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CHINESE SOLAR GEOPHYSICAL DATA ( CSGD )
EXPLANATION OF DATA REPORTS

Introduction

The solar geophysical data contained in “ Chinese Solar Geophysical Data ” are col-
lected by Beijing Astronomical Observatory ( BELJ ), Center for Space Science and Applied
Research, Beijing Geomagnetic Observatory ( BGMO ), Beijing Planetarium ( PLAT ),
Purple Mountain Observatory { PURP ), Shaanxi Observatory ( LINT ), Wulumuqi As-
tronomical Station ( WLMQ ) and Yunnan Observatory ( YUNN ). The data in CSGD
consist of the following nine parts:

1. Daily Relative Sunspot Numbers and Sunspot Areas, Daily Sunspot Observations
compiled by Purple Mountain Observatory;

2. Smoothed (Predicted) Sunspot Numbers;

3. H-Alpha Solar Flares and Intervals of H-Alpha Flare Patrol Observation;

4. Solar Radio Emission Flux and Solar Radio Emission Qutstanding Occurrences,
Intervals of Solar Radio Emission Patrol Observations and Solar Radio Emission Burst
Profiles;

5. Cosmic Ray Meson and Neutron Intensity compiled by Center for Space Science
and Applied Research;

6. Sudden Jonospheric Disturbances { D-Region ) ( SID );

7. Geomagnetic Indices K and Ag;

8. Magnetic Storms compiled by Beijing Geomagnetic Observatory;

9. Special issues for the data of some selected events and their corresponding solar-
terrestrial effects and preliminary analyses are nonperiodically published.

All the data mentioned above are stored in a VAX 11/780 computer with which some
calculations are made and data are checked before the final data reports are photoprinted.

Brief Explanation of the Main Contents

1. There are two kinds of sunspot tables in which the visual data mainly come from the
observations of Yunnan Observatory while photographic results of spot areas are supplied
by Beijing Astronomical Observatory. When there are gaps in these observations the
table will be filled by observations made on the same day by other observatories whose
corresponding names will appear iu the column of remarks. Sunspot group numbers in
the table of “ Daily Sunspot Observations ” are standardized after collecting all sunspot
observations from different observatories. The estimated Seeing Conditions are given in
the column “ See ” on a 5-level scale from best (5) to worst (1).

2. The predicted values of R with the errors E' referred to the confidance 90 % are
given for a year in the table of “ Smoothed (Predicted) Sunspot Numbers ”. The method
of prediction may be found in the CSGD January 1989, 27 .

3. In the table of * Daily Sunspot Observations ” and the table of “ H-Alpha Solar
Flares ”, Carrington coordinates are used for the positions measurement of sunspot groups
or flares. Central Meridian Distance shows the distance in degrees between the central
meridian and the meridian where a sunspot group or flare is located. E and W indicate
that the sunspot group or flare lies to the east or to the west of the central meridian,
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respectively. Heliocentric Distance measured in units of disk radius represents the distance
from the centre of gravity of the sunspot group or flare on the disk to the centre of the
- disk. Apparent Areas Sd is the area projected on the disk in millionths of the disk and
the Corrected Area Sp is the real area of the sunspot group or flare occupied on the sun
surface in millionths of the hemisphere after the projecting correction of Apparent Area
Sd is considered. Mclntosh classification is used for sunspot classification.

4. The table of “ H-Alpha Solar Flares ” gives H-Alpha flare patrol observations includ-
ing subflares made by Beijing Astronomical Observatory,Purple Mountain Observatory,
Wulumugi Astronomical Station, and Yunnan Observatory. For each flare, start time, end
time, and the time of maximum phase which shows the maximum of flare brightness are
given, and the area is that measured at the time of maximum phase. For flares less than
65° from the centre of the disk, the formula relating apparent area Sd and corrected area
Sp is the so called Secf law. Two figures are assigned to each flare to show the importance
of the flare. The first figure is defined by the area of the flare at the maximum phase and
the second one is only a qualitative scale where each Observatory uses its experience to
decide if a flare is rather faint ( F ), normal ( N ), or rather bright( B ). For flares less
than 65° from the centre of the disk, i.e., the heliocentric distance is less than 0.906, the
first figure assigned to the flare importance is defined by the corrected area Sp according
to the following table where areas are given in millionths of solar hemisphere.

Corrected Area Sp in Relative Intensity Evaluation
Millionths of Hemisphere [ Faint (F) Normal(N) Brilliant(B)

< 100 -F -N -B

101 — 250 1F 1N 1B

251 — 600 2F 2N 2B

601 - 1200 3F 3N 3B

> 1201 4F 4N 4B

For flares equal to or greater than 65° from the centre of the disk, i. e., the heliocentric
distance is equal to or greater than 0.906, the first figure assigned to the flare importance
can be estimated by the apparent area Sd according to the following table where the areas
are given in millionths of the disk.

Heliocentric Importance
Distance /R - 1 2 3
906 -.939 [Sd <90 90-279 280-599 Sd > 600
940 - 984 75 75 - 239 240 - 499 500
985 - 999 50 50 - 179 180 - 349 350
1 45 45 - 169 170 - 299 300

The letters C, P, and V in the column marked “ Observation Type ” represent the
nature and completeness of available observations, i.e.:

C — a complete or quasi-complete sequence of photographs was obtained,;

P — one or a few photographs of the event were obtained resulting in incomplete time
coverage;

V — all (or most of) the development of the flare was visually observed.
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Oze or more than one upper case letter .

“ Remarks ” which follows an International A{ls'(:;nﬁn:iij ;]:1?:? nlont;tlilzna;l;n:rﬁ_rzarked
:lftter of the Alphabet stands for a particular noteworthy condition, as shov:'n in A;)(;)e::?i?il

5: In the gr_a,ph of “ Intervals of H-Alpha Flare Patrol Observations ", the dark areas
are times of ne.lther visual nor cinematographic patrol while the blank areas are time of
f:mema,togra,phlc patrol. Flare patrol observations are considered to be continuous if the
intervals of no flare patrol observations are less than five minutes.

-6. The.ta.ble of “ Daily Solar Radic Emission Flux ” gives the flux values of the sun
calibrated in units of 10722 - W . M~2. H2~! (s.f.u.) at the time around meridian transit
(BEIJ, PURP : around 0400 UT; YUNN: around 0500 UT ) every day at different fixed
radio frequencies. All flux values are adjusted to mean sun-earth distance: 1 AU.

