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Seasonal Variation Characteristics of Sodium

Layer in Low Latitude by Lidar
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Abstract Sodium lidar observations of sodium layer from 2018 to 2019 at a low-latitude location
(Haikou, China, 20°N, 110.3°E) are reported in this paper. The purpose is to reveal characteristics of sea-

sonal variations of the sodium layer, including density distribution characteristics, seasonal variation
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characteristics and special events of sodium layer. According to statistical analysis, there is a great corre-
lation between the variation of sodium layer and seasons. Average density of sodium layer presents a ba-
sically symmetrical Gaussian distribution, with good morphological symmetry in autumn. Column densi-
ty and peak value are small in spring and summer and vice versa in autumn and winter. Peak position is
high in summer and low in autumn. There is no clear seasonal variation about the centroid height of the
sodium layer. Full Width at Half Maximum (FWHM) and Root Mean Square (RMS) width of sodium
layer are both small in autumn and large in winter. Sporadic Sodium Layers (SSLs) change obviously
with seasons and the growth, decline and duration time are short in summer and long in spring. Peak
value has the minimum in spring and maximum in autumn, respectively. Peak position tends to be high-
er during autumn and winter but lower during spring and summer. The intensity is the largest in sum-
mer. Except autumn, peak value of other seasons is mostly in the latter half of the night. With respect
to the correlation with sporadic E, combining with the ionosphere data obtained by the nearest
ionosonde at Danzhou, China (19.5°N,109.1°E), there is a considerable correlation between sporadic E
layers (Es) and SSLs above 97 km at low latitude, which is embodied in the time, height and intensity.
By statistical analysis of special events, it is found that the probability of SSLs in winter is high and the
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Double Sodium Layer (DSL) mostly appears in spring and summer at Haikou.
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e i s = 11 amin
WE(ERZ)(LT)  WeHmRE /km  SRERNT RAEFE /km  FyE,/MHz

1 12 Jan. 2018 22:52 96.67 3.6 110 4.28 =37
2 21 Mar. 2018 21:53 92.83 2 106.3 3.55 -23
3 1 May. 2018 03:00 99.17 2.2 110 4.85 60
4 06 May. 2018 04:41 97.63 3.4 115.8 5.35 26
5 31 May. 2018 21:28 94.56 4.3 108.8 4.83 28
6 3 Dec. 2018 01:24 104.4 2 102.5 4.28 -9
7 27 Apr. 2019 22:01 92.64 3.5 110 4.83 -121
8 27 Apr. 2019 22:15 93.22 2 110 5.38 -105
9 27 Apr. 2019 00:02 90.91 2.3 112.5 4.97 152
10 27 Apr. 2019 00:31 90.62 2.3 107.5 5.45 -106
11 27 Apr. 2019 01:19 90.53 2 107.5 4.67 124
12 19 May. 2019 23:54 97.25 2 105 5.78 34
13 19 May. 2019 00:58 97.06 2.2 102.5 7.2 63
14 23 May. 2019 04:51 93.02 2.3 100 5.2 456
15 9 Jun. 2019 01:47 93.98 2.7 95 3.45 287
16 27 Jul. 2019 03:12 92.83 2 102.5 3.8 -102
17 28 Jul. 2019 20:56 96 13 105 7.15 —-206
18 28 Jul. 2019 21:20 96 2.3 102.5 6 -170
19 7 Aug. 2019 04:17 95.62 3 102.5 5.75 -167
20 30 Sept. 2019 19:34 102 2.4 103.3 15.43 —44
21 30 Sept. 2019 20:54 101.4 2.1 101.3 14.1 99
22 30 Sept. 2019 21:52 101.1 2.1 102.5 8.6 137
23 3 Oct. 2019 23:04 99.65 3 100 5.67 -88
24 3 Oct. 2019 00:07 98.88 2.8 100 6.83 =77
25 4 Oct. 2020 05:30 91.49 2.8 102.5 4.53 -140
26 5 Oct. 2019 00:44 96.38 2 107.5 4.83 -79
27 17 Nov. 2019 00:09 96.58 3.2 102.5 6.6 114
28 12 Dec. 2019 02:20 95.81 2 105 3.77 -125
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Table 4 Comparison between SSL and Es with seasonal variation
SSL Es i
B T mmEAm  mEWT | REREAm | REME, o/ HEE/min
% 97.78 2.45 108.32 5.8 10.54 -52.33
E — — — — — —
i 100.61 2.48 101.42 10.13 0.81 -82.5
£ 104.4 2 102.5 4.28 1.9 -9
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Table 5 Characteristics of double sodium layer over Haikou from 2018 to 2019
F 18] FROGIFE(LT)  WRMERSHE ki VEMEHE /em®  FWHM/km #5400 /min -~ RCD/(%) RPD/(%)
9 Mar. 2018 21:46 104.5 881 1.6 523 8.42 18.27
24 May 2018 03:53 105.5 1273 5.6 137 29.51 48.22
6 Jun. 2019 23:26 108.7 196 3.6 222 4.88 9.10
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