was not possible to dictate when observations 
would be taken. We also felt that by limiting the observations times, we might discourage the 
collection of some observations, and possibly limit the ability of these data to be used in other 
forms of analysis.  

 
There may be some instances where the fire observations were mis-classified into “detect” or “no 
detect”. Mis-classifying into “detect” may have occurred if there was other significant activity 
within 3 km that was the actual contributor to MODIS detection. In general, however, fire 
fighting forces are placed where fires are actively burning, and if other activity is taking place 
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nearby, it is likely experiencing similar fire conditions. Mis-classifying “no-detect” may occur 
more commonly, and can be caused by location accuracy of Global Positioning System units and 
MODIS, especially at larger view angles (Wolfe et al. 2002).  

 
If fire is detected, there may be more fire contributing to that detection than is noted in the 
observation, which may lead to detection of apparently lower intensity fires. Observers were 
asked to make note of other fire activity that might be occurring within 1 km of the observation, 
and although this variable was not found to be related to detection, there may be instances where 
it was a contributor.  

 
Observations were primarily taken in the western US during summer. I was not able to draw 
solid conclusions about the performance of the MODIS active fire product between the West, 
Great Plains, and the East as done by Hawbaker et al. (2008). A comparison between 
observations taken in different ecoregions may be possible with this approach to data collection, 
but more observations would need to be gathered to fully represent selected ecoregions.  
 
 
Implications 
 
Using fire fighters to make fire behavior observations on actively burning wildfires has given us 
data that is not easily obtained otherwise. Fire behavior and effects data from actively burning 
fires has been collected on prescribed fires and by research scientists on actively burning 
wildfires (Lentile et al. 2007). The former are valuable but limited to a few fires, and the latter 
are limited to locations and conditions where prescribed fires occur. Here, fire behavior 
observations were obtained from a wide variety of burning conditions on actively burning 
wildfires.      
Fire managers that choose to use MODIS as an active fire observation tool will now have a better 
understanding of its strengths and limitations.  Although they may not be able to pin-point the 
level of fire activity, the presence of an active fire pixel (or pixels) may indicate a certain level of 
fire activity since detections rates increase proportionally with this variable (torching fires 
detected 56% of the time). MODIS will be less useful for detecting actively burning fires when 
the overpass is predicted to have a high sensor zenith angle (http://www-
air.larc.nasa.gov/tools/predict.htm) or the fire area is covered by clouds.    

 
Even under the best conditions, 34% of all fires may not be detected using MODIS. Although the 
observed fires may account for the majority of biomass burning (Kaufman et al. 1998b) 
adjustments may still need to be made to the global active fire estimates, so they are more 
representative of actual fire occurrence.  
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Table 1.  Validation results for the MODIS active fire product 
Author/Date Description  Finding
Giglio et al. (2003) - Simulated fire scenes  

- 10 different biomes 
- Various fire sizes 

- Across all biomes, identified the 
smallest fire size to be detected 50% of 
the time: for flaming fire  ~100m2  
for smoldering fire 10 to 20 times larger

Cardosa et al. (2005) - Study area: Brazilian Amazon 
- Compared visual ground observation of 

fire and no-fire to AVHRR and MODIS 

- Omission errors higher than 
commission errors 

- Fire products are limited in their ability 
to represent fire activity 

- Interpretation of these products can be 
improved with ground-based analysis

Morisette et al. (2005a) - Study area: Southern Africa 
- Validation of MODIS with ASTER 

- A cluster of 25 to 34 ASTER fire pixels 
needed for 50% probability of MODIS 
detection

Morisette et al. (2005b) - Study area: Brazilian Amazon 
- Validation of two detection algorithms 

of MODIS with ASTER

- 0.01% commission  
- 47+ ASTER pixels 

Csiszar et al. (2006) - Study area: Northern Eurasia  
- Validation of MODIS with ASTER

- 0.002% commission  
- ~60 ASTER pixels 

Hawbaker et al. (2008) - Study area: United States 
- MODIS fire detections compared to 

reference fires ≥ 18 ha 
- Fire size, confidence of MODIS, cloud 

over, and region were looked at as 
possible reasons for detection or no 
detection 

- 82% of the reference fires were detected 
- More cloud over fires that were not 

detected 
- Fire detection increased with fire size 
- Better detection rates in the western US 

