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Hocking’s technigue

2
To determine mean winds Z (V rad — VY radm )

wherev,4,1S the mean radial velocity expected if the winds were
uniform in a horizontal plane

Y = Usin dcos ¢ +Vsin &sin ¢ + W cos 6

radm

However, in reality the wind is not uniform, and the maad
radial velocityv, 4 usually differs from the value of

radm

N\ = Z((V'rad )2 - (Vlradm )2 )2

HOCKING (2005).Ann. Geophysica@3:2433-2439
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Data Analysis

e Only unambiguous meteors

e 15°<H<50°

 The time bins cover 2 hours and 1h overlap
* 4-km height bin

e At least 30 echoes

« GW of period less than 2—-3 h
* A <5-10 km A, <180 km
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Methods’ tests

e Simulating an analytical wind model using a
real meteor distribution

 The radial velocity of each meteor has been
changed for the ones calculated by the
following equations



wind(x,y, z,t) = meant perturbaton

V. ,=U(XY,zt)sindcosg+V (X, Y, z,t)sindsing+W(x,Y, z,t) cosd

U (X’ ys Z’t) =U M +U 2D (t)SinznTZD +U D (Z’t)Sin(Zn(t_dJD%D )+U SD(Z't)Sin(Zn(t_%S[%SD)

+tUgn (X Y, zt)sin(kx+ly+mz-272/T,,)
+U oo (X Y, Zt)sin(k,x+L,y+m,z=271/T,,,,)

Uows (% Y, Z1)sin(kex + 1,y + mz =272/ T, 5)

V(%,Y,2,8) 2V, + Voo (I, =V (2,8) co ) )=V (2,t) oAt )

+Vou (XY, Zt)sink x+1,y+mz-272/Tg,,)

+Vewo (XY, Zt)sin(kK,x+1,y+m,z—-278/T,,,)

+Ves (% Y, Z, ) sSin(Ko X + 1,y + Mz =278/ Ty )
W(X,Y,zt) =W, (X Y, z,t) sinkx+l,y+mz-27/T,,)

W2 (X Y, Z 1) sin(k X+, y +mz =271/ Ty, )

W5 (X, Y, Z, ) sin(kx + 1y +myz =278 /T, 5)



Parameter Case 0
Un, Vi 10,5
Up, Vb 40, 40

Ay 25 km
Usp, Vsp 10, 10
Asp 50 km
Uazp, Vap 20 + 3R,
Ucwi 10
Vewt 0
Wewi 5
ki, 11, my /0,0
Tewi 20
Ucw: 0
Vewa 20
Wew: 2
ks, L, m, 0, 2745, 0
Tews 30
Ugws, Wews -
ks, m; -
Tows -
Vews, Wews -
1y, my -
Taws -
<u'w'>mean 25
<v'w'> mean 20
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Using constant meteor distribution and Case O
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Using constant meteor distribution and Case 0 but witksido
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Correction of the apparent variances

Our method involves the following steps:
1. compute the total horizontal wind in each tinegght interval,
2. inferv’,, for each meteor detected in each of these intervals

3. fit the total winds at each altitude with sligid-day fits to the tidal and
2-day wave amplitudes and phases;

4, create a composite day on the basis of the wades and the angular
information;

5. infer the resulting GW variances and momentwnrds;

6. build a second composite day with the fittealt@nd Planetary Wave
(PW), by replacing the measured vrad of each mdtgthe modeled one
using the fitted tidal and PW parameters determinestiep 3;

7. compute the artificial apparent variances fog §econd “tidal and PW”
composite day;

8. Subtract the artificial variances from thoseeméd in step 5.



Altitude (km)

Altitude (km)

100

95

90

85

80

100

95

90

03]
w

o]
(=]

2 ]I

Total Variances

<u'?>

o
[a¥)
~
[s)]
oo

10

12 14

<v2>

16

18 20

22 24

P
]

III\IIH

2 4 6 8 10 12
Variances (m

14

110 165

i

s

3y

221

18 20

276

22 24

TESTING

Apparent variances

<u?>

GW =total - Apparent

GW <u?>

]

4

o
SN

8 10 12 14 16 18 20 22
Variances (m?/s?)

