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1. BB R S E A

F 5 2 i LR 7 2 A2 P B JE I S 0 S e N A, 18 A0 A F ) T
Bto 1924 4F, JL[E R /R (Appleton E. V.) &5@id 1) b &k SHAS A SR A TE
2 WU S, 49 2[R9 T B IR SE T HL B2 R AELE o R 36 B 1A BT RF (Breit G
FEER (Tuve M. AD A8 36 B ) B RS TCZR kit i vk, SR A H
BEME, IO T R IS BRI 5 VAR AL IR (Appleton,
1928,1930) , HERI 7 vERR oL B 2 o2k e BRI 7 v CTRTRR LS 2 30 ELERID
AR XA J5 B A B R W00 8 2 R g T 2 s AN o G A i 8 et e L R S 4
AR EBK i (— M 1.0 — 30.0MHz), 4 F e A8 45 T HA 59 )2 46 B8 TR AR I
T T R A R, DN M 2 e i [ 3 B A WL B IR (AT RE SR, 3R A5 & 49148 r
BEME S, X R E SOl R R R S ] (AR EED, EREE
JE ST R R BE AT R AR BT 2R, WA 1. BT SRR R g,
1, AR Z MR ESESER, HEA R N R E R TIREN SR,
TR RS R R R T EEER . i NETE LR, TREEERRE
PRI B4R, EAT LA SE 7 (A ] 5 S840 s e s Z BRI 7 h R AR

lonogram from EISCAT Dynasonds 14071984 11:22
700 i

'+ Ordinary
aear + Extraordinary
500
4 ]
E 4001 }
b | nre A
[} ]
T 300 ;
h'F1
200 i
100 LB
— i) ]
[l [r, [
gt &l &) &
0 1 1 1 1 1 1 1 1 1 1
0 1 2 3 4 5 G 7 8 9 10
Freq Mhz

K11 R R A

HL B 2 I e SRR B 2 L B 2 ) R BRI 5 (R AN A, 7EIX 80 RAET
P s, g s S N v SRR A XA e PR 3 05 28 R e N =B B
1
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WL 22 SRR b2 =R PR -4 o, S5 e 179
SRR R 24 4 F B R O 5 0L A s, B T
BB RS, R (5 5 E B A0 BB, AR o TSR
HE, TTRREIRS AR UK OB 5 5, M AMHZ TP 2 R RR G
T 0.AMHZ) AT, ] SOMHZ (48 Fl B F2 i P51 o
RIS, —MRIGT 30MHz), 34324 et B2 1k A BT 2 G o
BB U, 2 A TS T a BRI B S B HISH T2
AL SRS, BB RRIALIN 5L 1 R I 10 4.

Y SRR U 5 AR AOHERY T o B2 LR 315 B 2 57
WRAE T A, L) T A A I, 13)
HEAT S B EG O A UAH FII TBS A P st B2 00 5 L 55 B B
TP, FERFAIEHA, 0 ) B L H R R DT £ 5
BRI, A5 BRI O T RIS
SRR BRI AL, — VA 5 R A LA st 3 B T — ke
U REEL . S 1 B0IRAR A SRR ER T 2 G SO0 T O3 , 95
TR A L (A SRR O 7 e, T4 PSR 0 LA
NLHBESHE R, S5 0BRSS . SR LAy 2 3 2
RCHA E1 0B IR B0, % — XL ARRFAEB] e\ 45
FRATPLA4EARE], I 50 4E AU L.

FEBO T HR, P SEHLECAR R HL 8 52 TR 5 5 5 R L 2
T A B R O B X YR R, RABUT U & R
MR R ELLE B SO A B HTEOR 55, 52 T L ARG BB )7
A SRR, FUFRREAS , BRGSO Af, JERR T MR % H
MO E S AT RIEER, SO T RGP 0 1 DS RRAAMHT . th T e B
BURISIANE, BT E AT TR A E SR R . 481, B
SRS FIR 1 B0 BRI AT 52 R BUR N LT, (R B TR EARA
CTRERCR T T o UAEIE R AR B B BT MO, U BT 18
PN TR TR TE, SR TR B2 2 RURIF B HL TS
5 o R T M A8 R B0 50 5 PR SRR A2 | 2
80 4FAHIE) 90 4RI I, ik R, 1EH BRI 80 % 4F IR i e,
SRIDBEIE T S 60 4105752, Sesi G T FsE FALIAT 50 48, TIHHC7 40
FIFITR A 20 SAEMpI k. HAT, FBR. [PV B e B
REIERIR. P12 4 T TR, EER AR R =R



E B A TE “ BB ZE DRt ” WH (2008FY120100) (A%

STATION ¥YYY DAY DDD HHHH P1 FFS S AXM PPS IGA PS
Huhan Tono. Obs, 1999 Hay20 140 0315 HHH 500-1 8c6 100 +2+ A1

o RN o+ [ovs [NGRE) N SN SR No=3 o-+

1 2 3 4 5 [ 7 8 a9 10 1 12

HU430_19931 40031505 HHH 2 110#=128h 100 kHz Se0 b 4x5 / DGS-256 C030-050) 3046 N 1144 E

(¢)
K 1.2 =FhASRE s 3 o B 2 40 e
(a) NLFsHMmZHg], b BaifREIEFMN, () Hr=X a3
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2. BB RS E S RF5EE

21 HEEERNSE

|
o |
|
of'e fxFe
P
I
I

F2 layer ! P

iy

700
|

LHOTAH TVALUIA

200

200

ST P P—
£ layer Ls layer fomes
fain AL T

1ac ?— : - fxEs
!

E hiEs '

FREQUENCY MHz

TYPICAL IONOGRAM

& 2.1, HAEKHEE

KB 2.1 A — sk BRAR A IR S i . FRATT A IR 13 Fh S8, s 7 Fb
S 2% (fmin, foE, foEs, fbEs, foF1, foF2, fx1), 4 & E % (W'E, h'Es,
h’F, h’F2), LK M K+ (M3000F2, M3000F1) #il Es 2:A,
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2.2 BEERINSESHEFiE
2.2.1Z#1: fmin

fmin 2 A5 e P T 5 80 1 5 Sk R R AR AT 8
WrEREE: 0.1MHz.
PRETERZAb:
(1) fmin POZHET FH BT RbR & . B EHC R B T 5 —
YIS 1B R 2E KR €
(2) A% EAEHE IR .
(3) fmin ANREM d 2 Es b7, BASHE A B I 7 720 A0 5 4% H B F
TR BEATHRE o
HARE

@ Kormal ionogram { paytime )
fo
S ] 5 6 }T} 8 9 10 11MHaz WL 1o
Loo v folls L2
ME -// xEs 3_h§
300 h'Es 1
\—r,{,// Es type el
200 ThEs 32EG
foll Ly
' N S n'F ols
100 h'Fe 305
folFz2 67
4 & ¢ $ fxI
fmin foFE fols fol'e

K. NIEF SR (HRD ARE fmin

A lower part of traces disappeared owing to the
absorption( Daytime )
fo =
h'E B
koo ToEs LAER
TxEs
300 h'Es B
absdrpti 7 Es type
200 C I\Jtu i fbEs L8EB
el foFl B
h'F B
100 h'F2 275
foF2 Tl
4 4 fxI
fmin foF2

. A\ H IR SR s A SR O s B (R B € fmin

5
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®

A1)l the traces disappeared owing to the sbsorption

{ Daytime
Loo
300
alsorption
200
()
100

. P s DA RT3 B (R ARsE fimin

h'E
foks
TxEs
h'Es
Es type
folEs
foFl
h'F
n'rFe
ToF2
=T

uvllve vy,

ot

[ssiwesite: Rtes vy

A lower part of traces is missing dus to
ingtrumental defects

[
1 /)
Loo | //
300 E ‘“”"4//
i
fault !’/ /l
200 o i
100 E
J
4 ) 4
fmin foFl {xEs

h'E C
foEs STIA
fxFs 63
h'Es 115
Es Lype o2
foEs 36EC
foFl L(ké)
h'F 250EC
h'F2 305
foF?2 75
xT

. i T J A S f I R A R B CERD AR5E fmin

®

Normal icnogram { Hishttime )

1 2 34 sy 67 8 10  11MHz
km J }
400 /
300 _‘;55ﬁ;£;f
200
100
4
fmin o2

K. MIEH it & (A B %€ fmin

G

h'E

foks 10EE
fxEs

h'Es B
Is type

fbEs L1OEE
foFl

h'F 210
h'F2

foF2 h8
xT 5hy
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Normal ionogram { Wighttime )

//
300
‘//’/
200 =]
100 4——f——=
i f
fmin for2

K. MIEH St & CRE]D B %€ fmin

h'BE

ToBRs 21J4A
fxFs 27
h'Es 110
Es type 1
fbls 11FB
foFl

h!'F 20578
h'F2

fofe 31
fx1 37X

foR is affected by the interference ( Nighttime )}

| |
‘ !
g
100 T— //
¢l ]
300 g; —
T
Mo
200 g:
e
mf
100 —
4 2 4
fmin o2 fxEs

K. TPt (RTE)D ARsE fmin

h'E

foks GQJA
fxEs 68
h'Es 110

Es type 2
fbEs 16E8
foFl E
h'F 250
h'F2 i
foF2 L8
fxl 5hx ‘

The lowest frequency of the 2nd order reflection

is lower than that of the 1st

400 1 |
_ﬂ__SEs// //
e e -
200
100
Al 4 A
fmin £{bEs fxlis

h'E

folls h2Ja
fxEs 18
ht'Es 1i0

Es type 3
fbEs 28

foFl

h'F 2504
h'F2

foF2 Lo

fxI 55X

. IR B i AR AR AR — IR [ AR R A3 e P A € Fimin



E R A T/E “BE)Z DL E R gmit” HiH (2008FY120100) CFY

2.2.28%1 2. foE

foE /& E ZIR IR, 2% MEES

AR E e LA RA,
brEREE: 0.05MHz.

bRt R AL

(D EBEX M E JZTH B LA Es Hi

U S M R PR . E R

(2) HUMBKLT E 2, RMELER R, BN IZ#ThRE, MRS K.

@ Normal ionogram Prin 13
1 2 3 L 6
lom ’ hts v
L0o i 5 fols 21EG
}/ fxEs
300 h'Es G
///
\ Es type
200 \\Ema'& fhEs 21EG
foFl
H'F 215
100 '_“"d) '/ h'F2
foF2 55
p it $ £xI
fmin foF fofz
el DI 0 v B A o foE
Cusps due to underlying stratification are observed ,
in E layer traces fmin
O »
h'E 05H
fxEs
300 j h'Es G
\_/ BEs type
fbEs 325G
200 ,L./ foFl 50UL
W h'F 250
100 ot = h'F2 280
ToF?2 72
4 4 14 £xT

fmin cusp FoE

K. W2 S BUR I E R R RRN

1151 P A8 foE
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B2 layer is present
fmin 15
h'E 0
400 fols 2TEG
fxBs
300 7 h'Es G
}\\&ﬂ“/ ES t:{PE
2TEG
200 ? fhEs
_’)u =" foF1
- ! B'E n'ry 2hs
100 hiFD
foF2 sl
4 4 $ g
fmin foE folz
K. MAFLE E2 JE 78 i A0 b g foE
Cuzps due Lo stratifications other than the normal .
E are observed fmin 16ES
]
I-'-l J } h'E
400 1 fols 16ES
o Z/’ fxEs
300 % : ¢ ,,¢4£ h'Es g
= o By Es type
%I | fbEs 16T5
200 Ty e u' T foFl
I n'F 195H
100 | h'F2
fol2 (3N
4 14 4 £xI
fmin fol2 fol'2

K. WHERL E JZ5171 2 3 BEIE A 9 SR A i B b € foE
Wi EE A AR E RS Ry R (B RREE), ERE:
(1) R = A R E EARANR (20 fZE e R A K. Al ResZ 2+
EURCE

(:) Cusp except foE is observed in E layer traces fmin
™
i 2 3k 5 6 7 8 9 10 11MHz Top 2800
Lk h'E 0
Loo - fols 304
} } fxEs 36
300 /// 7 h'Es 115
N Es type cl
200 gw—-"-"’/ fbEs 28
; foFl
3 h'F 215
100 e h'F2
FoF2 58
LR X, £xI
fmin cuspL—foE

B A\ E SR AT R R B A e B b foE
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i

E region traces are blanketed by Es layer

fri 16
) e
koo fols Losa
}/ fxBs L&
300 / y h'Bs 105
Es type £Z
200 N fHEs 30
foFl b51,
h'F 220
100 h'TF2 295
foF2 66
4 4 £xI
fmin foR
K. M E EHE; Es FbER, (BF F1 #250E B s g foE
@ E region traces are blanketed by BEs layer
fmig 1
) C £
J h'E A
oo // foEs gTJA
fxEs 3
300 3E2 — h'Es 100
) Es type £3h1
200 cEs, fhEs 35
Sl Faih foFl
100 S Bs— |1 h'F 270
h'F2
i ' A foF? 60
fmin Toll txEs fxl

K. A\ E SR Es S RL, (HAT Es-h F3E 1A (1450 BB € foE

No traces are observed near ToE e 2
a ¥ Cor 3650

. h el

100 I&: fols hé

o I\ / fxEs 52

300 = P o h'Es 150

i / Bs type hi

| fbEs Wz

200 foFl 50
| l\"":““ h'F 200EA

-
106G o] i h'F2 290
I for2 g2
4 14 4 £x1
fmin foE fols

K. M\ foE BTl 5 328 (43 ve R A A€ foE

10
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E layer traces are nolt clear owiﬁf to the inter-
Terence i -
ki
1 2 3 i 5 6 T 2 10 1iMH=z @
%00 41— for 483A
t 7 oEs
- pSEs y £xEs 5k
300 454 = h'Es 110
® | I
g F‘QES - Es type c3
200 48y IbEs Lo
o | foFl
5kl h'F 255EA
100 -2 i h'F2
fof2 80
| A 4 £xT
fmin bEs  fxhs
. E JZ AN M R A0 = A E foE
All traces of the E region are not clear owing
to the interference i RIS
<>
I :
koo E[ foR 1688
o | } } fxEs
300 42 . h'Es s
" Es type
3 |\~}--¢Z/ fbEs 16E8
200 -+
® foFlL
L] h'F 220
100 | h'F2
for2 38
é @ =1
fmin foF2

K. TS ECE Rl s R K55 s B br € foE

Mo traces are observed from E region and the
lower part of the F layer

400
300 i
absorption
200
100
8 L)
Iain Fol2

F o -
T Illlllll:
fols 36ER
fxEs

h'Es B
Es type

TbEs 36EB
foFl

h'F 245
h'F2

foF2 57
rxI

B, TR ECE R F R AR 2 ROk 1 A v bR e foE

11
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Only the extracrdinary component of the E layer
is visible — <
| Cor 3200
koo 1 ft4 foks G
% j// }/ fxEs
300 V™ = o h'Es G
= | > Bs type
E, lj rbIs G
200 1 foFl L{hk)
Y h'F 250
100 I h'F2 275
foF2 68
44 fxI
fminl— £x®
K. R E R AR R 50 5 FR 7€ foE
L
(:) The trace near foE is an abnormal shape {A type )
. 12 3 b 5 ' J6 T 8§ 9 10 1Mz NNIOE 222
Loo ToEs 3k
/ / fxEs ho
300 h'Es 115
\M/ Es type e2
200 fbEs 258G
foFl
)\_':\. h'F ohs
100 ] h'Fa
foF2 53
4 | 414 £x1

fmin fof fols

K. foE Bt Il 5 # AR B Al e el b € foE

TolE exists below the lowest Trequency of the
ionosonde

4oo

P4

\

200
100
J A
fain fxlis

. foE - iy DO AR AR N 100 i B A 5E foE

12

h r
fols
fxEs
h'Es
Es type
fbEs
foFl
h'F
h'F2
ToF2
fxI

ar

26JA
32

1co
L1
250

6k
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@ Several cusps are present near ToE
| _ foE 265
koo j\ j/ foEs Lk
M S TxBs 50
300 P ~ h'Es 165
Es type he
200 £ _ fbEs 35