7. The meaning of each column in the table of “ Solar Radio Emission Outstanding
Occurrences ” is an international implied consent. In the column of Flux Density, “Peak”
represents the peak value of lux density of the event; “ Rel " represents the relative value
AS/S, i.e., the ratio of the flux increment AS and the flux S before the burst; “ Mean ”
represents the mean flux increment which is an integral of flux increment over the time
of duration-and divided by the duration. Both the peak flux density and the mean flux
density are measured in units of “ s.fu. 7, frequency in units of MHz and duration in
units of minutes.

For the classification of bursts see Appendix 2. Among the types, 1S, 2 5/F, 385, 4
S$/F, 5 S, 20 GRF, 21 GRF, 22 GRF, 23 GRF, 41 F, 45 C, 46 C and 47 GB are used in
the range of frequency greater than 600 MHz, 6 S, 7 C, 27 RF, 42 SER, 43 NS, 44 NS,
48 C and 49 GB are used in the range of frequency less than 600 MHz, and on the other
hand, 28 PRE, 29 PBI, 30 PBI and 31 ABS are not independent types at all.

Finally, one must notice that, for simplicity, we use the absolute value of flux density
(with original value in s.f.u.) and duration (with original value in minute) for the definition
of classification in Appendix 2. ,

8. In the “ Profiles Figure of Solar Radio Emission Outstanding Occurrences ", the
date, peak fluxes, and frequencies of events are given on the right corner. The time
is denoted on the abscissa axis and the amplitude in units of s.f.u. is denoted on the
ordinate axis. :

9. The table of “ Intervals of Solar Radio Emission Patrol Observations ” gives the
time coverage of the patrol observations made with those radio telescopes that contribute
the data. The data gaps less than half hour are not listed.

10. The intensities of cosmic ray neutrons and mesons, which are recorded with 18-
NM-64 super neutron monitor (NM) and ACK-1 large ion chamber (IC), are monthly
tabulated. The hourly mean values in the table are already corrected for the atmospheric
pressure. The real counting rates of cosmic ray neutrons are the counting rates in the
table plus 1500 and multiplies with the scaling factor 256. The relative intensity of cosmic
ray mesons is the tabulated values plus 1000 and in the units of 0.1 %. The space “ 7
and the dash “ — ” means no data.

The gragh expresses the variations of cosmic ray intensity monitored with the NM and
IC hourly. The abscissa is the cycle of the Bartels Solar Rotation. The intensity variation
between two horizontal lines corresponds to 5%. The vertical lines indicate 0* UT.

11. The table of “ Sudden Ionosphereic Disturbances ( D-Region ) " (SID) presents
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the informations of the Sudden Phase Anomalies ( .SPA } and the Suddel% Field Anlc;rgaix;s
( SFA ) based on the observations of the propagations ?f the Loran-C §1gna.ls at . thz,
( LF ) and the Omega signals at 10.2 kHz ( VLF ),. wh}ch are the p_artlcula.r t.ypes oh e
SID, resulted from the sudden changes of the condition in the D-Region of the ionosphere.
Here, the Sudden Phase Anomalies at low frequency ( LF-SPA ) are reportec.l by both
Shaanxi Observatory and Yunnan Observatory while the Sudden Phase Anomalies at very
low frequency ( VLF-SPA ) and the Sudden Field Anoma'lies at 1.ow freque'ncy (LF-SFA)
are reported by Shaanxi Observatory only. ( VLF-SPA ) in the mgna.} received from 10.2
kHz Omega-E Station. The letter in the bracket will be given other signal.

The values of the ( LF-SPA ) in s listed in this table are the corrected results of the
measurements for the solar zenith correction with following expression resulted from the
analyses and calculation:

5.0

= AP
Ado 1.6 + 3.4 cos Z(hm) o+
73 X [c0sZ(hy) ~ cosZ(h,)], when hy, <12 and Z(h,,) < 80°%;
+<{ 0 when 12 < hy, < 13;

73 X [cosZ(hm—1)— cosZ{hy—1)],  when hm > 13 and Z(hw) < 80°;

where,A¢’ in ps is a measured value of { LF-SPA) , Ay in us is a corrected result of A¢'

, i.e., a value normalized to the solar zenith angle of zero. h, and h,, , in local mean solar
time for the middle point of the propagation path are the SPA start time and the SPA
maximum time, respectively, and Z is the corresponding solar zenith angle. The values
of the ( VLF-SPA ) in us are the measurement results without any correction and the
listed values of ( LF-SFA ) in db give the information of amplitude variation, in which,
the signs “ + ”, and * — ” prefixed to the values indicate the increase and the decrease of
the amplitude, respectively. In case there are two values listed for the same ( LF-SFA )
event, one negative and the other positive, it means the amplitude decrease at first and
increase afterwards. Sign “ 0 ” indicates that there was no amplitude change. Besides, “
E 7 after the listed value means that the real value is legs than the listed one; the letter
“ D 7 after the listed value indicates that the real value is greater than the listed one ;
letter “ U " denotes an uncertainty in measurement. As for the importance rating, based

on a scale of 1-, the least, to 3+, the most important, is derived from the values of Agyg ,
shown as the following table:

tA‘ﬁO (0,'1] (-1,~2] (’21‘3] ("3?"4] ('41"5] ('51'6] ('6'1'7] ('7!'8] (—8,-00]
IMP. 1- 1 1+ 2- 2 - 24 3~ 3 3+

12. The data included in the table of “ The Geomagnetic Activity Indices K and Ag
” are: three-hourly K index, five quietest days of the month { Q ) and five most disturbed
days of the month ( D ). Three-honrly K index: is determined by the H components
measured in nT in each corresponding three-hourly period and subtracted by the diurnal

normal changes of geomagnetic field. For mid and low latitude areas, th

e corresponding
relation of H and K is as follows :

q



4

H= 3,6 12, 24, 40, 70, 120, 200, 300 (in nT)
K=0,1, 2 3 4 5 6 7 s o9

Daily effective A is the average of eight values of three-hourly index ax , the correspond-
ing relation of K and ay is as follows :

K= 01,2 3 4 5 6 7, 8 9
ag = 0, 3, 7, 15, 27, 48, 80, 140, 240, 400 (in 1.2 uT)

13. Three kinds of geomagnetic storm are listed in the table of “The Magnetic Storms”:
sudden commencement { SC ), a small negative initial impulse followed by a main impulse
( SC* ) and gradual commencement ( GC ). Three degrees are used for the rating of geo-
magnetic storms, i.e.: moderate { m ), moderate severe (ms) and severe ( s ) corresponding
to K=>5, K=6 or 7, and K=8 or 9, respectively.

Beijing Geomagnetic Observatory is located at 40.0°N, 116.2°F geographic coordi-
nates, 28.9°N, 186.1°E geomagnetic coordinates, and 43 meters above sea level.

