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This document contains a variety of analyses/data-presentations.
Archived plots of monthly meteor wind data can be found at
http://AtmosphericDynamicsGroup.ca/Radar-Archive/hmcheckKmon.html
and up-to-date 2-week wind plots at
http://AtmosphericDynamicsGroup.ca/newadgplots.html
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Meteor Trail Movie
'The SKiYM E'T meteor wind system at Eureka (80°N, 86°W) is part of the Canadian Network for the Detection of Atmospheric Change (CANDAC) project. Meteor (ionized) trails, although of short duration, are detected and their radial
velocity estimated by Doppler shift. The radar doesn't see every trail, just those
perpendicular to the line of sight - i.e. the trail acts as a mirror for radio waves.
'Trails disperse quickly, but during their lifetime, and because the background atmosphere is relatively dense they arc carried along by the wind, of which the
measured line-of-sight Doppler velocity is only a component. To measure the total
wind at least two trails are required in different directions. T'he rnovie follows a
90 minute window moving in 10 minute steps, shows all the trail zenith-azimuth
locations within the window, the horizont al component of their radial velocity
(line) , and the calculated horizontal wind vector (arrow). The scale of the latter
has been doubled to make it more visible. The mostlv clockwise rotation is due to
solar diurnal and semi-diurnal tides generated by heating of the ozone at lower
heights and atomic oxygen at upper heights in the atmosphere.
Note the sudden increase in trail rate during the Quadrantid shower ( maximum
predicted at Jan 3, 07 UT, according to the 2008 Observer 's Handbook (R.oyal
..Astronomical Society of Canada).
v

To play movie open URL:
http://AtmosphericDynamicsGroup.ca/Radar-Archive/trailmvi.GIF

Wavelet analysis of wind
The next 4 plots are wavelets of wind data . The Morlet wavelet
amplitude comes from a Fourier transform at one frequency jperiod(T)
time-windowed by a Gaussian whose length is related to the period.
Here we use 6T window where the window amplitude, 1.0 at its
centre, drops to 0.1 at the ends. This effectively gives us a time
Resolution at a frequency of about ± 3 T / 2 .

This window is moved along the total data set, here one year, in
convenient steps. Here there are 800 time steps (one per pixel). A
log frequency axis has been chosen, and labelled with the periods in
hours or days. The almost ubiquitous components are the 12 and
24 hour, due to global tidal oscillations caused by solar heating of
the atmospheric ozone and oxygen. The 8 hour in winter might be
an independent tide or a harmonic of the 24 hour tide. The latter
is expected if the 24 hour tide is not close to sinusoidal.
Of particular interest to us are the longer period oscillations,
almost certainly caused by planetary waves. These are most obvious
in mid-winter. We show a calendar year (top row) and a wintercentred year
(bottom row)
to
highlight this
feature.

We show next wavelets for data from the PEARL SKiYMET radar and the CMAM-DAS model [Courtesy of
Professor Theodore Shepherd, University of Toronto]. The year is 2006/7. Discussion of these results will
be found in a paper under preparation:

Manson A.H., C. E. Meek, X. Xu, T. Aso, J. R. Drummond, C. M. Hall, W. K. Hocking, Ch. Jacobi, M.
Tsutsumi, W. E. Ward, 2010. “Arctic Tidal Characteristics at Eureka (80ºN, 86ºW) and Svalbard (78ºN,
16ºE) for 2006-2009: Seasonal and Longitudinal Variations, Migrating and Non-Migrating Tides,
Comparisons with CMAM-DAS”. Ann. Geophys., to be submitted
Hereafter this paper is called “Arctic Tidal Paper #2”

The next figure and the data therein are not to be used by the reader in any publication or
presentation, other than in a reference to this website. Communications with the RadarMentors are appropriate and welcomed:

