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Abstract In this paper, the meteorological influences on ionospheric variability have been studied.
We analyzed the effects on the ionosphere from the five extreme heavy rainfall cases happened in
Wuhan from 1958 to 1998 by means of the superposed epoch method. The results show that when
the extreme heavy rainfall happens: (1) the blanket frequency of Es(f,Es) and the critical frequency
of Es(foFEs) drop distinctly; (2) the minimum virtual height of F-layer (h'F) and the peak height of
F-layer (hpF") decrease limitedly, and when the extreme heavy rainfall is more severe, the decreases
of W'F and hy,F are more obvious; (3) the extreme heavy rainfall has few or no effects on the other
characters of the ionosphere. In the paper, it is thought that the meteorological influences on the
ionosphere are due to dynamical processes; it occurs as the result of upward-propagating tides,
planetary waves and gravity waves originating from or accompanying the extreme heavy rainfall.
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Table 1 Five extreme heavy rainfall
cases in Wuhan
RERS  24h kR fmm 200 KPOCKP)
-A %A &F—H
1998-07-21 285.7 64+ 17 17_
1991-07-09 209.8 39_ 51_ 25_
1982-06-20 298.5 28_ 26 17
1961-06-08 214.5 29_ 25 134
1959-06-09 317.4 194 27~ 20
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Fig.l Superposed epoch analysis of fi,Fs. (a) Variations of f,E in five extreme heavy rainfall cases; (b) Average
variance of f,Fs. The normal disturbance level is indicated by dashed lines, and the standard average of fi,E, is

indicated by solid line; (c) deviation of average fi, Es. The standard deviation is indicated by dashed lines
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Fig.3 Same as Fig.1 but for hyF (lack data in 1998 case)
4 wHip R T L .45 R MO AR R R R

AREDTBERBNEERW, HYEN
BB E T HEABRED, SNAEHRIF
GREMTTENYERBEEFRAR.  Bauerll i\
A1, BN Fo BRI WA LA Martyn 12
HEEREX S B AVUERAITRE. X TR
WL Xt D(foF2) B W, Bauerl YUY RIKEE
AL AR S, TiEE Y Ak, AR
5l HXHLE A KR P EE S WA ASEFRE.
T 2N H RHIRM RS, w0 U & A &
HAERSH, NTifEEEEREFREREEL &
BRESHNHEERLOERHR - ERBEESH
TEXSHEERBR A E N — 2R, PN
HHRER, RARN¥ESHTARKGR &L, W
Wilson $# ) # e 7B{L LI, Bailey #1 Martyn
LI J; Healey $Hi BOREE B LB 445, FER L HERS K
6] foF: A FRE#S, kEMERY " x—T

WAL E DA L EERERE, METRE
STHMOBRBBL.  Bertin®® %iA0, HwH
B R MRS E AT RES PR BT H R
A K. Forbes® Hihh, FWEERHAR
FaEg HRALK. FRERAERES, %S
REMK LM EAKEY, 1TREME RS
HERAEN, A —Sild Kbz hReER
G4 5 IR PEER R M.

Xt /2 3 MK R A B H B 2 AR AL O B e
RIFRAFRA, AR K7 B ) Yy 22 A ) SOk e 1R
P, AX EEEMTEREY, RARMRIEFHF
FEXHE BB E R Es MRS R fuBs W foF, 4
RYIBIEM, X FERESE NF 0 hF PE—2
Em, xS EERESSBaEyn. Mk,
BATAA, HABRWRAFHABEENEHER
XETFaANE, FHIRFARABEOIAREN
KRENW,. MY BEATEESKARAREIRE



BARYE: WAEH KRR e L TS TH

109

T T 1 ] o | - _*‘ T 1 T
(; i T —&— 1998 | |
320 w 3 S -&- 1991
g i S LR e i ago
300 F = % P__E Vs - / ;" .-"'-:.__-. _:_ l[‘J:] 4
R Tl ooy S B O i G IO S, SR
E : N e, VO IR = 'ﬂ'- ;ffxv/ ﬁ S -2 1959 /1
= 250 SRS W TR ] A S
@ e 4 ——— - = ey i
= 260 ¥ ¥ gisme 0107 ¥
o T e e
e — o
- e T &
240 } E = t i — f =4 f }
295 (h) =
g 290 [ e -
2 e g - e g e e e
o 285 ¢ b - / ~o. 1
) B —a \._.___.‘ . -___‘__‘_ R
Ll SR C R EAESSIRRE .. © NSy e S SR e P —
275 K
3
2
1

deviation of fi, Es/(%)

time/d

B4 FRFERmE A F TSR R EE 1)
Fig.4 Same as Fig.1 but for h'F

BER. FEHMA. Bk, BEREUNEN, 14
HEEZ Es EHFRABIIGIER, 5% REHEX
MRSENE, BWERTRRSTHEEEWEZ
KRR8I, #HmckZE Es B158%, 51 fobs
M foEs BYBRH BB, Hik, BHEE F BH&ERE
X BRIGHE SRR, B, FFARW
FIRMRIGBA TN EEER F EEE, 58S
ES R K'F 1 hp F 78 I0HF, R TEREEE M
E B4 FHAFERE, —BAZKERA g
Km, X0]RERIEAIIA UM 3 Ee A R 46 H
HE E ZZETWHMEN;, M5k F BEFREER
foF> FHIBENAENHRARE L, M REH SR
BRI MIFAEUR, LLBUHE L] A A i)
k.