The time used in all these data reports is Universal Time ( UT ). To transform UT
to Beijing Standard Time (120°F) one can simply add 8 hours to Universal Time. For
instance, for a flare observed at 2230-2400 UT, the equivalent Beijing Standard Time is
0630-0800 next day.

Address your inquires to our Editorial Group, piecase: CSGD Editorial Group, Beijing
Astronomical Observatory, Beijing 100080 China . Telephone Number : 2567194,
Telegram code : 9053, Telex : 22040 BAOAS CN.



Appendix 1
The International Astronomical Union Notation for H-Alpha Solar Flares

A = Eruptive prominence whose base is less than 90° from the central meridian.
B = Probably the end of a more important flare.

C = Invisible 10 minutes before.

D = Brilliant Point.

E = Two or more brilliant points.

F = Several eruptive centers.

G = No visible spots in the neighborhood.

H = Flare accompanied by a high speed dark filament.

I = Active region very extended.

J = Distinct variations of plage intensity before or after the flare,

K = Several intensity maxima. '

L = Existing filaments show signs of sudden activity.

M = White-light flare.

N = Continuous spectrum shows effects of polarization.

O = Observations have been made in the calcium II lines H or K.

P = Flare shows helium Dj in emission.

Q = Flare shows the Balmer continuum in emission.

R = Marked asymmetry in H-alpha line suggests ejection of high velocity material.
5 = Brightness follows disappearance of filament (same position).

T = Region active all day.

U = Two bright branches, parallel (|| ) or converging (Y),

V = Occurrence of an explosive phase: important and abrupt expansion
in about a minute with or without important intensity increase.

W = Great increase in azea after time of maximum intensity.

X = Unusually wide H-alpha line.

Y = System of loop-type prominences.

Z = Major sunspot umbra covered by flare.

4



Appendix 2

Classification of Solar Radio Bursts

ls Peak flux density (sfu) and duration (min)
both less than 10.0.

2 S/F 1 S with fluctuations. Jg?,/fA\\\h_

38 Peak flux density (sfu) greater than both
the duration (min) and 10.0.

4 S/F 3 § with fluctuations.

58 Different from the simple events defined
above, also peak flux density (sfu)
greater than duraticon {(min) of the burst.

6 S Simple rise and fall of minor burst with
duration 1 or 2 min .

7 C Complex events with duration of several

geconds and flux density (sfu) less than \,I—Aq¢\_/‘\vf-

10.0.

8 S An event which shows a rapid rise to a
gingle peak, followed by a rapid fall to
the pre-event level with a duration - k_ -
about one minute or less and flux
density (sfu) greater than 10.0.



21

22

23

24

25

26

27

GRF

GRF

GRF

GRF

FAL

RF

Bursts have duration in the range from
10 minutes to several hours and flux
dengity (sfu) less than both the duration
(min) and 50.0.

20 GRF type
distinct bursts
separately.

burst with superimposed
to be able to 1list

20 GRF type burst with fluctuations to
be able to list separately.

20 GRF type burst with fluctuations and
superimposed bursts both to be able to
list separately.

A moderate rise of flux from 5 to 30
minutes duration with no accompanying
decline during the following hours and
with symbol D.

24 R
bursts.

type bursts with superimposed

A moderate decline of flux from 5 to 30

minutes duration with no rise of flux
during +the foregoing hours and with
symbol D.

The rise and fall of continuous spectzum
more or less regularly with duration in
the range from minutes to hours.

T



28

29

30

31

32

40

41

PRE

PEI1

PBI

ABS

ABS

SER:

A precursive enhancement of the flux
dengity level with duration greater than
10 min preceding the main burst if it is
a gradual rise; the end of the precursor
is taken at the time when the slope
suddenly changes.

A post-burst enhancement of flux density
level with duration greater than 10 min
if it decreases gradually; the start of
the enhancement is taken at the time
when the slope suddenly changes.

29 PBI type events with superimposed
bursts.

After the burst a gradual decrease of
the flux density with a subseguent
return to the pre-event level.

A gradual decrease of the flux density
with a subsequent return to the
pre-event level.

A gseries of rapid irregular changes in
the flux density level, with no distinct
peak grouping into individual events:;
the intensity of each component is less
than 15% of the main peak.

A number of single bursts occur in
succession and the flux level returns to
the pre~event lavel; the interval
between each two bursts 1is egqual to or
less than 5 min.

A series of bursts Qccur with
conziderable time intervals between
bursts; the flux level of each burst
returns to the pre-burst.

1-9

......4.";".- -

M

Vv




43

44

45

46

47

48

49

NS

NS

GB

GB

onset of Noise Storm. Duration of events
with symbol D.

Noise Storm in progress. Starting time

with symbol E, and duration with symbol s —adAae.

Combination of a few or many simple
bursts.

45 C burst with fluctuations.

Peak flux density of 500 sfu or more.

A complex event with complex and large ﬂAwf\wJH*Nﬁﬂ-*
variation of amplitude.

Major increase of flux density, duration
greater than 10 min,
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DAILY SUNSPOT OBSERVATIONS

JANUARY 1989

CMP Corre. Area
Day Group Mo-Day Lat L ~CMD Type r/R Sd Whole Max See Remarks

1.10 403 12-27.56 21 167 58W DEC 0.89 483 497 117 23
404 12-28.4 -19 155 48W EAC 0.76 589 452 184 3
407 12-28.6 16 1B2 44W CRI 0.74 42 31 i2 3
408 12-30.4 -16 129 21W DSC 0.40 460 246 76 3
410 1- 2.1 -18 84 12E AXXI 0.32 4 2 2 3
411 12-28.1 -42 158 499 CRO 0.84 25 23 1 3
415 1- 2.8 27 83 23E BXO 0.69 8 b 3 3
415 12-31.6 -18 112 6W DRI 0.26 189 98 52 3
i 1- 7.4 21 24 @81E AXX 0.99 4 14 i4 3
2.06 403 73W DSI ¢.97 76 145 40 3
404 61W EAI 0.86 185 183" 779 3
407 57W CRI 0.86 38 37 g 3
408 34¥ EAC 0.56 559 338 137 3
410 OW BXO 0.26 13 7 2 3
411 61W BIXI 0.82 8 11 5§ 3
412 12-28.9 20 135 40W AXX 0.72 4 3 3 3
415 11E BX0 0.55 8 5 3 3
416 20§ CAI 0.43 177 98 72 3
1 69E AXX 0.95 4 7 7 3
2 1-8.2 10 13 B8lE AXX 0.99 8 23 14 3
3.06 403 8EW BXD 0.99 g 28 14 3
404 T2W DSO 0.94 46 69 38 3
407 73W BXO 0.96 25 42 14 3
408 47W EAC 0.74 400 295 180 3
410 14W BXI 0.34 17 9 2 3
411 76W CRO 0.97 13 24 16 2
4156 3W BXO 0.52 8 5 2 3
416 32 DAC 0.56 273  1€5 92 3
1 B6E AXX 0.86 8 8 4 3
2 67E CS5I 0.93 1 75 40 3
3 1-2.2 -13 91 11W BXI 0.24 8 4 2 3
4 1-8.2 18 13 69E AXX 0.94 8 13 6 3
5 1-98.1 26 2 TBE HAX Q.97 71 137 129 3
4.09 408 60w DAT 0.86 290 286 137 3 PLAT
410 28¥ BII 0.51 42 24 2 3 PLAT
416 43 EAT 0.70 551 286 236 3 PLAT



