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Low ionization level of northern midlatitude ionosphere in solar cycle 24
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Abstract Following prolonged and extremely quiet solar activity from 2008 to 2009, the 24th
solar cycle (SC24) started slowly, and the solar extreme ultraviolet (EUV) irradiance level in
cycle 24 was significantly lower than that in the cycles 19 to 23. The ionosonde observations at
Kokubunji and Chinese Meridian Project Wuhan Station showed that, the ionospheric F, region
critical frequency ( f,F;) and peak height (h,F,) in SC24 were notably lower, compared to SC23.

Around solar maximum, the solar cycle difference of electron density at lower altitude was not
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obvious, while both the peak electron density (N,F,) and 0. 1~50 nm solar EUV flux were 25% ~

50% lower in SC24. However, exceptions existed in summer when the negative deviation of

N, F; was much less. This can be explained by the interaction between ionospheric plasma and

neutral wind in the presence of geomagnetic field. The poleward thermospheric wind at local noon

is very weak in northern hemisphere summer, while it is much stronger in the other seasons and

decrease N, F, and h,F; significantly. This seasonal difference is even obvious when the wind is

enhanced due to weakened ion-drag effect, under such a low level of solar EUV flux in SC24. The

manifestation of wind effect reminds us to take mechanisms other than direct EUV ionization into

account when modeling the ionosphere in such a weak solar cycle. The results showed here

indicate that the thermosphere-ionosphere system in SC24 would probably differ from what we

have learned from the previous cycles.
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Fig. 1 The sunspot number records of SC19-24

The 13-month smoothed monthly SSN for each cycle is shown (solid lines), and the monthly SSN of SC24 is displayed (dotted line

with symbols) as well. T

he number labels on the x axis denote the year counted from the beginning of each solar cycle.
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Fig. 2 Solar Fy, ; index of SC20-24
index for each cycle is shown (solid lines) , and for SC24 the 27-day smoothed Fjo, 7 index
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is displayed (dotted line with symbols). The number labels on the x axis denote the year counted from the beginning of each solar cycle.
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Fig. 3 0.1~50 nm solar EUV irradiance flux observed by SOHO/SEM for SC23 and SC24

The 400-day (approximately 13-mo:

nth) smoothed data for each cycle is shown (solid lines) . and for SC24 the 27-day smoothed data is displayed

(dotted line with symbols) as well. The number labels on the x axis denote the year counted from the beginning of each solar cycle.
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Fig. 4 lonospheric f,F, data of TO536 station for SC23 and SC24. The number labels on the x axis denote

the year counted from the beginning of each solar cycle
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deviations (F1¢) about the mean f,F, of SC23 are shown in blue dotted and dashed lines as well. The number labels on

the x axis denote the year counted from the beginning of each solar cycle

TE K BTG 2l 1 b 3034 5 7 e A1 RO L 56 24 JRT B
HRZALTEE 23 J WM A N AL 25 R R AR
K.

SoF, W ] PG4 R i 8 5 43 X T4
23 JA R LI B 1T A BIME L BT BR T o
A4 1o BB 5 ZAH . AT LLA BN 2009 45
ISR 24 1Y f.F, AMMHE R 2T — 16 KF;
I HAE 2011 S22 )5 - f. Fo IR AR B9 72 B dF— 22 k.
SRS KR BH EUV g 5 2 th R, d g 2 b
HLF A B0 B I T K P EUV 5 4958 &, Wi g5

JZUIEER 7% (N.F.) 5 KM 0. 1~50 nm EUV
R 2 0] R AE S EUV S8 1 B A — 2 9 18 A
BN, KRR R IEH MR AR (Liu et al. , 2006). {H
FEFE S Ha] DUVE R 2] WA TE S B Z [ S F, i 22
MRS TN A K RS fF, AR 421 2k
AEARAL L TE 2011 4F 1 H L2013 4F 1 H .2014 4F 1 H
BT foF, B AR R Ry 3 T AEAE i 6 4y B i
BAH .

hT A 24 WAL EUV g5 R 5 8
T B NLGF T B f TOS36 3 1 f,F. {8



114 TSR A5 5 24 R PHE B J o £ v e TR AR L B K ST B L AT 5 3517

0.6 , :

AN, F,/(10%l-cm™)

@

AEUV 0.1~50 nm/
(10"%cm™>s™)

Relative AN,F»/(%)

-5 ' '

Yo )

(b

Relative AEUV/(

1 L -75

2009 2010 2011

2012 2013 2014
Year of solar cycle 24
Bl 6 55 24 KPHIGBH)E (2009—2014 ) 548 23 J&(1997—2002 ) Mt . TO536 ¥l N, F, F
0.1~50 nm K EUV $§ 538 & 19 27 K IE A4 5F Ca) FIAH ST (b) f 22
Fig. 6 Absolute (a) and relative (b) changes in 27-day mean N, F, of TO536 station (left axis) and 0. 1 ~50 nm solar