MJ\J\"‘--—- fo¥Fl n{ha)
] h'F A
100 h!'F2 270
A A I\ foF2 68
fmin foE FoEs Txl

&, foE MYITAFEZ MR IFAF I T i R AR A€ foE

Two Bs types are visible near {oB -
- /] L
400 / foks Lo
// fxks Lé
300 h'Es 125
._MW Es type hlcl
500 Ed-h fbEs 38
Es—c‘\ Af\ foFl L
LA h'F 2ks
100 s e h'F2 L
foF2 69

4 A4 %1

fmin foE foEs

[&l. foE BT Es #3215 12 T MM = B bR € foE

The particle E layer is appearing .
12 3 b s 6 7 8 o 1o 1w
m
hoo S folls 17K
i fxEs 23K
300 \ h'Es 135K
Es type k1
200 fbEe 17K
—/ ) \ foFl
100 h'F2
foF2 S51F
4 4 é xT 60
fmin foE fobF2

Bl kL E EAETE T 1A AR E foE CHHBRFERI[A], HEFEIT fminF, FH Kt

A5

13
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K. A RRL E JZARH BT 1R T K5 s B br € foE

Only the extraordinsry component of the particle
I isyer is wvisibie
100 ')
\.:}_‘_-,_,.—14/
200
100
4
fmin fxB

i QR
B "
foks 00JK
fxEs 15K
h'Es B
Es type k1l
fbEs Q9K
foFl

h'F 255
h'F2

foF2 36
fx1 Loy

The ordinary component of the particle E layer is
not clear owing to the interference

!
I
Loo I i
[
& Z/
00 1] i 2
3 i} \\hh— v
200 !
g
2,/
100 i
b 4
fmin %8

h

foEs 20JK
fxEs PEK
h'Es 5
s type k1
fbEs 20K
foll

hiF 2hg
h'F2

foF2 57
fxI 63X

K. RO T-IORL E JZ 35 BB ANE 16 T2 T I35 B br € foE

@

The r type E? ig appearing ( High latitude iono-

gram sample

hoo fminF
& \
300 ‘
200 R
5&“)97 <t~ Espr

i e se— Y .."’
100

Lo la] A

fmin ol fobs fxT

K. r B4 Es FAAEBT B0 B B bR i€ foE

Wi EIAEAE r B Eso v 7 Es RAE L E R IRARARHE ALK, (HR] LAAI_E
JE A AR AL B R R ORIX A o IR Z B = T fminF I, i)y r

Es!

14

KW'l ]

fols LoF
xEs Ler
h'Es 110
Es type rlkl
fols 25UK
foFl

h'F 250
h'F2

foF2 697
x1 T
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2.2.35%3: h" E

hWE &% W E J2 59 I SO 78 1) B R v
PRERE: 2 km.
brRETER ZAb:

(1) 2 AR S NFE AR T £5km I, h’E AFRiE .

(2) 4 foE #ibrEmt, WE WElrE (EMIEERIND.

(3) WE WRSHBAE AT S bn €« KT R AFAEIIE Y, B
A NI Es JRIESHI S A3 (8 22 P AR L 1 PR B A 5 W . FERIORL E SR 152,

LU 5 Ko

H AR

Normal ionogram

®

1 2 3 ] 5 6 7 8 9 10 1iMHz

fmin

kn <L
Lo o . W HE
fxEs
300 N b h'Ls e
N g Es type
fbEs 30EG
200 foFl
A/ | ns h'F 255
100 = b h'Fe
foF2 63
4 L £xI
fmin foE
. E R R 0 hE
(:) Trace is not horizontal near fmin fmin 18
[ g A
| 1) Qs 120
400 \, e
300 45 e h'Es 115
a: \\hﬁ_ - Es type o3
i o P foEs 32
200 Ei Foll
B S 270A
100 {1 AT B'P2
I foF2 60
| 44 A £xT
fmin foE foEs

. fmin BEE A IZEA P IR0 B S TR T BOFRE hE

15
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@ Cusps due to underlying stratification are

ohserved in the E layer traces fmin 16
fo 3LOH
oo /1 J <>
/ fxEs
300 v e h'Es I
e Es type
200 , foFr ko
f 0 UL
S n'E n'F 255
100 h'F2 295
foFz
Al A @ P &
fmin cusp -Tol
K. B R R R A R A B T T BIARE WE
e Traces of E layer and lower part of ¥l layer are ]
blanketed by ¢ type Es fmin 18
h'E A
oo I 1 Th
/ / fxEs 5h
300 A L h'Es 100
A Es type Lz
fbEs Lo
28s
200 - fol'l L2
h'F A
100 h'F2 275
foF2 68
A \ A fxI
fmin foEs fxEs
K. E 2 FL 23050 FEE 45 | 78 Es S8 Wi R 400 s BEIS T R HOAR 2 hE
L
The lower part of E trace is blanketed by £ type
Fs fmin 16

12 3 b 5 6 7 8 9 10 11Muz

K
106 ')
300 o~y
200 ~
\A”"" kEsdh
NN
100
) 4L

fmin ToE —fols

fxbs EB
h'Es LU4OEG
Es type hlR2
fLEs 30EG
foF1 LSULL
h'F 205
h'F2 275L
foF2 80
Ixl

K. E JZ AR FE 4 | B Es Ik KI5 IS T 1 AOARE h'E

16
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®

The vicinity of foE 1s blanketed by ¢ type Es

4 '1l=iiIIIIII!!IP

hoo =5 .
j/ fxEs hsg
300 Y h'Es 115
/-' 7¢‘“""" Es type cl
200 ” fbEs 32
] fol1 L3L
N » h'F 225
100 4= h'F2 280
for2 63
Al 4 4 £xT
fmin cusp foEs
K. foE P28k ¢ B Es il 40 = S T T IR hE
@ B regioﬁ traces are not observed owing to the
1r1|t@rference fmin 16ES
o | :
: | <TH>
400 1751 ST BES
2 ) fxEs
200 g i h'Es S
2 N Zi// Es type
200 o= fbEs 1688
| foFl
' h'F 210
100 I h'#2
folr2
4 A f:iI 7
fmin fol2
K. T FEORA E R e B IE T IPRE hE
No traces are observed from E region and the lower
@ part of the F layer fmin 35
hoo J o_ EB
hibdH-]
z ' B
300 . o noEs
absprptijon __ | 5 type
fbEs 35EB
200 foF1
h'F 2ko
100 h'F2
foF2 66
4 A £xI
min foF2

K. A EJZREER PR 28 ) A0 e B S T R R 58 hE

17
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2.2. 453 4. Es B

Es ERIERIIIEE, & EVEREITE 100 2 170km. 7EIX /15 B V0 16
7, REARIGRENIHINE N EJZEE2 2, #UHANEs JZ. Es f#i75E 5
PLFE 100 2 150km =/, 7E h &Y Es /K85t 150km.

Es EASSN1LM, A, 1, c, h, g, r, a, s, d, nfIkH, E—Aub
MBS 4 2 R Es, HpfEhdit X & HIeA L e, h ffR, Thr, a
WHEESAMNE, EARARTEEX. A, RN Es [N HH. %
TEH 5 = Y] Es #5181 4T foEs, fbEs Al h’Es A5 5E o

JIT Es R 6415128, /NG T HRERIR . EICsESRB PR, KAJER L
ZIRRS R (A 9), 4N

~~——_ hd
~_h3
£2 \HE__
hi
s
4
fol

10 hdl3. EAEEL 5 T
HARE

18
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@ Es type £, flat

i 2 3004

6 8
K 5 ) T} 9 10 11MHz
hoo —
3Es /i
300 .
/’Aﬁﬁ
2Es
200
Bo-1
100 &
$ B A
fmin bEs fxEs
5. A Es

fR CPIHALD Es EREEMRIEM, KEmALLK—K, EREAN f R Es,
FRIRYE HfE midt— 2Py | L ¢ AN h A,

@ Es type £, low

19

fmin 1l
fok 315
/ / h'E 115
400 y foEs B2JA
fxEs L8
300 — ,,.é. h' 0
200 Es-p foFl
v/ 5 'y 270
100 === h'Fe
foF2 67
4 @ @ & TxI
fmin £bls fok xBs
&, | Y Es
| 70 Es HIERREAR Tk T 00 0L £ GRS, & TER.
@ s type c, cusp
fmin 15
/ } fok 300
h'E 105
koo / / foEs Lk
g_______._w___.-.«-'--/ fxEs 51
300 f’7 hlie ()
— Ces e o1
200 5] iR L( 6)
Es-c foll
100 .,.____/\54\2:-—-&{ n'r 2ks
h're 310
foF2 T9
T é g é llé TxI
min foE foPBs fxBs
K. cZYEs
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c B Es $5i5 SR T 5T foE #AXIFR, A E EfiTMHiE, RE&ETH
K, VAR GR E 2 HIET . A, 2R84 H I .

Es type h, high min 15
! foR 320
) h'E 110
400 / / FoRs L6
N g_/ fTxHs 52
300 ! 5
Es-h ,- m

200 &~
¢ foFl A
)\M\:::r*' h'F A
100 +——=p=—"1 h!F? 320
foF2 6
A . A ’

fmin fok fobks

K. h%Es

h % Es 7t Es f#iii = )% L5 WM E JR1E foE VA EAESL, RIEMAXIK,
LR T E R AR R R e A R ARR KL E R LA

® Es type a, equatorial fmin 14
12 3 k5 6 8 10 11MH fok 260
Km ! e ? “1 n'E 110
Lpo foks TOTA
/ / TxEs 85
1300 = . T
\ /V s type plal
e L G
200 Es-q
% TaFl
I TN STy NS T ey e h'F 210
100 PRI PR DAL AT L ERAA hIFQ
foF2 78
4 | & £l
fmin foFE

K. qZfEs

q B Es WAL B R H BUEREMUA ZRIE L X —28, SIS U A,
HN AU 5 T e .

Es type r, retardation frin 13
fol 250UK
J } h'E A
Loo / foEs 38w
///// rxEs LLF
300 - A 0
(A — CEs type  rIxID
200 .
R Y h folFl
oY Ly ‘Es—
,%£,,>«*' s h'F 240
100 - h'F2
foF2 71
é 4 $ xT TT%
fmin f{uEs fols
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E R A T/E “BE)Z DL E R gmit” HiH (2008FY120100) CFY

K. r#Es

I Es REAYR ST HOMHOR B R, 7R RN A O 0L E R
RO ARG 5 R A H A ML E A F R

2

L

3 4
a b

b KT a i, XH Es N r M,

M oa M b KBUHEER, NEARERL E =

(:) Es type a, aurocoral
fmin 25
foE
h'E
koo foks T5F
fx¥Es
200 ! oF
200 O
foFl
e h'F 280F
100 hFo
b 4 foF2 TEF
fmin Fobs =l 8
K. aflEs

a %) Es JEH AAERZEAIE, (B2 RO SN P b e 5. R
EAZ I E) 2 FOAAL . SRR 5 5 S R JLTT A B B TP 0, ok
ARSI

Es type =2, slant

21

400 /{//
00 A =
3 e e
I R
200 o
I / -5'»:"?: ’
100
A A §
fmin foRr fxBs

fmin 13
foll 300
h'E 115
foEs 5854
fxEs N
' |m
ok L
foFl

h'F 250
h'F2

foF?2 6l
fxI
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K. s#Es

s Es &KL AY B, BabEimEs. s M Es AHTAKERS, R
T RHEEE, FELESANE] . s B A ki 2 foEs, fbEs B¢ h’Es, {HMN
ZHINSHFR T,

Fs type d, Partial reflection from absorbing layer foin 67
foE B
o 1 2 3 ] 5 6 7 l 8 2 10 11MHz WiE B
hoo fols 67ER
fxEs
Es type al
L o H
200 Es~d fofFi B
* h'F )
100 e — e h'F2 2808R
foF2 75
Al 4 £xT
| fmin foF2

K. d7ZYEs

d M Es J8% HILTE 95km FE AR, Esd R, FEiicE ¢ (5 fmin).,
XK Es X} ERCH R AE /1, H R 80km & T

Es type k, particle E fmin 1k
ol 250K
h'E 150K
koo folks 25K
fxEs 31K
300 LSRN = —
B T T me 2
\\ vpmye, g
200 ____,iﬂ/j foFl
h'F 280
100 h'F2
forz 657
8 § | A xI Th
fmin  foF foFz
K. k%Y Es

k 7 Es FISRFRAFAERIORL E 2. BRI I ARG s =L (170km) WL )&
JZ, g reia s

22
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2.2.52%(5-6: foEsFA h’ Es

foEs #& Es /2 37 I AT 5 ) Fe AR (T A ). Es JZ /& dus A8 40 1Y
W2, S EVEEALE 100 3] 170km. £EIX A5 VG B T, R ERGRIRTE 28 1
INNHEE 28 E2 2, AN Es E.
hEs s&br e foEs ) Es JZ -9 1 S S i 725 i) B AR R 15
FrE k. foEs (AR k5 A 0.1MHz, h’Es HIkrEREE N 2 km.
FrRETER ZAb:
(1) Es NH#)Z, BT HIESSERANFEM TR AFRAHX ) r F1 k A4 Es
4, £ foEs B TiE H V%A 1EIR H B .
(2) Es fi7rH HIELZE 100 2] 150km = EE, £F h A Es 48 /-8 150km.

(3) Es RIS J9 10 F, HrAE b 4t DO BLHA Leh A0 f R, A,
Z IR Es RN I

(4) 24 Es #ZEAR1G/KFI, h*Es #5 & N H AR R .
(5) AN RE AR} A S 77 2B K
(6) A ANEAR S BAT 18] W7 (14 3B AT

B HAEAT A TOBs AT R, BXR, (BB HR AE R, AR Hi
i

HoAx 5«
@ Es layer is not observed ( Daytime )
12 3 kW 5 6 7T 8 9 10 11lMHz
km
400
o L)
=
200 N7
100 e A
41 4 4 A
fmin fokE fol'l foF2

B, ARMIAE] Es JZA I A i B TR T AOFR € foEs A hEs

%A Es 5, {EATEMWH EZMERER F R, i, foEs R foE,
TS EG IE, h’Es A5 G BRiE.

23
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Bz layer is not observed { Daytime )

fmin 17
foE 8
h'E 110

Pl
b
Loo tg I ,/J
13 ! W
300 En
200 Ig 1/
l G R
i
100 "'""} !
i
Al 11 A
fmin ol fof?

foFl 4o
h'F 2L5ES
h'F2 200
foF2 59
fxI

K. ARETPRIMA R Es 2 1728 8= PR 2 T BIARSE foEs AT h'Es

foE A4 ARENRE , BI85 B A Es, RITFF 5 G BRZE foEs #1 h’Es.

AR A E IS R, foEs=(fmin)EE, h’Es=E.

