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THIFIRE. ER RS IO F 2000 FH LN EERE RN REFERFEHER.
AR T LT/ RE B, AR O NREER I 5 SN ERE,
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R EHE AR SRR A%, MRS AL ) S i, RIRRAILIERS R SR
L LT PR W 485 (K S0 XK PR Sh R AT 0 A E B L R A R e K B ST i 42
2.1 TWiHsE

RS R MER ERAER =ADFEN. KR Resip F5RMRTE4N
SRR XA R, T RERERE S KHRFE 0 A BT - E MRtk
R R, R B KRB W, AR T Bl CAEM SR AT, 7EiX =AM
T, BAGEER T RPHE B K R FHIOE R X0, BT Mclntosh BY2KHY X, BT HIHL
KM X, HEHR A E R NRR M 45 C %) ®ER Xy, £HE 10.7cm FEKKE
EREEE Xs, 4 HEHR X s RN RE Xe, MUK B i EK H s Xy

SepR b, BATAKRRTFEHHTREFN HE LS T EREIREEHASA =
P R T A DR AT S A - BTN, 7 B R UR K B K — R |
R7TABER XXy, BXEEDXBOR A LR T ASEPHE 6 HNBE, B Xs—Xis.
EE, —30H 132 E X, —Xos A MAEMETIER KA T, Bl A5E 3 B E
%5 HEORFFR FHEEER (Bl U ASR). FHEEWRNSE, RERIFA-12
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(1) FHXOBRFHEN

BRI E R A LR, BANEEIRIOY RS GERAA, ABXTENAALRE
RUPERARRE 1. BANEITEAH T ARSEBFHEOBXNMNY > M Z0E
BEIIP 2R U121, Bl T A KL ) B VR BE ROAR RS ™ 3. IR BI BT BE MU 1000 390
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Z 2000, JA 2000 HINZE 3000 LA b, FRTERERF R A RAG SR £ g, BATmE ¥
STRFUC T 1000 (R FREZEH RS, HEFEIAR (9) 408§ <200, 200 < 5 <500,
500 < S < 1000, 1000 < S < 2000, 2000 < 5 < 3000 1S > 3000 X754 BTmEmUE
{7 A 107 K BH - ER 1 21

(2) EF8EA9 Mclntosh FHE!

7R ) Mclntosh 43 Ziirich 42 pckdt, BB T RFHHARTHEE
CARFIE R RO TR AS, IR T B RIS REA/ DR T RS AL R/ NBF RIS,
b, FEBD B FREZ KPR, Mclntosh S EGRIFHIAEBIVER. RE, 1ER &R
X SRR K 0 TR S B 10 BB TR Mclntosh 2680 AT LA T % 1 HM4 Fft McIntosh
KR TR BT F AR IOEBGE L. L FIH T X SRS KRB H A5
KA.

#& 1 1989—1991 ik X HBESABRRTEHMRITXE

Table 1 The statistical relation between soft X-rays and
solar proton events from 1989 to 1991
1989 1990 1991 ¥l

M3—Mo IR RH 148 62 126 331
FFHER 8 6 8 22
BREMARTEEOBSR/(%) 5.6 9.7 6.3 6.7
23 M HBRRE 584 284 551 1419
AT HEH 8 6 8 22
IBREE R T EORE/ (%) 1.4 2.1 1.5 1.6
2% X BIRRE 51 16 49 116
BTG 15 6 9 30

BREERFEHOBE/ (%) 29.4 37.5 184 25.9

& 1A, SRS, PR M8 E LS B A A 2 KRR S s
Pyt 24 B-FHFH Mclntosh RN MR O A TTRY, BATREATTRL 5 2K, kK
2 PR

* 2 BTEA Mclntosh XBUEAWEZ R BEEMA TR SR

Table 2 The input MclIntosh levels of sunspot group to neural network model

5 1 2 3 4 5
#¥m FKC, FKI, FHC,FKO, FAI EHI, FAO, EHO, EAO,
EKC EKI FHI, EHC, EKO,DKI, EAI DKO, HKX,
DKC DKC DAO, DAC, DAI,
DHI, CAO, CKO,

CHO

(3) BFEeaymRR
BT R R T R TREANESS N ETE DA, BT R XS 1 4
HPRZS. BZRaHaIRESs. Bl 6 KREH, BIREMBEHIGERK, A 5 Pih A i HRas
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BBER. RTHUAXA S BT HER R GHRK, WL R IR6E o R SR
EFEFER 2R, SRR [12], RATXHEABURER A TEZ — 1 B TR L R E R %
3 MBEMBLE.