EUV irradiance flux (right axis) between SC24 and SC23. The number labels on the x axis denote the year counted

from the beginning of each solar cycle
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Fig. 9 Ionospheric electron density profiles measured at Wuhan station during high solar activity of SC23 and SC24
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EUV 45 5 58 AR T — 1 K B 35 2 AR AR 7K 7 33X
NN R B0 B )2 R R R R AR
B (Liu et al. , 2011a). 5 PR R 1046 24 15
A h AR T AELE @ oA TO536 A WU430 7
A Gl AR B L LSS 23 I 24 05 B JE i AR
1) AR 25 2 B NG Fy R IGE 5 EUV 45
S5 s AV A2 () B B8] ) o AL 7R b 2 3R ) B2 2 ik A R A
W I ES N F, k42 % %8 b, F, 75 A
T 20 JR 22 1) ) 22 5t R IR 7E ) 2 2 S /N VAR
T8 24 FMRARK K FHIE Zh 80T B 2R R
Gi25 5 M B Rh 25 S R R 5 R A G Y AR
S S A FAL (B A R

TEFAREE BE & 5, AR NLF, i B R
A RE 5 T R By S BEAR AR A LA CAn ] 7 A

8) H B2 HA K% KB &. Richards(2001) 7
G3AT R IS o 25 B 5 3l 1 R 2 00 B R B o
PRRIMETEEFRLFm. BT R K.
hoFo 182 Z 4 A s R AR B E s B —H S
B B TR R BCR A B LO/ N, J8IR. 2R G R
MIRCR 2 b Fo mE ELO/N, J7E WA 4y 55
B WL AT NWF, 7553 2285 1w 1 2 4 28 AR A
T3 —J7 I AR 25 SR b B R . 2 KB EUV 45
SSPRESRET A By BERE N X AN B B LO/N,
WKL X BE R NLF, Ml A F. #7565 EUV 45
SPYIE A G 6 & (Richards, 2001). 75 32 45 i 0
ML ARG LA, ME 6 BRM N.F, 5
EUV #g §F Z LR o2 B E AR DG . (R(E S T R
M2, 3K (R 06 R IR R R ZR YL 72 K BH
EUV & 8 i, rpoIREs B &l 0 209 N, F, &
WAELE MRS (A0 Liu et al. ,2006 ). 48044
A 2 Rl F L AR b 2 BRI 2 R X L A 24 A
150 A 1) R PR 38 oK 35 Bl NLE, R A K7, B
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AT A 2 P 5 22 1 DX [1].

A B & B B R RS R S A G, AP
TESS 24 JE K FHIG s 48  EUV 48 Sl & H e 23 4
[ H R A AICET s AW o & NLF, W RRARE B 8 2
25 P 2 AR S AR TG P RS A A O A1 1
ELHEROR K R R R 4B 2 B o F R 3R S B e ?
G545 hoFo FNGE, 0000 R 55, AT LB A8 —F A] G
(R B R P LB R T (B ARD 2 Fy W R 5 2
A e, [) Bef i A2 K BH A8 57K F 2 i 4 i AE EUV
S i B i I G 2 BRI 2 A I L 3K R R O
CBE55) R B 2 hnFy NG F, 4EREFEAH X 5
B K —E R B> T NLF, BEEAG. 74 Lk
BEAE ) — R AL 7 ) 2 PR e T
i 7 A A 1) A DX 1) XL (i B T VR R T ks
BRI S E L X B A RS8R TR AW
MR YA ALEF, AL NGE, #REAR T 1) A 16 0K
JRUKCSRE ] A (Rishbeth, 1998). 7£ Wi I, Zhang
99D A H A MU ik % B2 b, F, FIF
fia) AP RURR SOE I, & B A 1) KUK A F A B R
S S UESE T R L A Rt LR AR U O
i) AR /AR 3T K BH WS Bk R, AT LS
Kawamura ¢ (2000) 4 #1 1986—1996 4F [a] H 4=
MU 5 35 W00 7 75 1) 14 45 5 - 7 A6~ BR o 26 B X
IR 7 X 32 B pl % 38 e ) A X HL A B 202 KUY
R A/ s FE AR SO T A M B 14 A D AR R
FHAE SR AT X ) AT 5 % Sy vl AR DX R o % G T A K
BH TG 20 /55 45 125 1 B 70 i 1 30 oA 38 58 S 807 oF
] WG 7E O BRFIE. F o mT DA HE I . A B i 5 O 55
B FE 2 AR X ) RURAR AL F, AL NG F, L (B A 2
BR AL Bt B A DX 1) X 3 59, 50 AE FE IR ha Fo i
N Fy (75 T8 [ R 4 38 43 kb2 EUV 4 55 O I
MIROR X IE AT & R SC4 S 24 R S AR R ZE W)

