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Abstract. 

Northern hemisphere planetary waves are strong in the 
winter and weak in the summer, and they go through 
a fast transition around equinox. This transition is 
studied here using NCAR Thermosphere-Ionosphere- 
Mesosphere-Electrodynamics general circulation model 
(TIME-GCM) simulations with 1997 National Centers 
for Environmental Prediction (NCEP) analysis. The 
planetary wave variability during the transition and its 
effect on the temperature and winds in the mesosphere 
are examined. The simulated planetary wave struc- 
ture agrees with climatological studies, and the fast 
transition of the planetary waves is captured by the 
model. The wave variability produces large tempera- 
ture changes in the upper atmosphere above local sta- 
tions in middle and high latitudes. The qualitative be- 
havior of the model is in excellent agreement with recent 
observations of a major perturbation in OH mesospheric 
temperatures from Ft. Collins (Taylor et al., 2001), al- 
though the smaller calculated magnitude suggests that 
the planetary wave amplitude might be underestimated 
by the model. 

1. Introduction 

The propagation and growth of planetary waves are 
strongly dependent on the background atmospheric wind 
system. Theoretical studies show that the westerly 
wind in the middle atmosphere during winter is fa- 
vorable for the propagation of the small wave num- 
ber planetary waves (cf. Charney and Drazin, 1961). 
This is supported by climatological studies from both 
ground based and satellite measurements. Barnett and 
Labitzke (1990) show that the planetary wave per- 
turbations of geopotential height and temperature are 
strongest during the winter season between •-20 km 
and •-80 km. Wind measurements from the Upper 
Atmospheric Research Satellite(UARS) High Resolu- 
tion Doppler Imager (HRDI) suggest strong planetary 
wave activity as well as large variations due to interac- 
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tions with gravity waves during winter (Smith, 1996). 
More recently, Wang et al. (2000) inferred planetary 
wave structures in horizontal wind in the lower thermo- 

sphere from the UARS Wind Imaging Interferometer 
(WINDII), and it is found that the stationary planetary 
wave I is strong at solstice and wave 2 is strong around 
equinox. Because the extratropical strato-mesospheric 
zonal mean wind changes direction around equinox, it 
is a transitional period for the planetary wave propa- 
gation between the summer characteristics (weak plan- 
etary wave) and winter characteristics (strong plane- 
tary wave). The climatological studies by Barnett and 
Labitzke (1990) indeed show that the planetary waves 
(especially wave 1) change significantly around both 
spring and fall equinoxes. Furthermore, the in situ 
forcing of planetary waves should also change as a re- 
sult of changes in the mean winds as well as wind fil- 
tering of gravity waves. The equinox transition may 
produce large wave transience and variability in wind, 
temperature, and hence airglow emissions. Large vari- 
ations of the OI 557.7nm airglow emissions at mid- 
dle and high latitudes are observed around the spring 
equinox by ground based instrumentation and WINDII 
(Shepherd et al., 1999). More recently, an exception- 
ally large amplitude perturbation in mesospheric tem- 
perature was observed around the fall equinox from Ft. 
Collins (41øN, 105øW) by Taylor et al. (2001). They 
also found that a large departure from the nominal sea- 
sonal temperature (•-25-30 K) occurs over an interval of 
approximately 3-4 weeks shortly after the fall equinox. 

In this study, the fall equinox period for 1997 is simu- 
lated by the NCAR TIME-GCM with 1997 NCEP forc- 
ing at the lower boundary of the model (•-10 mb). The 
model simulations predict transition of the planetary 
waves consistent with the climatology and temperature 
variations qualitatively similar to the aforementioned 
observations. 

2. Numerical Model 

The TIME-GCM (Roble and Ridley, 1994) is a three- 
dimensional general circulation model that includes the 
relevant physics and chemistry to self-consistently pre- 
dict the response of the neutral atmosphere to tides and 
other atmospheric waves from 30 to 500 km. The model 
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Figure I. Geopotential height perturbations on day 
(a)260 and (b) 280 at 10 mb (NCEP 1997) from 30øN 
to north pole. Solid contours are positive values and 
contour interval is 20 m 

setup is similar to that described in Waltercheid et al. 
(2000), except that the daily variation of geopotential 
and temperature according to NCEP analysis (Randel, 
1992) is specified at the lower boundary for the period 
July 1-October 31 of 1997 for the run used in this paper. 

