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1 

1  

 

1.1  

solar wind

magnetosphere

1.1

magnetopause

magnetotail

11 RE RE = 6370 km  

bow shock

magnetosheath

lobe polar 

cap

plasma sheet

auroral oval

radiation belt Van Allen 

belt

plasmasphere

plasmapause 4 RE  
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1.2  

X

60 km 1000 km

300 km

D

60-90 km E 90-150 km F 150-600 km

1.2  

 

 D  

D 60-90 km

10
-12

-10
-10

121.6 nm NO

D PCA: 

Polar Cap Absorption PMSE: Polar Mesosphere Summer 

Echoes NLC: Noctilucent Clouds

10
-10

-10
-8

80-90 km < 150 K

 

 

 E  

E 90-150 km 10
11

 /m
3

110 km
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E

1 N2
+

O2
+

O
+

NO
+

75%

O2
+

25% E E

E

E

E  

E

—

—

—

— 1.3

j  

      
j = PE H

E B

B
+ ||E||                         (1.1) 

[Brekke, 1997]   E     
E||

P H

|| (1.1)

Pedersen current Hall current

(1.1)
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4.1  

 

 F  

F 150-600 km

120 km 200 km F1 300 km

F2 F1 F2 F2

F1 F2

F2

F2

F O
+

F H
+

He
+

F

10
8
–10

9
 /m

3
F F
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1.3 —  

—  

Region 1 Region 2

Region 1

Region 2

Region 1 [Iijima 

and Potemra, 1976] 1.4 Region 1 Region 2

inverted-V

[Marklund and Karlson, 1997]  

—

[Gary et 

al., 1994; 1995]
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1.4  

CME

R  10.7 cm

F10.7 R

[Hargreaves, 1992]  

 
    
R = k 10g + f( )                          (1.2) 

f  

g  

k  

 

R

11 11

1.5 [Chamberlain, 

1978] R

 

F10.7 10.7 cm 

2.8 GHz 1 AU AU = 1.5 10
11

 m

10
-22

 W /m
2
 Hz 10.7 cm

X

F10.7 R

F10.7 

F10.7 1.6 1987 2004 F10.7 

F10.7 

120 High

120 Low  

[Richmond, 



7 

1987] 1.7

400 km

6

1.8 400 km

[Brekke, 1997]  
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1.1 : [ 1983]  

 

 

 

1.2 : 

12 LT 0 LT [ 2000]  

 



9 

 

1.3 : i

e in en

12 LT

O2
+ [ 2000]  

 

 

 

1.4 :

[Iijima and Potemra, 1976]  
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1.5 : 

11

[Chamberlain, 1978]  

 

 

 

1.6 : F10.7 index F10.7 index 1

F10.7 =120  
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1.7 : 

400 km 6 [Richmond, 1987]  

 

 

1.8 : (a) (b)

[Brekke, 1997]  



12 

2  

 

 

2.1  

1970

30

 [Banks, 1977]

Chatanika (65°N, 147°W) Sondrestrom (67°N, 

51°W) EISCAT IS  [e.g., Brekke 

and Rino, 1978; Banks, 1981; Vickrey et al., 1982; Brekke, 1983; Fujii et al., 1998; 

1999; 2000; Thayer et al., 1998; 2000 ]  [e.g., Foster et al., 

1983; Baker et al., 2004]  [e.g., Thayer et al., 1995; Lu et al., 

1995; Zhang et al., 2005]  

Vickrey et al. [1982] Chatanika IS

MLT MLAT

Chatanika IS

1

 

Foster et al. [1983] AE-C

MLT-MLAT Kp

50˚ 80˚
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Lu et al. [1995] NCAR The National Center for Atmosphere Reserch

TIGCM Thermosphere-Ionosphere General Circulation Model

4

 

Baker et al. [2004] TIMED GUVI Global UltraViolet Imager

SuperDARN Super Dual Auroral Radar Network

Region 1

Region 2

GUVI

 

Zhang et al. [2005] CEJH a Complied Empirical global Joule Heating

F10.7

 

[Elphic et al., 2000]

[Newell et al., 1996; 2001] —

IS
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X

Newell et al. [1996; 2001] DMSP 1984 1992

9 5 keV

110˚

85˚ 2.1 

 

F10.7

GLOW [e.g., Solomon et al., 1988; 

Solomon and Abreu, 1989; Bailey et al., 2002] Doe et al. [2005]

Sondrestrom GLOW

5 %

 

 

 

2.2  

—

[Elphic et al., 2000; Newell et al., 1996; 2001] —
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EISCAT UHF 

Common Program One CP-1 1987 1

14 2004 11 13

 

 

 

MLT  

kp  
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2.1 :

110˚ 85˚

[Newell et al., 2001]  
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3  

EISCAT UHF

EISCAT

 

 

3.1 EISCAT  

EISCAT European Incoherent Scatter

Incoherent Scatter: IS EISCAT

7 EISCAT

EISCAT UHF Ultra High Frequency VHF (Very 

High Frequency) Svalbard ESR: EISCAT Svalbard Rader

3

3.1  

 

UHF  

UHF Tromsø: 69.6°N, 19.2°E

Kiruna: 67.9°N, 20.4°E

Sodankylä: 67.4°N, 26.6°E

931 MHz 1981

3.2 UHF

3 1

3  

 