F3 BRFBEARMNA—LBESR
Table 3 The value to different levels of sunspot group magnetic configuration
BFRRIAR a B By, v 5, B8, By8 78
(8 0.05 0.25 0.35 0.65 0.98

(4) @BX C HI M § X SHEEBIREH

BAR B 2 AT PR ARG — KRGS A A AR (C &) A4 (M 40) & B 1
E0, o MZESIX R NES I E R, R I%TE s KR E RS R —.
X ER KR TEPRBE R EZATN —, ZRIEPNERBWNS, FRAISHIE 4 L
5 1IN TR TR

R4 EPRELLIAFENCH. M PBEYHAMYEIER (BT X4)
Table 4 The relative value of C-class and M-class flares during first day

C Z@R%HE/d 0 1 2 =3
HE 0.02 0.13 0.17 0.25
M ZiBR¥HE/d 0 1-—2 3—4 25
B4 0 0.17 0.30 0.50

®5 EHXAEH 2 AFEN CH. M PBEZYNEIYESR (BT Xu)

Table 5 The relative value of C-class and M-class flares during second day

C %A /d 0 1—2 3—4 =5
BUfE 0.02 0.22 0.25 0.30
M ZBaHE/d 0 1—2 3—4 25
B f 0 0.33 0.50 0.67

(5) £BME 10.7cm K X §tkiashER

KBAAE 10.7cm A E9 S EAESTER (LA sfu g 80r) Fik X ST B (1—8 A) fmigst
WE (A W/m?) BTN E RS, XMME YA KHEMAGES. TR
K98 Sz pr B K PH MR STHE AR IR RO R ST G5R. EYE L VA, EAERIRN A H
BEERXMEESMEE Y FUE N (FENEgEEY K), Wl B A EL KB FHARE
WX E, SETENE RERRNET, BAAPETXRMEASTREE
Y% (N 6 FIE 7).

®6 ZAME#E 10.7cm FRANERBHSRSWE (Xs 1 Xi2)
Table 6 The different levels of 10.7 cin wavelength on whole disk

10.7cm $E4HER < 150  150—199  200—249  250—299 > 300
BE 0.28 0.57 0.71 0.86 0.98
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%7 SAEER X §5 (1—8A) SREHOSRERE (Xo F1 X13)
Table 7 The different levels of soft X-ray on whole disk
X §t#E4kR  <B5 B5—B6 B7—B8 B9—Cl1.7 C18-C24 C25—C2.9 2300
A 0.17 0.20 0.25 0.50 0.70 0.90 0.98

G B 4% nR 1076 W/m? MRkl 1077 W/m?.

(6) EHXEAELMBEEE X-

KB B FRRBETE H 16 B 447 LA BTl AT A PR YL, gt t, ST st H &
KBH AT W BRTE B R0 A SRR H A A 0. flan sk (13] Sit 1 19771982 45
FHEBIAE A mZERE M. 45 R F RN E H M B ARG %& PR S| H mieiasf
A BN, P BT R A LR AGA %N 2 s L. — BRI, RAAXIR
R FIRAEAT BRI AL R S 5 eI, 51T RPN IR iRk 11 5 AR 35 2UAH
K. EAIXTAES, FAE TEANBE (X7) K RSHE, Wk 8 FrR.

