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Abgract A theoreticd modd for the midlatitude ionogpheric E layer is edablished in this pgoer. Through
numerica smulation, the tempord and dtitudina variaion tendencies of eectron and ion dengties in mid
latitude region can be obtai ned from the continuity equations of the four main component ionsi.e. NO* , 0, ",
O" andN, " . The diurnd , seaond and lar variation tendencies of dectron peak dengty (N, E) or critical
frequency (fo E) in E layer are reveded preferably in the computing results. Conparing the results with the
observed value of ionosonde measured in Wuhan , we find that this model can objectively describe the actud
dtuation in the mid-laitude ionogpheric E layer. Gonddering the disadvantages of previous nodels, we further
discuss the irfluence of some inportant factors, such as secondary ionization , fluxes a wavelengthsA < 150A,
photoabsorption cross section and digribution of NO upon the nodd’ s reaults.
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Table 1 Sable ion reactionsand the corresponding rates
(em®-s™h)
1 O" +Nz -NO* +N A1 =1.533%10 - 5.92 x10" 3 (Tn/300) +8.6 x 10" *(Tn/300) [9]
2 0" +0; -0;" +0 A2=3.1x10 " - 1.11x10" ™ (Tn/300) +1.125x 10" 2 (Tn/300) 2 [10]
3 N2* +0 -0* +N; A3=9.8x10"2(300/Tn) *Z [11]
4 N2 * +0 -NO* +N As=1.4%10"(300/T,) ®* - A; [11]
5 Nz * +0; 502 * +Ny As =5.0%10" " (300/Tn) [12]
6 N,* +e N +N Ag=2.7x10""7 [13]
7 0,* +NO -NO* +0, A7=4.5x10"1 [12]
8 0," +N -NO* +0 Ag=1.2x10" % [14]
9 O;" +e .0+0 Ag=2.0x10"7(300/Tn) 7 [15]
10 NO* +e N+O A =4.3x 10" 7 (300/Tn) [16]
2
Table 2 Metagable ion reactions and the corresponding rates 4
(em’- %)
1 0"(®™D) +N; -N,* +O  B;=8.0x10"" [17] NO", O, ,
2 0"(°D) +0, -0,* +O  By=7.0x10" " [17] N N
] @] N, ,
3 0'(?D) +O 0" (*9 +0O B3=5.0%x10" 2 [13]
4 O'(°D) +e-O*(*9 +e B,s=6.6x10"8(300/Tn)*S [18] - E :
5 0O*(%D) -0*(*9 + Wb Bs=7.7x10°° * [18]
6 O"(P) +O-0*(*9 +O Bg=4.0x10"" [19]
7 O"(®P) +N; -N;* +O  B;=3.4x10"% [19] 3
an 0
8 0'(*P) +0, -0," +O  Bg=4.8x10"% [20] ot — G- Bin - aZ(ﬂiVi) ; 3
9 O*'(®P) +e-0*(°D) +e Bg=1.5%10"7(300/Tn)%° [18] .
10 O*(?P) +e -0* (*9 +e By =4.0x10 %(300/Tn)*5 [18] ! 9 '
1 0" (*P -0"(°D) + I By =0.172 * [21] Q B
2 0'(*P 0'(*9 +W B =0.047 * [21]

* s L



246

(ChineseJ. Gaophys.) 48

o' = Quo* + A [O"][N:] + A4[N; ][O]
+ A7[0; 1[NO] + As[O; ][N] (4a)
%! = Qo + A[O7][C:] + As[N; ][C:]

Bor = AN ] + A [O] (49)
Bny =As[O] + A[O] + As[O,] + As[e] (4h)

€xn -0, €m0 € N € o -0, €op0t € N

(V)

