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Abstract. This paper investigates the relationship between
high latitude upper mesospheric winds and the state of the
stratospheric polar vortex in the absence of major sudden
stratospheric warmings. A ground based Michelson Inter-
ferometer stationed at Resolute Bay (74◦43′ N, 94◦58′ W) in
the Canadian High Arctic is used to measure mesopause re-
gion neutral winds using the hydroxyl (OH) Meinel-band air-
glow emission (central altitude of∼85 km). These observed
winds are compared to analysis winds in the upper strato-
sphere during November and December of 1995 and 1996;
years characterized as cold, stable polar vortex periods. Cor-
relation of mesopause wind speeds with those from the up-
per stratosphere is found to be significant for the 1996 season
when the polar vortex is subtly displaced off its initial loca-
tion by a strong Aleutian High. These mesopause winds are
observed to lead stratospheric winds by approximately two
days with increasing (decreasing) mesospheric winds predic-
tive of decreasing (increasing) stratospheric winds. No statis-
tically significant correlations are found for the 1995 season
when there is no such displacement of the polar vortex.

1 Introduction

Vertical downward lower and middle atmospheric coupling
– how the troposphere reacts to reasonable changes in the
state of the upper and middle atmosphere – is still a sub-
ject of active investigation. Dynamical signatures in the
mid-stratosphere (∼30 km) have been seen to “propagate
downwards” (Baldwin and Dunkerton, 1999, 2001; Baldwin,
2000) ahead of imminent large scale changes in the strength
of the stratospheric polar vortex caused mainly by planetary-
Rossby waves of tropospheric origin (Andrews et al., 1987)
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and by the interaction with the Aleutian High (Harvey and
Hitchman, 1996). A detailed, ongoing observation and anal-
ysis of similar events is necessary to better identify the mech-
anisms of how the upper atmosphere can affect day-to-day
weather in the troposphere. For instance, an objective of the
International Polar Year 2007–2008 is to study the “Structure
and Evolution of the Polar Stratosphere and Mesosphere and
Links to the Troposphere during IPY” (www.ipy.org, Activ-
ity ID No: 217).

The formation of polar vortex, its gradual strengthening
in winter and its breakdown in late spring superimposes a
highly interactive seasonal system that is difficult to forecast
with acceptable accuracy. Although the broad mechanism
of transfer of dynamical information by upward propagating
waves (i.e. planetary scale Rossby waves and synoptic grav-
ity waves) and interaction of such waves with a critical layer
is generally known (Andrews et al., 1987), other mechanisms
such as the self-modulation of the amount of wave activity
entering the stratosphere (e.g.Scott and Polvani, 2004) and
wave reflection (e.g.Harnik et al., 2005) are somewhat less
understood. In principle, the study of downward propagating
dynamical signatures should extend from the mesosphere-
thermospheric regions and higher down to the surface, given
sufficient upper level forcing. However, continuous obser-
vations spanning weeks or months of the MLT (mesosphere,
lower thermosphere) region are sparse, especially at high lat-
itudes in the vicinity of the winter polar cap. MLT dynamics
here show strong temporal and spatial variability attributed
to the interacting dynamical systems – tidal, planetary and
gravity waves and the polar vortex system. Detailed analy-
sis of such observations in turn prompt advances in the un-
derstanding and predictive ability of global circulation and
forecast models.

While space-based observations of the MLT region are im-
portant due to their global coverage, these observations are
often prone to aliasing errors due to slow satellite preces-
sion or insufficient viewing geometry. Therefore, ground
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based (i.e. localized, frequently sampled in time) observa-
tions are necessary for detailed investigation of the dynam-
ics of signal progression between the MLT and lower atmo-
spheric regions. Such time series analysis of wind veloc-
ities and temperatures in Arctic MLT have been recorded,
amongst others, bySivjee et al.(2003), Ozonovich et al.
(1997) at Eureka,Mitchell et al. (2002) from Esrange me-
teor radar,Won et al.(1999) from Thule Air Base,Fisher et
al. (2002), Bhattacharya et al.(2004) andWu et al.(2005)
at Resolute Bay. Walterscheid et al.(2000) have studied
temperature changes using rotational temperatures from the
OH airglow and NCEP (National Center for Environmental
Prediction) assimilated data in the MLT over Eureka (80◦ N)
over a period of∼35 days during a 1993 stratospheric warm-
ing event, and compared it to the predictions of the TIME-
GCM model. Rotational temperatures from OH airglow have
also been used at the South Pole byAzeem et al.(2005),
who observed signatures of the 4-day planetary wave and ev-
idence of mesospheric cooling∼15 days preceding the in-
crease in stratospheric temperatures.

