A simulation of the quasi 2-day wave and its effect on
Y. Variability of the summertime mesopause temperature
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I Ab ) Definition of the 2-day wave index
stract In order to study the effect of the Q2DW on the zonal mean state of the me-  The Q2DW index |, is defined as the principal component (PC) of the first
The quasi 2-day wave (Q2DW) is studied using a 20-year run of the Canadian Middle Atmosphere Model. The simulated Q2DW sosphere, a “2-day wave” index is defined using Empirical Orthogonal Func-  EOF, such that |y, is always positive. Comparing l,q,, to the amplitude of the
maximizes in amplitude shortly after solstice in the summer hemisphere. Unlike other studies, the wave exhibits a variable tions (EOFs) to represent the amplitude of the Q2DW inv. The EOF analysis ~ Q2DW, it is possible to see the corresponding variation between years. The
phase speed over each summer season, which decreases as the mesospheric jet decays. The period is intially shorter than 2 is focused from 3°5/N to 80°S/N and from 70 km to 125 km. QZDV.V. during NH SR 19 I (RIS af'd shows less interannual
days, but lengthens to more than 2 days in some years. A 2-day wave index is derived, and is used to examine the effect of the : . . . varability, generally reaching a value of ~3-4. During SH summer, the Q2DW
. s . . . . o Figure 5 shows the first two EOFs and their corresponding principal compo-  ohowe much more variability. |,y of the NH summer and that of the SH
2-day wave on mesospheric temperatures through its impact on the residual circulation. Up to 10% of the interannual variabil- : o : Y- T2dw
ity in the polar summer mesopause temperatures can be attributed to the simulated Q2DW, with temperature differences of nerts (PCs) for each year. The first EOF explains 90% of the variance for the  gymmer as defined here must be considered separately because the EOFs
. 3—5PK P P ; p 2-day wave in the NH summer, and 80% of the variance in the SH summer. The .. calculated independently; a value of 4 in the NH summer is not equivalent
up +o ' spatial structure of the first EOF approximates the amplitude in v. £0 2 value of 4 in the SH summer.
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The quasi 2-day wave (Q2DW) is a persistent feature of the mesosphere. It has a E 80 50 1" P2 é 80 80 &
period of approximately 2 days, and is dominated by zonal wavenumber 3. [ts ampli- 4 i - 5. : =,
tudeis largest shortly after solstice in the summer hemisphere, when it undergoes §’ 7 P20 1 * i -10. §’ °0 0.80 °0 0.06 10.
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rapid growth due to baroclinic instability of the summer mesospheric jet. The region

of baroclinic instability is formed by a torque that is generated by gravity waves syt lyr2z 3 lya g
that propagate from the troposphere to the mesosphere. | | :
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The same GWD is also responsible for producing a pole-to-pole circulation charac- VR O R R T VN LA A 0
terized by upwelling over the summer pole, downwelling over the winter pole, and a av5 . y6 w1 ys
summer-to-winter circulation across the equator. This residual circulation can be 2 i i 2
affected by the presence of the Q2DW (Lieberman 1999). 1 N : A 1
g”.w | TN CASS IRV WA AL T IR VAN A WA 2
The resulting adiabatic cooling that takes place over the summer pole is respon- 4 yro yr 10 Lyr 1 yr 12 4
sible for making the summer polar mesopause the coldest place on Earth. The ex- | | ;
treme temperatures in this region allow for the formation of polar mesospheric 1 H A 1 H i 1
. . o oa 0 . 0 ‘ v vy A V 0
clouds (PMCs). Their growth rate is highly sensitive to temperature, and theirap-  photo; polar mesospheric clouds over Kuresoo bog, Soomaa National Fark, Es- g AT MV al 5
pearance is therefore an excellent indicator of small changes in the polar summer  tonia, Martin Koitmze (Al 13 pyrid s yr16 L
mesosphere (e.g. Liibken et al., 2009). 2 /\ 2
1t 1
/ z N A
The focus of this paper is two-fold: first, to examine the Q2DW as simulated by the extended version of the CMAM, and second, to study the effect of o\ SN VA MU A Wit ML NV A%
the wave on summer mesopause temperatures. ;‘ yrav yr18 yr1d L yrao ;‘
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e eme I mis The upward extension of the Canadian Middle Atmosphere Model (CMAM)
= | . ¥ S (McLandress et al., 2006) is used. It has a horizontal resolution of T32, and 95 ver- Figure 5: Above: The first and second EOFs of Q2DW amplitude in the meridional wind for JUAS (left) and DJFM (right). Below: The principal components (PCs) of
> 120 . tical levels extending up to ~250 km. The climatologies for the zonal-mean zonal the first (solid) and second (dashed) EOFs for each year. Values of 1.046 and 1.028 have been added to the PC for the first EOF so that they are always positive.