VHF  

VHF 30 m  40 m 4

224 MHz 1 VHF

1987 UHF

D
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Svalbard ESR  

ESR 32 m 42 m

2 500 MHz

Svalbard Longyearbyen: 78.2°N, 

16.0°E 32 m 1996 42 m

1999

 

 

3.2  

EISCAT UHF 0.32 m  

Debye Ne=10
11

 /m
3

Te=10
3
 K

 

    
D = 0kBTe

N ee
2

~ 6.9 10 3 m                   (3.1) 

0 kB e

2

  V+

(3.2)  

    

V+ =
kBTi

mi

1+
Te

Ti

 

 
 

 

 
                             (3.2) 

mi Ti Te

0

= 0 2
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2
V+

0

= ±
2

0

kBTi

mi

1+
Te

Ti

 

 
 

 

 
                          (3.3) 

3.3

V  

    

= 0 = 0

c + V

c V
1

 

 
 

 

 
 0 1+ 2

V

c
1

 

 
 

 

 
 = 2

V

0

            (3.4) 

c 0

3.4

3.4

2

 

EISCAT UHF 3 1 3

F E  B

IGRF-10 [IAGA Division V working 

Group V-MOD, 2005]  

E = -(vi  B)278 km                   (3.5) 

4.1
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3.3  

EISCAT EISCAT

Common Program: CP EISCAT

Special Program: SP

CP CP 1 CP 2 4

CP 3 CP 4 CP 5 CP 

1  CP 3 CP 6 CP 7

7 CP-1

UHF

90-600 km

3 1 3 3

CP-1 F

278 km 3 2  
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3.1 EISCAT  

 

 

3.2 EISCAT UHF  
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3.3 [Nygren, 1996]

±2v+ 0 v+ : 0 : 0  :

 

 

 

 

3.4 [Nygren, 1996]

    ±2V+ 0     2V 0  
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4  

MLT

 

 

4.1  

 

 

Brekke and Hall [1988]  

 

    
P =

N ee

B

e en

en

2
+ e

2
+ qL

iL inL

inL

2
+ iL

2
+ qH

iH inH

inH

2
+ iH

2

 

 
 

 

 
                (4.1) 

 

    
H =

N ee

B

e

2

en

2
+ e

2
qL

iL

2

inL

2
+ iL

2
qH

iH

2

inH

2
+ iH

2

 

 
 

 

 
                (4.2) 

 

B : IGRF  

m :  

M :  

Ne :  

e : eB/m  

i : eB/M  

en :  

in :  

 

 S/m 

(4.1) (4.2) L H

ML 16.0
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MH 30.51 NO
+

75% O2
+

25%  

 

Schunk and Nagy [1978]

Schunk and Walker [1973]  

    

en = 2.33 10 17 n( N2 ) (1 1.21 10 4 Te ) Te

        +1.82 10 16 n(O2 ) (1+ 3.6 10 2 Te ) Te

        + 8.9 10 17 n(O) (1+ 5.7 10 4 Te ) Te

        (4.3) 

    inH = 4.29 n( N2 ) + 4.23 n(O2 ) + 2.41 n(O)[ ] 10 16         (4.4) 

    

inL = 6.82 n( N2 ) + 6.66 n(O2 ) + 0.342 n(O) Ti[
         (1.08 0.139 log10 Ti + 4.51 10 3 log10 Ti( )

2  
  

10 16

    (4.5) 

 

n(N2)  

n(O2)  

n(O)  

Ti    

Te    

 

 

    
P = P  dh

h1

h2

                          (4.6) 

    
H = H  dh

h1

h2

                          (4.7) 

 

P H  S 

h1  = 90 km h2 =300 km  

(E)

   E 
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U  

   E = E + U B                           (4.8) 

   E (E)

 

    
J = P

 E H

 E B

B
                       (4.9) 

(  J ) (E)

QEM  

      

QEM(W / m2 ) = J E = P
 E H

 E B

B

 

 
 

 

 
 E

= P (E + U B) E H

(E + U B) B

B
E

= P (E + U B) E H

(U B) B

B
E

    (4.10) 

(4.10)

EISCAT UHF CP-1 1993 F

3 (E)

(E) (  U B)  

      QEM(W / m2 ) PE
2                        (4.11) 

E (U) 100 m/s

(E) 10 mV/ m (  U B)

[e.g., Nozawa and Brekke, 1995; 1999a; 1999b]  

(4.11) (|E|)  10 mV/ m

 

 

4.2  

(QP) Vickrey et al. [1982]  

    
QP(erg / cm s) = 5.6 10 6

effh1

h2

(h)N e

2(h)dh           (4.12) 

cgs eff

 

    eff (h) = 2.5 10 6 exp( h / 51.2)              (4.13) 



26 

(4.13) h km 4

(1) 2

(2) 160 km

(3) (4) 

35 eV

h1 = 90 km h2 = 160 km

4.12

 

    

q = qm exp
z zm

H

 

 
 

 

 
 exp 1 exp

z zm

H

 

 
 

 

 
 

 

 
 

 

 
              (4.14) 

