





Section 4: Results

Section 4.1: Langdon Mountain Burn

The Langdon Mountain prescribed fire was a ~360 ha burn within the Fishlake National
Forest located in central Utah conducted on 7 November 2019. The UAS access to the
Langdon Mountain unit was limited, with the launch area being ~2 km away from the
burn unit. Additionally, there was a limited flight window before the burn due to aerial
ignition operations which persisted throughout much of the burn period. This resulted in
only two flights to be made with the UAS which provided two vertical profiles. We were
unable to sample during the burn, due to the ongoing aerial ignition. The first profile was
flown to ~365 m AGL and the second profile was flown to ~175 m AGL, both profile
ascent rates were made at 2 m s. The soundings, plotted on a Skew-T diagram in Figure
15, show that the UAS and TriSonica weather station can make high-resolution

soundings.

Figure 15. Skew-T logP plot of temperature and dewpoint temperature
from vertical profiles taken with the UAS system prior to the Langdon

Mountain burn
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Above 725 hPa, the profiles were both approximately dry adiabatic. However, the
sounding was able to resolve small-scale structures, such as shallow inversions just above
the surface and super adiabatic layers in both profiles. In Figure 16a, the small-scale
temperature structures are emphasized, the weak inversion at the surface in the sounding

is roughly 10 m deep with a super adiabatic layer above.
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Figure 16. (A) Temperature vs height AGL for profile 1 in red and profile 2 in blue.
Bold profiles indicate 15 second moving average with the semi-transparent profiles
indicating 1 second moving average. (B) Wind speed in solid lines and wind direction in
dot for profile 1 in red and profile 2 in blue.

The super adiabatic layer in both profiles had a lapse rate of approximately 1.5°C per 10
m. Above the super adiabatic layer at ~25 m AGL, was a ~125 m deep isothermal layer,
which was observed in both profiles, was collocated with wind maximum (Figure 16b).
While these “jets” were still weak, they were 2-4 m s greater than the winds above and
below. These profiles demonstrate the utility of a UAS to make high-resolution vertical

atmospheric soundings within the wildland fire environment. Soundings taken close to
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both controlled and wildland fires can provide valuable information about the critical
winds that can influence fire behavior and provide data for various fire-weather indices,
as well as how the smoke will transport and disperse.

Section 4.2: Intercomparison Study:

This section examines tests between the Trisonica and RMY anemometers, in
order to evaluate the performance of the UAS system compared to fixed measurements.
The tests were done with two different setups and goals. First a calm, low-wind
conditions test performed using a 2 m tower in order to test for any systematic biases in
the UAS based measurements caused by rotor wash. The second test case was performed
to evaluate how the UAS system would perform in conditions in which the system would
be replacing tower-based measurements.

Section 4.2.1: Low-Wind Comparison

In this section, the data from when the UAS was flown in a calm wind
environment are examined. This flight was made to test if there are biases caused by the
rotor wash and to test sensitivity of the platform. The time series of the test is shown in
Figure 17. In this low wind speed test, the UAS platform performed exceptionally well
when compared to the RMY. The wind speed and temperature RMSE was 0.34 m s and
0.39°C respectively; these RMSE values are very similar to the RMSEs of 0.32 m s and
0.42°C, when the TriSonica was mounted on the 6.1 m tower. Additionally, the 5-minute

averaged wind speeds were within 0.02 m s of each other.
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Figure 17. (A) Low-wind time series of RMY and UAS wind speed in red and blue

respectively. Bold lines represent 15 second moving average with semi-transparent

representing 1 second moving average. (B) Low wind time series of RMY and UAS
sonic temperature in red and blue respectively with time averaging noted above.

4.2.2: Moderate-Wind Comparison

In this section, two flights will be analyzed against the RMY anemometer, as well
as a comparison from when the TriSonica anemometer was mounted on the tower next to
the RMY anemometer. Wind speed comparisons from both flights are shown in Figure
18. From both flights, there is an overall positive bias of ~0.5 m s in the UAS measured
wind speeds compared to the RMY tower measurements. However, this bias is not
constant, with periods of UAS wind speeds 1 m s less than tower wind speeds in both
flights. When combining the two flights and plotting them against the respective tower

observations, the high bias in the UAS measurements becomes clearer (Figure 18c).
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Figure 18. (A) Flight 1 time series of RMY and UAS wind speed in red and blue,
respectively. Bold lines represent 15 second moving average with semi-transparent
representing 1 second moving average. (B) Flight 2 time series of RMY and UAS wind
speed in red and blue respectively with time averaging noted above. (C) Scatter plot of
UAS wind speed versus RMY wind speeds for both flights in blue dots. Linear regression
and 95% confidence interval in blue line and shading. (D) Scatter plot of tower mounted
Trisonica wind speed versus RMY wind speeds in blue dots. Linear regression and 95%
confidence interval in blue line and shading.