Manson A.H., C. E. Meek, Chshyolkova, T. Aso, J. R. Drummond, C. M. Hall, W. K.
Hocking, Ch. Jacobi, M. Tsutsumi, W. E. Ward, 2009. “Arctic Tidal Characteristics at
Eureka (80ºN, 86ºW) and Svalbard (78ºN, 16ºE) for 2006/7: Seasonal and
Longitudinal Variations, Migrating and Non-Migrating Tides”. Ann. Geophys., 27, 11531173.
Text appropriate to the Figures provided here follows before each figure:
“The winter zonal vortex (Fig. 4) observed at Eureka is much stronger (by 10-15
m/s) than at Svalbard, while the Svalbard summer easterly (lower heights) and
westerly (upper heights) circulations are stronger (by ~5 m/s) than at Eureka. The
poleward winter flows are very strong in the Canadian sector, with Eureka illustrating
even stronger convergence. Associated with the weak 2007 winter EW winds at
Svalbard, the NS flows are either weak or reversed into equatorward flow.
Considering the diurnal/24-h tide, we perceive extraordinary differences between
middle and Arctic latitudes…and between Eureka and Svalbard in particular.
Significantly, some of the differences between the monthly values of diurnal tidal
amplitudes and phases for the two Arctic locations are the largest we have ever
seen…indicative of strong NMT effects.
The semi-diurnal/12-h tide, which has quite circular hodographs all year for both
polar locations, but generally much larger amplitudes at Svalbard, has significant
equinoctial areas of phase differences in height and time, which are 1-4 hours different
from LT agreement. The amplitude ratios (S/E) are also large in these areas. NMT are
thus expected in these height-time locations. ”
Fig. 4 Zonal winds for mean background winds and the tides, both diurnal (24-h) and
semidiurnal (12-h). Eastward tidal winds are taken as positive, and the phases are the
local solar times of maximum eastward winds. Heights above 94 km in mid-summer at
Saskatoon are judged to be above the heights of total reflection for the MFR and
therefore are not plotted.

We show next the mean monthly background wind contours for three years February
2006-February 2009. This figure is also discussed in Arctic Tidal Paper #2.

The figure and the data therein are not to be used by the reader in any publication
or presentation, other than in a reference to this website. However,
communications with the Radar-Mentors are appropriate and welcomed:
alan.manson@usask.ca

chris.meek@usask.c

Comments on the Fig. from our paper: “We have used the MT/NMT amplitude ratios
[from fitting the MT and one other NMT] in a selected NMT wave number range to
determine the dominant tide: the MT is chosen if all ratios are greater than 1, or s is
chosen for the NMT with the smallest MT/NMT ratio. Thus Fig. 9 shows results from 12
monthly fits each tidal component; if the MT is dominant the height-month location is black.
Wave numbers s= -1 to +3 were selected for the D tide [range encompassed by MT s=1
plus and minus Stationary Planetary Wave (SPW) wave numbers S=1, 2]; and SD tide
wave numbers s= 0 to +4 were selected for MT s=2 plus and minus SPW S=1,
2. The dominance of the zonal D tide’s standing wave s=0 during the winter of 2006/7,
and the SD tide’s wave number s=+1 are clearly evident in Fig. 9. Non-linear
interactions between SPW and migrating solar tides are also consistent with the
dominance of NMT s=+2 for the diurnal tide of March-May, especially for the meridional
component. The SPW S=1 is therefore favoured statistically as a prerequisite for the NMT
displayed in Fig. 9.”
Fig. 9 Two-tide fits, using the wave numbers of the MT plus one of a range
of NMT, were used to find the bigger: either the MT, which is shown here in
black, or the NMT wave number in the ranges shown. The latter are
appropriate to non-linear interaction with the SPW S=1 or 2.