[Brekke, 1997] z zm

qm H qm

4.15  

    qm = qm,0 cos                         (4.15) 

qm,0 0 (4.14) (4.15)

 

    

q = qm,0 exp 1
z zm

H
sec exp

z zm

H

 

 
 

 

 
 

 

 
 

 

 
    (4.16) 

4.1

E

li  

    li = ne

2                               (4.17) 

(4.16) (4.17)  

    

li = qi = qm,0 exp 1
z zm

H
sec exp

z zm

H

 

 
 

 

 
 

 

 
 

 

 
 = ne

2        (4.18) 
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z  

    

ne( z) =
qm,0 exp

1

2
1 x sec exp x( )( )

 

 
 

 

 
               (4.19) 

x  

  
x =

z zm

H
                              (4.20) 

 

    
nm = nm,0 cos( )

1/ 2

                         (4.21) 

(4.21)

UHF

cos

160 km

 

    

N e,CP 1

t
= qSUV + qPrecipitation N e,CP 1

2

            = N e,SUV

2
+ N e,Precipitation

2 N e,CP 1

2
= 0

  (4.22) 

 

  qSUV    

  
qPrecipitation    

    
N e,Precipitation  

    N e,CP 1  UHF  

    N e,SUV    

 

[e.g., Watermann et al., 1993; Brekke, 1997; Doe et al., 2005]

 

    
ne,Precipitation

2
= ne,CP 1

2 ne, Medel

2
                    (4.23) 

    ne, Model       :   

 

(4.23) (4.12)
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4.3  

MLT

 

 15 MLT – 21 MLT 

21 MLT – 03 MLT 

03 MLT – 09 MLT 

 09 MLT – 15 MLT 

 

UT MLT UT LT  

MLT (hour) =UT (hour) + 2.5 (hour)             (4.24) 

LT (hour) =UT (hour) + 1.0 (hour)             (4.25) 

09 MLT 15 MLT

70.0˚ 66.2˚

2-4 5-7 8-10 11-1

4.2 4.5 1996 1999

2000 UHF

4.4

Appendix A  
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4.1 ( ) [Brekke, 1997]  

 

 

4.2 kp
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4.3 

 

 

 

 

4.4 
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4.5 MLT
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5  

EISCAT 

UHF CP-1 1987 1 14 2004 11 13

 

 

5.1  

2004 6 3 UHF 120 km

5.1 1045 UT

1145 LT

5.1 0000 UT

0900 UT 2130 UT

UHF

 

5.2 2001 9 21 UHF 121 km

5.2

1036 UT 1136 LT

4.2 (cos )1/2

 

    
N e (m 3 ) = a cos( )

1/ 2

+ b
 
  

 
  

1011                     (5.1) 

5.3  

    
N e (m 3 ) = 2.93 cos( )

1/ 2

0.15
 
  

 
  

1011                 (5.2) 

5.3 0.93

(5.1)

(5.2)
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5.4

(5.2)

5.4

10
10

 m
-3

 

 (cos )1/2 0.03

 

    
Ne (m 3 ) = 2.10 cos( )

1/ 2

+ 0.07
 
  

 
  

1011                 (5.3) 

0.97 (5.3)

5.5

(5.3)

2001 9 21 99 km

144 km a, b 5.1  

2004 6 3 121 km (cos )1/2

5.6

99 km 144 km 5.2

5.8

(4.22)

00 UT

05 UT 05 UT

20 UT 5.8

0.0 mW/m
2

1.0 mW/m
2

5.8 1.0 mW/m
2
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1.0 

mW/m
2

 

1.0 mW/m
2

2 1-3

5.1 5.2

a b

0.9

(cos )
0.5

2

(5.1) a, b

 

 

5.2  

5.9 2001 12 12 2330 UT 13 0100 UT

2336 UT 2344 UT

2344 UT 2352 UT

0032 UT 0050 UT

 

 

CP-1

5.10 5.10(a)

7.0 mW/m
2

1.1 mW/m
2
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5.1(b) 9.5 mW/m
2

2.7 mW/m
2

5.10(a), (b)

5.10(a)

10.0 mW/m
2

20.0 mW/m
2

5.0 mW/m
2

 

5.11(a) 3 A, B, C

A

C

B

7 

k =

5.11(b), (c) 5.11(d)

A  [1]
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B [2] C [3]

[1], [2], [3]

5.11(e)

[1], [3] [2]

[2]

 

5.12

kp 0 6

7.5 mW/m
2

1.0 

mW/m
2

6.7 mW/m
2

2.6 mW/m
2

11.6 mW/m
2

2.9 mW/m
2

7.5 2.5 4

 

 

5.3  

MLT

kp 0 3 3

6

90˚ Dark

90˚ Sunlit  

MLT 5.13 5.13

(a) Sunlit (b)

(c)
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Dark (d) Dark

MLT

 

 

MLT  

5.13(a), (b)

(c)

(d)

 

 

MLT  

5.13

 

 

5.4 kp  

5.14 kp

kp 1 kp 1
- 

1
+ 

(a) (b) (c) (d) (e) (f)

(a) (c) (e) (b) (d) (f)
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kp

kp  

(a)

0.40 (c) 0.53 kp

0.8 kp

 

kp

kp

kp  

 