(:) Es layer is not observed ( Nighttime )
koo // J
/ //
300 P
L]
200
100
A ]
fmin foF2

h'F 2U0EE
h'F2

foF2 33
xI 39X

. BB AN 2 Es 2 H32E (1) 43 v I 156 2 N (A5 7€ foEs AT h'Es
RELIMASE] Es JEHE, A ERE, WA F R O RE 2550

Es layer is not observed { Nighttime )
oo /‘ /'
w"""—w-—n&
200
100
4 4
fmin foF2

. BB AN 2 Es 2 H328 (1 A3 I 156 2 N [R5 7€ foEs AT h'Es
RELIMASE] Es JEHE, WA E JRMIERHE EITEE T, fmin BEM F JE4
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VEFR 8, eI LAE, fmin DLR BA 628 0E TR . this), foEs=(fmin)EB,
h’Es=B. H B i#47R5E.

L

@ ¥o Es layer is observed ( Nighttime )
kml 2 3Jh} 3 6 7 8 9 10  11MHz
LoD — /
|
[
300 4 84 /
L
L h'F
200 4 o =
2
[
B
100 4 Q3+
A 4
fmin )

. BLIA R TP 21 Es J2 432 10 B S T2 T A5 € foEs A hEs

UL foE A MF T3 T80, il ANEm A gebsE, B, foEs=(fmin)ES,
h’Es=S. H] S #EATIRE .

No Es layer is observed owing to sbsorption

Loo /} j
300 %

absodption - h' R
200
100
4 4 £xT
fmin Tol'2

. PRIRHAC Es 2= g e MR i (R A v PRI 1 2 R (R 5E foEs AT h'Es

RIS, & Es Al E EHiE, HF EFH . HE, foEs=(fmin)EB,
h’Es=B. F B 1T E .

25
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f+£Es { top frequency of Is layer ) is low
{ Wighttime )
10FEF
400 —
Tminkx } j 12
300 é / 11¢
A i
200 12
100 += 220
33
4 38X
folsil— B g

. BLIE) Es J2 I e AR AR A8 iy B S T R IURR € foEs Al h'Es

WIRIAFAE £ B Es, 1H Es JZ M Eum R IR0 B, I AR 5y
Uit b € fOES.

ftlEs iz higher than fB { gyro frequency )
{ Highttime )

Loo
300 fminFx J }
7
v ,,.& '/
200 i
100
h A A %I 48X

B —ifblEs —fxEs

. BUIR] Es J2 328 v i 4 R S Tl ] e AR (1155 7 T B % foEs A1 hYEss

) Es JZ 725 v it AR R I WG 0] e AR B T2 R, Frag foEs= (fxEs-fB/2)
H A BRE .

@ Near ftEs, ordinary and extraordinary components

cannot be disbinguished fmin 17
12 3 4k s 6} f 8 9 10 1iMHz ok 275
km
400
el >
300 e i) ]
i—t/-’/
200 b FITE X
h'E 240
100 Lo h'F2 323C
fofa 63
* 4’ % * 4 xI
fmin foE foFl foF2 fxEsg

. Es J2 R A AN AR AN BE X 2 IS T F AR € foEs Al h'Es

26
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Es JZ Al - H RIS AR P L s, AREX . BEIBE N, foEs=
(fxEs-fB/2) JA, FJA[RE.

@ Near TtEs, ordinary and extraordinary components .
cannot be disiinguished fmin 16
fol 330
WIE 110
Loo - foEs 50JA
fminkx /// fxEs 56
300 +-3Ls ‘ /] h'Es 100
\\h_E:=Eg¢4:”’ Es type 23
2Esg
200 fﬂ;ﬂEx Tofl
/] h'E 250
100 ﬁf/ h'F2
foF2 62
4] 414 4 £xT
fmin fbEs fob fxEs

K. Es J2 Rl 31 S AN AR B AN BE X 2 IS T T AR foEs Al hEs

Es JZ Al - H BB A AR P L e, AREX . BEIHE N, foEs=
(fxEs-fB/2) JA, FJAFRE.

Near ftEs, ordinary and extracrdinary components
(:) cannot be distinguished
koo //} /’
300 ,,,-ﬁ/
- i
200 fminkp
| S—
100 <
B 4
fmin ToE  fxBs

K. Es J2F2E 31 I AN AR B AN BE X 2 S T T AR foEs Al hEs

Es JZ Al - H RIS AR P L s, AREX . BEISE N, foEs=
(fxEs-fB/2) JA, FJA[RE.
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Near ftls, cordinary and extraordinary componesnts
cannot be distinguished
Loo
300 /; i
Diis \“//
200 TRETER
J ¥
100
4 A 4
Tmin fbEs TxEs

. Es J2 2T R AN AR B A BE X 2 IS T R AR € foEs Al h'Es

Es |24 T WA A AR R B S, AREX 43, (B, (fXEs-fB/2) &
T foE. MIEE R, foEs= (fxEs-fB/2) JG, H JG PRE.

L
@ Mo signs for distinguishing between crdinary and
extracrdinary components are found near [tEs fmin 19
fok 295
- 1z 3 0k 5 6 7 8 9 10 1lMHz g 10
oo )
300 N\ N, /i
/) ==
—
200
[5)
!\\h, n'F 225
100 i e n'F2 260
_— foF2 &7
4 4 4 £x1
fmin foE fols fminFx

. MEDX 7Y Es J2 T s AN AR A 1 16 1R T A5 € foEs Al hEs

Es EH5 A E 2578 7E foE A0V, Es JEHEEME T [X 0 533 P AN R e 3k
BT, foEs=fxEs, AHRE.

No signs for distinguishing beltween ordinary and
extraordinary components are found near ftlis

Lo )/}
L

T

200
S
100 7
b b

fmin fols LOE - fmsinmx .
K. HEDX 3 Es 24008 -0 I8 5 28 AN AR F 28 (115 T2 T A5 %€ foEs Al h'Es

28
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Es ERiMET X o> FH WA AET W . Es ZHIATE E ZHA T, His
WAL T foE. IEE T, foEs=(fXEs)G, H G FRE.

I

‘Ia No signs for distinguishing between ordinary and
/  extraordinary components are found near ftEs
Loo

3ES
300
200 2Eg
100

% 1 ;
fmin fhEs fxEs

K. Es J2F2E 31 I AN AR P AN BE X 2 IS T T AR foEs Al hEs

17276 | B Es. Es E40F 5 IR AR H IR E S, ANFEX . F 2
BT AR, WIETE T, foEs= (fXEs-fB/2) JA, A JAFEE.

Wo signs Tor disbinguishing between ordinary and
extrocrdinery components are found near {tEs fain 18
fok A
} h'E
hoo foEs 5BTA
//// rxEs A
300 —4 n'fs 110
] Es type £
2Es Te 5
200 foFl A
n'r A
100 h'F2 2T0A
foFe 75
4 I £xI
fmin fhEs fxBEs

K. Es J2F2E 31 I AN AR B AN BE X 2 IS T T AR foEs Al hEs

F1E | BY Es. Es JZZE 35 WSS AR H R ES, NgEX 5. F 260
B A, F RSO 5 B s A At E S . BN, foEs=
(fxEs-fB/2) JA, FH JATRE.
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L

Hear ftBs, ordinary and extracrdinary components
cannaot he distinguished {(Kighttime) fmin 11
12 3 L s 6 T 8 9 10 1iMue | I°F
km DR I
hoo
300
200
o]
h'F 2208A
100 hiFD
foFe LoF
A4 4 £x1 50
fmin fbEs fxEs

. Es J2 2T R AN AR B A BE X 2 IS T R AR € foEs Al h'Es

Es EZ 35 B AR IR B S, AEX 4. FEAT E. fmin iR
1%, HIBEEE R, ISR, foEs= (fxEs-fB/2) JA, F JA FR%E.

Es layer ordinary and E layer extraordinary traces
are seen to he connected
400 ) /
300 =t
\Nughuzﬁi:

200

100 h'F2 265
foF2 68

4 44 rxT
fmin foR LPoEs

. Es J2 T R AN AR AT E B S T N ARJE foEs A1 h'Es

1775 o 7 Es. Es il 33 BB A I BB A Ve, 7E ToEs AbHEREA
. R, AR

The 2nd order reflectlon exbtends up to higher
freguency than the 1lst order reflesction (Nighttime) fmin 18
foE
h'E
400 fols
fxEs
3Es
300 | n'Es
Es type
2Es
200
100 Lrerers
fmin foEs

. IR Es JR I b — IR B i 1 T R AR g foEs Al hEs

30
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TR I R R A W i) e i R b e, ASHIFRGE

A R Es, A2 RIBIEAIE . — Ik Es BRI — O s sy, LT

Oblique reflection trace i3z observed

[

fmin
fok
h'E

K. AR R R 255 T A5 7€ foEs Al h'Es

it foEs, MIEE T, foEs= (fxEs-fB/2) JA, H JA [R5E.

1

llOO / folks
fxEs Th
300 38s ’4/ h'Es 100
E=z type c3
oRg i fbEs Lo
200 X Tobl A
obligue trace
o mman)—— h'F A
100 h'Fe2 250U0A
foF2 67
A 4 A £xT
fmin fbEs fxFs

FAAE ¢ T Es, [RINAAAEAR} A BB . AN Es 328 5t e A0 ML [ g 3 Al

2D

Es layer trace exceeds the upper frequency limit of

K. Es JZ R0 I S A R AR _E RS T hn i€ foEs A1 h'Es

1F1E ¢ BY Es. Es i fib Bt P m A Az LR . BT, foEs= (&
{3 ERESZ) DD, FH DD fEsE.

31

ionosonde fmin 15
i2 3 L 5 6 7 8 10 11M Fol 320
km | 2 Hz R'E 110
Tele) ! —— — foEs 200DD

3ES e 7 1
300 | h'Es 110
of's Es type o3
200 T~ fbEs 93
FoF1l A
p h'F 1
100 14 > hF? A
, OMHZ £ 0 i

4 é @ fxI

Tmin fok fhEs
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Q%D Two types of Es are observed

I
300 7 == _
/ Es type clil
200 fbls L8
foFl 13
Ea-L _______,JM%ESHC h'F A
100 h'F2 310
for2 Th

& b4 rx1

fmin foF fols

K. ZHh Es RHEEE FhRiE foEs Al hEs

F77E ¢ B Es F1 | B Es. foEs # i 12 ff i8S 2 55 =i 1)

‘@gﬁ Two types of Es are observed

fmin 15
} } foF 360
L'E
400 p— ‘4/ fols 66T
\{‘Su%- Fx¥s 72
300 n'Es 100
soo oFs Is type 2222
.
,/ '“MES—h fOFl 7
100 L 25f = h'F A
h'F2 320
A1 41 4 b e 1o
fmin fbEs fokE Txls

K. 2% Es JEREETE T A5 € foEs Al hEs

T7A4F ¢ M Es fil | B Es, foEs Fr 5 326 5 0 4 % 45 = 1) o

) Es 1 traces ar t horizontal
i 3 ayer = 2 e no OYr1Z0omn f‘mj_n 210
fok 330
] } h'E 10
500 foks 3
// fxEs 2
300 Mk St h'Es 150E
Es type hl
fbEs 33E
200 \\w\. foFl
8 h'F 280
100 - h'F2
foie 55
b b £x1

fmin foR b— foEs
K. Es JZ /LA IKF1EH T b€ foEs A1 h’Es

FF4E h B Es. Es |2 3 BAEHEF BAL RS TE R D&, EATFED K.

7)
foEs fr e b i =i, h'Es F foEs Mg FfEmIRE s, (AARERS
32
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UFIE, f1G&EiiH,
2.2.65%1 7. fbEs

fbEs & Es FMEMAAR, B Es EITIRRGEY], Geil b1H 2 ISR 1 AR
#. fbEs $iik Es JEHEWIEE, 8H b 1H E R HH IR € o
PRERGEL: fhEs AR EFE Y 0.1MHz.
ARG = OF
(1) fbEs N1 T I HR AE o
(2) BRAEFERFIRIE Y, foEs BIZA KT foEs.
R E P IR
WA WA Es #E T
(1) FEIEEMEE, AK, foEs=(foE)EG; #[A], fbEs=(fmin)EE, =k
fbEs=(fmin)ES.
(2) TEAE ERB A 2 20T 30 IR ER s & IR IR, A fE 55, A
i, HK, fbEs=(foE)EG; 7X[Al, fbEs=(fmin)EE, BX fbEs=(fmin)ES.
WA= B B Es #, HRRA#NE BREX, BR, foEs=(foE)EG:
#[A], fbEs=(fmin)EE, B fbEs=(fmin)ES.
LIPS M Sl 1p 7 S - AL ES W T =38
(1) s E R Es #i5, foEs=(foEs)AA.
(20 B RIEN . — i = A 3R BRI, foEs HUAER 184>
FHE ) B R AR
(3)  PUNTHREHE R 3 F E B0, B foF2 #H5 KT foEs (1),
foEs=(foEs)ES. S N TIULHIFF 5.
(4)  Es SRR EHEMN LR KRR (fminF 2 fminE) 2411, 0
R FH AT I BETE T 2 T, 24 foEs>=fminF (fminE ), fbEs=fminF
(fminE); 4 foEs<fminF (fminE), fbEs= (foEs) UY B¢ (foEs) ES.
(5) | 4 Es ] foEs /NT- foE, fbEs= (fminE) G.
HoAk 5«
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No Es trace is obgerved (Daytime) foin 15

1 2 3 4 s 6 7 8 9 10 1IMHg | LOF 290
k
460 | /f /}
Ny

\_,//{;>L
200
100 "“'”’”/'j
b A b 4
fmin foB folll LoF?

K. HREAH Es RRETHE M ARE foEs
FIREA Es J2HE, BAELETEMN E JZRk. 5T, fbEs=(foE)EG, H

G fR &

Presence of Es fLrace is not identified (Daytime) fmin 0R
] foE 200UB
! h'E 0
400 +—y Tors 20F
5 I / TxEs
300 :‘:ll // Ty a
o Es type
200 5 ! N —~ fbEs 20E
i of'L
g | n'F Lo
.00 i h'F2
; FoF2 51
K =T
fmin foF2

K. ARBANTIAREHI Es TR B AAENE T FFRE foEs
HREFEATI, AEEHIWT E FI Es EH50 2 BAELE, foE REM F JZHEIEAR
K 2B IR G TS Fhrg. WIHE N, fbEs=(foE)EB, F B PRE.

No Es trace is observed (Nighttime)
fmin 16E3
% fob
h'E
h0o 151 //j |
=
o |
300 45 - /
g =
b4 )
200 15—
o | foFl
h'F 550
100 +—1 h'F2 g
% foF2 55
FxT 61%
fmin for2

K. BEBA Es JRRETHE N ARE foEs
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BRI T, RSB A {2, WA Es 2, 15 F 23605 & i i i i
HAIEE T, fbEs=(fmin)ES, H S FRIE.

No Es trace is observed {(Nighttime)

oo | )]
o

/W

frin 10EE

200
100
8 b
fmin foF2

K. WIEWH Es EMEEE N hr g fbEs
WIEMEAI B B, F ERITEW, (H%AE s EfMd. HEET,
fbEs=(fmin)EE, A E fRE-

@ The Ts layer does not affecl Lhe upper layer (Deytime) fmin 28
1231;.56?8/'910111%3
km /
L00
}\-t‘\—u
300 7L
: e
200 -+
Ry
100 a4 A
Al A i 4
fmin ol fols fokz

K. K Es EREEG o F T E RIS T R AR E fbEs
HRAAAE Es E/E, HEAX FHZEXRME = AR, SR T,
fbEs=(fminF)EG (Es JZEEA E EFHSH)D, FH 6 RE.

