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JIANG Fang FU Liping WANG Yongmei

(National Space Science Center, Chinese Academy of Sciences, Beijing 100190)

Abstract The nighttime OI 135.6 nm airglow is proportional to the square of the maximum elec-

tronic density of ionospheric F2 layer (NmF2). Based on the previous studies of the nighttime

OI 135.6nm airglow radiative and emissive model, the retrieval algorithm of NmF2 derived from

nighttime OI 135.6 nm emission was presented. The column emission rate is calculated for each grid

point of the nighttime airglow radiative and emissive model. The electron density profile, O+ density

profile, and electron temperature profile are taken from the IRI2000 model, and the neutral compo-

nents are taken from MSISE90 model. In order to derive the relationship between the OI 135.6 nm

column emission rate and NmF2, the column emission rate is fitted to the square of NmF2 linearly.

The ratio of the square of NmF2 to the column emission rate is obtained from the slop of the fitting

line, which gives the relationship between NmF2 and the emission. According to the measurements of

the OI 135.6 nm column emission rate, NmF2 are retrieved. Finally, the error of the retrieval method

is analyzed, which provides important theoretical supports for the time and space applicability of
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the algorithm.

Key words Nighttime airglow, Peak electron density, Emission intensity, Ionosphere

0$#$

*%%+&&',K'L(( ))!*"#
*- [1−3], $% DeMajistre + [4] &&'.)!
* 135.6 nm ,&/0M-+)N'.'(/. 1
, 135.6 nm ,&/0-0'O./0122)32
3 (FORMOST-3/COSMIC, 41 F3/C) 24'5
6)!*0.5 (TIP)[5] 6*7 TIMED (Thermo-

sphere Ionosphere Mesosphere Energy and Dynamics)

24'+,L(0P*8 GUVI[4]. K737)3
23-89249Q564:./.')!*0.
5, ;:001'. 135.6 nm 56'&/( , 2;
)!*R<<0. DeMajistre + [1] = GUVI =3
' 135.6 nm 4Æ( 5.7>)N'.67. Dy-

mond + [6] > Hsu + [7] ?? F3/C 23-'@3
656)!*0.57>)N'.67. A89@
:0':AB=, 8S8 135.6 nm '&/( B8
;< [8].

C=>9DEN 135.6 nm 56'&/B88T
1,%+'C:-, D?8;U)N".'7>@
<, =9;7>@<'F>1,8?G. EA@;5
6( B,&KDEN9C%AD 'HI, B=C
D<EFEG%AD >,&JFGH'( FH
/G, 5@ 135.6 nm 56'&/( 5.U.

1$HKII

9+)!*, OI 135.6 nm '&/'( 5.O
.L O+ ))N'( I@?GJJ, J

O+ + e− → O+ hν(135.6 nm), (1)

K(95K?LV O+ ) O− 'KMI@.EM( 
I@>KMI@' 135.6 nm NK8 NA

ε0(z) =
γk1k2βno(z)ne(z)no + (z)

k2no + (z) + k3no(z)
+

γαne(z)no + (z). (2)

OI 135.6 nm&/( ?LEG8LV 135.8 nm

> 135.6 nm OL56'MO [6], < (2) K γ A
135.6 nm) 135.8 nm'PP-, 135.6 nm> 135.8 nm

56'PP-?MA 0.791, 0.209; 7BQ: k1, k2,

k3 ?MA 1.3×10−15 cm3·s−1, 1.5× 10−7 cm3·s−1,

1.4×10−10 cm3·s−1; β = 0.54. ( I@N α A)N
R.'N:, Te A)NR., NS K[9]. no(z), ne(z),

no(z) ?MADEN4)N>D!N':"..

OQO+ )O−'KMI@ (O++O− → O∗+O)

9 135.6 nm ( 5.'HI, 135.6 nm 'NK8 
NP4QA

ε0(z) = γαne(z)nO+(z). (3)

RR)!* F*O)KM,J ne(z) ≈ nO+(z),< (3)

PTA
ε0(z) ≈ γαne(z)

2. (4)

C2S'UP-0K,)!*&/0.501'
SUP/V 135.6 nm 'W( . WQX.9RÆT
T1,K?, J01''&/ 135.6 nm ( 5.A

4πI ≈ 10−6

∫zsat
0

γα135.6ne(z)ne(z)dz. (5)

CK zsat A23:.. Æ= Chapman N:SU)N
'.V:.'?T [10], X-<P4QA

4πI = K1(NmF2)
2H. (6)

YW H A)!*+!NNU: (NS km), K2 A)
0Q7BXNQ:/-'L: [11].

L< (6) PZ, 135.6 nm ''&/( 5.
) NmF2 (/OM-. WQ, 0V 135.6 nm ''&
/( 5.JP7> NmF2.

9+,WU. 5◦ 6Y. 2.5◦ V?AZW, ;Y
ZLWX' 135.6 nm &/( 5.. &/( 5.
'5@B= 135.6 nm '&/( B8;< [8]. KM
,&Y?''.67LV MSIS-86 ;< [12], !N6
)N''.67LV IRI-2000 )!*;< [13]. 9
ZLWX' 135.6 nm &/( 5.?M) NmF2 (
/Y@ (X[ 1), P\=V9Æ*-Q:Y:'Z[
ÆP. 9;Z[ÆP']N[A 135.6 nm ( 5.
) NmF2 '\\WN, ??\\WNV@ NmF2 7
>UVUY.'?T (X[ 2).



60 Chin. J. Space Sci. ������ 2018, 38(1)

]A-[5@\\WN'/<,P\=VZ^[
/\4̂ _6_``\]>'\\WN, ^Y]@S.

a 1 2002 ] 1 b 5 ^ 23:00 LT 135.6 nm ��
��� NmF2 ��
��

Fig. 1 Linear relationship between the square of

NmF2 and the OI 135.6 nm column emission rate at

23:00 LT on January 5, 2002
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Fig. 2 Nighttime airglow emission and the retrieval values of NmF2 at 23:00 LT on January 5, 2002
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Fig. 4 Conversion factor change for NmF2 with local time in different months from 1996 to 2006
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Fig. 5 Monthly variation of χrms and χ′
rms at different nighttime in 2002. The line with blocks is χrms,

and the line with dots is χ′
rms
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Fig. 6 Monthly variation of χrms and χ′
rms at different nighttime in 2006. The line with blocks is

χrms and the line with dots is χ′
rms
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