5.5  

5.15

MLT (a) (b) (c) (d)

(a) (c) (b) (d)

 

 

 

5.15(a)

0.3 mW/m
2

1.1 mW/m
2
 

0.9 mW/m
2

2.8 mW/m
2

5.15(c)
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(1)   

(2)   

 

 

(b)

(d)

 

 

(1)    

(2)   

 

 

5.6  

MLT kp

 

IGRF 

(61.0˚S, 65.2˚E)

 

(1)  
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(2)  

(3)  

(4)  

4

 

 

 

MLT 5.16 (a) (b)

(c) (d) (a) (c)

(b) (d)

5.3 5.4  

(a) (c)

(a)

0.5 mW/m
2

1.1 mW/m
2

(b)

(d)

1.1 mW/m
2

1.2 mW/m
2

(b) 1.9 mW/m
2

1.9 mW/m
2

(d)

2.0 mW/m
2
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3.3 mW/m
2

1.3 mW/m
2

0.7 mW/m
2

1.0 mW/m
2

(b)

2.0 mW/m
2

 

 

 

MLT 5.17 5.16

5.3 5.4  

(c)

7.1 mW/m
2

1.5 mW/m
2

2.1 mW/m
2

(c)  

(a)

12.3 mW/m
2

8.3 mW/m
2

(b) 11.6 mW/m
2

13.4 mW/m
2

 

(a)

13.7 mW/m
2

11.6 mW/m
2

6.2 mW/m
2

(b) 20.2 mW/m
2

12.9 mW/m
2
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10.3 mW/m
2

10.0 mW/m
2

7.0 mW/m
2

 

5.1

5.18 5.21

2.0 mW/m
2

4.0 mW/m
2

 

 

 

5.18 5.18

4 0.0 mW/m
2

2.0 

mW/m
2

(a) 2.0 mW/m
2

4.0 mW/m
2

(b)

(a) 2.0 mW/m
2

(a) 2.0 mW/m
2

(a) (b)

2.0 mW/m
2

(c)

(d) 4 2.0 mW/m
2
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2.0 mW/m
2

6.0 mW/m
2

 

5.19

5.19

 

 

5.20 5.20

(a)

0.0 mW/m
2

4.0 mW/m
2

4.0 mW/m
2

12.0 mW/m
2

(b)

(c)

4.0mW/m
2

(d) 0.0 mW/m
2

4.0 mW/m
2

5.21 5.21

(b) 8.0 mW/m
2

4

 

 

5.7  

5.2 5.6  

 

(1)  
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(2)  

 

 

(3) MLT  

 

 

(4) kp  

kp

kp

kp  

 

(5)  

 

 

 

(6)  
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4  

QDark, Dark  

QDark, Sunlit  

QSunlit, Dark  

QSunlit, Sunlit  

 

 

 

QDark, Dark   QDark, Sunlit  
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QDark, Dark  < QDark, Sunlit  

QDark, Dark   QDark, Sunlit  

QDark, Dark   QDark, Sunlit  

QDark, Dark  < QDark, Sunlit  

QSunlit, Dark  > QSunlit, Sunlit 

 

 

QDark, Dark  > QDark, Sunlit  

QDark, Dark  < QDark, Sunlit  

QSunlit, Dark  > QSunlit, Sunlit 

QDark, Dark  < QDark, Sunlit  

QDark, Dark   QDark, Sunlit  

QDark, Dark  < QDark, Sunlit  

QSunlit, Dark  > QSunlit, Sunlit 

 

2.0 mW/m
2

6.0 mW/m
2

 

 

4.0 mW/m
2

12.0 mW/m
2

4.0mW/m
2

0.0 mW/m
2

4.0 mW/m
2
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5.1 2004 6 3 121 km

1045 UT  

 

 

5.2 2001 9 21 121 km

1036 UT  
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5.3 2001 9 21 121 km (cos )
1/2

(cos )
1/2

0.03

 

 

5.4 2001 9 21 121 km

5.1 5.3  
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5.5 2001 9 21 121 km

5.2 5.3  

 

5.1 2001 9 21 99 km 144 km

 

km) a b x 10
11

 ( /m
3
)

99 2.51 -0.89 0.03 0.98 

102 2.45 -0.77 0.05 0.97 

105 3.24 -0.81 0.05 0.98 

108 2.89 -0.42 0.07 0.98 

111 2.68 -0.26 0.07 0.98 

114 2.83 -0.27 0.06 0.99 

117 2.34 -0.08 0.06 0.98 

121 2.10 0.07 0.06 0.97 

123 1.88 0.12 0.05 0.98 

126 1.76 0.15 0.05 0.98 

130 1.79 0.14 0.07 0.96 

144 2.62 -0.08 0.05 0.99 
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5.6 2004 6 3 121 km (cos )
1/2

(cos )
1/2

0.03

 

 

 

5.7 2004 6 3 121 km

5.6  
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5.2 2004 6 3 99 km 144 km

 