In this paper we investigate the correlation between ob-
served wind structure in the MLT region with assimilated
daily wind speeds in the stratosphere (3.16 hPa,∼40 km)
during periods that are associated with both subtle polar vor-
tex movement and the absence of stratospheric warmings. A
crucial aspect of this paper is that unique data – neutral winds
over from the Arctic mesopause measured almost daily over
approximately 45 days, over two winters, is being analyzed
at a unique time – when the polar vortex is cold and stable,
without stratospheric warming events. Stable polar vortices
have not been available since the mid 1990s, and the differ-
ence in the degree of distortion of the polar vortex between
the two seasons has provided a valuable and rare opportunity
for such analysis. Section 2 briefly describes the instrument
and observations. In Sect. 3, we analyze the observations,
comparing them to assimilated data from the middle atmo-
sphere at a synoptic scale. Section 4 presents a discussion
in the context of differences in the strengths of polar vortex
over the two observation seasons.

2 Data

Wind velocities were observed using a ground-based Michel-
son interferometer called ERWIN (E-Region Wind Interfer-
ometer) located at Resolute Bay (74◦43′ N, 94◦58′ W). ER-
WIN is a wide-angle interferometer, in which an ordinary
Michelson is made to be independent of the angle of incident
rays by inserting a glass plate in one of the arms, described in
detail byGault et al.(1996). This configuration enables scan-
ning a single fringe by making the off-axis angle as large as
possible, suitable for studying faint airglow emission. The
instrument measures wind velocities in the MLT region by
observing the Doppler shift of the wavelength of the line-
center of three airglow emissions. This paper presents obser-

vations of the Meinel OH(6,2) P1(3) airglow emission line-
center at 843.0 nm, at a nominal altitude of∼85±5 km. Mea-
sured wind velocities should be considered to be an average
over this altitude range.

Observations from the ERWIN Michelson Interferometer
are of high quality. Accuracy of measurements is typically
1 m/s for a single observation, with an integration time of
1–2 s. A full set of measurements- zonal and meridional
winds – takes about 20 min in the instrument configuration
used for this paper. An excellent correlation was found in
simultaneously measured wind velocities (corresponding to
the∼97 km green-line airglow emission) from ERWIN and
a ground-based Fabry-Perot instrument (CLIO), also located
at Resolute Bay (Fisher et al., 2000). Uninterrupted mea-
surements are possible during darkness (polar winter) with-
out significant cloud cover or bright moonlight within the in-
strument field-of-view.

For comparison and correlation with stratospheric winds,
daily mean winds over Resolute Bay from UKMO Strato-
spheric Assimilated Data have been used. The assimilation
procedure and the data are described in detail bySwinbank
and O’Neil (1994). Assimilation uses the UKMO general
circulation model with input data (mainly temperatures) from
radiosondes and satellites. Model output for an initial 1-day
run is used for the next round of input. Results are interpo-
lated to a UARS (Upper Atmospheric Research Satellite) ver-

tical grid, separated by a factor of 10
1
6 in pressure levels, with

a horizontal grid size of 3.75◦ lon, 2.5◦ lat. For this paper,
the 3.16 hPa (∼40 km) pressure level has been used, which
we feel represents the most reliable data closest to the alti-
tude of the ERWIN wind measurements. Lower altitude wind
analyses could also have been used for this study, but the as-
sociations in stratosphere-troposphere coupling have already
been addressed in references cited in this paper.

