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Abstract: Mean wind and turbulence data collected using sayaf micrometeorological flux towers during the
October 2006 METCRAX field campaign in Arizona’s tder Crater were analyzed to investigate the latiip
between regional-scale ambient flows and the cheriatics of temperature inversions inside theertdtive
micrometeorological towers were located along ast-eest cross section through the center of theeicrahe analyses
of 5-min mean data from all the towers showed #hstrong temperature inversion formed inside théecwhen
ambient regional-scale flows were weak. Under tleselitions, the temperature inversion was confioetthe lowest
10-20 m above the basin floor, with the bulk of biasin atmosphere being nearly isothermal. Turloglevas
intermittent within the temperature inversion, tats often nearly continuous in the isothermal lave the shallow
surface-based inversion. When the regional scavesfexceeded approximately 5 m/s, the basin atneosgiecame
fully coupled with the atmosphere above and lisfleno temperature inversion formed inside the cr&teegional-
scale drainage flow from the southwest often formedlear nights, producing winds of 2-7 m/s atdteger rim.
Because these winds were near the threshold sibeeckater atmosphere exhibited a range of behasvmuindividual
nights.
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1. INTRODUCTION

In October of 2006 the month long Meteor Crater éfitpent, or METCRAX, collected continuously
mean meteorological variables and turbulence flugdsg an array of micrometeorological flux towarsl
tethersonde soundings inside Arizona’s Meteor Craténvestigate the formation of temperature isi@ns
and seiches in a small, closed basin. Backgroumdsgiheric conditions were also determined usiredarr
wind profiler/RASS, a sodar/RASS, and frequent rsende soundings in addition to numerous weather
towers in the vicinity of the crater. (Whitemanaét this volume). While several other studies hased the
data set to investigate the development of slapeslon the crater sidewalls (Clements et al.,\thlame),
the difference between the temperature inversisménthe crater and that over the plain (Hahnemezt
al., this volume), and the radiation balance in ¢hater (Hoch and Whiteman, this volume), this gtud
focuses on the conditions that lead to the decogpif the basin atmosphere with the ambient atmergph
over the plateau where the crater is cut into. Agntite interesting findings from the observationshis
existence of a regional scale downslope flow onpla¢eau (Zhong and Savage, this volume), which had
significant impact on the ambient conditions foe ttrater especially when the synoptic scale forewag
weak.

2. DATA

The analyses here used the five micrometeorologivatrs in METCRAX that were located along an
east-west cross section through the center of iditerc(Fig. 1). Serving as the ground level, thet3I®or
(fr) flux tower is located near the center of trater. The two ‘lower’ towers, which are also 3@dl, are
located both on the east slope (el) and west gl@feapproximately 6 m above the crater’s floor amive
as an intermediate location. Finally the 20 ft ‘appowers are arranged on the east (eu) and west (
sidewalls approximately 20 m above the crater flddean and turbulence measurements were made
continuously by instruments at multiple levels tigh the month-long experiment to document the
conditions inside the crater. The background atimesp conditions were determined by a 10 m tripad o
the highest point on the crater rim on the northsite of the crater.
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The five-minute averages of the month-long
observations from the tower array indicate that the
basin atmosphere is characterized by three regimes.

_ I The first is the development of a strong tempeeatur
g E inversion towards the base of the crater, or theesd
§ 9870000 10 m above the floor, with a near isothermal