Altitude (km) a b Error x 10
11

 (/m
3
) Crrelation 

99 1.41 -0.34 0.04 0.96 

102 1.62 -0.43 0.02 0.99 

105 1.43 -0.26 0.04 0.97 

108 1.16 -0.06 0.04 0.94 

111 1.24 -0.08 0.03 0.97 

114 1.32 -0.13 0.04 0.96 

117 1.01 0.08 0.05 0.92 

121 1.07 0.06 0.04 0.94 

123 1.17 0.00 0.04 0.94 

126 1.51 -0.20 0.07 0.92 

130 1.68 -0.25 0.04 0.98 

144 2.10 -0.30 0.07 0.96 
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5.8 2004 6 3
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5.9 2001 12 12 2330 UT 13 0100 UT
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5.10 : (a)

7.0 mW/m
2

1.1 mW/m
2

5503 (b)

9.5 mW/m
2

2.7 mW/m
2

7795  
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5.11 (a)

(b)

(c) k

(d)  (e)
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5.12 (a) (b)

7.5 (c) (d)

2.5 (e) (f) 4
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5.13 kp

MLT (a) (b) Sunlit

(c) (d) Dark (a) (c)

(b) (d)

MLT
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5.14 kp

(a) (b) (c) (d) (e) (f)

(a) (c) (e) (b) (d) (f)

 



59 

 

5.15 MLT

 (a) (b)  (c)

(d)  (a) (c)  (b)

(d)

 



60 

 

5.16 kp MLT

 (a) (b) High  (c) (d)

Low  (a) (c)  (b) (d)

(a) (d)
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5.17 kp MLT

(a) (b) (c) (d)

(a) (c) (b) (d)

(a) (d)
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5.3 (QEM)

(QP)

 

Solar activity Tromsø Conjugate Sector QEM (mW/m
2
) QP (mW/m

2
) Data 

Evening 6.7 (6.6) 1.1 (1.2) 148 

Midnight 8.3 (31.6) 1.8 (2.2) 875 Dark 

Morning 13.7 (28.6) 1.6 (1.5) 310 

Evening 4.2 (5.5) 0.5 (0.6) 93 

Midnight 12.3 (14.4) 2.3 (3.0) 247 

Dark 

Sunlit 

Morning 11.6 (20.3) 1.4 (1.5) 227 

Evening 4.5 (6.9) 0.7 (1.1) 158 

Midnight -- -- -- Dark 

Morning 6.2 (6.7) 0.5 (0.5) 34 

Evening 4.4 (6.3) 0.4 (0.8) 250 

Midnight -- -- -- 

High 

Sunlit 

Sunlit 

Morning -- -- -- 

Evening 7.1 (7.8) 0.9 (0.9) 285 

Midnight 4.2 (5.0) 1.1 (1.3) 352 Dark 

Morning 3.9 (3.8) 3.4 (3.3) 125 

Evening -- -- -- 

Midnight 4.1 (5.5) 1.9 (2.6) 119 

Dark 

Sunlit 

Morning -- -- -- 

Evening 2.1 (1.9) 0.3 (0.3) 154 

Midnight -- -- -- Dark 

Morning -- -- -- 

Evening 1.5 (1.2) 0.3 (0.6) 61 

Midnight -- -- -- 

Low 

Sunlit 

Sunlit 

Morning -- -- -- 
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5.4 (QEM)

(QP)

 

Solar activity Tromsø Conjugate Sector QEM (mW/m
2
) QP (mW/m

2
) Data 

Evening 8.1 (7.3) 1.9 (2.0) 532 

Midnight 11.6 (41.5) 3.0 (4.8) 969 Dark 

Morning 20.2 (34.7) 3.0 (3.1) 928 

Evening 9.2 (10.0) 1.9 (2.9) 297 

Midnight 13.4 (18.0) 3.1 (4.6) 239 

Dark 

Sunlit 

Morning 12.9 (21.7) 3.2 (3.1) 384 

Evening 10.3 (9.0) 0.3 (0.6) 408 

Midnight -- -- -- Dark 

Morning 13.6 (10.1) 2.8 (3.1) 77 

Evening 8.0 (6.8) 0.4 (1.3) 664 

Midnight -- -- -- 

High 

Sunlit 

Sunlit 

Morning 10.0 (12.8) 2.0 (1.8) 99 

Evening 6.8 (7.4) 2.0 (3.5) 307 

Midnight 5.2 (4.4) 3.9 (4.1) 615 Dark 

Morning 6.5 (10.2) 4.3 (3.6) 505 

Evening 7.0 (5.5) 3.3 (4.2) 57 

Midnight 5.4 (5.3) 4.6 (5.5) 287 

Dark 

Sunlit 

Morning 4.6 (5.7) 5.3 (2.5) 33 

Evening 8.8 (8.8) 1.2 (1.4) 471 

Midnight -- -- -- Dark 

Morning 4.9 (5.5) 4.3 (3.5) 85 

Evening 8.0 (6.1) 1.1 (0.9) 335 

Midnight -- -- -- 

Low 

Sunlit 

Sunlit 

Morning -- -- -- 
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5.18 kp

(a) (b) (c) (d)

(a) (c) (b) (d)

2.0 mW/m
2

 



65 

 

5.19 kp

(a) (b) (c) (d)

(a) (c) (b) (d)

2.0 

mW/m
2
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5.20 kp

(a) (b) (c) (d)

(a) (c) (b) (d)

4.0 mW/m
2
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5.21 kp

(a) (b) (c) (d)

