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Study of sporadic sodium layers guided by gravity waves
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Abstract: The sporadic sodium layers (SSL) caused by atmospheric gravity waves over Langfang (39°N,
116°E) is studied by using the sodium fluorescence Doppler lidar and the meteor radar detection data of
the near space environment comprehensive exploration station, Chinese Academy of Sciences. Firstly, the
phase relationship between the atmospheric horizontal wind and vertical wind field was calculated and
analyzed by the atmospheric gravity wave equation. Secondly, the SSL caused by atmospheric gravity
waves was analyzed by the experimental data of the sodium fluorescence lidar and the meteor radar. The
results show that the accumulation and joint action of the strong horizontal wind shear and vertical wind
field direction caused by the atmospheric gravity wave increases the density of sodium atoms and form
the SSL.
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Fig.1 Phase diagram of horizontal wind shear and vertical wind
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Fig.2 Schematic diagram of the sodium fluorescence Doppler lidar system
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Tab.1 Parameter of the sodium fluorescence Doppler

lidar system

Parameters Value
Laser wavelength 589.158 nm
Shifted frequency +630 MHz

Laser power ~1'W
Repetition rate 30 Hz

Pulse length ~7 ns
Beam divergence ~1 mrad
Telescope aperture 1 000 mm
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Tab.2 Parameter of the meteor radar

Parameters Value

Pulse power 20 kW

Frequency ~35 MHz

Detection parameters Horizontal wind

Detection range 70-110 km
Range resolution 2 km
Time resolution 1h

22 HBEREHM

SCHR R ECT B8P0 2238 B O B IR LI 2 JER By
s 3 A LAY ) B S E (O T) 43 9% 2% D 10 min,
15 B 3 BER O 7T m) IR JER B sk 0 0 6 O £ 3 A
WO T IR R AR TR A Y 6 5 0L T KK 4l xR B - s R
SE VTR M ENIZIAT T s,

B 3(al)i~ T 2011 4 3 J 28 H 7% (8] Js 44
W ZH W WOLHFEMME T - R MWENZEF
P o A8 & M 1739 UT #7225 18.29UT, 29 50 min,
RURPE Ny 2.5 £ o IX YA A AN Z I8 B W (E (Y B )
18:05UT, W 8 7 £ 4 94.97 km, > & 4 % (FMHW)
9 1.55 km , % JE 5 KAE K 10 095.6 cm™; & 3(a2) N
2011 4% 3 H 28 H & 8] Jig &5 #h 2 O 22 3% ) OG5 ik
L0 B B R A AR, TTLAE R E MR Kk
A BN R AR B A TR, B/ 4k 2011 4F 3 H
28 H Wi 1800 (14 J8E 57 3 £ 9 't 2238 8 0% 8 38 R
B IR 0 S0 B T R 4(a) | (b) 43 0 R TR R
IR P B G 28 ) R0 2 ) oK S RUEE B B 4(c) L (d) A
) Ry 4098 Ol 22 3 ) O TR A BRI B Y 2 X (E
rhRE 2 R % 25 B ) RN R 0 R S A (TR T R DR 4R
o Na J5i 715 50 % 5 BB T 58 & BB i Na 77 %
). B 4a) (b) T LA A B 1 5 ) P AL 46, 3
RIRIEL N 16 m/s, T BLIE K 40 12km,

K 3(bl) s T 2014 45 3 H 19 H 2 8] Jig &7 4l 5¢
223 B O IR B T — Uk & R
%& M 16:20 UT #¥4EF] 17.20UT, 29 60 min , 1 % 58
BELY g 2 A o XA & )2 Gk B W /Y B E R 16
40 UT, W58 = £ 4 94.195 km , 2 & 4= %6 (FMHW) 4

1030004-3



L oh ok AR

% 10 &

www.irla.cn

% 45 %

2.77km, % B KAE N 3342.6cm™, & 3(d)N 2014 4F
3 H 19 H % 8] AR 35 4 %€ S 22 38 0y 80 T 3 0 0 ) 44
SRR B AR AL, T LU R R )R R AR e B
JEREE B A BT aR . B 5 2014 4F 3 ] 19H
16 : 30UT 114 JHR Hij 3k £ 2 22 38 iy 0 B ik Aot A2 o
K SRR R R S5(a) L (b) 43 B R R R
T E 1 28 1) A4 1) K SE BT YT, B 5(e) L (d) 4k
B 2% B O T AR R B ) 3 A (B
L2 D 1% 2 4 ) AN D 9 BE R (1 Hh R R 2k Ol Na
JE TS R BB T R & BB Na JEF 2% %), i
Kl 5(a).(b) I LLE A B0 10 8 7 i 15 46 HiR K
PRIE 2 12 m/s, T H K 29 10 km,
Bl 3(cl)n T 2014 4F 4 H 4 H 7% 18] 8§ B 4l 2¢
I 2 B ORI B T — A &R S
&M 16:10UT #5225 16:50 UT, 29 40 min , & 58 &
298 2 A 3K AR K AN 2 TR B (B I E] R 16:35UT,
VA /&5 B2 Ol 92.89 km, > 5 42 95 (FMHW) 2 2.32 km,
R RME N 2600ecm™, 18 3(c2) M 2014 4F 4 H 4H
TR ) JBR L5 B 2 't 22 8 iy O TR I8 WL I 3 A 2 R %
WAk, AT LUE AR R B8 )2 kAR B BN ) A B
AT, B 6N 2014 4 4 A 4 HI% 16:30 (1
JER 7 ki 4 7 S 22 3 ) O TR IS RN IR AR R IS Y S T 4
P, Ho B 6(a) , (b) 4 ) R i B T 3k BRI 3 (Y 28 1)
F 4 1) K SE KRBT, & 6(c) . (d) 43 ) A dh 2% Ot £ %
BOL T R B B 0 TE K (B R o R %
B ) LB It - % B R 2k (I P MR B2k O Na J5t 1 79 5%
W CIBR T R LR B Na JE P ), K 6(a),
(b) AT LUE A 5ok 09 5 ) AL 4K, Fo i RAR IR 29
20m/s, T H K28 14 km,
M 4(a) F(b) .5(a) Fl(b) .6(a) Fil (b) ' HE HH #ff

B KCE BT U] Z M AF AR 29 /2 BARAE 22, [N A
8 25 B J2 1R g (L vy b A 1) 0 5 1) XL B ) 45 e XL
Y Z OUAFAE 53 30 R 29w R 2y —m/2 B AR A 25 4K 408 26
1 /NS B9 B8 0 B nl DASE AL, SCHp i I BY B il RS
5 5 [F) XS LB 4~6 K OF BT U1 Na %
JE R AT R, A R R B4 W (L i R A gl XL BT ) e

20110328 sodium density/m

£ 230
=< 95 X
T .
(Lt
= 13|
£, 6x10 2011-328 (a2)
§:§5x10”
€ 4x10"
ER:
T S 3x10°_. : : :
2 15 16 17 18

Time/UT

20140319 sodium density/m

[s3/eslesleslevieniesles!

= 2014-3-19

Sodium column

14 15 16 17 18 19
Time/UT

20140404 sodium density/m

= 2014-4-04

15

14

16 17
Time/UT

P 3 3 A~ dL Y i) i A 4912 o 1F

Fig.3 Three typical sporadic sodium layers events
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