o D :
g % N wind, and the zonal component of the GWD are shown in Figure 1 for July to August
£ 5 :
= § . (JJA, left column) and December to Febr'uar‘y (DJF, I"Ight column). E_FFeCt O_F Q 2 DW on PO|a P tem Pel‘atu res Re.sidual mer:idif)nal velocity and
> & residual velocity induced by Q2DW >
3% P b | 120, The ?ummertlme jets for JJA and .DJF are comparab!e in ma.gnn:,ua.le between tl*}e The Q2DW can induce its own residual circulation, defined as g 140 %\\_\//\//“/W 6.
90S 60S 30S O 30N 60N 90N  90S 60S 30S 0 30N 60N 90N hemispheres. As a result, the GWD in the summer hemisphere is similar. The GWD is — —— =
. . . . e _ 10 [pV 8’ _ 20/
150 — P ———— 150 ‘ misiday  responsible for the deceleration at the top of the summer jet and the wind reversal V= 2odw = S\ E . 3.
- T 1ol \ ? 1 ol — above, and gives rise to the region of negative meridional gradient of potential vortic- o . P02 Yoz . | £ ool
_§’ T o IR %. ity. Regions of negative Ertel's potential vorticity (PV) gradient (1/a dP/d¢ < 0) are where (¢) mdnc.ates the e with Zoﬂf' wa.venumber: 5 and period following I N
g § . \\ : \ ,\\\/ .\ 01 : outlined by the thick white lines in Figure 1. the mean maximum amplitude. The V*2qy is shown in Figure 6 by the co- 3 ol w0l
3 2 N N B | loured shading for year 12 of JJA and year O9 of DJF. The residual circulation 2
g % Iy | I .95, The Q2DW in the CMAM data is isolated by using a Fourier transform in longitude to iso- induced by the Q2DW counteracts that driven by the GWD. The induced cir- g IR | el 3
© g 30 A f\ 1 e0 late the zonal wavenumber 3 component. The amplitude of the Q2DW changes over time. culation of the Q2DW is quite weak in SH summer, whereas in the NH summer . Year12 C)fv SUF. v,
90S 60S 30S 0 30N 60N 90N 90S 60S 30S O 30N 60N 90N In order to capture this behaviour, the S-transform (Stockwell et al., 1996) is used. It appears to be almost the same magnitude as V* itself. This difference is 0L . ./ ol C., . 6.
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Latitude Latitude largely the result of the persistence of the Q2DW during NH summer. Latitude Latitude
Figure 1: Climatology for NH summer (left column) and SH summer  The analysis was performed for SH summer (December to March; DJFM) and NH . ‘ N '
(right column) for zonal wind (top panels; contour interval of 10 summer (June to September; JUAS). The data is sampled every 6 hours. The focus To examine the possible impact of the Q2DW on summer polar mesopause Figure 6: ({hmatologlca{ V= for JJA '(Ieﬁ; panel) and DJF (right I’f’”gl)- Con-
m/s), and gravity wave draq in the zonal momentum budget (bottom Will be on year 12 for JJAS, which provides a fairly typical example of the Q2DW temperatures, the temperature anomaly at the mesopause is averaged tour level is 2 m/s; solid (dashed) lines denote positive (negative) values.