atmosphere above the inversion. The structure and
evolution of the temperature inversion is illustdtn
Figure 2 on the night of 22 October or IOP5. The
inversion began to form shortly after sunset. The
I strength of the inversion increased rapidly in the
sers0cO , , | . ., . i B o2t a o pwus evening hours, reaching almost ?@in the lowest 5-
487000 Wﬂm‘:ﬂ]m 446300 10 m between the floor and the two lower sidewall
Fyurelis Thelio poamphmaiiihe iicorTidierand towers, and another 1°2 from the lower to the upper _
the ot R o T Pl ta i sidewall towers that are separated by about 20 m in
height about the crater floor. During the rest loé¢ t
night, the strength of the inversion and the vattgtructure remained more or less unchanged. gisavn
in Figure 2 is the vertical velocity variance ftist night which indicates that turbulence was migent
within the temperature inversion except for the arpwest slope site (wu) where turbulence was nearly
continuous even at night. This turbulence was faenibde mechanically generated by wind shears asudtr
of the intrusion of a moderate southwesterly flinattfrequently developed along the gentle slopm ftioe
Little Colorado River Valley upward towards the 8awest (Zhong and Savage, this volume). A complete
decoupled case, such as discussed above, was see@ight nights in the 31 day field campaign.
Accompanying these inversion cases were weak sgnaptl regional flow throughout the night. Table 1
shows all eight occurrences of decoupled flow iaskte crater, with the background wind represehyethe
RIM measurements on each day below 5'm s
Observed days with ambient flow greater than 5'rargated a different microclimate in the cratere Th
mean background winds on these days are givenbtea and they are classified as coupled casesibec
the basin atmosphere became fully coupled witrathesphere above and little or no temperature snwer
formed inside the crater. Similar to Figure 2, F@3 is a temperature time series taken from thee ffiix
towers on the night of Oct. 5. The regional ambftaw surrounding the crater on this night was B\.G" ,
well above the 5.0 m’smentioned earlier as a potential threshold. THecebf this strong synoptic and
regional forcing can easily be seen by the nontexistemperature inversion in Figure 3. Inversion
development is most likely hindered by the fairntinuous turbulence indicated by the vertical gijo
variance of 0.5 fs? throughout the night, preventing a cold pool frdaveloping in the base of the crater.
With this turbulent mixing, the temperature attallvers within the crater seems to ‘plateau’ thraugrthe
night.
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Table 1. Background wind on decoupled days Table 2. Background wind oncoupled days
Wind Wind
Date Direction Speed Date Direction Speed
Oct. 7 SSW 4.0 m/s Oct. 5 SE 8.0 m/s
Oct. 19 SW 4.0m/s Oct. 30 SW 6.0 m/s
Oct. 21 W 3.5 m/s Oct. 3 S 6.0 m/s
Oct. 22 W 3.0 m/s Oct. 4 SW 6.0 m/s
Oct. 27 W 4.0 m/s Oct. 6 SSE 7.0 m/s
Oct. 1 SW 5.0 m/s Oct. 9 S 5.0 m/s
Oct. 18 W 3.0 m/s Oct. 15 SW 7.0 m/s
Oct. 26 W 4.0 m/s
AVG: 6.5 m/s
AVG: 3.8 m/s




A third pattern that developed inside the crates \wacombination of both a coupled and decoupled
atmosphere. Several nights throughout the monttamtigient flow around the crater would transitioonfr
strong winds above 5 mi*scoupling the crater with the atmosphere abovea tmore quiescent flow,
allowing an inversion to develop. Partially decatphights were also seen in reverse, where a dizbup
microclimate would give way to stronger winds alibfat developed over night. On Julian day 296 guFe
2, an example of increased synoptic or regionatifigr can be seen affecting the temperature inversio
Turbulence slightly increases to near 05shat this time, which raises the floor temperaturalmost 3C
shortening the gap between the three layers. ™@mple is brief, but provides a sample of othelidgip
partially decoupled nights that saw a sudden irseréa ambient forcing.

4. SUMMARY

METCRAX provided a unique opportunity to examine tmicroclimate of the Arizona Meteor Crater
throughout the month of October 2006. Analysis shtlivee separate classifications on how the rebiona
and synoptic scale flow interacted with atmosplietde small, enclosed basin. A threshold wind dpees
m s was the determining factor for inversion developtriaside the crater. Nights with regional ambient
flow below this threshold would often see inversa®velop in the lowest 10 to 20 m with a strengdtb
10 °C. If the regional flow was above 5 rit turbulence increased substantially over the bakistroying
any developing temperature inversion and couplimg d¢rater with the atmosphere above the crater. A
regional-scale drainage flow from the southwestroformed on clear nights, producing winds of 2a7s*
at the crater rim on the westside. Because thesdswiere near the threshold speed, the basin atri@sp
would often become partially decoupled, creatingeisions and then destroying them as winds incdease
Further detailed investigations are needed to deotunthe basin atmosphere and its relationship with
ambient atmospheric conditions as determined bgmynscale and regional scale forcing.
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Figure 2: Temperature profile and velocity variance for 22€28. at each tower location.

Figure 3: Temperature profile and velocity variance for 5-&.@t each tower location.