Schroeder et al. (2008) - Study area: Brazilian Amazon 
- Validation of MODIS and GEOS with 

primarily ASTER and Landsat ETM+ 
- Identify options for reducing 

commission errors of MODIS and 
GEOS 

- 75% of fires samples omitted by the 
instantaneous product 

- 35% commission errors over areas of 
active deforestation 
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Table 2: Variables and classes used for analysis.  Area burning refers to the area on the ground that contains flame. Time difference refers to the time 
between a MODIS overpass and an active fire observations (“+” means the observation was taken before the overpass, “-” means the overpass 
occurred before the observation). ROS (rate of spread) is how fast the fire is moving at a given time. Flame length is measured from the base of the 
flame to the tip. Area burning is the amount of area on the ground that is actively flaming. Area * FL (flame length) is a metric designed to represent 
a relieve activity level using a combination of area burning and flame length. Fire activity classes are broad groups used to define the behavior of the 
fire. Fire movement classes are used to define the way the fire is spreading.   
 

Time class  ROS   Flame Length  Area burning   Area*FL  Fire Activity  Fire Movement  

Hrs:Min  Chains/hr  Meters  Meters2  Meters3  Creeping (Cr)  1  Back   1 

≥‐1:30  1  0.1 to 1  1  0.01 to 0.5  1  0.1 to 5  1  25  1  Cr/S  2  Back/Flank  2 

‐0:01 to ‐1:29  2  1.1 to 2  2  0.51 to 1  2  5.1 to 15  2  100  2  Surface (S)  3  Flank  3 

0:00  3  2.1 to 5  3  1.1 to 2  3  15.1 to 50  3  350  3  S/T   4  B/F/H  4 

0:01 to 1:29  4  5.1 to 10  4  2.1 to 4  4  50.1 to 300  4  800  4  Torching (T)  5  Flank/Head  5 

≥1:30  5  10.1 to 20  5  4.1 to 10  5  300.1 ‐ 4000  5  1500  5  T/C  6  Head  6 

    20.1 to 40  6  10.1 to 20  6  4001 to 1000  6  4000  6  Crowning (C)  7     

    40.1 +  7  20.1 to 30  7  1001 to 40000  7  9000  7         

        30.1+  8  40001 to 100000  8  14000  8         

            100001 +  9  30000  9         

                42000  10         

                130000  11         

                        450000 +  12            
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Table 3: Explanatory power of variables based upon Mann-Whitney Rank Sum test. Shaded p-values are <0.05. Significance here indicates a 
difference between “detect” and “no detect” observations.  Observations in all time classes were compared, as well as different combinations of time 
classes to determine the appropriateness of using all time classes in analysis.   
 

 
Sensor 

Zenith Angle 
Flame 
Length 

Area 
Burning

Area*FL ROS Canopy Fire 
Movement 

Fire 
Activity

Other 
Fire

Ecosystem 
Class

≥‐1:30 to ‐0:01  0.081  0.118  0.789 0.957 0.41 0.391 0.897 0.249 0.359 0.074
≥‐1:30 to 0:00  0.007  0.116  0.149 0.065 0.073 0.746 0.642 0.081 0.854 0.994
≥‐1:30 to +1:29  <0.001  0.012  0.156 0.048 0.017 0.3 0.299 0.002 0.539 0.351
‐1:29 to +1:29  <0.001  0.018  0.162 0.058 0.04 0.19 0.493 0.006 0.849 0.364
‐1:29 to ≥+1:30  <0.001  0.002  0.1  0.013 0.007 0.212 0.33 0.002 0.584 0.546
0:00 to ≥+1:30  0.001  0.002  0.047 0.006 0.003 0.358 0.118 <0.001 0.637 0.668
0:01 to ≥+1:30  0.002  0.005  0.348 0.087 0.015 0.272 0.249 0.001 0.781 0.505
All  <0.001  0.002  0.105 0.012 0.003 0.313 0.245 <0.001 0.924 0.626

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



22 
 
Table 4: This is the model chosen for time classes 3-5 (0:00 to ≥+1:30).  If the variables in the model were perfect predictors of the detection of 
MODIS, the two highlighted boxes would equal the total Actual “detect” and “no detect”. The variables in the model with the highest proportion in 
the highlighted boxes were considered good predictors of detection by MODIS.  