DAILY SUNSPOT OBSERVATIONS

JANUARY 1389

CHP Corre. Area
Day Group Mo-Day Lat L CMD Type r/R Sd Whole Max See Remarks

2 B5E DAY 0.83 378 337 202 3 PLAT

4 55E H3X 0.8b6 21 20 20 3 PLAT

5 84E DAI 0.93 324 444 317 3 PLAT

6 1-5.1 -22 54 13E AXX 0.37 4 2 2 3 PLAT

7 1-9.9 -18 350 T79E HAX 0.98 130 306 296 3 PLAT

8 1-9.9 -26 350 73E AXX 0.85 8 14 7 3 PLAT
5.06 408 74¥ DRO 0.95 76 126 o 4
410 43¥ CRI 0.70 34 24 12 4
415 25¥ AXX ©0.863 4 3 3 4
416 5OW EAC 0.86 231 228 104 4
1 27E BXI 0.59 8 5 3 4
2 43E EXI 0.70 400 280 186 4
3 36W BX0 0.59 g 3 3 4
4 42E HRX 0.72 21 15 15 4
b 49E EKI 0.83 442 393 337 4
7 65E CHI 0,90 210 237 223 4
8 61E BXI 0.89 8 9 E 4
9 1-5.1 -13 54 1E BXD 0.18 8 41 2 4
10 1-11.3 -14 332 84E HSX 0.99 17 56 56 4
6.06 408 86W AXX ©0.99 8 28 28 4
410 58W CRI 0.85 55 52 28 4
415 35W AXX 0.75 4 3 3 4
416 72W EAC 0.94 1b1 227 94 4
1 17E AXX 0.52 41 2 2 4
2 29E EKO 0.54 471 280 1980 4
3 44W BXO 0.70 8 6 3 4
4 20E AXX 0.59 13 8 5 4
5 37E EKO 0.72 bB76 418 329 4
7 5i1E CHI 0.78 315 253 239 4
8 47TE BXI 0.76 13 10 3 4
10 68E HAX 0.92 46 59 59 4
11 1-10.5 30 343 62E AXX 0.82 4 b B 4
12 1-11.6 30 328 T7S5E AXX 0.98 9 10 i0 4
13 1-12.4 -29 318 BBE HRX 0.99 13 42 28 4
7.06 410 69% CRI 0.93 29 40 12 2
416 83W DRI 0.98 25 5¢ 39 2
1 4E AXX 0.41 8 b 2 2
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DAILY SUNSPOT OBSERVATIONS

JANUARY 1989

CMP Corre. Area
Day Group Mo-Day Lat L CMD Type r/R Sd Whole Max See Remarks

5 6OW DAT 0.84 97 89 b4 3 PLAT
T 40W CKO 0.66 408 270 267 3 PLAT
8 42W BXD 0.71 21 15 6 3 PLAT
10 24W CAI 0.44 311 173 147 3 PLAT
14 2E EKC 0.44 3078 1711 1648 3 PLAT
16 30E €30 0.63 34 22 18 3 PLAT
18 2TE AXX 0.49 8 3 § 3 PLAT
20 40E <CAI 0.70 1561 106 84 3 PLAT
21 42E HSX C.78 38 30 27 3 PLAT
22 S0E CAD 0.78 210 169 162 3 PLAT
23 60E DKI 0.89 471 606 428 3 PLAT
24 1-1i.4 29 331 23W AXX 0.84 8 5 5 3 PLAT
25 1-13.1 20 308 OW AXX ¢.41 8 s 2 3 PLAT
14,05 & 64W BXX 0.92 4 5 § 4 PURP
7 56W HKX 0.82 332 287 287 4 PURP
10 36W CAD 0.60 223 139 134 4 PURP
14 8W FKC 0.48 3352 1914 1604 4 PURP
18 17E CAI 0.54 76 45 35 4 PURP
20 27E DAI 0.60 265 165 81 4 PURP
21 30E CRO 0.790 21 15 12 4 PURP
22 40E HKX 0.67 236 158 156 4 PURP
23 B0E DKD 0.80 450 379 333 4 PURP
26 1-16.,0 -17 270 27E CS0 0.49 34 19 17 ° 4 PURP
16.17 &5 77W BXO 0.97 8 16 8 3
7 69W HAX 0.92 193 246 246 3
1c¢ 55W C30 0.82 168 1468 142 =
14 - 24W FKC 0,65 3356 2012 1979 3
16 2E BXO 0.48 28 17 &E 3
20 11E DKI 0.46 892 502 2685 3
22 24E CAY 0.46 311 176 173 3
23 3iE DAT 0.81 580 366 188 3
26 13E BXI 0.31 21 11 7 3
27  1-21.2 21 201 81E ESX 0.98 143 335 338 3
16.17 7 826 HSX 0.99 42 139 139 2
10 6SW €S0 0.93 101 138 133 2
14 35W FKC 0.88 3120 2123 2088 =2
16 12W BXO 0.48 17 10 5 2