*k8 EHXAWZEMNSRSNE
Table 8 The different levels of longitude range of region

FEFHXPZIE  90°E—56°E  55°E—26°E  25°E—15°W  16°W—50°W  51°W—90°W
E{E 0.13 0.38 0.88 0.98 0.88

2.2 BTHEMENRHREER

HAVE LRI 7 5KHRFEHEECHESRILNF, S0fFad 745
KA BT S AR R P, (HXS R BH BT T 3 RO — A S AT A2, 7E KA & 3hid
B, ERRTFREREEMRE, MARRFFEZE, BTN E MG R %
JEIRFFAE, 7 EFATILUAET.

SO N TR 2 236 YA UM 8 K B B S A S IR TE B R AR TR R, i ELel T
TALRHER, CEFEORENE. HEHEEERERREAMT ST RN E, 515
XEFERIEH, HEHEIRLEA S, BRIONVEHORREL M A& THE T, &
o KB BB A S LB TING, M8 RE S E B SR R BH BT T R 0 S SRR AE, %
B A\ B PR 7 Bl 2 BB ) A TE AR ) b

KMNZE BT E AN ERE R IMARTENG T, 5 R 445 5
AT HATHEK.

Tt P 4% R — KRR SRR BE ST IS B AU N TS, PHSRABEIL K e 22
REMSHANIFE. METTRMEMEMIEATH ST, —BEE M, — e
Stk I, WE LTI R KA G S KRR X, M BE B SRR RS 2 (6] BT
NAKEMKR FNEETFHE - MHERBCRIBRX AR, e - HaE .

— A AR R I S ERIE R P LIRS KT, Mottt
PR AN 5 18] R B R AR B M ST 8. 44 M Bh S S A KNS &, B
RBEAANE— EMREAT W0, REE T H SR B R A
BRREBCRRER), XPEIARIETE RARE AR I ) B B e Bk R .

FUF B I 88 ) R4 R 1 TR, B BB M SIEEHAT NG, HP X(e)
NEAZE, Yilt) MEHSE, hE m+1 N PDRUYRESE. FIRRE W, # Xt
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5 Yi(t) EMDE, HE Wy SRR Y.() SXREEE Yi() ik, RS
MERREE, X - ERE. MRETEIERIK Wy, SATHTHN
FEIAS &, BABITEE —AHHHSE Vi), WA Yi(t) BUABERME. XMEHE
W2 1) 2 o) A

FHER PZE I ST+ 2R U T AATE S ISR B8, 720 0 B st B0 — 4l
AR, EEHERSRE (F%) WEMSRPUIE, 74 —H R A E K
SR, T8I SRR MU RIBBAER. 53 YN 580 BB LB R
EEINGHEAERE-MBASZBSXSTHERLNERSERN, @%F NG —1
LB ERTE IR IRFEE. ENENHIINGHARNRBASE, HHHM&NHE TS
B, F5IIZHEAR BRSE L, WMAAEIRERHSEHOREE/ T R 22 R4 K4
6, HIBMNGEYRZREATEZHREEN L.

e N
4 T — T T ey
/ 7y TN i
° X, (t) o o - Z4(t) o ) Y;(t) °
| m m+ 1 N N+1 N+n
\ wAE | I BaE | T
mAWEBT NAMETT n AMMETT

Bl ke nEE

Fig.1 The profile of artificial neural network

PR X — A2, FR ST A BH i S B fR 2 M BEAT ISR, X SR mEH
B KRR FEEAER, MELSTREREIRE, MRT—EHN BHRar”. ZiHS
TS Y5 8 B0 T e 22 0 A AT T I, B 5 S B BT TR B HE A R OA
BT 90% Bk, SadBaFdBmmiRE, T A& TRIFE .