 
Predicted 
“no detect” 

Predicted 
“detect”

Totals

Actual “no detect”  117  16  133
Actual “detect”  28  26  54
Totals  145  42  187

 
 
Table 5: Each group of time classes was analyzed to identify the variables that most influenced the detection of fire by MODIS. For each group of 
time class, the best model was selected based on the ability of the variables to predict detection.  Time classes 3-5 (0:00 to ≥+1:30) had the highest 
predicted “detect” and “no detect”.  The percentage that the model was not able to predict indicates that other variables not accounted for in the 
model were influencing detection, these variables may be those that were either not found to be significant enough to be included, or variables that 
were not collected in this study.  
 
 

Time Class 

Ability of variables to predict detection P value of variables in the model
% Predicted from Actual 

"detect" 
% Predicted from Actual "no 

detect"
Sensor Zenith 

Angle 
Fire 

Activity
Area*FL Flame 

Length

≥‐1:30 to ‐0:01  No model with significant variables
≥‐1:30 to 0:00  68.8  43.1 0.007       
≥‐1:30 to +1:29  57.5  76.9 <0.001  <0.001  0.007   
‐1:29 to +1:29  47.6  78 <0.001  0.01     
‐1:29 to ≥+1:30  52.6  77.7 <0.001  0.002 0.006  
0:00 to ≥+1:30  48.1  88 <0.001  0.01  0.001   
0:01 to ≥+1:30  55  80.3 0.02  0.008    0.019 
All  55.7  75.3 <0.001  <0.001  0.002   
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Figure 2: Points represent the locations of the active fire observations taken by fire fighters. 
 

 
 
Figure 3: The percent detection for observations with the different combinations of values for sensor view 
angle and fire activity. The darkest color indicates the values of sensor zenith and fire activity where 
observations were detected 60 to 70 % of the time, decreasing to white which are observations that were 
detected 30 to 40% of the time.  
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Figure 4: NIR image of the Barker fire on 8/20/2008.  The star is the location of the active fire observation; 
clouds are shown in white.  The cloud over the fire is likely to have caused the fire activity observed on the 
ground to be missed by MODIS.  
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APPENDIX A 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Welcome to… 
 
 
 
 
 
 
 
 
 
 
 
 

Remote Sensing of Wildland Fire Behavior and 
Effects: comparing MODIS and the Hazard 

Mapping System (HMS) to on-the-ground fire 
observations 

 
 

Thank you for participating! 
 

Please read on to learn what this is all about and 
how to take your observations 

 
Project support comes from the University of 

Idaho’s fire research program   
http://www.cnr.uidaho.edu/fwp/ 

 
and from FRAMES 

http://frames.nbii.gov/ 

 
Brief overview of the project                                               
- There are pictures being taken of the earth all the time 

from various satellites 
- We want to see how good one of these satellites is at 

taking pictures of active fires.  
- To do this we will compare the pictures from the satellite 

to real observations of fire that you will take.  
- If the information the satellite generates matches up with 

the ground observations you have taken, perhaps we can 
monitor fires with satellites.   

 
Here is a more detailed description 

Motivation: Using remote sensing to observe fires is very 
exciting.  The beauty of remote sensing is that, when 
validated by on-the-ground observations, it can be used 
to get consistent information over large areas with 
relative ease.   

           
      Observing fires using remote sensing is a growing area of 

interest since there are about 124 million acres burned 
annually around the world (see figure below) 

 
As you can imagine, all this fire impacts vegetation structure, 
carbon emissions and other things people care about.  

1 

http://www.universetoday.com/am/publish/online_map_forest_fires.html
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Brain Teasers! (answers on page 10) 

1. What gets wetter and wetter the more it dries? 
2. You throw away the outside and cook the inside. Then 

you eat the outside and throw away the inside. What did 
you eat? 

3. What goes up and down the stairs without moving? 
4. What can you catch but not throw? 
5. I'm where yesterday follows today, and tomorrow's 

in the middle. What am I? 
6. What goes around the world but stays in a corner? 
7. Give me food, and I will live; give me water, and I will 

die. What am I? 
8. The man who invented it doesn't want it. The man who 

bought it doesn't need it. The man who needs it doesn't 
know it. What is it? 