3. Results and Analysis 

Analysis of the N CEP geopotential height at 10 mb 
indicates significant variations in the planetary waves 
from day 260 to day 290, with the general trend of a 
growing planetary wave I component. Figure I shows 
the geopotential height perturbation on day 260 and 
280. The wave I component on day 280 has increased 
significantly and becomes the dominant feature. The 
phase of the wave I component also changes during 
the same period of time. Zonal wavenumber-frequency 
analysis (not shown) shows that the planetary wave 1 
has an average amplitude of •100 m between day 260 
and 273 and then increases to a peak value of -•270 m 
on day 280. It decreases slightly and stays above 200 
m between day 280 and day 290. The phase shifts by 
about 120 ø eastward between day 260 and 280. 

The increased planetary wave activity evident in the 
lower stratospheric forcing penetrates into the meso- 
sphere. This is demonstrated in Figure 2, which shows 
the Eliassen-Palm (EP) flux on days 260 and 285. The 
EP flux on day 285 increases at almost all altitudes in 
the middle/high latitude stratospheric and mesospheric 
region, with preferred upward/equatorward propaga- 
tion. It is evident from Figure 2 that the planetary 
wave propagation and growth are sensitively dependent 
on the zonal wind, because the maximum westerly wind 
corresponds roughly to the minimum refractive index 
for planetary waves. Therefore, planetary waves refract 
away from the region of maximum westerly winds as 
shown in Figure 2. In addition, divergence of the EP 
flux shows that the planetary wave produces westward 
forcing above 80 km at middle/high latitudes with a 
peak value of •30 ms-Xday -x at 70øN on day 285, com- 
pared with almost zero forcing on day 260. Therefore, 
planetary wave forcing appears to complement gravity 

wave forcing in driving the wind reversal in the meso- 
sphere and lower thermosphere around the fall equinox. 

The planetary wave I growth around fall equinox can 
also be seen from the temperature perturbations. Fig- 
ure 3(a) and (b) show longitude-latitude cross section 
of the planetary wave I component of the temperature 
perturbation at about 87 km on days 260 and 285. On 
day 260, the dominant source of the planetary wave 
I is in the southern hemisphere, and its amplitude at 
middle/high latitudes in the northern hemisphere is less 
than 1 K. The planetary wave 1 amplitude in the north- 
ern hemisphere is much larger on day 285 with a peak 
value of 12 K between 60øN and 70øN with phase lines 
tilting westward with decreasing latitudes (and increas- 
ing altitudes, not shown). These agree with the clima- 
tological features of the planetary wave under winter 
conditions (Barnett and Labitzke, 1990). Therefore, the 
model reproduces the rapid transition of planetary wave 
I from summer characteristics to winter characteristics 

around the fall equinox within less than a month. This 
fast transition is consistent with the September and 
October climatological results (Barnett and Labitzke, 
1990). Figure 3(c) and (d) are the temperature changes 
at the same altitude as a function of time above two 

locations: 105øW and 70øE and both e•t 42.5øN. They 
show a superposition of variations due to tidal waves 
and planetary waves. The crosses indicate temperature 
values at local night (2000LT-0400LT) as measured by 
ground based imagers. It should be pointed out that 
phases of the tidal wave perturbations are different in 
Figure 3(c) and (d), with temperature minimum at mid- 
night in (c) and at 1800LT in (d). This is due to the 
presence of relatively large non-migrating tides (espe- 
cially westward diurnal wave 2 component in this case). 

The amplitude and phase changes of the planetary 
wave I between day 260 and day 290 at 62.5øN and 
42.5øN are plotted in Figure 4. There are large varia- 
tions in the planetary wave amplitude, but the general 
trend of an increase in wave I activity is evident. At 
62.5øN near where the wave amplitude peaks, the phase 
of the wave is relatively stable before day 274 and af- 
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Figure 2. EP flux on day (a)260 and (b)285. The 
arrows represent direction and magnitude of EP flux 
and the length scale is the same for both plots. The thin 
contour lines are the zonal mean wind values (contour 
interval: 5 m s -x), and the thick contour lines are EP 
forcing values (contour interval: 15 m s -x day-X). Solid 
contour lines are for eastward direction 
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Figure 3. Stationary planetary wave 1 temperature 
perturbations on day (a)260 and (b)285 at •87 kin, 
and temperature changes above 2 longitudinal loca- 
tions at 42.5øN and 87 km from the model: (c)105øW 
and (d)70øE. The dotted lines are the time series be- 
tween day 260 and 290, and crosses are at local nights 
(2100LT-0300LT in (c) and 2000LT-0400LT in (d)) with 
2 hours intervals. 