'{he Es layer does not affect the upper layer
Nighttime? 10E®
hoo j’j/ 2901
35
300 " 100
£l
200 L
285
100
82
b 88%
fmin —— fminEsl- rxEs fofe
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K. %6 Es 2RV 0 T 2 U2 S T R AR SE fbEs
W IAIAFAE Es JE 45, (BRCA X B Z R r=Awm,. iR, fbEs=E,
F E BRIE -

@ The lower part of traces is missing
500 ﬂjfl
/‘7"‘,_”‘
300 /,f’/;f
p -~

200
100

fmin foFl foF2

K. FEM R ER G TE N AR € fbEs
BA Es 245, Heiil lmbide. HIEE T, foEs=(fmin)EB, H B fRE.

The ®s layer affects the upper layer (Daytime) frain o~
folf 385
bk e e
hoo Toks 53
. fxRBs 60
300 Py n'Es 120
\‘ Es type el
|_fbEs 20
200 foFl L(58)
I, N N h'F A
100 h'F2 340
foF2 ok
8 4 ba £x1
fmin foE {bRd— Fols

L. FELE Es 0, SERS_E R UCHEA 5 7% FARTE foEs
4 Es EHE, R LR, WEHTE T, foEs bRE bR Y
ARSI

The Es layer affects the T layer ( Nightiime ) fmin 13
g fokE
1oe 3k 567 8 9 10 1Mz o
500 —— .
. / / fxEs Lo
i d it / h'Es 100
300 fmink //// Es type PO
200 ¢ — fbEs 26
TobFl
h'F 210
100 : hIF2
foF2 78
4 4 4 £xT 83x%
fmin hEs fxEa
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. f74E Es ik, FRRZm L 2 IR 5 T2 R AR foEs
A Es R4, JFRgm LR R, IR T, foEs bR N LT R UL
RIS

g

@ The Ls layer affects the I layer ( fninF ig close
to ftEs min 10EE
koo }/j
fmin¥

300 N

2%
200 s
i0o

fmin fbEs L foEs

K. AL Es #5328, JFR2mT L R UG RIS N AR E fbEs
A Es EHE, JREem BRI WAETE T, fbEs FRiE Ay b I
IR AR o

There is a frequency gap bvetween foEs and fmin¥F
fmin 16
fok 285
hoo } / o
Z/ ToRs 35
fminF }\« Fxks
300 q — h'Es 150
/ Is type hi
200 fbEs 35UY
\\“ fol'l 20
_,. / h'F 2508Y
100 h'F2 300
4 il s s foF2 6l
Tmin  ToB oo i— forl xl

K. 124E Es $6F, FFs2mn b B A s T T hr € fbEs
H Es JZHE, FEsgm b Z R FEE, {Hi2& foEs B fminF /. ILIBE T,
fbEs= (foEs) UY.

N
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The interfercnce 1z seen between f1Es and fmin¥F fmin 12
i fok
I / ;
400 = / FoFls 3205
1 = V fxBs
300 3 _,.,,4 h'Es 110
E o Es type 1
I3 fhEs 32D5
200 1 = folFl
: ® h'F 2708
100 =t h'Fe
o2 65
4 i £xI 71X
fmin ftEs fminkF

K. f#1E Es #6528, (HA THssm EHZE IR B S i€ fbEs
H Es ZHE, BE TR I JE RS, n]TEW P Es $ B RAR
BELE fminF 2N BETEE R, fbEs= (foEs) DS.

1

@ folks of [ type Es is less than fol
kml 2 3 ki 5 6 7 8 9 10 11MHz
koo
frink })
300 £y /
"H__ /
200 T
8, )/
106 S | e
1 #] 1l
TN popedroF Pxls

K. f£1F Es #4175, {H foEs Lt foE (KA N HRiE fbEs
H | B Es JZH50F, foEs tb foE 1. MIH T, fbEs= (fminE) Go

The Es layer completely blankets the upper layer
Loo P
300 3 St
500 2Es
100 N =
Al } b
fmin fok foF2 foEs fxEs

K. fFAE Es $53E, FURE B H R 1 T R AR SE foEs
Es fiLiEMiF4E, HA L ER XML EER. WIHET,
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fbEs=(foEs)AA, F A fRIE.

The Zs layer blankets the upper layer, aithough
interference exists Finin 16
i ! fokl 305
hOO ‘ X . [ ;
. L foEs TOD
f'xEs
300 } —— h'Es 115
oHg ' g E s type oD
L@ !
200 £ 1
I~ [ folFl A
A | g h'F A
100 =t h'F2 A
A ) ° ! ToF2 o
, i £xI
fmin foRE ftEs

K. FFAE Es $53, FURE B H e R R 1 T R AR SE foEs
Es SWILTHMIAFAE, FURE B Hoe = IRl (HAFETI0. LT,

fbEs=(ftEs)DS, FH S FRE-

The first order reflection of the F layer is not
observed { Nighttime ) 1k
2?‘;’1
hEs
hoo 63JA
69
300 =28 110
£l
200 2Fs
A
100
A
4 ) 3 A
fmin fhEa  fxBs

K. f71E Es $535, FERA R BT, (B KSR EE s E foEs
Z IR Es THINEMIAAE, FEERA —IRIEEE, HE kL. WEET,
fbEs FrE A Es IR EI b KA%, H ARE.

Only the exitraordinary component of Es trace is
obgervad
1 2 3 L 5 6 T 8 9 10 11MH=z
km ] ’
=
300 5 /
T
B i
200 -4 Bty
a5, N
100 |
$i4 3
fmin fx¥s foF2
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. P Es AR BRI Y A2 fos
SEASHA T, RAEEE Es TR, BERIL T, foks bt Ay
TR, FI S .

Overlapping of the ¥ layer and Bs layer (asecond ey e
8/ reflection) traces makes difficult the scaling of ThEs

koo Lre -‘*""/
300 =L /;/
200 {2 S
100
£ 14 |4
fmin {bEs fxEs

K. fF1E Es, 1B F 2 Es 22K BRI IE TARE foEs

FFAEZ IR Es A JZ B EEE, {H FJRAEEA Es 2 RIBIERS . ILHET,
B F = R BN TE . fbEs ARAE N FJE IR BN H s ARIE, ) U BRSE .
FEBAT F IR AR B v] DS B, HRIE S 432 (RF AR (R B8 SR T e 490 e
FED, AR LA

Two types of Es are cbserved
fmin 15
1 ) fok 350
h'E 11534
hoo i// fobs
\: / I'xEs 5k
300 h'Es 1ho
Es<h Es type h1fl
AN foFlL 5UA
o T h'F A
h'F2 305
i foF2 61
TATH [p plOLS I FEEsTors P

K. FA7E 2 F2RAY Es ST N ARSE fbEs
FAEZ PR Es [, WEIE T, 2albnE % H 1 foEs, {ELLEKIN
&
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Twe types of Es are observed {Mutual blanketing .
< between Es lavers) fmin 16
fok 310UA
h'E A
400 ] [ Toks 55
// f'xEs G2
300 AE= oy hilkg 115
f,f’”““‘““‘w- Es type c¢1f3
283 Ea-lc fhEg 3
200 TorT L{ﬁl’
Esf ¥ h'F 2LOEA
100 = e h'F2 270
foF2 6l
s * fxI
) — 1
fmin foEs beSfoEs fols

K. FA7EZ PRI Es ST N ARSE fbEs
FAEZ TR Es IR, WREIE T, 20albnE % H I foEs, {ELLEKIN
&

2.2. 7251 8: foF1

foF1 2 F1 EMlE Az, B F1 268 5t 55 0 1 B e di
PRIEMGE: foF1 HIPRE R E N 0.1MHz.

HARE B
@ A typical daytime icnogram showing incidence of F1 .
laver fmin 20
fok 350
. 12 3k 5 6 } ‘?/ 8 9 10 11MHz b E 175
oo RN 74 foEs 35EC
- |h'F2 fxEs
300 / h'Es G
/// Es type
200 NS 0 IDEs G
foFl
#i h'F 210
100 h'F2 340
folk2 66
xT
fmin foll oFl fofZ

K. s F1 I TE S b g foFl
AR L [RIEE. BEIETE R, FRE foFl N F1 - IR 28 ) de KA
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A typical deytime icnogram showing no incidence R
of ¥l layer fmin 15
fol 250
h'E 110
400 bl foEs 25EG
// FxEs
300 v h'Es G
— BEs type
Noud N m'/ n'E b E
500 =
n'w 215
100 J—== B
foF?2 65
b 4 3 x1
fmin fokE foF2
K. %A F1 ST bR e foFl
The stratification in the ¥ region is not
sufficient - fmin 15
} foE 280
, h'E 105
koo s foEs L0
p——— T h'Fi fxEs L&
P
300 ’;/ I'Es 120
e h'F Es type ol
200 fhls 20
_J,ﬁ thl I;hﬁ}l
— 5£::"h" h'F 230
100 hi'F2 L
foF? 68
% % é 4 fxI
fmin ToE foFl foF2

K. F IR EATE B FhrsE foFl
FIZMIBA RS, BATEY, BAREIERE. WIEE TRE foFl,

HfF5 Lo

The cusp at foFl is not fully developed

fmin 18

fok 300

J h'E 110

Loo 3 foks G
f% ;/ IxEs

g h'Es o

. \,,/Zw hE Es type

W30

h'F 230
100 A 7 h'F2 315
foF2 65
4 + ‘9‘ fxT
fmin foFl ToF2

FIRMIBH YR, TWRHRR, [EATR). WK TARE foFl, MU RE, M

FEE LR,
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L

(:} Total blanketing by the Es layer fmin 18
fokl 315
. 12 3 4 5 6 7 8 9 10 11MHz g 110
Lo : foEs TUTA
3Es fxhs a0
300 - h'Es 115
Es type c3
2R~ fblis Thias
200 " -
1.00 — hiFe A
folr2 A
$ 4 4 £xI
fmin TolE fxEs

P, Es R FIZ RIS E T ARSE foFL
F R Es k. HUIETE ThRE foFl, HEFS A Ui,

Lower part of traces is missing due to the .
absorption fmin 50
foE B
Do h'E B
hoo e foEs S50ER
Co I'xEs
300 /{’/ h'Es B
a}sorption | A=l h'Fp Fs type
bEsg OB
B
100 h'F2 250
fabl'? T2R
| 4 xI
fmin foF2

. AR SO AR S v FE 1 T T b€ foF1
RIS F R RS . BB TE TR E foFl, FIFFS B BiH.

The ¥F1 layer is not observed being blanketzad by the

Es layer fmin 18
foR A
‘ ) h'E A
400 / folis T2TA
\ E h'FP fxis 78
300 & h'Bs 100

Es type L
2%s e

ks Iy
200
foFl UA
Hs-4 ' A

100 h'F2 300
ToF2 63
$ 4 % + =1
fmin fbEs fof2 fxbs

Fel. Es MR FLE RS T b35E foFl
F2 R G AEIR, F1 NG Es MW, BLITR T AH SERAHIERY F2

JE R AR AR E foFl, F U BRE, AR A,
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The F region traces show the spreading Fmin 16
fok 280
h'E 105
400 foEs 56J4
rxFs 62
h'F3
300 h'Es 120

Es type el

\_// ' b 8
200 £oF1 17
h'F 0

100 4 h'T2 315
FoF2 BOF
A 4 4 4 £xI 69
firin foE foFl fxis

K. F1 R AR P hrsE foFl
FLZILY FE. IR TARSE foFl, AT F¥tH.

The cusps by another stratification than the regular

one are seen in the Fl traces fmin 21
12 3 4% 5 & & 10 11MH fok 325
Jm | T ) ) ? z h'E 110
00 - | foFs 39
CusD /

o, 7& ‘/:—/h'FE i‘}‘tEs
300 - _ IR I S _— h'Es 1h0
Es type ni

— e T 2

x,\-.,_., h'F 205
100 e h're 330
foF2 15

% % % % xI

fmin fToE fol'l forg

K. BRE L FL RS, FL RIS H RFAE L T 5 E foFl
WAL FL R, BeAh, PRGSO, AT AE RS A TID 51

BT T ARsE foFl, A5 H iR,

The shape of the ordinary component is not similar .

to that of the extracrdinary one fmin 21
)/ | ; { fol 335
™%  pranch trace h'E 110

koo ‘\\ PoFs 585A
/ /7h - TR fxEs ih
300 h'Es 145
UU4 Es type hl
- hEs 3L

200 b w
/ o h'F 5
100 pas— h'F2 350
foF2 T2
i L b £x1 80X

fmin fof foFlL fxEs

. F1 2 35 P2 AN AR Y AN AR R R b g foFl
F1 2580 W, {E S5 R A AR w e A KA E), ] B il 5 S 350
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WAE T FhrsE foFl, AR5 UH B,

(i’ The trace is weak near the critical frequencies of
the Fl and F2 layers Foin 20
fok A
' h'E A
hoo . ¥ fols 3804
N E o TxEs b
300 n a2 h'Es 100
/I’/ Bs type
200 o - ' T hirs 33
Folfl 46R
n'F
100 WD 300
foF2 TAR
‘ * % % fxI
fmin fbEs folFl foF2

Pl FL SR P2 2 5 2 1R 8 T T AR foF
FLE RN F2 B AT L, (E 4 2 1A R RS, e IR . s

& FhniE foFl, T HATS R VLA,

The Fl trace is missing (Tacuna Bffect) o 18
|, foF Y
fmin¥ h'E 110
%00 é dd{{;// foEs G
fxBEs
300 N el BT, n'Es e
Es type
fbEs G
200 TOF L REUY
nTr
100 : n'F2 295
foF2 69
A b 4 3 £xT
fmin ok Toll foF2

K. F1 E /L5 RS TE T s foFl
F2 24650 WL, {5 F1 25580 . BB T2 T F2 #6028 i B AR AR bR 52 foF1,

W AT UY B .

2.2.85%19: h’ F

WF & FJRRER, XN F IR HEE N BARE . AR, FIRWRE
RN FLEMF2 J7, WIAEE AT )=,

PROEASEE: h'F HIARERS DY Skme

A& E
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(:) Total blanketing by the Fs laver Fmin 18
1 2 3 4 5 6 71 B 10 11MHz fob 325
km 9 n'y 110
koo o Folis 80JA
3his fxils 86
300 . | h'Es 110
s type o3
200 #re - fbEs Boaa
ol
h'F A
100 e {h,Fg A’
Told A
4 A b £xT
fmin fol fxEs

K. F E 44 Es ERTE T FARE h'F
FERHE Es iR, W WTEZ. WEE T WF wWHAFS AN, £H1F
F1 ERH i wg, F2 225 n] WAy, WF RS A Ui,

eg Uverlapping of the T trace on the second order .
reflection trace {rom the Bs layer fmin 18ES
| Tok
h'E
k00 — : s foBs 69JA
s TxEs 75
300 |3 E 3 ] h'Es 105
s £$// Es type fh
poo L5 Lems fbEs 51
=2 £ o701
o | h'F 200A
100 } h'F2
fok? T
4 A 4 fxI 80%
fmin fpEs xEs

B, F R Es 2 X Bl BB TE L N ARE h'F
FEIEA Es 2RI HIA S . BEHIE T WF, A HIATS A Ui,

Lower part of the F trace is blanketed by the
Ks layar fmin 10BE
foF
L I h'E
00 foEs 55JA
3Es fxEs 61
300 o h'Es 110
2Fs 1/ s type 3
' ~F]
h'[F 2208
100 h'T2
ToF?2 -
L
_ A i xT 60%
fmin fhEs fxEs

K. F R Es IERIETE AR hF
F AR 04 Es L. HIETE N WF, A5 EA .
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Lower part of the Fl trace is blanketed by the
Ts layer fnin 13
fol 265
j } h'E 110
L!OO ! ToEs ll—l[-JA
N ‘Z;/ fxFs 50
300 ) s h'Es 120
5 ,f Es type =2
R fhs 38
200 _
h'F A
100 h'!ie 00
fobf2 a7
A A A 4 £xI
fuin  foE fofl ToF2

K. F1 2wl ey Es IR FARE h'F
F1 ERum b4 Es . ST WE, RS A B,

@The trace parlly disaprears owing o the absorption
(Daytime)
12 3 b5 6 7 B 9 10 1iMiz
km j’
Loo /—
300 . y /
g |F2
absorption / °
200
1058
4 4 4
fmin ToFl foF2

K. IR 7 F R RS N ARSE h'F
BRI, &7 F RS K. JIEIE T WF, A TS EB Wi,

Ti:le_F trace is observed from the lowvest fraquency
limit of the ionosonde fmin 105
fok
) n'E
00 f foEs 10ER
// xEs
300 AL h'Es 5
/ﬁﬁ Ls type
200 fols 1 OEE
ntH 21;{}E%
100 h PP
foF2 33
5 A xT 39%
fmin foF2
K. F 2R BE I S AT IR IETE T AR h'F
F 2R 2R &R R . BEIETE T WF, it AR5 EE BEAH.