+ (Qo*¢?p) *+ Qo' p€ 2p )€ -} € o ,
+ Qo' p€ 2p 0] (4b) e . B2[C:]
ZDAO2 -
%" = Qo + As[N; ][O] + (Qo* o) Bi[N2] + B.[O;] + Bs[O] + Ba[e] + Bs
+ Qo*p€ 2» )€ o + Qo*(pE 2» o' (52)
Bg[O] + B4[e] + Bs
(40) €m0t = N o
o = Qv + (Qo'n + Qo' pE 2 )€ m Bi[No] + B2[G:] + Bs[O] + Ba[e] + Bs
+ 2,€ (4d) (5b)
Qo (°PC 2PN, i . Bl[Nz]
Bror = Awle] (40 =2% g [N,] + B,[O:] + Bs[O] + Bale] + Bs
Boz" = A/[NO] + As[N] + Aq[€] (4f) (5¢)
|
Bs[O:]
€p.of = : (5d)
Bs[O] + B7[Nz] + Bs[O.] + Bo[€] + Bw[€e] + Bu + Br
Bs[O:] + Bwo[€] + Bx
€p o = (5e)
Bs[O] + B7[N;] + Bg[O.] + Bg[€] + Byp[e] + Bu + By
B7[N:]
Ezpm; = ~= (5°)
Be[O] + B7[N2] + Bs[Oz] + Bg[e] + Blo[e] + By + By
Bo[e] + B
€pop = - - (59)
Bs[O] + B7[Nz] + Bs[O.] + Bo[€] + Bw[€] + Bu + Br
|
Vi
- _Rucosl  coslsnl ) 51
T 1+pt 14pt T NO,O,,0,N, N
I Pi
We Wy MSIS2000"!
02 ,O, N2 N L]
(3 (
E F10.7 ) ( AD )
MSIS2000 NO . NO
, Titheridge1997 NO
5 Titheri dge1997

NO

HWM93™®



2 E 247
.\ <150A
52 , NO
BUVAC?
, 21 6.1
1977 7 1980 12 AEE BJV ,
, Fio.7 81 A <150A
, 50 1050A 37 : NO
Torr1982'* . )
[NO" /[0 ] 2
6 E ,
IRI90™ 1 1
1 E ’ 2 ]
, (30.5°N,114. 3 E) 1981 15%. BJUVAC
6 21 ( ) 12:00LT , F74113 , A =150 250A
Fio.7 X, 2 A <150A 3
E , 3 4
(NhE NB (hnE HhE. 33 %, 3, 1
, BUVAC Nm E 5 %. 4 Richards1994
, Torr1982 , , ,
NO" O E , ,
,0"  115km , Torr1982 NnE
20 %. IRI90
N2 ’ )
E , IRI90,
il Nm E 1 %
. 140 ‘
' [NO™ ]/ | 1 EUVAC
[O:7] 2 BHs KB LI
130 | nosecondary ionization
s s source
"3 +33%MA<IS0A
+33% when A<<150A
140 ' " 120 ¢ 4 Richards1994H% W & 101
~":[O+] ' ~INO™] E absorbing section
130 F 5 N e Ne 1 =
; N 110 |
; o Ny
120 f LN . donE
iE‘ \[\02] N-E 100 |
< s N :m
. T N b
110 f ./' A i mEL e o)]l;fgr{ged data
; 90 L="" ‘ ' :
100}/ 0.0 0.5 1.0 1.5 2.0 2.5 3.
=;l < 10%cm™®
0 0.5 1.0 1.5 2.0 2.5 2 ' A <150A
10%cm™
3 FHg.2 Theirfluence of secondary ionization , photoaborption
1 ) ' 30.54N, cross section and fluxes a wavelengthsA < 150A upon the
114. 3 EX 7 ,Fo7 153.6 dectron density
Fg.1 Hectron and ion dendtiesin summer at
30.54°N, 114. 3 E, withx =7° and Fy7 =153.6 NO E 3




248 (ChineseJ. Gaophys.) 48
[NO] ,[INO" ] , 140
, [NO] O," +NO _NO" +0O,
, o NO*, NO 130
. N ’ 120
NO NO , g
-~
[NO] ;110
[NO" 1/[C." ] [NO"]/[0:" ] =1
hy , NO , h, = 127km ,

. . 100 — Titheridge 1997 1
[NO"]=[0C."], Titheri dge1997 o Moo
123km, [NO] 119%km,  [NO] 90 , . . -~ osmol

