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Fig. 1: Barringer Meteor Crater and cold-air flow; 
adapted from NASA 1995 
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TIR data processing, methodology and evaluation 

Fig. 3: Thermal infrared camera locations at METCRAX II; 
adapted from SHOEMAKER 1960 

Thermal Infrared Method in the Barringer Meteor Crater 

Fig. 2: TIR cameras installed at the crater rim 
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Analyses of CAP dynamics  

Fig. 4. Southwest HOBO-line used for 
correlation analyses. Cold air intrusions 
come down this sidewall; adapted from 
ACME MAPPER 2.0/GOOGLE 2016 

The second Meteor Crater Experiment 
(METCRAX II) took place in October 2013 at 
the Barringer Meteorite Crater in Arizona 
USA (Fig. 1) to investigate nighttime 
downslope-windstorm-type flows that were 
discovered in the crater in 2006 during 
METCRAX I (Lehner et al. 2016) .  
Five thermal infrared (TIR) cameras 
supplemented the extensive meteoro-
logical instrumentation in and around the 
crater. The cameras looked down into the 
crater (Fig. 2) and its surroundings from 
various locations on the crater's rim, 
sensing TIR radiation and the effective 
radiating temperatures of the crater 
surfaces (Fig. 3).  
The Barringer Meteorite Crater is a nearly 
circular closed basin, surrounded by a 
uniform plain sloping upwards to the SW 
with a 2% slope. It has a diameter of 1.2 km, 
is 170 m deep and its rim extends 30-50 m 
above the surrounding plain. The crater is 
affected by a katabatic flow of cold air from 
the southwest (Fig. 1). Near-surface 
airflows can be sensed indirectly using the 
high temporal and spatial resolution of 
surface temperatures from sequences of 
TIR images taken at 2-s intervals.  

Before TIR data can be used for air flow analyses they have to be  
statistically analyzed, corrected and georeferenced. The TIR method can 
be evaluated for METCRAX II by correlating the TIR-measured brightness 
temperatures with measured in situ near-surface air temperatures. The 
higher the correlation coefficients, the more suitable is the TIR method for 
determining air temperature changes. The SSW HOBO line is shown in  
Fig. 4. Correlations were determined between air temperatures on this line 
and nearby TIR polygons. The correlation between a HOBO temperature 
sensor at 1.2 m height at the SSW08 site (see Fig. 4) with a nearby TIR 
polygon is shown in Fig. 5. The detrended data sets both display similar 
temporal fluctuations. Varying the location and size of the polygon may 
improve the correlation. The corr. coeff. at this site is r2=0.89, suggesting 
that the near-surface airflow can be derived from surface temperature 
changes at this location. The agreement between TIR temperatures and air 
temperatures differs, however, among HOBO sites because of surface 
properties, air flow characteristics and TIR camera viewing angles, shown 
in Table 1. 

Reasons for correlation differences 
between TIR and HOBO (air) temperatures: 
1) Different surface properties: emissivity, 
albedo, heat storage and capacity affect TIR 
temperatures. 
2) Comparison between TIR and HOBO (air) 
temperatures: 
• different measurement systems 
 air temp. vs. surface temp. 
 differences between absolute and 
relative temperatures 

• difficulty in defining TIR polygons 
3) Air flow influence/characteristics: 
• different flow characteristics at different 

heights (HOBO sensor 1.2 m above TIR 
polygon) 

• Air temperature is more strongly affected 
by turbulent mixing and advection than  
surface temperature. 

Cold air flows into the crater and builds up a cold-air pool (CAP) overnight. During IOP4 
(20 Oct. 2013) a stable near-surface CAP developed and persisted between 0430 to 
0700 MST. Dynamics of the CAP can be analyzed using TIR data. CAP sloshing between 
the north and south sidewalls occurred with a period of about 15 min. (Lehner et al. 
2016). This can be seen in thermal imagery by looking at opposing TIR temperature 
trends on the north and south crater sidewalls. In Fig. 6 a TIR image at 0530 MST from 
TIR Cam 3 (Fig. 2) is shown. The highest and lowest extent of the CAP on the north 
sidewall due to sloshing is indicated by a red and blue dashed line, respectively. In Fig. 7 
the sloshing is analyzed statistically using detrended TIR temperatures from two 
polygons. The two time series correlate with r2=-0.6 and there is a time lag of about  
14 minutes, supporting Lehner et al.’s (2016) results. 

Changes in TIR temperatures following sunrise (Fig. 8) show the benefit of high resolution TIR data: before the sun illuminates the inside 
of the crater, the persistent CAP on the crater floor is the main feature (1). The upper border of the CAP becomes disturbed as sunlight 
illuminates the crater (2). Later, solar radiation illuminates half of the crater floor, and a shallow upslope flow (red arrow) develops with 
increasing surface heating (3). As the upslope flow strengthens, cross-basin flows develop towards the west sidewall (4). In the end a 
steady upslope flow develops and the remaining inversion breaks up, at least in the western part of the crater (5). 

1) changes in the convective layer over time/CAP development and breakup 
 determine pseudo-vertical TIR temperature gradients on the crater sidewalls 
 identify boundaries between different atmospheric layers 
 Investigate spatial and temporal variations of CAP structure 
2) CAP volume 
 identify cold-air layer changes with time  
 calculate CAP volume with georeferenced TIR data 
determine changes of CAP volume with high spatial and temporal resolution 
3) CAP sloshing 
 cross correlate TIR temperature gradients on the north and south crater sidewalls 
 quantify cold-air pool sloshing and dynamics using TIR temperature changes at the crater surface  
 analyze the causes of the sloshing by combining TIR data with other meteorological data and using TIR time lapse videos 

Fig. 5: TIR and HOBO air temperatures during  
IOP 4 (20 Oct. 2013) as a function of time for 

SSW08; detrended/unfiltered and 
detrended/filtered data sets 

Table 1. TIR - HOBO temperature 
correlations on the SSW HOBO line 

Fig. 6: CAP sloshing during 
IOP4 (20 Oct. 2013); dashed 
lines show highest (red) and 
lowest (blue) CAP top on the 
north sidewall; yellow dots 
show the locations of the 
TIRnorth  and TIRsouth 
polygons used for the 
correlation analyses 

Fig. 7: TIR temperature during IOP4 (20 Oct. 2013) of the 
TIRnorth  and TIRsouth polygons (locations in Fig. 6); Δtx 

indicates  time lag between exemplary CAP sloshing events: 
Δt1=13 min., Δt2-1to2-2=15 min., Δt3=7 min.; 

detrended/unfiltered (black) and  
detrended/filtered (red) data series 

Fig. 8: Evolution of CAP 
breakup at the end of IOP4  
(20 Oct. 2013); red dashed 
lines show the CAP volume; 
yellow line shows the 
retreating shadow front, 
behind which TIR 
temperatures increase 
(white shading); red arrow: 
developing upslope flow; 
TIR Cam 3 (Fig. 2) with high 
res. objective 

Every TIR domain has to be 
statistically analyzed, 
corrected, georeferenced 
and evaluated to determine 
how well near-surface air 
flow can be indirectly 
analysed using TIR 
temperatures in addition to 
other measurements. 