47



E R A T/E “BE)Z DL E R gmit” HiH (2008FY120100) CFY

of ionosonde

The trace is partly lost owing to the malifunction

P
Log E,% ; ,!}
30 A P mts
200 g“"}
100 ‘““"E i
R )
fmin fofF]l foF2

K. Ol AR ] F R 2 R B N ARSE h'F
MR B, F Ry 2Rk BT WF, RS C ¥,

fmin 19
fok 310C
h'E 110
foBEs 395
fxEs C
h'Es G
Es type

fvEs 39EC
foFl 451,

{‘EIE!!IIIIIII!E!'}

fxT

Small cusps are seen in the lower part of the F1

trace

koo

300

200

100

/s

7

o

A

s

fmin 1h
ol 260
h'E 110
foEs K8
fxEs 5k
h'Es 120
Es type ol
TbEs 26EE

H/NRRFAL I A, WAL %A .

fmin fob

foFl

. F1 R AT /S

7N f7‘$nl~ja

KRR

folf2

H

F1 R R A AEAT RS

& N hRsE hF

ST WF, AT S H 8. 2 F1 R4

L

B, ARSI T hR € h'F

SKTRAN R SR I AFAE . BUIETE T WF, KIS 73 1

48

Oblique reflections are cobserved

12 3 WS 6 7 8 9 10 11
ﬁ% AL b4l P
NP4
a00 12Bs e
100

b 4 } 4
fmin fbEs foF2  TxBs

fmin 15
fokE

h's

folls 6NTA
fxEs 66
h'Es 110

Es type  rp
foEs

THRIE o
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Fl traces are very obscured (¥l Lacuna)

fmin 18
| ! ol Y
| I h'E 105
Loo ] [ | {ols G
i . /// fxls
RN p h'Es G
00 1 B s e Bs type
i N folis G
200 e
i Lacuna i k't ITRIaY
1F i { h'F }
100 : n'Fe
l 1 foFe 70
4 | | & £xI
fmin ToF2
K. F1 #E S T N AR € h'F
F1HHERD . ILIETE R WE, HSRFS Y Ui
Es layer second order reflection is almost
copjunctive to the Fl trace fmi
min 13
°F [ fol 290
%00 3Es /' h'E 110
A fols 30
}r / “—h'Fa fxEs L5
300 ZEs

] 7
\hu/ii‘“‘h e

200 :
iﬁa“:f'bEs
“h""‘n-uw
100 et
A A A
fmin ol foBs fofl fofe

. F1 AT Es IR RIS ZE AN 2 AL T Y I ARE h'F
F1 40IEAT Es IR B 25 A 2 AR — . IEIE N WF, Wi HIFFS EA

.

The echo spreading is seem in the ¥ trace

koo

300

200

100

4 4

fmin _ foF2

B F LAY RS IE N ARE h'F

{

fmin 16
fok

h'E

fols 16EB
fxEs

h'Es B
Es type

fbEs 1688
£oF

h'¥ 215@}
h!'F2

foF2 65F
IxI TL

FAREAY . Wi bF WS Q WM. = FaFAaedEss T, W
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T A uQ Wi

2.2.95%710: h’ F2

W'F2 32 F2 JEREf, 7€ N F R B s 70 5030 I 728 1) e A1 R o
PRERE: hF2 BIPREREEEN Skmo
PRETERZAL:
(1) %A FLZHI, ARMERE h'F2.
(2) WF2 )\ FEFH A, KR BRI R R SR, B
FSU. 1E F2 )2 RIS R F1, ERBA KA, L uia.
(3) WF2 K5 WFHEFFUI

B AR5
@ o F1 layer is observed {Daytime) frin 1h
POE 205
23 L : 5 6 }T) 8 9 10 mmMEz | | Tp 0
400 ; 7 : fobs 23EG
1 / fxEs
300 ; // n'Es a
5 ) | Es type
IS e i PR £bEs 23EG
200 : il i)
]
v ) I (rr 220
100 4+ : h'F2
fol'2
0 4 + @ fxI
fmin foE foll foF2

K. WA F1 Z/EEE iR h'F2
TE1E F2 285, (B%A F1 2. IEE T nr2 BEELE hF, hF2 VB
RKEy=,
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The formation of the F1 layer is not encugh

400 )/
300 /7*'*“” T n're
200 “_*/‘/
J
100 "'"/ ‘
Al & h $
fmin fokE foFl folf2

K. F1 ETE A EE T FrE h'F2
F1 EEEA . HEE T vF2 LU,

The cusp at foFl is not fully developed

h’F2

fmin ToE TfoFl

K. F2 AW INAS BT T T AR € h'F2

fmin 16
/ } ol 2hs
h'E 110
400 ;ﬁi‘”/ foEs Lo
ﬁ a3t fxEs Lé
300 f h'Es 115
// Es type cl
200 b et BE_ -2 fbEs S5BG
ok L Lb
] i h'F 210
100 o :
Tok2 59
AL, 4 oot
fmin foF fols fol'a
K. F1 ZRTEAH 70 KEIEE T hrE h'F2
FLZRREE RIS RE. WHEET F2 L3,
Wo F2 trece is observed (G condition) frin o1
fok 330
h'E 110
Loo foEs ho
fxHs 48
300 h'Es 136
// Es type el
Mt -q--h‘?‘ This 33EG
200
et
100
A b 14 £xI

F2 R HE WA, (B FL R HETE o A f, W BRI . T

A G .
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L

(:) The F1 trace 1s blanketed and the lower part of the
F2 trace is almost horizontal

1231;56]1')8 g 10 11MHz

km
—t e 02
300
2Es
200
100 Y
A | 4 B A
fmin  foR fbEs foF2 TxEs

K. F1 R0 Es Ik, {H F2 JRHIEAH KT 5 TR E h'F2
F1JZ 84 Es Sk, B F2 JEHIEH K7 WHIE T h'F2 WK iR

2

JE o

@ The lower ¥ reglon is not observed owlng to the
absorption

/}/
Loo fﬁdgﬁﬁi’}
300 s S
500 absorption
100
4 A
fmin foF2

K. F IR R RS T T ARAE hF2

fmin 48
fok B
h'E B
folls L8%B
fxEs
h'Es B
Es type
bEs L8ER
f'oF1 B
h'F B
h'F2 315EB
o 9
fxT

DI, F IR e g . SRS T, h'F2 HUF SR el kE =y, 77 EB

i .
I:" regicn traces In a freguency band are lost by the
interference fmin o
l | / foE 335
400 | | y h'E 110
| | 1 2 foks Lo
i\l 21 p=nire £xTs L6DS
300 //| e | h'Es 150
i
@ Es type k1l
200 e N B - : fhEs UEC
\h4 S P
100 w/\h_ 1IN h'F 220 )
i [ b o 2LOE
f'of? 77
? % ﬂ_ ‘ 4 fxl
fmin  foF ropg—ToF1 FoF2

K. BN T F R E KRG M ARE h'F2
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KONTHE, #2 FIERfE R WBE T, h'F2 BUF R SR =, i ES
LA

The F2 trace—égéms to be present bevond the upper
Limit of The helght range fmin 19
fokE 325
h'E 110
koo foEs 33EG
/ / T'xFs
300 h'Es G
/_/ Es type
S el T fbEs 33EC
206 foF1 ;
J h'F 225
100 = h'F2 W }
[») W
4 4 1A X1
fmin foli folll

B F2 SR L A AE T EFRBL E5TE P hnsE h'F2
F2 EHIE NP T BIRA B BEIBTE TS, hr2 FH w i,

2.2.10 S 11: foF2

foF2 /& F2 JZIE FUAE, & XON F JZ BRI 3-9 B  de rm Ae

PRERERE: foF2 HIFREFEEE A 0.1MHz.

PRE R Z AL

(1) foF2 AN MRHZEFI W .

(2) A, BT DL AR R R, F2 2 A B 30 4
A TEMHC TR . BN F R T DR AT A R

o Ho F2 trace is observed owing to the blanketing by
the Eg layer fmin 16
T2 3 W s 6,7 8 10 11MH foE 325
T ! J ? h'E 110
Loo ! - foEs TOTA
K fxHEs 85
300 : h'Es 115
Es type e
s 2Ls
200 fhEs TOAA
fall Iy
n'¥
100 e 1 A
foF2 A
4 4 A 4 dzi
fmin ol fol'? xFs
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K. Es JEM TR F2 JZHET Y TR E foF2
Es i S B0 F2 EHE. BB T, for2 FI A BB,

g Only the extrsordinary component is observed 1n tie
F region owing to the blankebing by the Bs layer fmin 108
. ol
L) s
LOO 4 fols 60
3Es n / fxhs 66
300 h'Es 115
, Bs type £3
200 o= fbbs 60RA
foFl
h'TF A
100 b el
fol2 JA
3 _ § A i X X
fmin folks fxEs

. Es AL FEOA F2 EARRBHITE TR foF2
Es ATV F2 AR IEHETL T, foF2 M F2 AR R I E i

BURAG TR, i A TS U

Lover pert of traces dizappears owing to the
absorption fmin 53
)‘ folk B
, h'E B

)
hoo / 7 fols T3
TxRs 19
300 h'Es 115
. Es type 1
absorption ©
00 P bEs T3
foFl B
h'F B
100 R o) A
l foF2 [oR '
# 4‘ ‘% fxT1
fmin fokBs foF2

. RIS B i 4 25 S TS T T bR g foF2
MU S BT 2 . RIS TE R, foF2, T R &GS 0. 4% A F 2,
B Ui,
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T i of i owin
the WEPSL Rert of frages clsgppears abruptly owlng | 20
' folk 315
| h'E 110
w00 l fofs ICEG
xJ fxEs
300 e .
/ Es type
Ny / !fault st -
e | foF1 L3
et ? i h'F 230
100 | v 3
’ Crorz  C |
4; & * I fxI
fmin foll foFl

. v AR A 3 S At R BRI R bR e foF2
e AR R S B s L Rk . RN, foF2 Hl C 455 Ui

@ llo F2 trace is recorded {G condition: fmin 0
1 2 3 4 /s 6 7 8 10 11MH ToE 320
m l 7 ? h'E 110
Loo fols 37
} / fxls 43
300 i h'Es 125
\_//’// s type cl
g fbls 328G
200 FoF1 ¥
— h'F
100 . 210
fof2 LoRo
4 4 » 1A
fmin fol for

K. F2 2RI A BE TE SR E foF2
F2 2R UIAR], (B F1 BRE RS KR, W HIE RN . HEE T
foF2  foF1, 7 EG UifH.

s .
@ folf2 is very cloise’ to foFl rin B
4 foF 370
hiE 110
o foEs 51
J height range : 100-500 km IxEs 57
100 R o
/ Es type cl
foEs 1+3
300 / foFl L6
h'F 230EA
200 !
foF2 I
s e
100 ; ¢ el O —r
Lindn foll foF2 fols

[4]. foF2 AFH SR foF1 15T T 435E foF2
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o

Unusual cusp by & stratification other than the ¥2
layer is seen in the F trace (Mighttime)

P ST £t DLRIENE T TARE foF2

fmin 10EE
/ / fok
L'E
hoo 4
foEs 1OEE
//j;’/// fxBs
300 7 h'Es E
,é Bs type
200 iDEs 1ORE
folfl
n'rF 220
100 WIED
A A { ror2 S57H )
fmin ToF2 Bl °

RIA) PR EAFAEANT IR, W RE L BUERL R . 5B T foF2 4 H

R .
The cusp by a transient stratification is seen near
the F2 layer critical frequency fmin 16
i fok 300
CUSP i h'E 110
L00 fobs hoTA
/. £xE L6
Nt
{// Bs type cl
N fbis 31
=00 - foF1 L3
A _— n'r 220
100 T HIFD 275
l ToF2 79H'
b 4 4 TRL
fmin Ton fxEs fokz
K. F2 2R IR A TE N AR € foF2
F2 2R IO . HAETE T foF2 i H 75 Ui B .
@ The trace near the F2 layer critical frequency is X
sbsorbed fmin 21
1 2 } 6 . 10 1IMH fon 310
km 7 7 ! .-‘8;5 7 ” h'E 110
B e e B e S P foFs 31EC
s 2 fxEs
e S h'Es G
300 [
I —] ?}. Es type
200 —— g fbEs 31EG
forl L(sg)
J h'F 215
100 = h'F2
roF2 TAUR
b A A C}u )
fmin foF fol'l folF2

], F2 JEHTLE foF2 RIS T R ARAE foF2

F2 JZ I AL foF2 INITHMI. UK T foF2 47 UR 775 BB
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The trace near the F2 layver critiecal frequency is

masked by the interference fmin 10EE
. [ ol
| N ] h'E
koo T e fols 10EE
=1 E TxEs
300 s T h'Bs E
’,&?’&r o I Es type
B | 5 | fbRs 10%E
3 foFl
I I E
@ I h'F 210
100 I Rl )
l ) ; FoF2 33D8
L [ 3
fmin foF2
K. F2 JEHEIEAE foF2 FIEHETPLssiin AR e foF2
F2 EHEILAE foF2 ML #l T8 BLIETE T, foF2 #MdibR e, HH7 DS £F5 Ui i
m Upper part of the 2 trace is masked by severe
interference .
fmin 20
E I fok 315
. | h'E 110
oo i '/ foEs 40
Lot fxEs
300 ,{:;?QEE“' et h'Es 125
Sy | o | Es type cl
200 g = fbEs 327G
. | o foFl L5UL
. Il e W'y 250
100 E § ] 1}y 1 5D 2010
foF2 JE
bl s L1 b L
fmin  foE foFl fof2 {xT2
K. F2 = $30E = i ™ B RS TR T b g foF2
F2 EHE S i S 4. B TE T foF2 7 IR 75 Ui .
A fork-shaped trace is observed fmin 16ES
I fol
| I
Lgo -1 f / folls 16ES
2 / fxEa
300 2 z/ﬁ L'Es 2
e !_.M Es type
a1 fbEs 16ES
200 “% i B foFl
o | h'F 250
100 ] [ F2
frcre Ly |
4 [ T R
fmin ToF2 TxF2

P, F2 J2 RS B LB R TR foF2

F2 SR i I 3o BEIETE T, foF2 if v A5 1
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(:) The trace disappears suddenly near the F2 layer

critical frequency fmin 16

1 5 3 L 6 g folk 275

. E 7 j;? 10 1Mz |98 1
400 - fobs L2JA

fxEs L8

300 ] P . n'Es 120

—“d’, o Es type cl
500 ™ fhEs 28EG
fof'l T.(49)

- - h'F 230

100 = 1o 215
foF2 OEY!