panels; contour interval 10 m/s/day). The thick white line delineates ~ during NH summer, and on year 09 for DJFM, which exhibits one of the largest and over 85-97 km and ~75° to the pole and averaged over the season. The Colour shows V*,q,, averaged over JJA for year 12 and DJF for year O9.
the area where the meridional gradient of PV is negative. most persistent Q2DWs during SH summer. strength of the Q2DW for each summer is determined by integrating logw The summer polar mesopause is shown by the thick black lines, which indi-
over the season. Figure 7 shows the relationship between the tempera- cate where the temperature climatology is less than 110 Kand 130 K.
ture anomaly and the strength of the Q2DW. Summer polar mesopause temperature anomaly
The Quasi-2-Day Wave (QZDW) 20 20 The temperature anomaly at the summer polar mesopause is also con- , June - September . e
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A shapshot of the amplitude and vhase of the Q2DW € trolled by the GWD anomaly. An EOF analysis was performed on the GWD. In : ] - -
P P P = 100 100 ; ; ; _ - :
(zonal wavenumber 3, 1.69 day period) in the meridional g this case, the first 3 EOFs were retained. During JUAS, the first three com S
s> B [0 . o ) o . . = g |
wind is shown in Figure 2. A period of 1.69 days was z ponents explain 35.4%, 24.7% and 12.2% of the variance, and during I
chosen since it is close to the maximum amplitude for a2 80 DJFM, they explain 42.7%, 32.6% and 10.9% of the variance. The EOFs cor- e 1
both times shown. Regions of negative meridional gradi- 5 respond to a strengthening/weakening of the climatological GWD (first E O§_ ]
ent of PV, and the critical line for a wave with zonal wave- SRl el EOF), a shift in altitude (second EOF) and a shift in latitude (third EOF). g
number 3 and 1.69 day period. The critical line approxi- Years with larger GWD anomalies have colder summer mesopause tempera- & af |
mately follows the boundary of the region of negative PV ‘05 605 305 Q. 30N GON 90N ‘05 60s  30s QO 3N 6N ooN tures (not shown). : _
atitude atitude 200 s, i, e, s, e, ] AL
radient below 75-60 km. , , : 08 09 10 11 12 13 14 04 06 08 10 12 14 16 18
< Figure 2: Amplitude of the Q2DW (zonal wavenumber 3 and 1.69 day period) inV for NH To examine the temporal relationship between the Q2DW and summer polar me- ST @ 2 Strength of 2dw
Figure 3 shows the Q2DW amplitude in the meridional ~ summer (left) and SH summer (right). Phase lines (dashed) are plotted every n/4 where sopause temperature anomaly, multiple linear regression (MLR) analysis is , ,
. ;0T |
velocity at 88 km for 5 years of the simulation. Gener-  the amplitude is above 5 m/s. The thick white line delineates the region of negative PV gra- used. The model used for the temperature anomaly over the pole is: thL{re 7:0 ow'er the NorthlFole during JJAS (lefe) ndoven the‘ S?Uth e
ally, the Q2DW is larger in amplitude and more persistent  dient, and the thick solid black line denotes the critical line for the wave i e
. y,'n — g - Pm Su— P ceo ’ ' oT(t)=Ao + Azdwl2dw(t) + AcwiPoewi(t) + Acw2Powa(t) + AcwsPows(t) + € strength of the GWD anomaly (blues are weaker years, greens are average
e L V Amplitude at 88 km mis : and reds are stronger years). A linear fit to the data with 16 uncertainty in
mls in V al"ld 1 1 K in T, Compal"ed Wlth the SH Summer‘, OON Ludln T 1T |m’||w| N S S I A |~| T 1 T T I T T T 1 1 [ T T 1 1 T [ 1 T T T | |r| ”|1 | i 45.0 Wher‘e Aar‘e the MLR CoefﬁCients, PGW| is the PrinCiPal Component O'F the Ith th fﬁ , t , h
during which the Q2DW reaches only 56 m/s inv and & K - M l w 39.4 EOF of the GWD anomaly, and € is the residual. In order to ensure that the asiiltladi st
in T for the strongest years. | 338 residuals are Gaussian and have no auto-correlation, 5-day averages were _
‘ ' 30N 281 used. Figure 8 shows a sample period of the MLR analysis for NH summer. Figure 9 shows the percent of the variance in the MLR fit explained by the
The Q2DW in the extended CMAM appears to be in good @ - The largest component to the fit in 8T is the first EOF for the GWD anomaly. Q2DW component (i.e., [ Axdwl2aw(t)dt/ [ 0T(t)dt) for each year versus the
agreement with respect to several characteristics of g 0 | | | However, when the Q2DW is active, it contributes significantly to the fit. strength of the Q2DW. There is a clear correlation between the amount of vari-
the observed Q2DW; the seasonality of the amplification e | 100 ance explained and the strength of the Q2DW.