SEHHE T2 M4 0 PREX ARG, BATHBA S it 2R P s MR A5
HRSIEE, B OO R HERTE ST AE, #RBUR T B HIBCR

3 MR UEFITR B £

3.1 EFIEHER

TERSTE RS R, B 2000 4 LLRT KRBT F A AREA, IISRam4s; B 2000 4
LUS I 12 AMREABITREAIRLS. £ 9 5 H T Hulll 5 500 8 Hh i

SERPR A i 0.1 RELRTFEH, 0.9 REFRTFHEE FWTH, LI > 05 HF M
FEME, <05 HLAFEH FEit, B 9 A7 12 KBURPIRE 2 K, RUERLAH
83% (3£ PR B0 A RUER RGO ERBUR AR KB ¢ (X IEMTUIRA BT 345 IER T
BEFRTFEERLRE) SRR T (58 RTHHERERES TR F N
) 2, B R=1t/T).
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RO MR EERNEIE

Table 9 The test of neural network model

Himw 0.51 1.00 0.80 0.38 1.00 1.00
Sz 0.90 0.90 0.90 0.90 0.90 0.90

W 100 092 076 006 042 041
TH 090 090 010 010 010 0.0

3.2 HMAMHK

THEHRAESER N 2001 F 1—4 7 K AERF B BRI 55 LR A Rt AT
XTI, SRR 2001 1 A 4 A 27 H, SEAEBRTEH 6 XK. ARGXE 6 KRTH
PEEBREFRAT UL ERAROBER. KA 3 (R, REBURREAIT 3 X FKFHBUREN T
PR, — KRR — KT
3.3 2001 £ 4 ARFRIKE

[ B FAIXT 2001 4 4 H 123 HERWNRRKR=ZKREERERFFHET 7 HIHRK
%o. KM RS LR AERLILE, SREEKXERN 23 XP, F 13 RERUERHMBIN
BT RE 3 REBREFFEM, WERLAN 56.5%; F 7 RPUMKK 3 REXEFFHE
., ELBRIFARE, BURSHEAEH; A 3 K, MABRSARARK 3 R ERTFHF
fF, EEBREERARTHEERE, HmERARR.

4 GgSe

A3 DA xR ) 56 G1E 25 SR 7T LTS T S5 e

(1) A FA R BURAE SRR, T TR F R BB TMS BRE, BRER
H. AU E R ERIRRE, H TG AR BT BT T 38 LB 5 52k
WOLAZEA. AP — TR FHRA TS LM SR FEAER. L, 7l
HeAth N2 R0 2 500 BT T R REAR A AT BEME U &5 SR AT BRSPS T T
DUk HER, EFBAMNGH AL FHFE, CRBER I PR A

(2) T BT InENLEIE PR, BRIBBEA CME MBS, i&A — gt = B s,
BT BBEES R T FE. R KRR T A . BTLL, BERRHX AL
7 A BT A B TR B 0 R 5.

(3) Witk 7RI BUE Z 2 WA F B PR L. BB R, KR TFHE4 Kt
SEHX MR REY). Hilt, n REBRETOER L, i EEshR s
FIRFAE, T DA — 354 & 3o Ji 7 SR I BUR K P
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SHORT TERM FORECAST OF
SOLAR PROTON EVENT

GONG Jiancun XUE Bingsen LIU Siqing ZOU Ziming MIAO Juan
(Center for Space Science and Applied Research, The Chinese Academy of Sciences, Beijing 100080)

WANG Jialong

(Notional Astronomical Observatories, The Chinese Academy of Sciences)

Abstract

Solar Proton Events (SPE) are one kind of the major, severe space environ-
mental events that induces errors even failure of the satellites on the orbit. In this
paper, a model of SPE forecasting employing artificial neural network technology
by Space Environment Prediction Center (SEPC) is introduced.

The strength of solar event is related with releused from the solar burst. The
size of area of the sunspot indicates the maximum strength of local magnetic field.
The McIntosh classification of the sunspot indicates the structure of the root area
of the magnetic rope from the sunspot regions. The joint applying of the Mcln-
tosh classification and the magnetic type enable us to describe the structure of the
sunspot.

In this paper, 10.7 cm radio and X-ray fluxes were used, and the Artificial Neural
Network (ANN) is employed. The digitized morphology data are then arranged
and “feed” into the neural network. Through training the model based on ANN
algorithm a forecast model was constructed. With it, the forecast of SPE 1-—3 days
ahead can be made. Statistics shows that the accuracy of our forecast is about 80%.

Key words Solar proton event, Forecast, Artificial neural network
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