B 2 B0 3 A DU AU, Lin 48 (2003a,
2003b) 4387 T AF R KUY AR A S 2R ALK
FHAG 2l B2 19 ¢ &R L R BB R E 7 i S 9 78 KUFE
KA ZE BRI DL AR L 85 )2 2 3, H Bl & K P 3
48 5 T 559 5 E BBk R I 14 XURS X R A R A 5, T
FOR R B 0 5 0. AH B M, FE T R A 22 Y
N Fo % K BTG 2l 5 me iz ), Lin % (2006) & 3 H
fReh & 3 NLF, B K BH %8 548 $ony 4tk 28 e &
(d(NLF) /dPYTER & e /N IR 4R 1 5 R A
k2= i B LO/N, TR 8l Jy 2 3 78 (h, Fo) A 6L axX 8t
W98 R BG4 SO 45 RAE & PE B — 3. Ak

A LA B X RE 0 2598 < 7R B0 1 K BHE 3l 48 (A
55 23 JHD . MBS R TR RS ok B T Y R Y
EUV 48 5 1B 7~ 8 7 400 ] 4 X 1) 4 X3 00 A
P AH LT 5 1 K BH IS S e AR (B 24 D,
EUV 8519 B s E A2 55 1, 0F BAR X [l iy 5
ARG SR T, PP AL AT B B R NWF, #l A F,
(R AR AE b T b v XURY 2R 5 A2 A s A 5 — R AL
1E 5 AR . T AFE R 2 NLF, Al o Fy #R AR
.

ASCH Hao 55 (2014) 25 (9 000 =5 52 4B %
B, 56 24 J& A4 DK BH 16 gl AR B8 J2 K 255 T Z i L
ANE BN SEBR B A RTINS R A AR R Y K B
15 2l Ja R S Ak T 55 i AR A L I BAR g — A K FH
15 B KA (grand solar maximum)” (Lockwood et
al. 2009) 33X B E FRATXS T4 55 19 K BT 2 J 1
NI BB B 2 Y 5 A — 2L KB LAy 55 24
JEHETF 6 — S 16 g /N L O HOAT BE R S T
FhJE (in Clilverd et al. ,2006 Fil Solanki and Krivova,
2011, of F3X A 5585 1) O BH 3% 2l J] b e 4 L kT g s
Bolm e S i 2B (A et al. ,2011, 20125 Liu
et al. ,2012; Wan et al. ,2012) 2 & A %02 K H
28 I BE A NS R JE AT ME A RN 7 (] A R
XS n) L, TR AE 24 JE AR R M TT R BE S 9 S
B NAR I PG 3l 56T 1Y 42 i B 2 05 L R 2
FEXTES 23 AT BRI S 23/24 i O BA AR ARG 4F A AIF
FERTARAT 189 B+ G O B XL v 3 9 A 1Y) BE ik X
FRIZ A9 (Lei et al. , 2008a, 2008b), DA M £
B B R RS Bl K- i v, 85 J2 % KB EUV 48 5 1)
g (Liu et al. , 2011a, 2011b). [FA), -9 A FH
WHEE AR T 7R R s B R3S 5 5
fRJZE RAG 2 B )= 1Y B B M 5 o FE i B 5T A
7 B R i 19 52 (Hao and Zhang, 2012) % )2 K
AP AEE LI R E R R F R (Xiao et
al. » 2009; Xiao et al., 2012), L)L K BL UK A 3 19 7
G 1 o £ 0= = e I ol N = - R 7 )
(Hao et al. , 2012, 2013). 55— J5 Ifi - %3 [1] K%K
N7 ) A BRE SR U3 A5 555 1Y K BRI 3l JE O R — i A TR
FURY 28 18] KA o Ll an w8 il R i 1 2 A T8
14 & (&4 2 1 % B A 64) (Svalgaard et al. ,
2005) ; 75 58 55 A [6) 19 K BRI 20 J8] B, @4 2% 1 0 A
A R AN TR T s e 2 06 O FH A S22 B S ) o
BAFAEZE RIS — DEA PR AR (Le et al.,
2012; Xu and Du, 2012; Zhang et al. , 2012).
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(1) TOS536 ufi 75 3 J7 B 14 g0 09 000, % L2 24 )4
EUV 85 WAL 308 32 NLF, KR 6
AR (H 2 ZEBR AN, I N F, FEAK B 0 2 Lt EUV
NIRRT EUV WL AR G Y AR AN R A
HAmM 5 FE A RMEBRS 52T NLF,. WU430
Sl ) O 0 B i — D B N AR U AR B O, R 2
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5750 LI R AIE. H R TE I A X1 EPT%JXLEMEE
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