B 45 K R A1 fEBE SR 2L 8 SO B Tz sh AN
WAEiE), EARES AN AR E
BEFERW. EMK Baverl! Fdbic# B R
BRI IR PR S S RO R Fzh R, B4

FF AR 5 R U A58 A FR OB AT LA R A2 2 s ey
B, fEMREERE E XIHEG R, PR
EREHERE XBEFEREO TR, EXERETK
FRITRE5IE fulls 71 foB, TR R, EX
RHEIEF BETR, €% VF M AF R

HFXRES BEREORE BB T4 7
BT B, FARMRAFHXEBRRF
t, RAEDBERD, FibE BRI EA KA
FOAT AT, AXEEET 5 KEASFRTFFA
RMRS BB ENEWBTUREG R, a4
WMNIZRYIEH, RENEFSTIEZM. Fln,
st RERA RN, EFEHEETEBE
WRMBESHES LT %S, XEEHES
B — BRI F 5T

5

&5

AT WIS R R RAR 0 B 2R



110

R, AR B PR & k%t 1958—1998 4R &
EERDE 5 W ARTRSFAXT RN LB
RECKEWHT TR, BRI TER.

(1) ABRWRLEHHRESSIR fLLE M
SoE A B AT RE, Xt b'F F b F thf M.
BRILZSh, FRBWRSFHXEEE2 LGS RY
WL R A .

) HABRWRKAFHR™E, Bidx 24 et
KRB, Xt fols 7 foEs BILMIRBIR, Xt h'F
il hp ' HRE m4E A 23 m.

(3) BATIA, Fr R BRMRS T BRI
WHEZKR B T3 R, HIREARWHROK
MEMASE N, MY ENTERSKARAR
FEE R HVEA.

FABRMRAFHORELESIR HE M foF,
TRORRHBSIET V'F M hF TR TR
FHYEEE, RAETREESFOIERT R

BB

Bl WA A RFEPIR BT MR R TR A &
RBE TR KN, R, AXE/DTHREMNSE
B 9E R 54 L BOR B S TR H I R & Sy, &
B — 3 it !

BE

[1] Rastogi R G. Thunderstorms and sporadic-E layer ion-
ization over Ottawa, Canada. J. Atmos. Terr. Phys.,
1962, 24:533—540

[2] Gherzi E. lonosphere and weather. Nature, 1950, 165:38

[3] Bauer S J. A possible troposphere-ionosphere relation-
ship. J. Geophys. Res., 1957, 62(3):425—430

[4] Bauer S J. An apparent ionospheric response to the pas-
sage of hurricanes. J. Geophys. Res., 1958, 63:265—269

[5] Georges T M. HF Doppler studies of traveling iono-
spheric disturbances. J. Atmos. Terr. Phys., 1968,

Chin. J. Space Sei.

TRIAFEPIR 2005, 25(2)

30:735—746

(6] Baker D M, Davies D. Fa-region acoustic waves from
sevre weather. J. Atmos. Terr. Phys., 1969, 31:1345—
1352

(7] Sauli P, Bo¥ka J. Tropospheric events and possible re-
lated gravity wave activity effects on the ionosphere. J.
Atmos. Solar-Terr. Phys., 2001, 63:945—950

[8] Forbes J M, Palo S E, Zhang X L. Variability of the iono-
sphere. J. Atmos. Solar-Terr. Phys., 2000, 62:685—
693

[9] Rishbeth H, Mendillo M. Patterns of Fz-layer variability.
J. Atmos. Solar-Terr. Phys., 2001, 83:1661—1680

[10] Mendillo M, Rishbeth H, Roble R G, Wroten J. Mode-
lling Fa-layer seasonal trends and day-to-day variability
driven by coupling with the lower atmosphere. J. At-
mos. Solar Terr. Phys., 2002, 64:1911—1931

[11] Shen Changshou. The correlations between the typhoon
and the fyFy of ionosphere. Chin. J. Space Sci., 1982,
2(4):135—140. in Chinese (}Li#. ERSHEE foF2
HRHERBIT. SEBFEFER, 1982, 2(4):135—140)

[12] Shen Changshou, Zi Minyun. The crossing of cold
front and the night foF,. Chin. J. Space Sci., 1986,
6(3):211—216. in Chinese (F & #, HEH. X FEME
[l foF2 BWERYERIT. SRIM¥E¥M, 1986, 6(3):211—216)

[13] Xiao Zuo, Zhang Shuli, Zou Jiging, Wang Yongguang.
The morphological difference of ionospheric absorption
in summer and winter at mid-latitudes and the possible
coupling between D-region and lower atmosphere. Chin.
J. Geophys., 1984, 27(1):1—7. in Chinese (M4, K&
L, BB, FAE. AR B B R & B R AR R
SEEX RS ORTREN. HERYE P4, 1984, 27(1):1—7)

[14] Shen Changshou. The factors which influence the fmin
and the possible cause of the “Winter Anomaly” of the
D region. Chin. J. Space Sci., 1984, 4(2):135—141. in
Chinese (JLK#H. M fmin MEAMETFHTE D R “4F
RE” MeTREBRE. THBEER, 1984, 4(2):135—141)

[15] Bertin F, Testud J, Kersley L. Medium scale gravity
waves in the ionospheric F-region and their possible ori-
gin in weather disturbances. Planet. Space Sci., 1975,
23:493—507