The RMSE from flight 1 (flight 2) was 0.91 m s (1.11ms™), with a combined RMSE of
0.95 m s, Additionally, as seen in Figure 18d, when the anemometers were mounted
next to each other, the TriSonica anemometer had a low bias compared to the RMY

anemometer. The averaged wind speeds from the UAS and RMY for flight 1 and flight 2

were 5.6 mstand 5.4 ms?, and 2.0 m st and 1.39 m s, respectively.
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The time series of sonic temperatures, Figure 19a-c, shows that the TriSonica can
accurately measure temperature compared to the RMY. The RMSE from flight 1 (flight
2) was 0.28°C (0.78°C) and a combined RMSE of 0.47°C (Figure 19c). RMSE of the
TriSonica when mounted on the tower was 0.42°C, comparable to that of the flights.

These errors are well within the anemometer’s temperature accuracy of +2°C.
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Figure 19. (A) Flight 1 time series of RMY and UAS sonic temperature in red and
blue, respectively. Bold lines represent 15 second moving average with semi-
transparent representing 1 second moving average. (B) Flight 2 time series of RMY
and UAS sonic temperature in red and blue respectively with time averaging noted
above. (C) Scatter plot of UAS sonic temperature versus RMY wind speeds for both
flights in blue dots. Linear regression and 95% confidence interval in blue line and
shading.
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Section 5: Discussion

The use of UAS at wildland fires could be an improvement to the instrumentation
currently available for monitoring the fire environment. UAS regulations are constantly
changing, therefore the UAS operations at wildland fires will need to be consistently
evaluated in order to keep up with these changes. However, UAS use at both wildland
and prescribed fires will likely provide valuable information on local fire meteorology.
These data can be used to calculate various fire-weather indices to provide fire behavior
and smoke dispersion guidance. Our platform was able to perform high-resolution
soundings, revealing small scale temperature and wind structures. Such observations may
be missed or smoothed by radiosondes due to their faster ascent rate. Another reason
UAS can be beneficial for observations in the fire environment is the ability to make
multiple vertical profiles quickly reducing costs associated with balloons, sondes, and
helium. UAS based sounding systems may prove to be more cost effective and user
friendly than radiosonde systems for fire weather monitoring and observations. Another
advantage of UAS, is that users have control over the entire sounding process, unlike
radiosonde balloons, which drift freely potentially impacting aircraft-based suppression
operations.

This platform can also be useful as a mobile temporary weather station. The
system can be quickly assembled and launched to hover for 10-15 minutes at any height
and location within the pilots’ visual line of sight. The current setup of our platform can
provide wind speed and temperature with accuracy of +1 m st and 0.5°C, in addition to

RH and pressure observations which can provide a number of other calculated variables.
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When data were averaged to that of a typical automatic weather station this platform
excelled in low-wind environments, with errors of 0.02 m s, while in moderate wind
conditions the errors were ~ +0.5 m s,

While this platform is useful for atmospheric soundings and weather station-like
observations, its limitations prevent it from being useful for directly quantifying fire-
atmosphere interactions. With errors (of 1 m s or more) being common with this
platform, it may be difficult to determine if changes in the winds are caused by fire-
induced circulations or are errors introduced by the prop wash, blockage, or movement of
the platform.

This study provides groundwork for future UAS use for atmospheric monitoring
in the fire environment, however, further research is needed to better understand UAS
operations in the operational environment during active wildfire suppression activities.
Additionally, more field testing is required to test other aspects of the platform, such as
comparisons of the system’s vertical profiles against other vertical profiling technologies
such as tethersondes, radiosondes, or sodar and lidar. This could provide insight into any
errors caused by sensor response times, mixing caused by the rotor wash, and any
influence the platform body may have on blocking of winds. Additionally, more flights
next to towers may provide better insight into optimal placement of sensors on the
platform to limit sampling errors. Continued research will hopefully allow for UAS to be
a feasible option for quantifying fire weather conditions during wildfire and prescribed

fire events, in addition to being used for fire-atmosphere interactions research.
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