We show next the MT and NMT relative magnitudes for the three years February 2006February 2009. This figure is also discussed in Arctic Tidal Paper #2.
Two-tide fits, using the wave numbers of the MT plus one of a range of NMT, were
used to find the bigger: either the MT, which is shown here in black, or the NMT
wave number in the ranges shown. Grey is used if the NMT is >0.5MT. The ranges
are appropriate to non-linear interaction with the SPW S=1 or 2.
The next figure and the data therein are not to be used by the reader in any
publication or presentation, other than in a reference to this official website.
Communications with the Radar-Mentors are appropriate and welcomed:
mailto:alan.manson@usask.ca

chris.meek@usask.ca

Comments on the Fig. from our paper: “Finally in this section we provide another
visualization, which also illustrates the scatter of individual (4 day) amplitude ratios
and phase differences for the two radar-locations (Fig. 10). Given any chosen
amplitude ratio of the tides at the two radars (E/S) between +/-36 deciBels (dB), and
any phase difference (S-E) between ±180º, the percentage power in the migrating tide
can be obtained analytically. The percentage power for the MT is contoured in colours.
The observed amplitude ratios and phase differences for the Eureka and Svalbard tides,
due to individual fits to 4-d sequences and 3-6 heights, have been super-imposed upon
these model contours.
In May-July, the 24-h tide values are centered upon zero phase difference, and
amplitudes ratios close to unity. The MT tide is clearly dominant, and consistent with
this, the height-month locations of Fig. 9 are dominated by black (MT), with merely a
hint of NMT (+2). The 12-h tide data-points for this interval are spread between plus
20 and 120º, consistent with the influence of NMT; Fig. 9 has +1 as the dominant NMT
in these height-month intervals.
Moving to the winter December-February (2006) interval in Fig. 10…the data-points
for the 24-h tide (EW) are distributed rather evenly about 90º phase difference,
consistent with the dominance of NMT s=0, since the two radars are separated by ~6
hours (6.7) in U.T. or 101º of longitude. This was expected because the height-month
locations of Fig. 9 are dominated (17 of 18 possibilities) by the wave number s=0.
Eureka amplitudes are larger than Svalbard by 2-4 dB. The 12-h tide’s data points lie
mainly within the 70-100% contours suggesting MT dominance; in Fig. 9 black squares
dominate (14 of 18) for the EW tide, with the remaining few s=+1”
Fig. 10 Tidal amplitude ratios for the observed tides at Eureka and Svalbard versus
their observed phase differences for the diurnal and semidiurnal tides. Model values are
contoured in color (the scale is included in the Figure), and 4-day observed tidal
amplitude ratios are added as black dots.

Comments on the Fig. from our paper:“…the northern hemisphere’s (NH) outstanding
topographical features are due to the dominant Himalayas (a broad n=1-2 peak and
then weaker peaks at n=4 and beyond), which blends into that of Greenland (an n=1
peak, tapering smoothly to higher values of n). There is a significant phase shift
between the topographical wave numbers due to these two mountainous structures…”
“…material is summarized in Fig. 11: the amplitudes of the MetO-derived SPW S=1
and 2 (distinguished by “NW-SE” and “SW-NE” hatching of the band respectively at
29 km) and phase location (longitude) of the wave maxima are provided for two
solstitial and equinoctial months. January has the largest NH S=1 amplitudes, while
June has SH S=1 maxima, significantly smaller than these of January. March and
September, which are the nearest equinoctial months to the respective hemispheric
winters, have significant S=1 amplitudes globally, but are largest in the NH and SH
respectively (Chshyolkova et al., 2006), The dominant wave numbers of the
atmospheric SPW are consistent with the dominant topographical wave numbers, with
wave number one generally being the largest in Fig. 11. “
Fig. 11 Topographical global map: grey is sea level, and the Himalayas are 10 km
(USGS). The 29 km atmospheric temperatures from MetO for the 4 seasons of the
year provide pole to pole amplitudes of SPW S=1 and 2. The width of the hatched
area perpendicular to the orientation of the line(s) of maximum temperature shows
the amplitude of zonal stationary planetary waves S=1 and 2 in MetO-temperature.
The hatch-widths given in the bottom left corner of each panel show the amplitude
scale. Here the shown hatch-widths represent 0.8 degrees (K). The two slants of
hatching are for S=1 (NW-SE) and 2 (SW-NE), and both positions of maxima are
shown for S=2.

Stationary Wave Number 1and 2 in MetO Temperature at 14.7mb (-29Km)
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June 2006
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