. . 0 0.5 1.0 1.5 2.0 2.5 3.0
10 , 102km [NO']=[0"], Nm E oo™
15 %. , O," +NO -NO™ +
3 NO
(o} , 115km . )
. . ] Fig.3 Theirfluence o NO upon dectron densty and
(O] ’ O +N. -NO  +N proportion of ion components
![NO+ ] 1 3
NnE = 1.24 x 10" x (f,B)*, (7)
6.2 E , fo E MHz , N E cm®
1981 ( ) 1985 (
E Nm E E fo E ) E
, E
4 4
3 3
= =
S 2 2 2
m m
o ~
1 (3)55}. 1 (H)EZE
Vernal equinox Summer solstice
0 1 1 0
0 5 10 15 20 0
tLT
4 4
3 3
= =
S
E 2 g2
s -~
1 ()4 1 (DHEE
Autumnal equinox Winter solstice
0 | I 0 I |
0 5 10 15 20 0 5 10 15 20
tip Iir
4 f,E
1981 1985

Fg.4 The durnd variaionsd f,Eon vernd equi

rnox , summer dldice, autumnd equinox and winter ldice

Slid lines represent year 1981 and dotted ones year 1985. The dort verticd lines indicate the times of sunrise and sunset.



E 249
foE : - E 10°cm’* ( f,E  IMHZ).
10°  10°cm’’ E ’
( foE IMHz) , 110km

4 4t

3 3t
& T
S !
< 2 o 2
m
e -~

1 ()& 11 (LEZE

Vernal equinox Summer solstice
0 I I 0 1 1
0 5 10 15 20 0 5 10 15 20
tyir Iir
4 4
x X

3 3
N N
T ent
S 2 = 2
o )
we w7

1 ()5 1 ()&=

Autumnal equinox Winter solstice
0 I | 0 |
0 5 10 15 20 0 5 10 15 20
tir Iir
5 1981

error/(%)

error/(%)

Fg.5 The conparion between the conputing resuits with the observations on vernd equinox ,
summer ldice ,autumna equinox and winter oldice in 1981

25

20

15

10

25

20

15

(&3]

(a)March

*

.*_

* *

.*_
Fhaept oy

5 10 15 20
Irr

(c) September

_*.
Hp ¥
o ﬁ*#-**

5 10 15 20
Iy

6 1981 3 6 9

error/(%)

12

25
(b)June
20 *
*
15
10
*
5 * *
* ***
0 R o .
0 5 10 15 20
tLT
25
(d)December
20
15 +
10 *
5 .
*
. TN A
0 5 10 15 20
Iir

FHg.6 The average error o nodd caculaion in March, June, Sgptember , and December , 1981



250 (ChineJ. Geophys.) 48
, ( [NO™ 1/
, 12:00LT [O. * D
foE . : 15% A < 150A
15% , , 3B% ,NyE 5%;
5% . 4 ,
foE ; 1981 Torrl982  Richardsl994, NoE 20%
1985 Fio7 160 70, , iNO Nm E,
>% 10%. [NO"1/[0.7] [NOJ
6.3 INO"1/[G:"]  NnE
1981 , 3)
foE , ' E
, fo E. 5 ,
¥ , E '
1981 3 6 9 12 E
J E
6 )
5% , E
’ L ( ES
, 10% 20% , ) E
’ E
Chgpman ,
fo
Es
E ( | Titheridge NO  Titheridgeloo7,
1 1 !
(References)
7 [1] BuwnsantoMJ. A dudy o the daytime E FL regon iomophere a
midlditude. J. Geophys. Res. , 1990, 95: 7735 7747
(D E [2] Buwnsno M J, Slonon S C, Tohiska W K. Qonparion o
NO* O * 'o" N, * measured and nodded olar BUV flux and its dfect on the EFL
regon iorophere. J. Geophys. Res. , 1992, 97: 10513 10524
’ [3] Titheiidge J E. Aeroromicd cdcuations of valey sze in the
iorophere. Adv. Space Res. , 1990, 21 24
[4] Tobiska W K. Recent ©lar extreme irradiance observations and
MSIS000 , NO nodeling: A review. J. Geophys. Res. , 1993, 98: 18879
Titheridgel1997 NO , 18394
HWMO93 , [5] .Tltheridg?\] E. I?irect dlowance for the dfect of photodectrons in
EUVAC , iorogpheric modding. J. Geophys. Res. , 1996, 101: 357 369
[6] Titheridge E. Modeling the peak of the ioropheric Elayer. J.
Torr1982. Atmes. Sd. -Ter. Phys. , 2000, 62: 93 114
(2) ( [ 7] TitheridgeJ E. lonisgtion bdow the nignt F2 layer - a gobd
A <150A NO ) modd. J. Atmes. Sd. -Ter. Phys. , 2003, 65: 1035 1052