(a) (c) (b) (d)

4.0 mW/m
2
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6  

 

6.1  

Vickrey et al. [1982]

6.1

 

 

6.2 MLT  

IS [e.g., 

Banks et al., 1981; Vickrey et al., 1982; Foster et al., 1983; Fujii et al., 1999; Thayer et 

al., 2000]

 

EISCAT UHF 66.2˚

Region 2 Region 2

Vickrey et al. [1982]
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Baker et al. [2004] 6.2

60˚

65˚

EISCAT UHF

Region 2  

 

 

6.3  

20.0 mW/m
2

Davies and Lester [1999] Sugino et al. [2002] EISCAT

6.3

3 6.3

2

  J

(QEM)  

      

  J = PE = constant

QEM = J E = PE( ) E = constant E
                     (6.1) 

(6.1)

6.4

(6.1)
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6.4 kp  

kp AE-C

Foster et al. [1983] kp

EISCAT UHF

6.2

EISCAT UHF

EISCAT UHF

kp  

kp

kp

4 4.1 Newell et al. [1996; 2001]

Newell et al. [1998] DMSP

EISCAT 

UHF

kp  

 

6.5  

E

1 keV

Stopping height 6.5
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E

D

 

Zhang et al. [2005]

F10.7  

 

6.6  

Newell et al. [1996; 2001]

 

6.1
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[Newell et al., 1996]

 

 

 

 

8.0 mW/m
2

IMF 
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2

 

6.6

(a)

(b)

Qp, Ionosphere > Qp, Conjugate ionosphere

Qa 

 Qb  
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6.1 (a)

(b)  

 

 

6.2 Baker et al. [2004] (a)

(c) (b)

HWM-93 (d)

(e) (f) TIMED
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6.3
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6.4
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6.5 [Berger et al., 1970]  
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6.6 (a)

(b)
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7  

 

EISCAT UHF 1987 1 14

2004 11 13

MLT kp

 

 

 

kp

kp

 

2

—
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IS
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Appendix A 

 

CP-1 A.1 A.1

 

 

A.1 CP-1  

 

 

 

1987 01 14 00 00 22 59 23.0   1987 11 11 00 00 24 00 24.0  

1987 02 10 10 12 24 00 13.8   1987 11 12 00 00 22 55 22.9  

1987 02 11 00 00 23 00 23.0   1987 11 17 09 00 24 00 15.0  

1987 02 24 09 00 24 00 15.0   1987 11 18 00 00 24 00 24.0  

1987 02 25 00 00 09 17 9.3   1988 03 16 09 07 24 00 14.9  

1987 03 24 09 03 24 00 15.0   1988 03 17 00 00 24 00 24.0  

1987 03 25 00 00 22 54 22.9   1988 03 18 00 00 24 00 24.0  

1987 04 14 08 38 24 00 15.4   1988 03 19 00 00 24 00 24.0  

1987 04 15 00 00 22 00 22.0   1988 03 20 00 00 08 55 8.9  

1987 05 12 08 00 24 00 16.0   1988 04 05 08 00 24 00 16.0  

1987 05 13 00 00 21 54 21.9   1988 04 06 00 00 24 00 24.0  

1987 06 16 08 00 24 00 16.0   1988 04 07 00 00 06 15 6.3  

1987 06 17 00 00 07 55 7.9   1988 05 03 08 00 24 00 16.0  

1987 07 28 08 00 24 00 16.0   1988 05 04 00 00 07 55 7.9  

1987 07 29 00 00 07 55 7.9   1988 08 30 08 00 24 00 16.0  

1987 09 21 08 00 24 00 16.0   1988 08 31 00 00 24 00 24.0  

1987 09 22 00 00 24 00 24.0   1988 09 01 00 00 22 00 22.0  

1987 09 23 00 00 24 00 24.0   1989 01 11 00 00 23 00 23.0 

1987 09 24 00 00 24 00 24.0   1989 02 07 09 00 24 00 15.0 

1987 09 25 00 00 08 00 8.0   1989 02 08 00 00 09 35 9.6 

1987 11 10 12 00 24 00 12.0   1989 03 28 08 00 24 00 16.0 
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A.1  

 

 

 

