
Using Novel Photogrammetry Approaches to Estimate Surface Fire Fuels in a 
Northern California Oak-Woodland for Improved Fuels Management and Fire Modeling

Traditional Field Measurements (Brown’s Transects): The duff and litter were 
measured via digging into the soil and using a ruler to measure the respective heights
(0 meters and 4 meters along the transect). The dead fuel height was also measured 
using a ruler on either side of the transect at the 4 meter mark. Alongside the litter 
measurement, a gauge was used to measure the fuel sizes, which ranged from 1 hour 
fuels, 10 hour fuels, and 100 hour fuels. These measurements were all used as inputs 
into an equation to determine the amount of surface fuels along the transect.

Photogrammetric Field Measurements: 
1) Pix4D: Using the first 4 meters of the transect, we created an enclosed area for 
photography of the surface fuels. Starting at one end of the area, we took pictures from 
waist height and at every heel-to-toe step allowing for an overall collection of 
approximately 400 pictures along, across, and through the transect as seen in Fig.1. To 
create a 3D image of the 4 meter transect, the software Pix4D was used. 

1m 2m 3m 4m
⇩ ⇩ ⇩ ⇩

Figure 1:

2) Spike: The spike device by IkeGPS is a range laser that attaches to the back of a 
smartphone, tablet or other device. Once the Spike was tested and worked successfully 
for accurate measurements, it was taken to the field to record (capture) the dimensions 
of the surface fuel along a Brown’s Transect from 0 to 4 meters at 1 meter intervals. A 
photo was taken every meter, a total of 4 photos. Given the cylindrical natural shape of 
surface fuel objects, the following equation: V = 𝝿 r2 h was used to find their volume, 
assuming they are perfectly cylindrical.

Empirical Volume: To figure out the volume of the surface fuels, we used a water 
displacement method as the empirical volume. This allows us to obtain the volume as 
one milliliter of water being equivalent to the volume of one cm3.

● Traditional Brown’s Transect 
○ The Brown’s Transect creates a volume estimation that includes measurements 

such as duff, leaf litter, and slope to a natural environment, while the water 
displacement method (empirical volume) simply measures branches. 
Differences between these two methods could have been observed since these 
methods don’t exactly measure the same thing.

○ Due to the way Brown’s estimates volumes, multiple transects had the exact 
same estimate based on the equation. This could have led to the 
underestimation of surface fuels volume. 

● Pix4D
○ The amount of pictures taken were not enough to create a full image, 

specifically the side view pictures did not allow for a full view of the volume.
○ A connection between the amount of pictures and the volume total was found. A 

higher volume was related to higher number of pictures taken. 
○ The underestimated volume from Pix4D can be related to the low number of 

pictures taken. 
○ Pix4D is a program meant to be used with drones that have more precise 

picture taking. Our volumes show that the volume feature of Pix4D is not meant 
for usage with a handheld camera.  

● Spike
○ Discrepancies in volume could have been attributed to photographic surface 

fuel measurements that involved an overlap analysis, an unclear view of 
stacked surface fuels, and an uneven distribution of width sizes along a branch.

○ Spike method’s overestimation in comparison to the empirical volume may have 
rooted from the ability to detect higher amounts of fuels during image analysis 
through longer periods of observation. The conversion of surface fuels from 2D 
photos to 3D assumed models could have contributed to increased  error. 

○ The Brown’s method assumes that branches are equal sizes by putting the fuels 
into bigger categories leading to an overestimation when compared to Spike. 
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The purpose of our project is to test photogrammetry (three-
dimensional reconstruction in a digital form using a camera) to 
quantify ground fire fuels in oak woodlands and compare this 
approach to traditional forestry approaches (Brown's Transects). In 
particular, we test the use of photogrammetry via: 1) a handheld 
camera (Canon EOS 5D Mark IV) and 3D volume estimation with 
the program Pix4D and 2) a Spike laser camera and 2D image 
analysis with the program ImageJ. In addition to these 2 
photogrammetric approaches and Brown's Transects, we also 
empirically measure the true volume of surface fuels using water-
displacement. We hypothesize that while photogrammetry may 
provide estimates of surface fuels, this approach will be less 
accurate than the classic method of using a Brown’s Transect due to 
issues properly classifying surface fuels in photos. 
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Empirical Volume vs. Brown’s Transects 
For 1 Hour, 10 Hour, and 100 Hour Fuel Categories 

Spike (Photogrammetry) vs. Empirical Volume and Brown’s Transects

● The Spike method 
underestimated 
fuels when 
compared to the 
Brown’s transect 
method. 

● The Spike method 
overestimated fuels 
when compared to 
the empirical 
volume. 

● Different estimates of 
volume were found for both 
methods regardless of fuels 
size class.

● Brown’s transects 
underestimate the surface 
fuels volume. 

Pix4D (Photogrammetry) vs. Empirical Volume

RESULTS

Pix4D (Photogrammetry) vs. Brown’s Transects

● Pix4D volume 
underestimated 
fuels compared to 
the empirical 
volume.

● Pix4D calculated 
volume 
underestimated fuels 
compared to the 
Brown’s Transect 
calculated volume.   

Conclusions: While the concept of using these new methods is 
promising, photogrammetric approaches required a lot of time to 
process data. At low fuel amounts, the Spike photogrammetric 
approach performed best, but more field testing is still needed. 