Al bl e F
fmin foE foRs foFl

K. F2 R AL — PR ML AR R 16 T I ARJE foF2

F2 JZ HEAE foF2 PRI 7, AR W IO T H AR — M BRI SRRV K
RIS, FLRIGEHEAIER . WIS, beiE foF2 77 EY fF 5 UM Y Wil FJ2A
7 HEAGURY o

i:) The Tl and F2 traces are somewhat deformed from

a typical shane fmin 18
: fol 340
1 { ) h'® 110
100 ! folls 3hEG
A

TxBks
300 //4“\——:”"/ k' Es G

#’/#/ Es type
NI g fbEs 34EC
200 foFl 53UH
y h'F 220
100 H'FP 81y
[ior2 01.JH|
o1 ) b b T
tmin o foFl foFz fxF2

. F1 AT F2 28720 e B30 JEARTE T T AR € foF2

F1 Al F2 2 HE A8 R TR AN, e op T SR AR B i e e o — A
%, W] H RS EER AT R S . SRR R R, TERIE fxF2 )5,
HRYE fxF2=foF2+fB/2, fliit i foF2. ULIETE T, FriE foF2 7 JH 55 Ui .
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T}}e_upper par@: of the '.: ,-'FE? trace exceeds the height
limit of the ionogrem [/ . fmin 16
ok 295
I = h'E 110
500
. foEs 308G
J i height range : 100-600 km P
400 h'Es G
/ / Es type
200 fbls 30EG
uU fOF1 Lk
1
200 h‘F 215
J : :
foF2 6L
1100 ;"'""'i L1 8 rxT
Pmin foFlL foF?2

Pl F2 J5 R R P BRI R AR for2
F2 J2 R R P B IR AR T, BRE foR2 W A AT,

2R foF2 (HAAMEEN, MIRERT T Uo

The z component is observed in the F trace .
fmin 1688
| . foli
| JVE [ B'E
L i fabs 16ES
po A
=St / f £ fxks
300 +024 . AL n'Es s
Bh | // BEa type
3] TbEs 16E8
200 12 forl
? h'F 230
100 t I )
o2 Ylz
A Al 4 4 TXT
fmin £2F2 foFe x¥Fe

. F IE RGO 7 5 BT R bR for2

FIZMIEMME] 2 73 8. BENEIE T, A€ foF2 77 Z £ 5 UEH

L

Both ordinary and extraordinary components of the
T trace are in spread condition fmin
15
o2 3 ks 6 7 8 9 1o 1aMmz | [9%
xm SR h'E
Loo ' folis 15ER
Txks
300 h'Es B
s type
200 | IoEs 15EB
foFl
h'F 220
100 WUFo
A A § foFfe Linw
X
fmin roT2  LfeT 51

K. FIERIEY I E T ARAE foF2
FIEHIZEAY . EET, b€ foF2 i FAFSULET, 1R bn ek EA T 4E,
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TR &5 U,

The F trace is spread along the freguency ax:is .
(Frequency—type) fmin 12
foE
_ h'E
Loo foEs 12EB
fxBEs
300 h'Es B
Es type
thEs 12EB
200 forl
h!'F 200
100 W 17D
foF?2 21
A A 4 X i
fmin FoF? it

B, F IR IEAESRR G5 YT TG IE T ARE foF2
FIRREAESR T AT . WIHIET, F5%E foF2 il F 475 Ui .

?he F trace)is spread along the nhelght axis
Range-type fmin 14
foE
) h'E
100 £oEs 13EB
fxFs
300 h'Es B
s type
200 fhEs 13EB
foFl
h'T 220Q
100 oL
5 é foF2 ]
fmin i Fxd

B, F IR AE = AT T I TR R ARE foF2
F IR B T AT . WIET, Fr%E foF2 ] Q £ 5 Ui ¥.

@ The frequency-type spreading influenced by the
interfersnce fmin 16ES
[ _E;:~ ol
: T e hE
400 5 foEs 16ES
el > é TxEs
300 _—'ﬁ_{i :.’_».' t :E' h'ES S
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2 1o fbEs 16ES
200 12 18 foRl
21 | 5 h'F 270ES
100 } o
} foF2 r
| ® X
fmin fxI

. F R ISR T R, DR BTN F A foF2
FIEHGB TR AR, BRI, BN R, bR for2 JH F
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R

2.2.11  S#12: fxI

fixl FE A e R S B REML F = SO B e, AN AR BURIE 7 3 EL A
PRERERL: fxI AR ERE LY 0.1MHz.
HAAEE S

Tonogram without the spread echoes (Nighttime} fmin 16ES
12 6 7 8 9 10 11MHz fol
km I h'E
Lao t folis 60TA
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Pyl | e Es type 2
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Tmin fol2 fxi2 fxfs
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The extracrdinery T trace is masked by the .
interference fmin 16ES
1 foF
l i 'z
koo : fols 16ES
o | b
o o fxEs
300 18 { W/" oy I h'Es 3
zb i_____,/ﬁ | E;"I Es type
200 __:g ; I -hl fbEs 16ES
= I QI foll
gl Ig n'F 250
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The spread echoes are recorded in a lower frequency
9 range than foF2

|l

100 “u-€57
RS /
200
100
44
fof? fuF2

. foF2 B3 LU M L sk B9 15 2 R AR fxd
F )2 30 AR At e BE i e

fxF2 FR5E fxl, 7% X 55 Ui .

fmin 10ER
fok

h'E

foEs 10ZE
fxEs

h'Es E
Es type

fbhlEs 10EE
foFl

h!'T 210
h'TF2

) 1)
£x1 523

foF2 B LU ML R 219 . i, M

The echo spreading is seen on both the ordinary and
extracrdinary F traces

hoo
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200
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b

$
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b 4

fmin 11
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h'E

fols 31JA
fxEs 37
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h
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xlo
‘E’Tme spreading is recorded over thé whole Ireguency
range of the F trace
12 3 L s 6 7 B8 9 10 1lMHz
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i
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FE R BB PR B E R B e o BUIS TR T, P32 B iy M A 5E il o

The oblique reflection with echo s];read:}ng is .
recorded together with overhead reflections fmin 11
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e The extraordinary trace disappears owing to the
absorption .
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Appearance of spurs fmin 10
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3. BB RTINS BFREXER L (SAO)
(a0

3.1 5|18

Automatic scaling of ionogram data has come a long way and the quality of the
autoscaled data has reached a remarkable level. Consequently the time has arrived
to directly transfer ionosonde data to the World Data Centers using the Internet. We
have begun to equip the Digisondes with Internet connections. The first Internet

links were established between the Okinawa Digisonde (CRL, Japan) and the
WDC-C2 in Tokyo, the Millstone Hill Digisonde (UML, USA) and the WDC-A in Boulder,
Colorado, and Chilton Digisonde (RAL, GB) and the WDC-C1 in Chilton. All data
generated in the Digisonde are made available for electronic transfer: ionogram
data, scaled data, and drift data.

Starting in 1987, the lonospheric Informatics Working Group (I11WG) of Commission
G of URSI has developed recommendations for the data formats to be used for
dissemination and archiving of scaled ionogram data and for the monthly
ionospheric characteristics. The I1IWG abstained (wisely) from trying to develop a
common data format for the system-dependent ionogram and drift data.

The attached report gives a detailed description of the Standard Archiving Output
(SAO) format. Each SAO (text) file contains the scaled data for one ionogram
including the echo traces h'(f), echo amplitudes, frequency and range spread, etc.
and the electron density profile.

The upgraded or new Digisondes produce the SAO files in real time for local
recording and/or electronic transfer. The older Digisondes generate only binary files,
but offline editing results are usually stored in the SAO format. Since these
Digisonde ionograms SAO files are now becoming available to any user either
through the WDC sites or via the web pages of the connected Digisonde stations it
seems important to publish a description of the SAO format.

The SAO format was originally designed for storing Digisonde ionograms scaled by
autoscaling software ARTIST and edited using ADEP utility. However, in subsequent
releases a special effort was made to generalize SAO design so that it can hold
scaled data produced by other sounder systems. With release of version 4.1, the
degree of format universality became high enough to promote SAO as a standard
format for exchange of scaled ionogram data.
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3.2 SAO 18z 4.3 f7A

The SAO file structure has remained the same since it was developed by the IIWG in
1989, but the content has been expanded in subsequent releases. The following is
a description of the SAO format version 4.3 [Gamache et al., 1996].

A SAO file is an ASCII text file with a maximum line length of 120 characters. In
order to concisely describe the database some definitions are necessary. The
nomenclature is as follows:

File a collection of many Records

Record all data for a single observation (ionogram)

Group all Lines of a datum type

Line a sequence of Elements of a datum type, CR/LF terminated

Element a single datum in the specified format

The Record structure is composed of two basic components: a Data Index and
Data. The format and size of the Data Index is fixed. It describes the contents of
the Data in the Record. The Data component of each Record contains a varying
number of Groups as indicated by the Data Index. The format and length of data
varies from one Group to the next; however, all data Elements within a single Group
are of the same type and length. The number of characters in a given Group can
easily exceed the 120 characters per line limit. In this case, the output overflows to
succeeding lines, thus a data Group may extend over several Lines.

This format design allows storing variable amount of information per ionogram,
depending not only on ionospheric conditions, but also on sounder system specifics.
There is only a subset of Groups that have to be present in a Record. As explained
below, all others may be omitted and their corresponding index in the Data Index
section set to zero. Data systems engineers have to decide which Groups to use to
report data available from their sounders, if different from Digisonde. There are
three situations, described in detail below, where system-specific data can be
readily ingested using existing SAO-4 format:

e System Description line (using tokens of an arbitrary format)

e Operator's Message (using any text format)

e Sounder Settings (by requesting a version indicator and submitting format
specification to their local WDC)

Groups 63 to 79 are currently vacant for specification formats of other data items
currently missing from SAO-4. Each addition of a Group has to be accompanied with
a new release of SAO 4 format (versions 4.2, 4.3,... ) which contains format
specification for the new Group. If necessary. the number of vacant Groups may be
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expanded by addition of new line(s) in the Data Index.

3.3 ##EZE 3| Data Index

The Data Index contains 80 three digit integers. The position in the list corresponds
to the data for the data Group number. These are shown in Table 1. The first integer
is the number of Elements in the data Group 1, Geophysical Constants, in the
current Record. The second integer represents the number of Elements in the
second data Group, System Description, etc. A value of zero indicates that there is
no data for the Group in the Record. Position 80 of the Data Index array is not used
to specify the format of the data to follow. It is reserved for the SAO version
indicator:

SAO-3

SAO-3.1
SAO-4.0
SAO-4.1
SAO-4.2
SAO-4.3

a W NP O

If the demand for vacant Groups grows beyond the existing limit, the Data Index will
have to expand and include more lines. The 80th element of the Data Index will still
be used as the Version Indicator so that the reading logic will be aware of extra
index lines.

Column Req. of Table 1 indicates which Groups are required to specify in a
minimum content SAO-4 file. Red "X" marks indicate mandatory groups. If trace
points are availble for output in the file, each trace has to be specified with at least
two groups (virtual heights and frequencies) as indicated by a "xx" cyan marks.

Table 1. SAO Record Format
Group R FORTRAN Description
e

. Reference
Format
B 24013) DATA FILE INDEX
1 B 6r7.3 GEOPHYSICAL CONSTANTS Table 2
2 A120 SYSTEM DESCRIPTION AND
OPERATOR'S MESSAGE
B 120n1 TIME STAMP AND SOUNDER SETTINGS Table 3,4.5
B 15rs.3 SCALED IONOSPHERIC Table 6.7
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_| |CHARACTERISTICS

5 | 6012 ANALYSIS FLAGS

|6 ‘ |16F7.3 |DOPPLER TRANSLATION TABLE

| |O-TRACE POINTS - F2 LAYER

| |X—TRACE POINTS - E LAYER

|
7 | xx |15F8.3 VIRTUAL HEIGHTS
8 | |15F8.3 TRUE HEIGHTS
o | 403 AMPLITUDES
10 | 12011 DOPPLER NUMBERS
11 | xx |15F8.3 FREQUENCIES
| o O-TRACE POINTS - F1 LAYER
12 | xx 15F8.3 VIRTUAL HEIGHTS
13 | |15r83 TRUE HEIGHTS
14 | 403 AMPLITUDES
15 | 12011 DOPPLER NUMBERS
16 | xx 15F8.3 FREQUENCIES
| L O-TRACE POINTS - E LAYER
17 | xx [15F8.3 VIRTUAL HEIGHTS
18 | (1583 TRUE HEIGHTS
19 | 403 AMPLITUDES
20 | 12011 DOPPLER NUMBERS
21 | xx [15F8.3 FREQUENCIES
| o X-TRACE POINTS - F2 LAYER
22 | |15F8.3 VIRTUAL HEIGHTS
23 | 4013 AMPLITUDES
24 | 12011 DOPPLER NUMBERS
25 | |15F8.3 FREQUENCIES
| L X-TRACE POINTS - F1 LAYER
26 | |15r8.3 VIRTUAL HEIGHTS
27 | 403 AMPLITUDES
28 | 12011 DOPPLER NUMBERS
29 | |15r8.3 FREQUENCIES
|
|

|15F8.3 |VIRTUAL HEIGHTS
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31
32
33

34
35
36
37

38

39

40

41
42

43
44
45
46

47
48
49
50

51
52
53

54

4013
12011
15F8.3

4013
4013
4013
10E11.6E1

10E11.6E1

10E11.6E1

6E20.12E2

12011
10E11.6E1

15F8.3
4013
12011
15F8.3

15F8.3
4013
12011
15F8.3

15F8.3
15F8.3
15E8.3E1

120A1

AMPLITUDES
DOPPLER NUMBERS
FREQUENCIES

MEDIAN AMPLITUDES OF F ECHOES
MEDIAN AMPLITUDES OF E ECHOES
MEDIAN AMPLITUDES OF ES ECHOES

TRUE HEIGHTS COEFFICIENTS F2 LAYER
UMLCAR METHOD

TRUE HEIGHTS COEFFICIENTS F1 LAYER
UMLCAR METHOD

TRUE HEIGHTS COEFFICIENTS E LAYER
UMLCAR METHOD

QUAZI-PARABOLIC SEGMENTS FITTED
TO THE PROFILE

EDIT FLAGS - CHARACTERISTICS
VALLEY DESCRIPTION - W,D UMLCAR
MODEL

O-TRACE POINTS - Es LAYER

VIRTUAL HEIGHTS

AMPLITUDES

DOPPLER NUMBERS

FREQUENCIES

O-TRACE POINTS - E AURORAL LAYER
VIRTUAL HEIGHTS

AMPLITUDES

DOPPLER NUMBERS

FREQUENCIES

TRUE HEIGHT PROFILE

TRUE HEIGHTS

PLASMA FREQUENCIES

ELECTRON DENSITIES [e/cm?]

URSI QUALIFYING AND DESCRIPTIVE
LETTERS

QUALIFYING LETTERS
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55 120A1 DESCRIPTIVE LETTERS
56 12011 EDIT FLAGS - TRACES AND PROFILE Table 13

AURORAL E_LAYER PROFILE DATA

TRUE HEIGHTS COEFFICIENTS Ea LAYER
57 10E11.6E1 Table 9
UMLCAR METHOD

58 15F8.3 TRUE HEIGHTS

59 15F8.3 PLASMA FREQUENCIES

60 15E8.3E1 ELECTRON DENSITIES [e/cm?]
80 -- (Reserved)

514 Geophysical Constants

The values of the Geophysical Constants shown in Table 2 are specified for the
station producing the data in the file. Frequencies are in MHz, angles are in degrees.