DAILY SUNSPOT OBSERVATIONS

JANUARY 1989

CHP Corre. Area
Day Group HKo-Day Lat L CMD Type r/R Sd VWhole Max See Remarks

20 3W EKC 0.43 1829 1011 481 2
22 11E CAI 0.32 294 165 149 2
23 18E DSI 0.47 618 350 167 2
26 2¥ BX0 0.21 8 4 2 2
27 66E CHD 0.93 244 334 323 2
17.12 10 81W HSX 0.98 56 128 128 2
14 47W FKC 0.78 2523 2023 1956 3
16 24W CRO 0.56 55 a3 23 3
20 14¥ EKC 0.48 2389 1364 648 3
22 1¥ €SI 0.26 282 146 144 3
23 6E DSp 0.38 568 307 136 3
27 B3E CHO 0.85 378 360 352 3
18.12 14 59% FKC 0.87 1724 1771 1746 3
16 36W B1ID 0.68 29 20 6 3
18 75W AXX 0.98 4 10 10 3
20 26% EKC 0.59 2607 1609 623 3
22 13W CSD 0.33 273 145 143 3
23 7¢ DSD 0.39 273 148 69 13
26 27¥ AXX 0.48 8 5 2 3
27 41E CHD 0.74 433 320 298 3
28 1-20.3 14 213 29E AXX 0.587 4 3 3 3
29 1-23.7 22 169 69E HRX 0.95 29 49 49 3
19.06 14 68W FKC 0.93 1001 1371 738 3
16 494 BX0 0.79 8 7 3 3
20 380 FKC 0.71 2397 1708 779 3
22 26W CSO 0.49 244 140 131 3
23 19 DS0 0.48 257 146 60 3
27 28E CHD 0.861 454 286 281 3
29 57TE HSX 0.89 42 45 45 3
30 1-14.5 30 200 60W AXX 0.82 8 11 5 3
31 1-24.0 -18 165 68E BX0 0.92 8 11 5 3
20.06 14 79% FKC 0.98 505 1184 690 3
16 61W AXX 0.89 8 9 5 32
20 BiW FKC 0.84 1892 1739 1121 3
22 30W CSD 0.64 236 154 148 3
23 32¢ DSI 0.62 223 142 51 3

-1
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DAILY SUNSPOT OBSERVATIONS

JANUARY 1989

Cup Corre. Area

Day Group Mo-Day Lat L CMD Type r/R Sd Whole Max See Remarks

33 31¥ FKC 0.62 1077 687 287 4

35 OW FAI 0.23 479 246 g3 3

3T 40W BXD 0.66 8 6 3 3

a8 15 CaI 0.34 130 69 68 3

39 41E EAC 0.68 218 149 863 3

40 1-24.9 -34 153 ©55W AXX 0.84 8 8 4 3

41 1-26.5 -15 132 34W BXO 0.57 8 5 3 3

42 2- 2.2 19 44 53E AXX 0.85 4 4 4 3

30.06 33 44W FKC 0.75 1270 8856 336 3

35 14y FAI 0.33 513 272 103 3

ar 54W BXO 0.80 8 T 4 3

38 27TW DAI 0.49% 122 70 6 3

39 28E EAC 0.51 484 280 97 3

42 40E BXO 0.72 13 9 6 3

31.06 33 674 FAC 0.85 673 640 172 3

35 27W FAI 0.51 336 185 93 3

38 41W CALl 0.68 o7 66 54 3

39 i5E EAC 0.38 580 314 145 3

42 28E BXD 0.60 8 b 3 3

43 i-30.2 -26 83 11W AXX 0.37 4 2 2 3

44 2- 6.7 -22 357 TBE HSX 0.86 67 112 112 3

45 2- 6.4 -18 349 B8BE AXX 0.99 8 28 28 3

SMOOTHED ( PREDICTED ) SUNSPOT NUMBERS

OCTOBER 1988 - SEPTEMBER 1989

Time | 88,10 | 88,11 | 88,12 | 89,01 | 89,02 89,03 89,04 | 89,05 | 89,06 | 89,07 | 89,08 | 89,09
R 1274 | 1329 [ 1378 | 142.5 | 147.0 | 151.4 | 155.8 | 160.1 | i64.4 | 168,7 | 173.1 | 177.5
E 1.3 1.3 55| 114 132 | 182 | 249 | 256 | 31.2 | 321 | 363 | 355
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H-ALPHA SOLAR FLARES
JANUARY 1989

Area
Time Measurement
Start Max End Cen Appar Corr Obs

Day Sta (UT) (UT) (UT) Lat L CMD Dist (S5d) (Sp) Imp Type i4.R. Rem

YUNN 0411 0422 0447 517 110 Wb .264 126 65 -K

1 C 416
1 YUNN 0608 0618 06320 S20 157 W53 .809 236 20f 1B P 404 F
1 YUNF 0612 0814 0618 F21 162 WG .880 79 83 -§ C 403
1 YUNN 0620 0622 0626 517 111 W7 .269 189 98 -N C 416

2 YUNN 0210 0213 0246 S19 113 W20 .427 94 52 -N C 416

3 YUNN 0301 0306 0315 S15 115 W35 .580 189 117 1N € 416
3 BEIJ 0305E 0305 0321 Si9 w34 2F V. 418

4 YUNN O7EBE 0810 083¢ S20 115 W51 .792 47 38 -§ P 4i6 E

5 YUNN 0113 0134 0209 321 116 W62 .887 31 .34 -N P 416
5 YUNKN 0416 0420 0428D S22 344 E69 .937 16 -N P 7

6 YUNN 0344 0350 0357D S20 98 W58 .858 31 30 ~N P 410

7 YUNN 005t 0053 0202 517 97 W69 .935 79 -F C 410
7 YUNN O1C6E 0107 0116 N26 357 E31 .676 €63 43 -N P 5
¥ YUNN Oi132E 0132 0145 N10 11 Et7 .378 63 34 -N P 2
8 YUNN 0040E 0043U 519 988 W83 .991 47 -N P 410
. 8 YUNRK 0226 0306 519 103 W88 1. 63 iN C - 410 XX
9 YUNN O119E 0120U 0222 N29 343 E19 .616 353 249 1B P G
9 YUNN 0253 0306U 0306D Si7 324 E37 .619 24 15 -N P 10
S YUNN 0725 0755 0810 S30 309 E49 .801 31 26 <N C 14
9 YUNN 0734 0735 0743 S28 310 E48 .78 16 13 -N P 14
9 YUNN O734E 0800U 0856D S14 333 E25 .454 157 88 -B P 10
9 YUNN 0743 07b1 0818 S29 325 E33 .839 31 20 -N ¢ G
10 YUNN 0O048E 0048U 831 310 E39 .711 31 22 -B P 14
10 YUNN 0200 0225 530 312 E36 .680 157 107 1B C 14
10 YUNN 0238 0243 0351D 532 307 E41 .743 47 35 -K P 14
10 YUBN O0627E 0634 0750 S35 304 E4i .747 126 95 -B P 14
10 YUNN O0815E 08150 0823 S29 311 E34 .6566 47 31 -N P 14 E
11 YUNK 0241 0245 02563 S17 336 W1 .222 31 16 -N ¢ 10
11 YUNK 0440 0444 0638 N33 340 W7 .615 393 249 1B P 11