9. Throw it off the highest building, and I'll not break. But 
put me in the ocean, and I will. What am I? 

10. What can run but never walks, has a mouth but never 
talks, has a head but never weeps, has a bed but never 
sleeps? 

11. No sooner spoken than broken. What is it? 
12. I'm the part of the bird that's not in the sky. I can swim in 

the ocean and yet remain dry. What am I? 
13. I am mother and father, but never birth or nurse. I'm 

rarely still, but I never wander. What am I? 
14. I went into the woods and got it. I sat down to seek it. I 

brought it home with me because I couldn't find it. What 
is it? 

15. I am weightless, but you can see me. Put me in a bucket, 
and I'll make it lighter. What am I? 

16. I'm light as a feather, yet the strongest man can't 
hold me for much more than a minute. What am I? 

17. I am the black child of a white father, a wingless bird, 
flying even to the clouds of heaven. I give birth to tears 
of mourning in pupils that meet me, even though there is 
no cause for grief, and at once on my birth I am dissolved 
into air. What am I? 
 

       

     
 
 

 
Why I need your help? You are the resources on the 

ground that see the fire activity and interact with the 
fuels.  Observing fire behavior is something that 
happens constantly when you are on the fireline or 
serving as a lookout; I am asking you to document these 
changes in fire behavior so that I can also know.   

University of Idaho: The University is a leader in Fire 
Ecology, Management and Technology.  There are 
many faculty and students involved in research related 
to fire at this time and we are in the process of hiring a 
new faculty member to teach fire behavior, combustion 
and fuels for the nation’s first B.S. in Fire Science.  UofI 
also teaches courses via Internet and workshops to help 
people meet GS-401 qualifications.  
http://401series.net/.   

Heather’s personal history:                                                 
Hometown: Born in a shack in Port Angeles, WA.   
Education: In May of 2006, I graduated from the UofI with 

a Bachelors of Science (B.S.) in Natural Resources 
Ecology and a minor in Fire Ecology and Management.    

          I am currently working on my Masters of Science at 
the UofI in the Forest Resources Department and will be 
finished in the spring of 2009.  

Work Experience: 
2002 – Engine in Port Angeles, WA (not many fires in a 
temperate rain forest) 
2003 and 2004 – type 1.5 hand crew in Entiat, WA          

      2005 -  Calaveras FUM hooked me into fire use  
      2006 – Krassel heli-rappel crew on the Payette NF 
      2007 to Present– Bandelier FUM 
Interests: I love to sing and sew and usually have an 

embroidery kit with me on fires. As some of you know, 
I also love cake.  Carrot cake with cream cheese 
frosting, Yum! 

5 
6
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How to Take Active Fire Observations 
Please take these observations Any time of day or 

night  on Any Fire You See, WFU, RX, AMR, 
suppression etc.  

 
Fire name: If there are multiple fires, just be as 

specific as possible  
State and closest town: This was a problem that I did not 

foresee last summer; a general idea of where you are will 
really help.  

Distance from fire: To get an idea of how you are seeing 
the fire 

Aspect: This in important since there could be situations 
when the satellite is looking at the fire from an angle and 
it gets blocked by the hill side.  

Time: Previously we were only looking at MODIS, now we 
are going to be using these observations for several 
satellites that look at the earth at various times so take 
observation at Any time of the day or night  

 
Fire Location: Please set your GPS to NAD 83, if you can’t 

do this, please note what datum your GPS is in.  
       Lat, Long is best, if not just let me know what you used. 
 
Flame length: Measured along the slant of the flame from 

the midpoint of its base to the tip  

 
Size of flaming area (acres or ft2): How much area is 

actively flaming? This is important because we want to 
know how much energy the fire is emitting.   

- Which of these fires is putting out more energy?  They 
may have the same flame length, but one is putting out a 
lot more energy and will therefore be seen differently by 
the satellite.  

 
 
 
 
 

 
Ex:  If you are burning, and you have 3 lighters 10 feet 
apart and they go 5 chains, the answer to this question is 
30ft X 5 Ch.  

 
% Canopy Cover and Type: Again, pretend that you are a 

satellite looking down at the earth.  If there is fire on the 
ground and the satellites can’t see it, it would be good to 
know at what points the canopy is too thick to see certain 
flame lengths. The species of tree may also have 
something to do with it but we will just have to see! Take 
a picture, it will help me.  