Table 2. Geophysical Constants

Position Req Description

1 - Gyrofrequency (MHz)

2 - Dip angle (-90.0 to 90.0 degrees)

3 - Geographic Latitude (-90.0 to +90.0 degrees)

4 - Geographic Longitude East(0.0 to 359.9 degrees)
5 Sunspot Number for the current year

524 System Description and Operator's Message

This Group allows the user to give a description of the system which recorded the
data and to store a free format text message. The Group 2 is given in A120 format,
so the Data Index entry for the Group 2 counts total number of 120-character Lines
of text. One text line is used to store system description; if an operator's message

is given, it takes another text line. Thus, the Data Index can be 0 (no information),
1 (system description) or 2 (system description and operator's message).

The minimum contents of the System Description line should include sounder model
and station IDs. To accomodate all possible station-specific information in an
organized and flexible fashion, the concept of a token is introduced. System
Description line is arranged in comma-separated tokens, where each token consists

of aregistered keyword and a data field. The first token is always the sounder model,
local station ID and URSI station code number. One space character separates
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sounder model and IDs. Station IDs are separated by a forward slash. Local station
ID is determined by host institution or sounder manufacturer. URSI station code
number is assigned through World Data Center A for Solar-Terrestrial Physics,
contact person Raymond O. Conkright.

For example, the System Description Line for a UMLCAR Digisonde Portable Sounder
may look like this:

DPS-4 042/MHJ45, ARTIST 1297, NH 1.3, ADEP 2.19
It contains four tokens:

e DPS-4 042/MHJ45 -- keyword DPS-4 indicates the Digisonde model
"DPS-4", and data filed 042/MHJ45 contains UMASS Lowell Station ID (042)
and URSI station code number (MHJ45)

e ARTIST 1297 -- keyword ARTIST indicates ARTIST software, and 1297 is
the ARTIST version number,

e NH 1.3 -- keyword NH indicates true height profile inversion algorithm, and
1.3 is the algorithm version number,

e ADEP 2.19 -- keyword ADEP indicates ADEP software, and 2.19 is the
ADEP version number.

Thus, each item that the data support engineer needs in include into the SAO-4
System Description line has to form a token where the item is preceeded by a
keyword. Another example can be given for a DISS sounder:

DISS 038/, NAME Wallops Island, WMOID HIGL BTGS 04231, ARTIST 0790,
NH 1.3, ADEP 2.19

The SAO reading routine works as a simple string parser. It has to get the first word
in the System Description line to identify the sounder system. Then, depending on
the sounder model, it can scan the rest of the line for keywords and fill appropriate
structures with corresponding data field contents. If the sounder model could not be
identified, then the system Description line is used only as single text line, without
analysis of individual tokens.

5834H: Timestamp and Sounder Settings

Group 3 contains three fileds: Version Indicator, Timestamp of the
measurement and a Sounder Settings. Only the first two fields are required in the
minimum contents of the Group. In the minimum case, the Version Indicator should
be set to AA as shown in the Table 3.

Table 3. Minimum Contents of Group 3
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Number |Req. Description Possible Values
1-2. - Version Indicator AA

3-6. [N 4 digit vear. (1976-...)

7-0. [l pay of Year (1-366)

10-11. - Month (1-12)

12-13. - Day of Month (1-31)

14-15. - Hour [All times and dates correspond to UT.] |(0-23)

16-17. [ Minutes (0-59)

18-19. - Seconds (0-59)

The Sounder Settings field is intended to allow users to assign codes that identify
how the measurement is made with reference to particular sounders. For each
particular sounder system, the format of System Preface Parameters Group must be
personalized and a unique two-letter Version Indicator should be chosen to
distinguish it from other sounder systems. The Version Indicator is then stored in
the first two positions of the Group 3.

DPS data is represented by "FF" Version Indicator, and "FE" is allocated for
Digisonde 256 data. Example formats of this Group for Digisonde Portable Sounder
(DPS) and Digisonde 256 are shown in Table 4 and Table 5, respectively.

Table 4. DPS System Preface Parameters

Number Description Possible
Values
1-2. Version Indicator FF
3-6. 4 digit Year. (1976-...)
7-9. Day of Year (1-366)
10-11. Month (1-12)
12-13. |Day of Month (1-31)
14-15. |Hour [All times and dates correspond to UT.] (0-23)
16-17. Minutes (0-59)
18-19. |Seconds (0-59)
20-22. |Receiver Station ID (three digits) (000-999)
23-25. |Transmitter Station ID. (000-999)
26. DPS Schedule (1-6)
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27. DPS Program (1-7)
28-32. |Start Frequency, 1 kHz resolution (01000
45000)
33-36. |Coarse Frequency Step, 1 kHz resolution (1-2000)
37-41. |Stop Frequency, 1 kHz resolution (01000
45000)

42-45. DPS Fine Frequency Step, 1 kHz resolution (0000 - 9999)

46. Multiplexing disabled [0 - multiplexing enabled, 1 -|(0,1)
disabled].

47. Number of DPS Small Steps in a scan (1toF)

48. DPS Phase Code (1-4, 9-C)

49. Alternative antenna setup [0 - standard, 1 -|(0,1)
alternative].

50. DPS Antenna Options (OtoF)

51. Total FFT samples [power of 2] (3-7)

52. DPS Radio Silent Mode [ 1 - no transmission ] (0,1)

53-55. |Pulse Repetition Rate (pps) (0-999)

56-59. |Range Start, 1 km resolution (0-9999)

60. DPS Range Increment [2 - 2.5 km, 5-5 km, A- 10 km] |(2,5,A)

61-64. |Number of ranges (1-9999)

65-68. |Scan Delay, 15 km units (0-1500)

69. DPS Base Gain (0-F, encoded)

70. DPS Frequency Search Enabled (0,1)

71. DPS Operating Mode [ O - Vertical beam, 5 - multi-beam |(0-7)
ionogram ]

72. ARTIST Enabled (0,1)

73. DPS Data Format [ 1 - MMM, 4 - RSF, 5 - SBF ] (0-6)

74. On-line printer selection [ O - no printer,1 - b/w, 2 -((0,1,2)
color ]

75-76. |lonogram thresholded for FTP transfer [0-no |(0-20,
thresholding] encoded)

77. High interference condition [ 1 - extra 12 dB|(0,1)
attenuation ]

Table 5. Digisonde 256 System Preface Parameters
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Number |Code |Description

1-2.
3-6.
7-9.

10-11.
12-13.
14-15.

16-17.
18-19.
20-30.

31.
32.

33-38.
39-44.
45-51.
52-53.

54.

55-56.
57-59.
60-62.

63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.

O%E'ﬂu'um

Q| c
> c
vs)

X S|l @mzZz AIN|F|Xx|<

Version Indicator
4 digit Year.

Day of Year
Month

Day of Month

Hour [All times and dates correspond to

uT.]

Minutes

Seconds

Digisonde Preface Timestamp
Program Set

Program Type

Journal

Nominal Frequency, 100 Hz resolution
Output Controls

Start Frequency, 1 MHz resolution
Frequency Increment

Stop frequency, 1 MHz resolution
Test Output

Station ID

Phase Code

Antenna Azimuth

Antenna Scan

Antenna Option and Doppler Spacing
Number of Samples

Repetition Rate

Pulse width and code

Time control

Frequency correction

Gain correction

Range increment

Range start

Frequency Search

75

Possible Values
FE

(1976-...)
(1-366)

(1-12)

(1-31)

(0-23)

(0-59)

(0-59)
YYDDDHHMMSS
1-3)

(A,B,C,F,G)
encoded

(001000 - 045000)
encoded

(00-10)
(0-9,A-C,encoded)
(01-30)

encoded
(000-999)

(O-F, encoded)
(O-F, encoded)
(0-7, encoded)
(O-F, encoded)
(1-8)

(0,2-8,A,B, encoded)
(0-7, encoded)
encoded

(0-4, encoded)
(0-7, encoded)
(0-3,8-C, encoded)
(0-7, encoded)
(0-7, encoded)
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76. G |Nominal Gain (O-F, encoded)

77. - |Spare 0

5844: Scaled lonospheric Characteristics

The Scaled lonospheric Characteristics may be obtained by ARTIST, ADEP, some
other autoscaling or editing/validating software, or typed in manually. All numbers
represent either frequency in Megahertz or altitude in kilometers except as
in Table 6. The format F8.3 (DDDD.DDD)
characteristics which is equivalent to 1 kHz precision in frequencies and 1 m

indicated is used to report the
precision in heights. The accuracy of the stored values is usually 1 ionogram pixel
(frequency step or height increment) except as indicated in Table 6.

There are currently 49 Scaled lonospheric Characteristics defined. It is possible to
report less than 48 characteristics and indicate that in the Data Index section of the
record. Otherwise, all characteristics which are not scaled for a particular ionogram
must be set to a default "No reading" value. which is 999.900 MHz for frequencies
and 9999.000 km for heights.

Table 6. Scaled lonospheric Characteristics

# |Description Units |Accuracy No

reading

1 [foF2 : F2 layer critical frequency, MHz |at least quarter of |9999.000

76

including the adjustment by the true frequency
height profile algorithm increment
2 [foF1 : F1 layer critical frequency MHz |1 frequency (9999.000
increment
M(D) = MUF(D)/foF2 - - 9999.000
MUF(D) : Maximum usable frequency MHz |1 frequency (9999.000
for ground distance D increment
fmin: minimum frequency of ionogram MHz |1 frequency 9999.000
echoes increment
foEs : Es layer critical frequency MHz |1 frequency (9999.000
increment
fminF : Minimum frequency of F-layer MHz |1 frequency (9999.000
echoes increment
fminE : Minimum frequency of E-layer MHz |1 frequency (9999.000
echoes increment
foE : E layer critical frequency MHz |1 frequency 9999.000
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10

11
12

13
14

15
16
17
18
19

20

21

22

23

24
25

26

27

28
29

30

31
32

fxI : Maximum frequency of F-trace

h'F : Minimum virtual height of F trace

h'F2 : Minimum virtual height of F2

trace

h'E : Minimum virtual height of E trace

h'Es : Minimum virtual height of Es

trace
zmE : Peak height of E-layer
yE : Half thickness of E layer

QF : Average range spread of F layer

QE : Average range spread of E layer

DownF : Lowering of F trace to the

leading edge

DownE : Lowering of E trace to the

leading edge

DownEs : Lowering of Es trace to the

leading edge

FF : Frequency spread between fxF2

and fxl

FE : Frequency spread beyond foE

D : Distance for MUF calculation

fMUF : MUF/OblFactor

h'(fMUF) : Virtual height

MUF/OblFactor frequency

at

delta_foF2 : Adjustment to the scaled

foF2 during profile inversion

foEp : predicted value of foE

f(h'F) : frequency at which h'F occurs

f(h'F2) : frequency at which h'F2

occurs
foF1p : predicted value of foF1l
peak height of F2 layer
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MHz

MHz

km

MHz

MHz

MHz

MHz
MHz

MHz

MHz

km

increment

1 frequency (9999.000

increment
1 height increment

1 height increment

1 height increment

1 height increment

1 height increment
1 height increment
1 height increment
1 height increment

1 height increment

1 height increment

1 height increment

9999.000
9999.000

9999.000
9999.000

9999.000
9999.000
9999.000
9999.000
9999.000

9999.000

9999.000

1 frequency (9999.000

increment

1 frequency (9999.000

increment

1 km

9999.000

1 frequency (9999.000

increment

1 height increment

1 kHz

+0.3 MHz

9999.000

9999.000

9999.000

1 frequency (9999.000

increment

1 frequency (9999.000

increment

+ 0.5 MHz

9999.000
9999.000
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33 |peak height of F1 layer km 9999.000

34 |zhalfNm : the true height at half the |km 1 km 9999.000
maximum density in the F2 layer

35 [foF2p : predicted value of foF2 MHz |+ 2.0 MHz 9999.000

36 |fminEs : minimum frequency of Es MHz |1 frequency 9999.000
layer increment

37 |yF2 : half thickness of the F2 layer, km 100 m 9999.000
parabolic model

38 |yF1 : half thickness of the F1 layer, |km 100 m 9999.000
parabolic model

39 |TEC : total electron content 1018 |- 9999.000

m-2

40 |Scale height at the F2 peak km 1km 9999.000

41 |BO, IRI thickness parameter km - 9999.000

42 |B1, IRI profile shape parameter - - 9999.000
D1, IRl profile shape parameter, F1

43 - - 9999.000
layer

44 |foEa, critical frequency of auroral E MHz |1 frequency 9999.000
layer increment

45 |h'Ea, minimum virtual height of auroral km 1 height increment |9999.000
E layer trace

46 |foP, highest ordinary wave critical MHz |1 frequency (9999.000
frequency of F region patch trace increment

47 |h'P, minimum virtual height of the trace km 1 height increment (9999.000
used to determine foP

. 1 frequency
48 |fbEs, blanketing frequency of Es layer IMHz |, 9999.000
iIncrement
49 Type Es - See Table 7 9999.000

Type Es is a letter characteristic which has to be reported in the Table 6 as a number
using Lookup Table 7.

Table 7. Lookup Table for Type Es Characteristic

Type Es |Value reported in Group 4 Description
A 1.0 Auroral

C 2.0 Cusp

D 3.0 below 95 km
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F 4.0 Flat

H 5.0 Height discontinuity with normal E
K 6.0 in the presence of night E

L 7.0 Flat Es below E

N 8.0 Non-standard

Q 9.0 Diffuse and non-blanketing

R 10.0 Retardation

8B54: ARTIST Analysis Flags

The ARTIST Analysis Flags are a sequence of two digit integers (6012 format) which
indicate and qualify some of the ARTIST scaled results. Table 8 is a description of the
flags and the meaning of their possible values.

Table 8. ARTIST Flags

Position Content Description
1 1 foE scaled using E-region trace data
2 No E-region trace obtained, only predicted foE available

3 No E-region trace obtained, but foE scaled using F trace
2 0 No F trace scaled

1 E layer profile only

2 Separate soliutions for E and F layers

4 Frequency range error in E trace

5 Frequency range error in F2 trace

6 Frequency range error in F1 trace

7 Physically unreasonable E trace

8 Physically unreasonable F2 trace

9 Physically unreasonable F1 trace

10 F1 layer solution too thick

11 Oscillating solution in F1 layer

12 F2 trace too short

13 F1 trace too short

18 Oscillating solution in F1 layer
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| ‘25 ‘Root in F1 layer too severe to correct

| ‘26 ‘Root in F2 layer too severe to correct

|3 ’N ‘Number of roots in F2 layer profile solution

|4 ‘O ‘foFl not scaled

| ‘1 ‘foFl scaled

5 o No AWS Qualifier applies

| ‘1 ‘Blanketing Sporadic E

| ‘2 ‘Non—Deviative Absorption

| ’3 ‘Equipment Outage

| ‘4 ‘foFZ greater than equipment limits

| ‘5 ‘fmin lower than equipment limits

| ‘6 ‘Spread F

| ’7 ‘foFZ less than foF1

| ‘8 ‘Interference

| ‘9 ‘Deviative absorption

|6 ’ ‘Not used

|7 ‘N ‘Number of roots in E layer profile solution

|8 ’N ‘Number of roots in F1 layer profile solution

|9 ‘ ‘Internal use in profile inversion

10 11-55 Confidence level: two digits, each ranging from 1 (highest
confidence) to 5 (lowest confidence)

|11 ‘O ‘Spread F conditions unknown

| ‘O ‘No spread F (quiet ionosphere)

| ’1 ‘Moderate spread F conditions

| ‘2 ‘Severe spread F conditions

| ‘3 ‘Spread F too severe for autoscaling

| ‘9 ‘Unknown (prior to ARTIST-5.0.2)

|12—14 ‘ ‘Not used

|15 ‘N ‘Number of strong pulses in the F center window

|16 ‘ ‘Not used

‘Smoothing applied to the baseline
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18 Not used
19 1 Second hop F trace found
20 1-3 Internal NHPC use, E layer analysis status

5864H: Doppler Translation Table

The Doppler Translation Table is a sequence of floating point numbers in the 16F7.3
format which convert the trace Doppler Number into a Doppler frequency in Hertz.
These numbers should be read into a floating point array. Using the Doppler Number
as an index to that array will result in the Doppler shift for the scaled trace point in
question. The first element of the Doppler translation table corresponds to the
Doppler number 0.