ter day 280, indicating the wave is stationary. Between 
these two days, however, the phase shifts westward by 
almost 180 ø. At 42.5øN, there is a similar westward shift 
of about 220 ø . The phase shift is related to the phase 
shift of the N CEP forcing at 10 mb and the associated 
transience. 

The wave I growth and phase transience may provide 
a plausible explanation to the observed large tempera- 
ture variation around fall equinox (Taylor et al., 2001), 
where it is shown that the nightly averaged tempera- 
ture at 87 km altitude increases by about 25 K between 
day 270 and day 280 above Ft. Collins (41øN, 105øW). 
As shown by Taylor et al. (2001), the trend of this tem- 
perature variation is similar to the variations shown in 
Figure 3(c), though the observed changes are about 3 
times larger than the model results. In the model, the 
temperature variations between day 270 and 280 corre- 
spond to the wave transience. As shown in Figure 4(c) 
and (d), the amplitude of the wave I temperature per- 
turbation increased and its phase shifts westward be- 
tween day 274 and day 277. On day 274 the phase of 
the wave I temperature perturbation was about 0 ø, so 
Ft. Collins was observing the cold sector of the wave. 
On day 277 the phase of this wave shifted to about 
105øW and Ft. Collins was now observing the crest of 
the warm sector of the wave. This amplitude and phase 
change of the wave I caused a net temperature increase 
of about 6 K. Detailed analysis of the model results 
shows that there was also an associated phase change 
in the wave 2 component which caused a temperature 
increase of about 2 K. The phase change also led to 
the temperature decreasing during the same period of 
time at longitude 70øE. The zonal mean temperature, 
on the other hand, only increased by about I K. The 

fact that the observed temperature changes are larger 
than the model results may indicate that the planetary 
wave temperature perturbations are underestimated in 
the model. This is confirmed by comparing the tem- 
perature amplitude from the model with that from the 
NCEP at I mb and 60øN. They are in reasonable agree- 
ment before day 274, but the difference increases rapidly 
afterward with the NCEP amplitude more than twice 
as large after day 276. 

The wave I growth also shows up in the zonal wind 
perturbations. Figure 5 shows the horizontal and ver- 
tical structures of the wave I zonal wind perturbations 
on days 260 and 285. Both wave amplitude and phase 
structures undergo considerable change during the fall 
equinox. The peak value of the wave amplitudes at •96 
km and 30øN increases from •5 ms -• to •15 ms -•, and 
the tilting of the phase lines changes from eastward-, 
equatorward to westward-equatorward. On day 260, 
wave I zonal wind perturbation peaks in the southern 
hemisphere and penetrates to the northern hemisphere 
with a secondary peak at the equator. This agrees with 
the global stationary wave I structures calculated by 
Medvedev et al. (1991). On day 285, the wave I peak 
shifts to the northern hemisphere and the structure 
there is similar to the stationary planetary wave un- 
der winter conditions as seen in the WINDII wind data 

(Wang et al., 2000). Therefore the rapid transition of 
the planetary wave around equinox is also reflected in 
its zonal wind component. 

As shown in Figure 5(c) and (d), the vertical phase 
lines of the wave have a characteristic westward tilting 
on day 285 but not on day 260, and the former indicates 
a forced planetary wave I with large vertical wavelength 
( > 100 kin). The phase lines on day 285 also show a dis- 
tortion above 85 kin. This is due to the superposition 
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Figure 4. The amplitude and phase changes of sta- 
tionary planetary wave I temperature perturbations 
at 62.5øN and 42.5øN between day 260 and 290. 
(ø)amplitude, 62.5øN; (b)phase, 62.5øN; (c)amplitude, 
42.5øN; (b)phase, 42.5øN. Some phases are shifted 360 ø 
for better viewing. 
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