11



H-ALPHA SOLAR FLARES
JANUARY 1989

Area
Time Measurement
Start Max End Cen Appar Corxr Obs

Day Sta (UT) (UT) (UT) Lat L CMD Dist (Sd) (Sp) Imp Type A.R. Rem

11 YUNN 0626 0635 528 302 E30 .607 63 40 -B C 14
11 YURN 0648 0700 S36 303 E29 .663 157 106 1B ¢C 14 FX
12 YUNN 0023E 0027U 0043 527 305 E17 .467 31 18 -N P 14
12 YUNR 0043 0056 0120 S34 299 E23 .606 24 15 -B C 14
12 YUNR 0123 0138 0202 N22 277 E45 .778 94 T5 -N C 20
12 YUNK 0248E 0248U 0267 535 300 E21 .695 24 15 -N P 14
12 YUNN 0432E 0441V 0512 S34 303 E17 .547 79 47 -¥ P 14
12 YUNN 0630 0638 0714 S28 306 E13 .458 79 44 - C 14
12 YUBN 0738 0744 0811 S32 298 E20 .549 157 94 -N ¢C 14
12 YUNN 08256 0829 0829D S31 303 E18 .507 47 27T -N P 14
16 YUNN 0329 0333 529 301 W20 .518 16 g -X P 14
15 YUNN 0416 532 305 W24 .579 157 98 -N P 14
15 YUNN 0501 0651 S32 306 W26 .529 314 185 1M P 14 FK
15 YUNN 0338 0350 0402 N21 271 E10 .464 63 36 -N C 20
15 YUNN 0406 0412 0419 N22 268 E13 .499 79 46 - C 20
15 YUNN 0538 0543 0607 N30 262 E18 .61% 189 120 1B P 20
15 YUNN OBS® 0618 0657 S13 311 W31 .632 79 51 -N P 14
15 YUNN 0833 0648 0727 N22 281 W 2 .449 236 132 1N C 20
15 YUNN 0754 0756 (0844 S32 311 W32 .656 63 42 -N C 14
16 YUNN 0511 0519 0552 532 302 W3E .677 63 43 -N C 14
16 YUNN 0514 0519 0541 S31 284 Wi7 .512 31 18 =K C 186
16 YUNN 0614 0616 0621 N23 281 Wi4 .518 47 27 -F ¢ 20
16 YUNN 0625 0627 06470 S31 305 W38 .699 189 132 1B P 14
16 YUNN 0638 0641 0647D 520 331 Wes .905 231 36 -N P 9
16 YUNN 0721 0736 0809 S25 298 W32 .598 110 69 -N P 14
16 YUNN 0724 0728 0736 S168 334 W68 .925 126 i¥ C g
16 YUNR 0729 0736 0754 N21 244 E22 ,552 346 207 tF C 23
16 YUNN OB33E 0843U 0902 S28 304 W39 .692 126 87 -B P 14
16 YUNN 0852 0900 0514 K29 178 E87 1. P AG
16 YUNN O0904E 0906 0924D $S31 304 W39 .707 79 56 -N P 14
17 YUNN 0142 0146 0204 530 310 W54 .839 31 28 -K C 14
17 YUNN 0355 03658 0417 S19 253 E2 .251 79 41 -§ C 22
17 YUNE 0501 0502 0506 N1B3 246 EB8 .4i0 47 26 -N C 23
17 YUNN 0608 0514 0540 N21 269 Wib .493 79 45 -§ C 20
17 YUNN 0512 0514 0524 Ni18 246 EB .412 47 268 -F C 23
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H-ALPHA SOLAR FLARES

JANUARY 1989

Area
Time Measurement
Start Max End Cen Appar Corr Obs
Day Sta (UT) (UT) (UT) Lat L CMD Dist (Sd) (Sp) Imp Type A.R. Rem
17 YUNN 0533 0540 0603 N21 244 E10 .461 865 487 2B C 23 F
17 YUNKE 0559 0616 0635 N29 241 E12 .680 126 77 -N P 23 F
17 YUNN 0632 0640 0650 S20 253 E O .2588 189 98 -N C 22
17 YUNN O831E 0831U 0900 Si9 253 W 1 .245 189 97 -N P 22 E
17 YUNN 0840 0844 0B48 N25 270 WiB .664 63 38 -F C 20 E
18 YUNN OB11E 0511U 0528 S30 309 W88 .929 47 -N P 14
18 YUNK 0606 0637 531 310 W70 .942 79 1B C 14
18 YUNN 0733 0902D S32 308 W68 .934 189 1B P 14 FX
1 YUNN 0236 0258 0345 K20 271 w42 ,740 157 117 1N ¢ 20 E
1 YUNN 0410 0412 0418 N23 247 W19 .561 31 19 -F C 20
19 YUNN O09i2E 09120 0916 S38 299 W73 .969 31 -N P 14
20 YUNN 0118 0124 0207 519 267 W50 .775 31 25 -B P G
23 YUNN O153E 0220V 0238D Ni16 128 E49 .795 472 389 28 P 33 F
23 PURP 0216E 0217 Ni5 130 E47 .787 189 147 1N C 33 EK
23 PURP 0221 0231 N16 130 E47 .767 189 147 1R C 33
23 YUNK 0605 0635U 0845D N21 200 W26 .593 79 49 -N P 27
23 YUNN 0617 0635 0854D N17 129 E45 .765 472 366 2B P 33 F
23 YUNR 0733 0738 O750D N19 120 EG4 .854 126 121 1N P 33
24 PURP O0433E 0437 0440 N17 127 E35 .644 151 99 -N C 33 E
25 YUNN 0256 @300 0309D Ni18 128 E22 .530 94 55 -K P 33 E
26 PURP OB40OE 0543 055 N17 131 E17 .456 75 42 -¥ C 33 E
27 YUNN 0243E 02470 0300 N17 135 Wit .427 241 133 1§ P 33
27 YUNE¥ O256E 02560 0308 S22 53 E7T .943 24 ~N P 39
27 YUNN 0313 0328 0413 S19 92 E3%t .548 402 240 (B C 35
27 YUNN 0707 0712 0728 N17 133 W12 .441 48 27 -N C 33 E
27 YUNN 0724 0728 0743 S16 158 W37 .613 129 82 -N C 31 E
28 YUNN 0248 0300 0317 N17 133 W23 .533 24 14 -N C 33
30 YUNN 0226 0235 0247 N17 126 W42 .732 32 23 N C 33
30 YUNN 0802 0804 0811 S19 108 W27 .486 129 74 -N C 38
31 YUNN 0345 0354 0354D S21 91 W21 .430 32 18 -N P 35
31 PURP 0442 04420 0443D S23 b5 EI5 .367 75 40 -R P 3 D
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INTERVALS OF H-ALPHA FLARE PATROL OBSERVATION