of the wave is approximately correct, and the amplitude | | B . . .
in the SH summer is in agreement with the Q2DW derived oo ‘w m m “” rh 56 . Ll Ul s essle szl o s 1 S el e June - September December - March
from MLS temperatures and winds (Limpasuvan et al., 9os [l ‘ R L Y 9 VO M Vg Ul kil LR & o - Terperaure anoraly g?NVB; A /A ] oosrTrTT ¥, S !
_ otal i I _ X
20095). In other aspects, the Q2DW is not so realistic; JFMAMJ JASOND J FMAMJ JASONB Tahialii ol O NDIeI IR T BAl DR Al Ly AL Lo < o~ 2DW component GWD3 43 oosl k% : [ _
the maximum amplitude in the NH summer is in general = . % = o B ' 1S ] 00T x
too large, and the wave is too persistent with too little in- Figure 3: Interannual variability of the amplitude of the Q2ZDW inv at & km. L 7 5 oos J/*/ 21 : l :
RN ZAEL 2y V Amplitude at 47°S/N, 88 km s o 1 2 ool T X | i |
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The period of the Q2DW also changes over the course of I39-4 g gl i % | \% I .02k ]
the season, shown in Figure 4 for year 12 of JJAS and @ 3 338 5 - 1 & ° 02__ '
year 09 of DJFM at a single location (47°N/S, & km). s | 2o S ~ 0.00L..... o o o o o ] . N
The wave forms early in the season with a period as short E I i;: - - A 1&;,? 1th1 f 232 LS 14 e O'SSt 1'Oth 1%22 g S S8
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as ~1.5 days. Later in the season, the period lengthens o ° L 102JUN 02JUL  01AUG 31AUG 03JUN 02JUL 01AUG 31AUG 03JUN 02JUL  01AUG 31AUG  03JUN , ‘ ’ , , ’ ,
to closer to 2 days. The phase speed of the wave approxi- _ o . . . g Figure 9: Variance explained by the Q2DW term in the MLR ana‘lysls ondT
mately follows the zonal-mean zonal wind at the location 1 ST = 0 , versus the strength of the QZDW for JJAS (left) and DJFM (right). Error
where the PV gradient changes sign on the equatorward 01JUN12 16JUN12 01JUL12 16JUL12 31JDU;;f 15AUG12 30AUG12 14SEP12 29SEP12 Figure 8: Actual temperature anomaly (5-day averages) and the MLR fit for June to bars indicate the 16 error in the fit to the MLR analysis. A linear fit to

September, years O2 to 04. Shading indicates the 10 error of the MLR coefficients.

side of the jet between 60 and 75 km. Overlaid on the data with the 16 uncertainty in the linear fit coefficients is shown.

Figure 4 is the location in time-period space of the cli-
matological average of the maximum amplitude at 56 km

Figure 4: The wavenumber 3 amplitude in period versus time for NH summer year 12 at
47°N and 88 km. Contour interval is 5 m/s. The thick white line denotes the maximum am-

plitude in time-period space at this location averaged over 20 years. r \
and 47°N/S (thick white line). )
Concluding Remarks
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