Trace Points

The following Groups include ionogram trace information obtained in some
automated or interactive manner. The data format and content is identical for any of
the F2, F1, E, or Es traces with either ordinary (O) or extraordinary (X) polarization
although not all traces may be present in any one ionogram. For example, the
ARTIST program currently does not scale the complete X-traces, however space has
been provided for implementation of this feature at a later date.

The data for each trace are contained in five Groups. For the F2 O-trace they are in
Groups 7, 8, 9, 10, and 11; for the F1 O-trace they are in Groups 12, 13, 14, 15, and
16; etc. (see Table 1). The groups for sporadic E, auroral night E leayrs and all
extraordinary data groups do not contain the true height group. Also, Groups 51, 52,
and 53 are reserved for an accurate representation of the electron density profile,
including the valley. There is a one-to-one positional correspondence between
elements in these five Groups, in that the first Virtual Height, True Height,
Amplitude, Doppler Number and Frequency all correspond to the first Trace point on
the ionogram. The same is true of the second point, and so on throughout the entire
trace.

Autoscaling or editing software may interpolate or extrapolate missing trace points
to maintain consistent frequency stepping within the trace or provide better
accuracy of the scaled characteristics. Because of explicit specification of all trace
point frequencies in the SAO format, the interpolated or extrapolated points may be
omitted. However, in this case the value of true hieght obtained for that frequency
will be missing as well. If included, the interpolated/extrapolated points shall be
reported with amplitude set to O and Doppler number set to 9.
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87,12,17, 22, 26, 30, 43, 4748: Trace Virtual Heights

This group consists of a number of Virtual Heights in 15F8.3 format for the layer
indicated. The number of these heights depends upon the length of the trace on the
corresponding ionogram. Virtual Heights are reported in kilometers of altitude.

588, 13, 184H: True Heights

This group consists of a number of True Heights in 15F8.3 format for the layer
indicated. The number of these heights depends upon the length of the trace on the
corresponding ionogram (compare to complete profiles specification in Groups
51-53). True Heights are reported in kilometers of altitude. Virtual heights of O km
can be present in this group as "no-value" filler of missing trace points added to
preserve continuous frequency stepping.

889, 14, 19, 23, 27, 31, 44, 484H: Trace Amplitudes
The amplitude in dB of each trace point is recorded in 4013 format.

§10, 15, 20, 24, 28, 32, 45, 49 #H: Trace Doppler

Numbers

The Doppler Number, as measured by the Digisonde, for each trace point is recorded
here in 12011 format. To convert this number to an actual Doppler shift in Hertz, use
this integer as the index to the Doppler Translation Table provided in Group 6. Index
for 8 element Doppler Translation Table runs from O to 7. Value 9 is reported for
interpolated or extrapolated points where information about Doppler frequency shift
is unavailable.

5811, 16, 21, 25, 29, 33, 46, 504H: Trace Frequencies

The frequency (in MHz) of the trace point is given in this Group in the 15F8.3 format.
Originally, this Group was provided for the possibility of uneven frequency stepping
and would normally be left empty for Digisonde ionograms with a constant
frequency step. This is no longer acceptable. The sounder settings which are

required to restore linear step frequencies can be obtained only from a valid
Sounder Settings Group 3 and Scaled Characteristics Group 4 and may appear to be
missing for some sounder systems.
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5834%H: Median Amplitude of F Echo

These values are an amplitude in dB for the F trace. It is calculated every integer
MHz between fminF and foF2. See Code 4 for fmin and foF2. The Median Amplitude
is calculated by taking the median of the trace amplitudes over a 0.5 MHz in
frequency by five height range rectangle and then scaling this median value to
appear as if it were at 100 km altitude.

56354H: Median Amplitude of E Echo

Same as per Code 34, but for the E echo between fminE and foE.

5364H: Median Amplitude of Es Echo

Same as per Code 34, but for the Es echo between fminE and foEs.

§374: True Height Coefficients for the F2 Layer

The True Height Data for F2 layer from the UMLCAR method are stored in the
E11.6E1 format. There are up to 10 elements. The meaning of each element is given
in Table 9.

Table 9. True Height Coefficients

Position |Parameter Description

1 fstart Start frequency (MHz) of the F2 layer

2 fend The end frequency of the F2 layer

3 zpeak The height of the peak of the F2 layer

4 dev The fitting error in km/point.

5-9 AO-A4 Shifted Chebyshev polynomial coefficients
10 zhalfNm Height at half peak electron density

58384H: True Height Coefficients for the F1 Layer

The True Height Data for the F1 layer from the UMLCAR method have the same
format as those for the F2 layer (Group 37) above with the exception of zhalfNm
(see Table 9).
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58394H: True Height Coefficients for the E Layer

The True Height Data for the E layer from the UMLCAR method have a format very
similar to that for the F2 and F1 layers (Codes 37 and 38) above. The difference lies
in that there are only seven elements stored in this Group. The first four parameters
are fstart, fend, zpeak and dev as defined for the F2 layer. There are, however, only
three coefficients for the shifted Chebyshev polynomials (AO - A2) for the E layer
true height.

58404H: Quazi-Parabolic Segments Fitted to the

Profile

An arbitrary number of parabolic segments may be fitted to the profile to
approximate its shape. Each segment can be expressed as:

fn2 = A/R?2 + B/R + C
where

fn is the plasma frequency in MHz,

A, B, and C are the parabolic coefficients

R is the distance from the center of the Earth in km, which varies from R1 to

R2 for the segment.
If n segments are fitted to the profile, the Group 40 will contain n+1 entries. The
first n entries store 6 values per segment (R1, R2, A, B, C, and fitting error E) in the
E20.12E2 format, and the last lines contains the Earth radius, as is shown in Table
10.

Table 10. QP Segments reported in Group 40
# |Value 1 |Value 2 Value 3 |Value 4 Value 5 |Value 6

1 R11 R12 Al Bl C1 E1
2 R21 R22 A2 B2 Cc2 E2
n Rnl Rn2 An Bn Cn En
n+1 Re - - - - -

The Earth radius, Re, is the actual value used in the fitting process and is given in
SAO file to ensure proper restoring of the profile shape.

58414: Edit Flags: Characteristics

The edit flags are written in 12011 format and are used to indicate whether the
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reported ionospheric characteristics are result of autoscaling, manual input, or
long-term prediction. One edit flag is a sum of three indicators, EDITED(1),
PREDICTED(2) and VALIDATED(4). Table 11 shows possible combinations of the
indicators.

Table 11. Edit Flag (characteristics) and its possible meanings

EDITED PREDICTED EDIT Description
VALIDATED [FLAG
VALUE

0 0 0 0+0+0 = 0 Jautoscaled value

0 0 autoscaled value, validated by an
4 0+0+4 =4

operator

1 0 manually specified value; the

4 14+0+4 = 5 |autoscaled value was incorrect or

unavailable

0 2 0 0+2+0 = 2 |long-term prediction

The position in the edit flag list corresponds to the order of the characteristics listed
in Table 6. A complete list is given in Table 12. The edit flags may be used to set the
slash (/) indicators in the URSI-IIWG characteristics database, if the indicators are
not given in the Groups 54-55.

Table 12. Edit Flags: Characteristics

# |Scaled Description
Characteristic

1 |[foF2 F2 layer critical frequency

2 [foFl1l F1 layer critical frequency

3 |[M(D) M-factor, MUF(D)/foF2, for distance D
4 |MUF(D) Maximum usable frequency for distance D
5 |[fmin Minimum frequency for E or F echoes
6 |foEs Es layer critical frequency

7 [fminF Minimum frequency of F-trace

8 |[fminE Minimum frequency of E-trace

9 [foE E layer critical frequency

10 [fxl Maximum frequency of F-trace

11 h'F Minimum virtual height of F trace

12 h'F2 Minimum virtual height of F2 trace

13 |h'E Minimum virtual height of E trace
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14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46

h'Es
HOM
Ym

QF

QE
Down F2
Down E
Down Es
FF

FE

D
fMUF(D)
h'MUF(D)
foF2c
foEp
f(h'F)
f(h'F2)
foF1lp
Zpeak
ZpeakF1
zhalfnm
foF2p
fminEs
YF2

YF1

TEC
HscaleF2
BO

B1

D1

foEa
h'Ea

foP

Minimum virtual height of Es layer

Peak of E layer using parabolic model

Correspondin

Average rang

Average range spread of E-trace

Lowering of F-trace maximum to leading edge
Lowering of E-trace maximum to leading edge
Lowering of Es-trace maximum to leading edge
Frequency spread between fxF2 and fxI

As FF but considered beyond foE

Distance used for MUF calculation
MUF(D)/obliquity factor(

Virtual height at fMUF

correction to
Predicted foE
Frequency at

Frequency at

g half thickness of E layer

e spread of F-trace

add to foF2 to get actual foF2

which hminF occurs

which hminF2 occurs

Predicted foF1

Peak height F2 layer
Peak height F2 layer

Height at half peak electron density

Predicted foF2

Minimum frequency of Es layer
Half-thickness of F2 layer in parabolic model
Half-thickness of F1 layer in parabolic model
Total electron content

Scale height at F2 peak

IRI thickness

IRI profile shape parameter

IRl F1 profile

Critical frequency of auroral E layer
Minimum virtual height of auroral E layer trace

Highest ordinary wave critical frequency of F region

patch trace

parameter

shape parameter
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47 |h'P Minimum virtual height of the trace used to determine
foP

48 |fbEs Blanketing frequency of Es layer

49 |Type Es Type of Es layer

58424: valley Characteristics UMLCAR model

The current content for this Group is two parameters describing the width and depth
of the valley region in the UMLCAR model.

5851-534: Regular True Height Profile

The complete true height profile of electron density up to 1000 km is given here,
including all layers and the valley. The profile is reported with the true height as the
argument of the N(h) function, i.e. all heights within the valid range are scanned
with a fixed increment, say, 1 km, and put in Group 51. Corresponding frequencies
and electron densities are given in Group 52 and Group 53. Also, a few additional
height points are reported in the groups: all peak heights of the layers and the
starting height of the profile. The additional points might not be multiples of the
height increment. One-to-one positional correspondence of individual elements in
Groups 51-53 is preserved, so that, for example, the first element of Groups 51-53
refers to the starting height of the profile.

The height increment and coverage for the profile specification is determined by the
program which created the SAO file.

5854-554: Qualifying and Descriptive Letters

These two groups store URSI Qualifying (Group 54) and Descriptive (Group 55)
letters [URSI Handbook of lonogram Interpretation and Reduction, 1972] using
120A1 format. The letters are used by manual scaling operators to reflect reliability
of measurement and indicate the presence of certain ionospheric phenomena. The
layout of the Groups 54-55 corresponds to Table 6 (Scaled lonospheric
Characteristics). The number of items stored in the Groups 54 and 55 must be the
same as in Group 6.

When no qualifying or descriptive letter is applied to a characteristic but its value
has been verified or edited, the correspoding entry in the Group 54 should read "/"
(forward slash) and Group 55 should read " " (space) [see IIWG regulations, Table
3, here]. For autoscaled data, the IIWG regulations suggest storing "/" in both
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groups, but SAO-4 file created by the autoscaling software may simply omit Groups
54 and 55 and report only Group 41 (Edit Flags).

58564H: Edit Flags: Traces and Profile

The edit flags are written in 12011 format and correspond to whether ionogram
traces and profile were modified as a result of manual scaling of the data.
Autoscaling software must not report this group to distinguish it from the manual

editing/validating. If no trace points were adjusted and profile was not recalculated
in the process of manual editing/validation, the Group 56 must still be reported with
all zero settings to distinguish it from autoscaled data.

Table 13. Edit Flags: Traces and Profile
# Name Description
1 F2 trace |F2 trace points were edited
F1 trace |F1 trace points were edited
E trace [E trace points were edited

z(h) true height was recalculated with edited traces

a | b~ WIDN

Es trace |Es trace points were edited

58574H: True Height Coefficients for the Ea Layer

The True Height Data for the E auroral layer from the UMLCAR method have a format
identical to Group 39 for E layer above.

58 58-604H: Auroral True Height Profile

The complete true height profile of electron density up to 1000 km is given here,
including all layers and the valley. The profile is reported with the true height as the
argument of the N(h) function, i.e. all heights within the valid range are scanned
with a fixed increment, say, 1 km, and put in Group 58. Corresponding frequencies
and electron densities are given in Group 59 and Group 60. Also, a few additional
height points are reported in the groups: all peak heights of the layers and the
starting height of the profile. The additional points might not be multiples of the
height increment. One-to-one positional correspondence of individual elements in
Groups 58-60 is preserved, so that, for example, the first element of Groups 58-60
refers to the starting height of the profile.
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4. BB BEEIN g B MRER IWG 1T

LIWG Hahs 22 T AFE R A 28 AR T TR HE 110K e ) — P e A%
X KB ITTAGH-H. —PMNEWMESH DA WREEE T DU — M
3 AR BLE AN B AN D R AL

—AMEE AR, IR

Record # Format Description

1 A30 Station Name
1 A5 Station code
1 14 Meridian time used by station
1 F5.1 Latitude N
1 F5.1 Longitude E
1 Al10 Scaling type: Manual/Automatic
1 Al10 Data editings: Edited/Non-edited/Mixed
1 A30 lonosonde system name
2,3 3014* Year
Month

Number of days in the month, M

Number of characteristics

Total number of measurements

Number of measurements for each of the M days,NM

4,1 12A10* List of characteristics
i+1,j 12A10* Dimensions
Jj+1,k 60A2* List of corresponding URSI codes

k+1,1 20(312)* The NM sample times HHMMSS for each of the M days
1+1,m 24(13,A2)* The N1 values of characteristic 1 for day 1

S ..repeated for each of the M days
m+1 24(I3 A2)Hourly medians for characteristic 1

m+2 24(12,13) The counts for the hourly medians, Range
m+3 24(13,A2) Upper quartile

m+4 24(13,A2) Lower quartile

m+5 24(13,A2) Upper decile

m+6 24(13,A2) Lower decile

m+7,n 24(13,A2)* The N1 values of characteristic 2 for day 1
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. repeat for each characteristic.

5.5 RE

AFE I HIT X 2009 4F 5 B SRRl TAE B 0 SO0 H “ R R
S Bk G AT LR PR T B X IR T AR w7 (2008FY120100) AR, Xt
FEL 2 A0 e P R G T R S SR K B AE R0 o 48 B P 1 ST R 7 T 5 5
5, HERAMEERAARERXARSMENL. ATAESHETHA NCT, KA
HIE 1PS A KFERE, WL RZH3CHR.
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