JANUARY 1989

Day From Te From To From To From To From To From To From To
1 321 632
2 35 700
3 33 56 100 620
4 350 b45 758 845
5 133 428 ’
6 48 245 256 302 313 419
7 51 341 45C 500
8 40 &8 107 620
9 118 306 735 840 850 855
i0 48 351 637 651 658 823
11 214 310 318 351 358 541 559 73T 755 907
12 23 50 68 149 158 213 229 400 432 512 524 532 545 606
612 829
13 136 142 150 222 230 236 248 25§
14 51 128 136 149 158 321 433 435 442 538 544 557 612 758
16 12 27 103 108 122 200 209 222 329 340 350 900
16 448 4563 469 641 Ti1 924
17 107 152 204 207 248 300 310 417 446 908
18 108 207 250 648 730 902
19 147 203 218 843 851 916
20 105 225 234 622
21 B5 230 245 322
22 328 340
23 163 251 60B 655 725 750
24 15 200 225 312 433 S05
26 239 309 519 531 540 555
26 103 142
27 159 219 243 413 635 743
28 48 142 150 330
29 49 229 347 400
30 153 308 326 331 852 820
160 210 225 301 325 359 436 44y 503 505 612 520

31
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SOLAR RADIO EMISSION FLUX

JANUARY 1989

BEIJ PURP YUNN

Day 2840 2700 2340
1 168 138 188
2 174 142 193
3 175 147 173
4 188 160 177
5 198 164 196
<] 153 187
7 165 202
8 213 167 209
9 237 186 230
1¢ 236 170 203
11 251 183 181
i2 249 192 181
13 258 190 204
14 271 211 198
15 285 207 197
16 286 203 205
17 275 205 201
18 270 187 193
19 244 - 163 182
20 230 178 170
21 223 165 160
22 197 142 180
23 201 141 152
24 190 147 168
25 210 158 168
26 211 156 177
27 214 156 178
28 199 1680 160
29 194 158 152
30 194 149 152
31 194 144 146

Mean 221.8 166.3 181.0
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SOLAR RADIO EMISSION OUTSTANDING OCCURRENCES

JANUARY 1989

Time of
Start Naximum Duration Flux Density
Day Freq Sta Type (um) (uT) (Min) Peak Rel

04 2840 BEIJ 15 0412 0412.8 2.0 3.1
06 2840 YUNR 5 S 0506.3 0506.6 4 55
08 2840 BEIJ 35 0508 0509.0 3.0 50.1
07 2700 PURPF 4 S/F 0141.8 0143.9 4.9 18
07 2840 BEIJ 5 S 0401 0405.0 8.0 11.0
07 2700 PURP 2 S/F 0404.7 0406.1 4.3 12
08 2840 BEIJ 1 8 0309 0311.4 6.0 8.7
08 2840 BEIJ 18 0323.0 0325.9 8.0 5.3
09 2700 PURF 45 C 0106.5 0109.1 12.5 87
09 2700 PURP 23 GRF 0436.2 0500.8 40.0 23
09 2700 PURP 3 S 0762.1 0754.3 5.4 21
10 2840 BEIJ 20 GRF 0448.0 0451.0 12.0 2.0
10 2700 PURP 2 S/F 0542.2 0b547.3 6.5 26
10 2840 BEIJ 45 C 0548.0 0551.7 7.0 22.0
10 2840 BEIJ 45 C 0620.0 0822.6 8.0 27.5
12 2840 BEIJ 45 C 0416.0 0422.7 7.5 53.3
12 2840 YUNN 45 C 0418.3 0423.4 12.7 44
12 2700 PURP 45 C 0421.0 0423.5 €.0 45
12 2840 BEIJ 29 PBI 0423.5 18.5 13.7
13 2840 YUNN 45 C 0348.7 0354.7 16.7 121
13 2700 PURP 46 C 0352.4 0354.3 5.6 70
14 2700 PURPF 1 S 0205.4 0207.6 8.2 13
14 2840 YUNRN b5 S 0308.4 0308.1 2.8 24
14 2840 YUNN 45 C 0324 0326.2 7.7 23
14 2840 YUNN 45 C 0358.7 0410.7 25 50
15 2840 BEIJ 1 S 0414.0 0414.6 2.0 13.1
15 2700 PURP 48 C 0414.5 0415.1 2.5 23
15 2840 BEIJ 5 S 0611.0 0612.8 16.0 20.3
i6 2840 YUNN b S 0613.8 0625 2.2 13
15 2700 PURP 2 S/F 0814.0 0814.5 1.8 18
15 2700 PURP 2 S/F 0619.0 0620.1 3.0 12
17 2840 YUNN 65 S 0836.3 0837.1 3.2 35
i8 2700 PURP 28 PRE 0608.6

18 2700, PURP 47 GB 0841.9 0659.3 111.4 162
18 2700 PURP 29 PBI 0703.8

20 2840 YUNN 5 S 0654.3 0B55.1 2.7 15
21 2640 BEIJ 45 C 0620.0 0530.7 16.0 16,2
24 2840 YUNN 3 S 0809 0810 7 87
26 2840 YUNN 45 C 0426.4 0448 40.2 131
26 2840 BEIJ 46 C 0631.0 0638.1 11.0 30.5
26 2840 YUNN 45 C 0832.6 0637.5 9.5 64
27 2840 BEI] 35S 0328.0E 0329.7 4.5D 98.7D
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SOLAR RADIO EMISSION OUTSTANDING OCCURRENCES

JANUARY 1989

Time of
Start Maximum Duration Flux Density
Day Freq S5ta Type (um) (um (Min) Peak Rel Mean

27 2840 YUEKN b6 S 0328.2 0320.8 10.8 i81

27 2840 BEIJ 30 PBI 0332.5 6.5 14.6

27 2840 BEILJ 18 0333.8 0333.9 - 1.0 0.48

27 2840 BEIJ 18 0424.6 0425.1 1.4 0.07

27 2840 BEIJ 20 GRF 0451.9 0455.0 7.5 1.36
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INTERVALS OF SOLAR RADIO EMISSION PATROL OBSERVATION

