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INTRODUCTION

Thermal remote sensing is a widely used tool, for both macro-scale observations from
satellite-based platforms and micro-scale observations from ground-based infrared
cameras. It is often used in urban environments (Voogt and Oke, 2003) and also for sensing
tree surface temperatures (Leuzinger et al., 2009, Meier and Scherer, 2012).

During intensive operational periods (IOPs) of the Second Meteor Crater Experiment
(METCRAX II) three infrared (IR) cameras recorded high-resolution (0.5 Hz) brightness
temperatures - here referred to as surface temperatures (STs) - of the crater. We present a
method to project the 2D IR images onto a digital elevation model (DEM) to obtain
georeferenced pixels. The bird’s eye view helps to qualitatively analyze the fluctuations in
ST that are linked to the airflow and the downslope-windstorm-type flows (DWFs), the
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Fig. 1: Schematic orientation of the three cameras from a) north rim to south and b) south
rim to north. Orthophoto from USGS

METHODS

Two VarioCAM® hr research 600 time-lapse IR cameras (Infratec, Dresden) were installed
on the north rim (here called IRPD and IRDD) and one VarioCAM® HD research 800 camera
(IRHD) was installed on the south rim, with all cameras pointing into the crater (Fig. 1).
Table 1 lists the characteristics of the three cameras.

Tab. 1: Position of IR cameras and their specification

Long [°E] Resolution Field of Lens

Name Lat [°N] [Pixels] View [°]

IRPD/IRDD 35.03243 -111.02179 640x480 30x23 Normal

IRHD 35.02242 -111.02545 1024 x 768 60.3 x 47 Wide angle

The field of view (FOV) of the cameras was used to construct virtual lines of sight (Fig. 2) to
identify intersections between pixels and the DEM. For each pixel a horizontal and a
vertical angle were calculated. A linear lens function was used for the hr cameras and an
empirically adjusted square function was used for the HD camera. The absolute camera
orientations (tilt and view angle) were determined using an iterative approach. An
interpolation for the missing points in between was made by averaging the surrounding
georeferenced pixels.

For better visualization of the airflow, the spatiotemporal fluctuations were calculated
using:

Tr=Ts -Ts" - (Ts) - <T5>
(Vogt, 2008) where T is the original time series of the IR images with the dimensions

[640,480,900] for IRDD/IRPD, TS“ is the picture of the deviations of the temporally
averaged picture from the total average [640,480], (T;)' is the time series of deviations of

the picture averages from the total average [900] and (TS) is the total average [1]. The
result is the spatiotemporal variation T% .

Virtual lines of sight = intersections with DEM

Angle (horizontal)
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Fig. 2: Scheme of projecting the 2D IR image onto the 3D DEM using the field of view of
the image and virtual lines of sight

Fig. 3: a) Absolute STs of the crater at 10-19-2013 22:41:32 MST and b) spatiotemporal
temperature fluctuations

RESULTS

Projected IR images provide a synopsis of STs and visualize the spatial distribution of
temperature inversions that develop in the crater during clear and undisturbed nights (Fig.
3a)(Adler et al., 2012). The absolute STs in Fig. 3a reflect the shallow cold air pool that
forms on the crater floor. The surrounding crater walls are up to 10 °C warmer. Higher STs
propagate from the southwestern crater rim into the crater. This is probably linked to
warmer air intruding from above due to the investigated DWFs . The intruding flow results
in temperature fluctuations of up to 2 K as shown in Fig. 3b.

The georeferencing allowed
us to compare the STs
derived from the IR cameras
during I0P4 with data from
a research quality pyrano-
meter installed on the crater
floor (Fig. 4). STs from the
three cameras differed
substantially, probably
mainly due to differing
camera  properties and
2000 2200 0000 0200 0400 00 Partially due tothe fact that

MST no atmospheric corrections
were applied. STs decreased
after sunset due to radiative
cooling. The period between
22:30 and 04:00 is
dominated by warm air
intrusions (WAI, s. Adler et
al., 2012) that lead to
increased wind speed and
turbulence.
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Fig. 4: ST derived from pyrgeometer (black), IRDD (orange),
IRPD (red) and IRHD (blue) during I0P4

CONCLUSION

High-resolution infrared thermography allows a
qualitative analysis of air flow provided that the surface
reacts fast enough to changes in air temperature. Various
flow structures can be identified using the spatiotemporal
temperature fluctuations. The georeferencing of IR images
supplies further prospects of research. For example,
comparisons can be made with other instruments, and
volume calculations can be made for the cold air pool in
the crater.
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