251

(8l

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Titheridge J E. Modd reautsfor the ionospheric E regon: lar and
saond changes. Ann. Geophysicae, 1997, 15: 63 78
S.-Maurice J P, Torr D G. Nonthermdl rate codficients in the
iorophere: The reactions of O with N, O, and NO. J.
Geophys. Res. , 1978, 83: 969 977

Torr D G, Rchads P G, Tor M R. Potochemigry o the
iorophere.  World  lorophere  Thermophere Sudy  WITS
Handbook , 1988. 1 38

McFarland M, Albritton D L, Fehserfdd F C, e d. Energy
dependence and branching ratio of the N, ™ +O reaction. J.
Geophys. Res. , 1974, 79: 2925 2926

Lindnger W, Fehsrfdd F C, Shmdtekopf A L, e 4.
Tenperature dependence of ome iorogpheric ionneutrd  reactions
from 300K—900K. J. Geophys. Res. , 1974, 79: 4753 4756
Abdbu W A, Torr D G, Rchards P G, & d. Resalts of a
conprehendve dudy o the photochemigry o No* in the
iorophere. J. Geophys. Res. , 1984, 89: 9069 9079
Feherfeld F C. The reaction of O, " with aomic nitrogen and
NO*- H,O and NO, * with aomic oxygen. Plangt Space Sd. ,
1977,25: 195 19

Wdls F L, Dunn G H. Measurement of total cross sections for
eectron recombingion with NO* and O, " usng ion dorage
techniques. J. Geophys. Res., 1974, 79: 1911 1915

Torr M R, Torr D G. Recombination of NO* in the micHlatitude
trough and the polar ionization tole. J. Geophys. Res., 1979,
84: 4316 4320

Johnen R, Biond M A.
O* (°D) + Npand O* (?D) + O, reaction rate codficients and

Laboratory measurements of the

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

their iorogpheric inplications. Geophys. Res. Let. , 1980, 7: 401
403

Henry RJW, Burke P G, SrfallanA L. Satteringd dectrons by

C,N,O,N*,0" ,andO™ *.

224

Phys. Rev. , 1969, 178: 218

Chang T, Torr D G, Richards P G, & d. Reevduation of the O*
(?P) reation rate oodficients from Atnophere Bplorer C
observations. J. Geophys. Res. , 1993, 98: 15589 15597
Link R. Daysde megnetopheric cleft aurora processes [ Ph. D.
Thess]. 1982. 489

Seaton M J, Ogerbrock D W. Redative Oll intensties in gassous
nebuae. Astrophys. J. , 1957, 125: 66 83

FooneJM, Hedin A E, Drob D P. NRLMSISE 00 enpiricd node
o the atmogphere: Sdidicd conmparions and siertific issues. J.
Geophys. Res. , 2002, 107: doi :10. 1029/2002JA009430
Hedn A E, Heming EL , Mann A H. Enpiricd wind nodd for
the upper , mdde and lower anophere. J. Atmes. Terr. Phys. ,
1996, 58: 1421 1447

Richards P G, FenndlyJ A, Torr D G. BUVAC: A lar BUV flux
node for agroromic cdculdions. J. Geophys. Res. , 1994, 99:
8981 8992

Tor M R, Torr D G. The role of metagable Pecies in the
thernogphere. Rev. Geophys. , 1982, 20: 91 144

Bilitza D. Internationa reference ionophere 1990. NSDC/WDG
A-R&S, 1990. 90 92