1989 03 29 08 00 22 00 14.0   1988 09 21 00 00 08 00 8.0 

1989 05 02 07 59 24 00 16.0   1989 08 01 13 00 24 00 11.0 

1989 05 03 00 00 08 00 8.0   1989 08 02 00 00 24 00 24.0 

1988 09 20 00 00 24 00 24.0   1989 08 03 00 00 16 00 16.0 

1989 09 06 00 00 13 00 13.0   1989 09 05 10 00 24 00 14.0 

1989 11 14 10 00 24 00 14.0   1991 02 12 15 04 24 00 8.9 

1989 11 15 00 00 24 00 24.0   1991 02 13 00 00 24 00 24.0 

1989 11 16 00 00 16 05 16.1   1991 02 14 00 00 07 55 7.9 

1990 01 24 10 00 24 00 14.0   1991 02 20 10 01 24 00 14.0 

1990 01 25 00 00 02 00 2.0   1991 02 21 00 00 11 40 11.7 

1990 04 09 0 22 24 00 23.6   1991 05 02 10 04 24 00 13.9 

1990 04 10 00 00 16 00 16.0   1991 05 03 00 00 13 55 13.9 

1990 06 05 10 00 24 00 14.0   1991 07 10 14 30 24 00 9.5 

1990 06 06 00 00 16 00 16.0   1991 07 11 00 00 15 55 15.9 

1990 06 12 08 00 24 00 16.0   1991 09 10 09 00 24 00 15.0 

1990 06 13 00 00 13 40 13.7   1991 09 11 00 00 16 00 16.0 

1990 07 02 10 31 24 00 13.5   1991 12 08 10 00 24 00 14.0 

1990 07 03 00 00 15 55 15.9   1991 12 09 00 00 24 00 24.0 

1990 09 25 10 00 22 00 12.0   1991 12 10 00 00 16 00 16.0 

1990 09 26 00 00 24 00 24.0   1993 02 16 10 00 24 00 14.0 

1990 09 27 00 00 21 55 21.9   1993 02 17 00 00 21 57 22.0 
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A.1  

 

 

 

1993 04 20 10 24 24 00 13.6   1999 09 15 15 08 23 59 8.9 

1993 04 21 00 00 20 00 20.0   1999 09 16 00 00 23 59 24.0 

1993 07 20 22 35 24 00 1.4   1999 09 17 00 00 15 57 16.0 

1993 07 21 00 00 22 00 22.0   1999 10 12 10 00 23 59 14.0 

1993 10 18 13 40 24 00 10.3   1999 10 13 00 00 23 59 24.0 

1993 10 19 00 00 23 01 23.0   1999 10 14 00 00 23 59 24.0 

1994 03 15 16 01 24 00 8.0   1999 10 15 00 00 15 59 16.0 

1994 03 16 00 00 22 58 23.0   2001 07 07 20 00 24 00 4.0 

1994 04 12 16 00 22 00 6.0   2001 07 08 00 00 03 00 3.0 

1994 04 13 00 00 22 00 22.0   2001 07 11 10 00 24 00 14.0 

1994 06 08 16 08 24 00 7.9   2001 07 12 00 00 22 00 22.0 

1994 06 09 00 00 22 00 22.0   2001 09 17 11 05 24 00 12.9 

1995 02 28 14 00 24 00 10.0   2001 09 18 00 00 24 00 24.0 

1995 03 01 00 00 24 00 24.0   2001 09 19 00 00 24 00 24.0 

1995 03 02 14 00 17 00 3.0   2001 09 20 00 00 24 00 24.0 

1995 03 28 15 00 24 00 9.0   2001 09 21 00 00 24 00 24.0 

1995 03 29 00 00 20 00 20.0   2001 09 22 00 00 24 00 24.0 

1999 02 09 10 03 23 59 13.9   2001 09 23 00 00 22 00 22.0 

1999 02 10 00 00 23 59 24.0   2001 09 25 15 00 24 00 9.0 

1999 02 11 00 00 23 59 24.0   2001 09 26 00 00 24 00 24.0 

1999 02 12 00 00 15 59 16.0   2001 10 13 13 30 22 00 8.5 
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A.1  

 

 

 

2001 10 15 12 00 22 00 10.0  2003 05 28 06 00 24 00 18.0 

2001 10 16 15 00 24 00 9.0  2003 05 29 00 00 23 30 23.5 

2001 10 17 16 00 27 00 11.0  2003 05 30 00 00 24 00 24.0 

2001 10 18 15 00 22 00 7.0  2003 05 31 00 00 14 00 14.0 

2001 12 12 00 00 24 00 24.0  2003 09 22 09 00 24 00 15.0 

2002 01 31 15 00 21 00 6.0  2003 09 23 00 00 24 00 24.0 

2002 02 04 15 00 20 00 5.0  2003 09 24 00 00 24 00 24.0 

2002 02 06 08 00 12 00 4.0  2003 09 25 00 00 24 00 24.0 

2002 02 17 07 00 24 00 17.0  2003 09 26 00 00 18 00 18.0 

2002 06 11 06 00 24 00 18.0  2003 10 24 07 30 20 00 12.5 

2002 06 12 00 00 12 00 12.0  2003 10 25 00 00 20 00 17.4 

2002 10 07 00 00 24 00 24.0  2004 03 10 07 47 24 00 16.2 

2002 10 08 00 00 24 00 24.0  2004 03 11 00 00 24 00 24.0 

2002 10 09 00 00 24 00 24.0  2004 06 01 06 59 24 00 17.0 

2002 12 05 00 00 21 30 21.5  2004 06 02 00 00 24 00 24.0 

2003 05 27 09 00 22 30 13.5  2004 06 03 00 00 24 00 24.0 

2002 10 10 00 00 07 02 7.0  2004 06 04 00 00 15 59 16.0 

2002 10 15 10 00 24 00 14.0  2004 11 09 08 30 24 00 16.1 

2002 10 16 00 00 23 30 23.5  2004 11 10 00 00 24 00 16.2 

2002 10 17 00 00 24 00 24.0  2004 11 11 00 00 24 00 16.3 

2002 10 18 00 00 07 00 7.0  2004 11 12 00 00 24 00 16.4 

2002 12 03 13 00 24 00 11.0  2004 11 13 00 00 16 00 16.5 

2002 12 04 00 00 24 00 24.0          

 