Figure 1 shows the mesopause region winds (∼85±5 km)
measured by ERWIN for the months of November and De-
cember, for years 1995 and 1996 over a period of∼46 days
(only periods for which data is available, relatively long du-
ration compared to typical MLT observations of wind ve-
locities). Mean wind speeds are nominally higher for 1995
(∼38 m/s) compared to 1996 (∼33 m/s). Day-to-day vari-
ance of scalar winds is higher for 1995 (208 m/s) than 1996
(155 m/s). Average daily winds range between 13.9–88.1 m/s
for 1995, and 16.4–76.1 m/s for 1996. This could be a conse-
quence of proximity to polar vortex location which impacts
wind variance in the stratosphere and very likely also in the
mesosphere – the variability being higher in the vortex jet
(e.g.Whiteway et al. , 1997). Observations over both sea-
sons show dominant 12 and 24 h periodicity in the raw winds,
followed by shorter periods (1–4 h). It should be noted that
traditional notion of “zonal” and “meridional” components
of winds breaks down in the context of rapid polar vortex
movements and distorted dynamical co-ordinates. Therefore,
wind magnitudes have been considered for this analysis. It is
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Fig. 1. Mesospheric winds as measured by ERWIN and assimilated stratospheric winds (15 November to 30 December, upper – 1995, lower
– 1996). Stratospheric winds are in green. Mesospheric winds, averaged for each day are in red. Crosses represent raw (unaveraged) ERWIN
data taken in 20 min periods.

also not possible to subtract tidal amplitudes from the mea-
sured wind fields due to periodic, daily data gaps (∼12 h),
and other, weather related, discontinuities in the data. Be-
cause the wind vectors are not correlated to observational
windows, we assume that any tidal bias can be treated as
random geophysical noise in the ERWIN data series.

3 Analysis

The Arctic winters of 1994/1995, 1995/1996 and 1996/1997
were characterized by relatively cold and persistent polar
vortices that were not interrupted by major stratospheric
warmings or vortex breakup (Pawson and Naujokat, 1999).
These are ideal periods for synoptic scale case study of
the stratospheric polar vortex combined with site-specific
observations such as those presented herein. This is be-
cause the time series (in our case, winds) representative of
stratospheric conditions can be considered “stationary” in the
sense that the overall structure of the volume in and around
the vortex does not significantly change over the period of
observations.Gerrard et al.(2002) have shown that for syn-
optic studies of this nature, position and movement of the
vortex must be considered when interpreting site specific ob-
servations – whether ground-based instruments, or in-situ
and space-based instruments which sample the specific at-
mospheric region being studied infrequently temporally and
spatially.

Figure 2 shows the geopotential heights (UKMO assimi-
lated data) at five day intervals at 3.16 hPa over the duration
of observations for November–December 1995 and 1996. If
the sequence of geopotential contours is taken to be a rea-
sonable proxy for the upper stratosphere, the 1995 season
is characterized by a polar vortex roughly circular in shape
which extends over Resolute Bay for the entire measurement
period. During the 1996 winter, the presence of a strong
Aleutian high can be indirectly observed in the polar plot
sequence. In the upper stratosphere, the polar vortex is pro-
gressively distorted from its circular shape and spatially dis-
placed off of Resolute (i.e. no longer below the geographic
point where the mesopause is sampled). Time series corre-
sponding to these two different local conditions (1995, 1996)
thus complement each other nicely in this correlation study,
aided by the fact that for both the seasons, the vortex shape
and relative location return to (roughly) their initial condi-
tions.

Figure 3 shows the cross correlations of mesopause winds
(observed daily average as per Fig. 1, scalar) with daily as-
similated stratospheric winds over∼45 days (15 November–
30 December) of 1995 and 1996 as a function of daily lag.
Average mesopause winds were computed with data for each
day, generally available for several hours. Observations were
unavailable for days 346–348 in 1996. These were substi-
tuted with the average wind speed for the entire season.
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Fig. 2. Geopotential height fields for the period 15 November to 30 December, for 1995 (top two rows) and 1996 (bottom two rows) from
UKMO analyses. The black cross represents the location of the ERWIN instrument at Resolute Bay.
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Fig. 3. Cross-correlation of upper-mesospheric (∼85 km) and
stratospheric winds (assimilated data, 3.16 hPa) for 1995 and 1996.