J 2 4 6

12 4 16 18 20 22
- VEr_theor

76

=
N
Y

49 73 98 122

190



SUMMARY

° Our analysis has shown that our modified

composite day method yields more accurate rehats t
either the simple composite day analysis or sirdpleto-
day averages

' Numerical simulations using realistic tide and GW

parameters showed that our technique is successful
largely removing contamination by tides

o Tests similar to those used by Fritts et al. (2010)

(Not shown here), showed that our modified composit
day analysis has also presented a reasonabley abilit
extract GW momentum fluxes at least around 90 km.
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Table 1. Mean. tidal. planetary wave. and GW parameters* used for test cases evaluating modified composite day of CP SKiYMET mea-
surement capabilities employing real meteor distributions and test motion fields. Source: adapted from Fritts et al. (2010).

Parameter Case 0 Case 1 Case 2 Case 3 Case 4
Unm- VM 10.5 10,5 10. 5 40. —20 —20. —10
Up. Vp 40. 40 40, 40 40. 40 20.20 40. 40

AD 25km 25km 25km 25km 25km

Usp. Vsp 10. 10 10, 10 10. 10 204 2(z — 80)sin? (7t / Tap) 10. 10

Asp 50 km 50km 50km - 50km
Usp. Vop 204+ 5R, 0 0 0 0
Uswi 10 10 10 20abs [sill(Enr/TM)] sin (2:rrr/TSD] 40F4(1)
Vawi 0 0 0 0 0
Wawi 5 5 5 —10abs [sin (2t /Tyy) sin (27t [ Tsp) ] 20F,4(t)
ky.ly, my x50, 0, O ZFfse, 0, 2 fsp, 0, /50, 0, nfso, 0, 27hs
Tewi 20 20 20 20 20
Ugw2 0 0 0 0 0
Vaw: 20 20 20 20abs [sin (271 /Typ) | cos (27t /Tsp) 30G 4(t)
Wow? 2 2 2 Sabs |sin (EJT f/Tm) cos (ZJTT/ TSD” 10G4(t)

ky.ly.m; 0. 27/100. 0 0.27/100. 0 0. 27 1090. 0 0. 27 /100. 0 0.27 f100. 27 /20

Tow> 30 30 30 30 30
Ugws- Wows — — 20, —10 20. —10 —
k3, ms3 - — 230, 0 20, 0 -
Tows - - 00 00 -
Vowa- Wows — — 10,2 10, 2 —
ly. my 27 Jag, 0 27 a0, 0O —
Tows = = 00 00 =
< u'w' > mean 25 25 —75 —100 50
< v'w’ > mean 20 20 30 10 25

* Daily mean GW momentum fiuxes for each case are shown at the bottom. Units for velocities. wave numbers, and periods are m 51 km~! and min and Ty = 10 days,
Ip=24hand Tgp = 12h Rp 1s a random variable between 0 and 1 chosen separately for each day. GWs in Case 4 are modulated by amplitude functions

Fqit) =1t =0-3h+21R; h) and Fy(r) = 0 otherwise. and G4(r) = 1(r = 0—4h+ 208, h) and G4(t) = 0 otherwise. with R and Ry random variables berween 0 and 1 chosen
separately for each of the 30 days of the test month.



Case 1 1%% — IMlealnIWi.nd' — 1lgg Diurnal Tides

Parameter CASE1 L I _ M I i
- | o - ) _
Upgs Vi 10,5 B , ] C | ]
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Monthly specified (dashed) and recovered (solidjriiutions of (a) zonal (black) and meridional (greemean winds,
(b) diurnal tide amplitudes, (c) semidiurnal tide@itudes, and (d) GW momentum fluxes for mearaltidand GW
fields specified in Case 1. Recovered amplitudesmamentum fluxes were obtained with actual Jan@aBb meteor
distributions.
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(a) Vertical velocities showing the occurrence ahdom superposed GWs throughout the assumed testahtof CP

January 2005. Vertical velocities of 20 and 10mdsaate occurrences of GWs having 3 and 4 h durstoa propagating in
the zonal and meridional directions, respectivelyc¢ggsive daily offsets are 40 m/s). (b and c) Rilnariations of

momentum flux throughout the composite day. d) Mgnmean profiles of the zonal and meridional momentiluxes

inferred for January 2005 meteor distributions damethe GW occurrences shown in panel a)