85 

Appendix B 

CP-1  

 

1987 1991 EISCAT UHF CP-1

EISCAT 

 

1984 1992 69.6˚ N, 19.2˚E

EISCAT UHF 500 m

2 kW 1 2, 3

1 MHz 16 MHz

20  

foF2 foF2

B.1 foF2 error 

feF2 foF1 foE foF2

 

    foF2 (Hz) = 80.5 N e                      (B.1) 

 

 

B.1 : 1988 5 3 1000 UT  
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CP-1

B.2  

 

B.2: CP-1  

 (UT)   (UT)

1987 3 25 00:00 - 22:59  1990 1 24 10:00 - 24:00 

1987 4 14 08:38 - 24:00  1990 1 25 00:00 - 02:00 

1987 4 15 00:00 - 22:00  1990 4 9 10:22 - 24:00 

1987 5 12 08:00 - 24:00  1990 4 10 00:00 - 16:00 

1987 5 13 00:00 - 21:54  1990 9 25 10:00 - 22:00 

1987 6 16 08:00 - 24:00  1990 9 26 00:00 - 24:00 

1987 6 17 00:00 - 07:55  1991 2 12 15:00 - 24:00 

1987 9 21 08:00 - 24:00  1991 2 13 00:00 - 24:00 

1987 9 22 00:00 - 24:00  1991 2 14 00:00 - 07:55 

1987 9 23 00:00 - 24:00  1991 2 20 10:01 - 24:00 

1987 9 24 00:00 - 24:00  1991 2 21 00:00 - 11:40 

1988 9 21 00:00 - 08:00      

 

 

foF2 EISCAT UHF foF2

EISCAT UHF

CP-1

foF2 foF2 B.2 1989

8 2 B.2 Kp 1 2

CP-1 foF2 10%

 

1988 5 3 B.4

Kp 1 2 B.3 10:00 UT

UHF foF2

10:40 UT foF2
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foF2

foF2

CP-1 CP-1

foF2  

 

 

B.3: 1989 2 13 UHF foF2 

     foF2(sonde) (MHz) foF2(CP-1) (MHz) difference (%) 

1989 8 2 13 20 6.29  6.98  9.9  

1989 8 2 13 40 6.17  6.63  6.9  

1989 8 2 14 0 6.34  6.73  5.8  

1989 8 2 14 20 6.44  6.81  5.4  

1989 8 2 14 40 6.32  6.92  8.7  

1989 8 2 15 0 6.53  7.04  7.2  

1989 8 2 15 20 6.67  7.21  7.5  
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B.4: 1988 5 3 foF2 

     foF2(sonde) (MHz) foF2(CP-1) (MHz) difference (%) 

1988 5 3 8 40 6.76  6.37  6.1  

1988 5 3 9 0 6.69  6.38  4.9  

1988 5 3 9 20 6.71  6.34  5.8  

1988 5 3 9 40 6.72  6.45  4.2  

1988 5 3 10 0 6.85  8.54  19.8  

1988 5 3 10 20 6.75  8.33  19.0  

1988 5 3 10 40 6.39  9.26  31.0  

1988 5 3 11 20 6.49  8.00  18.9  

1988 5 3 11 40 6.62  8.15  18.8  

1988 5 3 12 20 6.33  7.90  19.9  

1988 5 3 13 40 5.61  6.91  18.8  

1988 5 3 14 0 5.72  7.02  18.5  

1988 5 3 14 20 6.00  7.30  17.8  

1988 5 3 14 40 6.00  7.35  18.4  

1988 5 3 15 0 5.84  7.14  18.2  

1988 5 3 15 20 5.61  7.20  22.1  

1988 5 3 15 40 5.73  7.10  19.3  

1988 5 3 16 0 5.62  6.99  19.6  

 

 

CP-1 B.2

foF2 CP-1 foF2

(Magic constant) B.5

CP-1  
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B.2 : 1987 3 25 foF2 CP-1 foF2

foF2  (m
-3

) CP-1 foF2

(m
-3

)  

 

B.5: Magic constant  

     Magic_const      Magic_const 

1987 3 25 00:00 - 22:59 1.13  1990 4 9 10:22 - 24:00 

1987 4 14 08:38 - 24:00  1990 4 10 00:00 - 16:00 

1.01 

1987 4 15 00:00 - 22:00 
1.17 

 1990 9 25 10:00 - 22:00 

1987 5 12 08:00 - 24:00  1990 9 26 00:00 - 24:00 
1.25 

1987 5 13 00:00 - 21:54 
1.05 

 1991 2 12 15:00 - 24:00 

1987 6 16 08:00 - 24:00  1991 2 13 00:00 - 24:00 

1987 6 17 00:00 - 07:55 
1.12 

 1991 2 14 00:00 - 07:55 

1.29 

1987 9 21 08:00 - 24:00  1991 2 20 10:01 - 24:00 

1987 9 22 00:00 - 24:00  1991 2 21 00:00 - 11:40 
1.14 

1987 9 23 00:00 - 24:00       

1987 9 24 00:00 - 24:00 

1.08 
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