The correlations between the mesopause winds and upper
stratospheric winds for all lags in 1995 are not statistically
significant and close to zero, indicating no apparent connec-
tion between the mesopause and upper stratosphere. This is
expected due to the undisturbed nature of the polar vortex in
1995 and thus this “quiet polar vortex” time period acts as a
control case. In contrast, for the 1996 season, a statistically
significant (i.e. significance>90%) negative correlation of
∼−0.5 is found at a +2 day lag. There are also weak negative
correlations for other positive lag values that are statistically
significant and these correlations taper toward zero for pro-
gressively higher lag values. For completeness, in both 1995
and 1996 there is a very weak and not statistically signifi-
cant positive correlation for negative lags and in 1995 a very
weak and not statistically significant negative correlation for
positive lags.

4 Discussion

The significant negative correlation between higher (lower)
speed mesospheric winds and lower (higher) speed
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stratospheric winds, observed with a lag of +2 days, suggests
that mesospheric winds are “leading” the stratospheric wind
fields. That is, an increasing (decreasing) mesospheric wind
leads a decreasing (increasing) stratospheric winds by ap-
proximately 2 days. This anti-correlation can be seen, for ex-
ample, in Fig. 1 where on 7 December 1996 the mesospheric
winds start to decrease and 2-days later (9 December 1996)
the stratospheric winds start to increase. The opposite trend
can be seen just after this period on 10 December 1996 as
mesospheric winds start to increase and stratospheric winds
start to decrease on 12 December 1996. This anti-correlation
is only observed in the 1996 winter when the entire polar
vortex is seen to be continuously subtly displaced from its
nominal position away from Resolute Bay (the location of
mesospheric measurements), presumably due to an interac-
tion with the Aleutian High – as can be inferred from Fig. 2.

We suspect that the change in mesospheric winds is caused
due to a top level displacement of the polar vortex by the
interaction of the Aleutian High or possibly some plane-
tary wave system. This top level displacement is transmitted
downward in altitude to the upper stratosphere and observed
in Fig. 2. The physical nature of this transmission mecha-
nism is unclear and could be due to 1) phase/amplitude de-
lay of upward propagating planetary waves or 2) via creation
of a new critical layer that lowers the breaking altitude of
subsequent planetary waves (Baldwin and Dunkerton, 1999,
2001; Baldwin, 2000). In any case, we suspect that the dy-
namical result is a displacement of the polar vortex struc-
ture in the upper stratosphere. These observations are unique
from earlier papers (e.g.Walterscheid et al., 2000; Azeem et
al., 2005) which also reported on high latitude, wintertime,
mesospheric-stratospheric relationships in that 1) neither of
the two seasons analyzed here resulted in even a minor strato-
spheric warming, let alone a major warming and 2) direct
MLT wind measurements have been used here whereas pre-
vious studies have measured, and deduced coupling correla-
tions from, temperature fields.

5 Conclusions

Our analysis suggests a possible (but not proven) downward
propagating, synoptic, dynamical signatures in wind fields
traced from the MLT region in the Arctic polar cap to the
upper stratosphere. This should be interpreted as a possi-
ble indication of only downward signal propagation, since
causal effect cannot be determined. To determine a causal
effect would require further, detailed investigation of obser-
vations from similar situations – simultaneous measurements
and underlying cause of mesospheric wind behaviour as well
as causal relations between relative movements of a relatively
undisrupted stratospheric polar vortex off the pole and move-
ment back to “normal” – centered at the pole. Before a causal
relationship can be deduced, the forcing(s) experienced by
the polar vortex would have to be separated into those that

can be traced in the troposphere – and the residual move-
ments that could be attributed to alternative forcing mech-
anisms. The observed change in the mesospheric winds,
correlated with planetary wave activity associated with the
Aleutian High, appears to sequentially progress towards a
displacement of the polar vortex which is later identified in
stratospheric analyses.

Specifically, our observations show that, for 1996, when
the cold, stable winter Arctic polar vortex is displaced hor-
izontally away from the sampled mesopause volume due to
a strong Aleutian High, decreasing (increasing) stratospheric
winds lag increasing (decreasing) mesospheric winds by ap-
proximately two days. Such a correlation is absent in the
wind-speed time-series during 1995 when the observed vol-
ume of the mesopause falls within the stratospheric polar vor-
tex; typical of a very stable vortex. If confirmed by additional
observations, such analyses could improve forecasting of the
state of the upper stratosphere and should enable a small suite
of similar observations to synoptically predict a change in
stratospheric circulation on the order of days in advance.
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