- If you aren’t right next to the fire, make an educated guess 
and try to take a representative picture in similar fuels 

Use the following examples to help you estimate % cover.  
 

 
 
 
 
 

10%               25%                50%                75% 
 

http://www.ffp.csiro.au/nfm/fbm/index.html 
7 8

Estimate size 
of flaming 

area 
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Rate of Spread: If you are in a location where you can 
physically measure this, do so.  If you are too far away, or 
you don’t have time to take the measurement, just make 
your best educated guess.  We are trying to get a better 
idea of how the fire is behaving. 

 
Primary Fire Carrier: What is taking the fire from one 

place to another? Ex. Pine needles, Duff, logs 
 
Predominant fire movement:  
Head: Fire that is moving with the wind 
Flanking: Fire that is moving perpendicular to the wind 
Backing:  Fire that is moving into the wind 
 

If it is Fluctuating put two with a slash and describe it in 
the notes 
Ex. Head/flank 

 
Predominant Fire activity:  
Creeping: low flame lengths and rate of spread  
Surface: Burning along the surface without significant 

movement to the overstory, with flame lengths usually 
below 1 m 

Torching: Burning mainly as a surface fire that occasionally 
ignites the crowns of the trees and shrubs as it advances.  

Crowning: Moved from the ground to the forest canopy and 
runs from top to top of the trees or shrubs.  

 
Again use “/” if more than one are present    

 
 

 

 
Other activity within 1km: Since all the information 

underneath a MODIS pixel (1km2) is made into one value, 
having more fire activity in that area than is being reported 
in the observation sheets may cause some misleading 
results.  This is important information for quality control.  

 
Comments: Variations in fire activity throughout the time 

of the observations are always good to know.  
*This is the place to give additional information about the 

kind of activity that is taking place outside of the area you 
are observing.  

      - Approximate distance to  other activity 
      -  General activity level of that portion of the fire 
 
   Camera stuff: Make sure your camera has the right time 

and make a note of what time zone it is in.  With this 
information I can use the pictures as a mini observation.   

 
Photo:  I would love as many pictures and videos as you 

want to give me of …(in order of importance) 
1. Active fire 
2. Canopy closure 
3. Fire activity outside of observation area 
4. Pre and post fire (I love time lapses, so if you are in one 

spot for a while that would be great!) 
5. YOU, I would love to see some pictures of you doing 

your job, or even better, taking my observations! 
 

*Answers to Riddles from Page 6* 
 

9 
1.Towel;2.Corn;3.Rug;4.A cold;5.Dictionary;6.Stamp;7.Fire 
8.Coffin;9.Tissue;10.River;11.Silence;12.Shadow;13.Tree; 
14.Splinter;15.Hole;16.Breathe;17.Smoke 

10
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Front 

 
Any time of the day or night  

Use extra lines to make multiple observations throughout the burning period                                         
 from one or a variety of locations.   

Fire name:  
State and closest 
town:  

Current fire size:  Distance from fire:  
Observer:  Date: Aspect 

 
Back 
 

 
Fire location  

(Lat Long in NAD 83) 

Flame 
Length 

(ft) 

Size of 
flaming area 
(acres, ft2, or 

Chains) 
ROS 

(ch/hr)

% Canopy 
Cover and 

Type 

 
Primary 

Fire 
Carrier 

Time1      
 

Time2      
 

Time3      
 

Time4      
 

Active Fire Observations 

Pictures: Take Many Pictures!  Of…ACTIVE burning, Canopy closure, and if your there; before and after 
the fire.  Organize in Folders on Thumb drive.   Make sure time on camera is right or I know how much it’s 
off.  Take pictures of other nearby fire activity 
Camera time zone:     Fire time zone: 

[Head] 
[Flank] 
[Back] 

[Creep] 
[Surface] 

[Torching] 
[Crown] 

Other 
activity 
within 
1KM? 

y/n 

Comments 
Variations in activity (ex. Occasional torching, duration of current flaming 

activity etc.) 
Include information about fire activity outside of your immediate area (distance 

from you, high vs. low intensity, etc.)

Pictures 
(log num

ber) 

     
  
  

from 

to 

     
  
  

from 

to 

     
  
  

from 

to 

     
  
  

from 

to

 
 