JANUARY 1989

BEIJ PURP YURN
Day From To From Teo From To
2840 2700 2840
1 0030 0720 0014 0830 0052 0925
2 0050 0651 0021 0830 0207 0821
3 0035 0645 0035 0825 0200 0906
4 0350 0543 0021 0826 0156 0816
5 0037 0747 0034 0835 " 0407 0800
6 0405 0606 0055 0827 0210 0830
7 0120 0720 0021 0825 0220 1000
8 0230 0710 0015 0835 0507 0901
9 0055 0745 0034 0825 0506 1000
10 0320 0745 0050 0820 0040 0930
11 0325 0640 0115 0828 0030 0920
12 0320 0745 0040 0825 0030 1007
13 0410 0518 0047 0835 0040 0830
14 0017 0830 0030 0800
15 0359 0750 0033 0815 0400 0820
16 0351 0740 0410 0825 0030 0920
17 0044 0824 0047 0925
18 0037 0828 0214 0935
19 0403 0745 0040 0827 0038 0930
20 0501 0745 0037 0820 0027 0930
21 0215 0722 0033 0829 0026 0804
22 0033 0525 0022 0825 0239 0745
0800 0825
23 0011 0551 0034 0830 0120 0845
24 0040 0553 0034 0825 0215 0826
25 0040 0533 0047 0653 0201 0805
26 0044 0553 0038 0835 0201 0823
27 0314 0818 0037 0420 0150 1008
28 0310 0500 0040 0835 0150 1028
29 0042 0757 0100 0811 0201 0835
30 0049 0619 0038 0806 0126 0830
31 0047 0155 0044 0803 0207 0837
0330. 0742

18



SUDDEN IONOSPHERIC DISTURBANCES (D REGION)

JANUARY 1989

Start Max End SPA SFA
Day Sta (UT) (ut) (UT) Imp LF VLF LF

01 LINT 0403 0423 0622 1- -0.4 - T7.4 - 2.6

01 LINT 0607 0623 0756D 3- - 6.4 -35.1 -~ 4.6
02 LINT 0212 0220 031¢ 1- - 0.6 - - 0.6,+ 0.1
02 YUNN 0344 0361 0416 1 - 1.8

02 LIRT 0343 0353 0432 1- - 0.5 - - 1.6

02 YUNN 0443 04563 0518 1 - 1.6

02 YUNN 0542 0b48 0613 1 - 1.3

03 LINT 0046 Q065 0124D 1+ - 2.4 - 5.3 - 3.9

03 LINT 0200 0210 03030 1- -0.4 - 4.3 0

03 LINT 0303 0311 0414 2- - 3.3 -14.9 - 0.5

03 YUNN 0301 0313 0353 2 - 4.4

03 LINT 0B23 0530 0620 1- - 0.5 -14.9 - 0.4
03 LIRT 0630 0639 0703 1- -0.5 - 3.2 -1.1

04 LIRT 063:r 0635 07100 1- - 0.7 - - 0.8

04 YUNN 0632 0642 0732 i - 0.8

05 LINT 0201 0208 0310 i -1.8 - 3.2 0.2

05 LINT 0416 0438 0520 1 -1.3 -6.4 -1.3,+ 0.4
05 LINT 0848 0550 06360 i1- -0.6 - 3.2 o

05 LINT 0636 0645 0O730D 1 - 1.8 -11.7 0.4

05 LINT 0757 0802 0B30U 1 - 1.3 ¢ 0

06 LINT - 0232 0239 03100 i1- -0.9 - 6.4 - 1.9

06 LINT 0500 0B10 08200 3- - 6.4 -36.2 -17.1

07 LINT 0038 0044 0120U0 1+ - 2.6 - 8.4 18.2
07 LINT 0230 0260 03280 2- - 3.3 -18 - 1.7

07 LINT 0328 0350 04020 2- - 3.8 -18 -9.1,+ 3.1
07 LINT 0402 0430 0456D 3- - 6.3 -58.b 15

07 LINT 0456 0625 0810 1t -1.9 o . - 2.3

08 LINT 0102 0108 0133D 1 -1.5 ~-4.3 1

08 LINT 0133 0143 01668D 1- - 0.4 - 4.3 - 0.,2,+ 0.8
08 LINT 0156 0208 0263D 1+ - 2.5 -10.4 -2

08 LINT 0253 0302 03270 1+ - 2.6 -16 - 3.8

08 LINT 0327 0334 0440 1 -1.3 -9.6 -2

08 LINT 0518 0520 05320 1 -1.1 -T.2 - 1.8

08 LINT 0532 0544 0647D 1+ - 2.1 -12.8 - 2.8

08 LINT 0647 0656 0808 2+ -5.8 -33 - 3.7

09 LINT 0050 0106 0107D 2+ - 5.2 -18 - 2.5

09 LINT 0107 0117 0236 1 -1.9 -18 - 2.1

09 LINT 0351 0358 Q446D 1 - 1.4 -10.4 - 3.2

09 LINT 0446 0511 0640 3+ - 8.4 -58.% -11.1,+ 3.1
09 LINT 0700 0713 ©0B0O6 1+ - 2.6 -13.8 0

10 LINT 0168 0203 0244 1- -0.5 - 3.2 0.7

10 LINT 0332 0338 0438 1+ - 2.7 -13.8 - 2.4

19



SUDDEN IONOSPHERIC DISTURBANCES (D REGION)

JANUARY 1989

Start Max  End SPA SFA
Day Sta (UT) (vT) (UT) Imp LF VLF LF

10 LINT 0451 0506 OB15D 2+ - 6.6 =-30.9 -5, +1.7
10 LINT 0515 0619 06220 1- - 0.4 - 5.3 o

10 LINT 0622 0829 07200 2 - 4.2 -31.9 4.4

i1 LIAT 0209 0214 02620 1 -1.1 -5.3 1.1

11 LINT 0252 0256 Q300D 1- -0.8 - 9.8 2.7

11 LINT 0300 0307 0316 1- -~ 0.4U - 4.3 - 0.7

11 LINT 0442 0500 0630 2- - 3.4 =-19.1 - 2.4,+0.2
11 LINT 0640 0849 0750 1 -3.0 -30.9 - 1.7

12 LINT 0059 0107 0146D 1 - 2.0 0 -0.3,+1.2
12 LINT 0146 0151 02080 1- =~ 0.7 - 5.3 0.5

12 LINT 0206 0210 0230 1- - 0.2 o ]

12 LINT 0264 0300 0314D 1- - 0.4 - 3.2 0

12 LINT 0345 0350 04090 1- -10.3 - 2.1 - 0.4

12 LINT 0418 0429 OBiOU 2 - 4.5 -27.7 - 5.4,+ 0.8
12 LIRT 0640 0643 0710 1- - 0.7 - 6.4 - 1.7

13 LINT 0140 0149 01580 1- - 0.9 - 4.3 0.9

13 LINT 0158 0202 0220 1- -0.1 =- 4.3 0

13 LINT 0349 0402 05110 3- - 6.8 -~40.4 - 8.3,+1.9
13 YUEN 0419 0426 0500 2- - 3.2

13 LINT 0511 0514 0540D 1- - 0.3 - 3.2 0.2

13  YUNR 0646 0856 (0731 i - 1.7

14 LINT 0206 0221 0224D 2 - 5.6 ~2b5.5 - 2.2

14 LINT 0224 (0228 02570 1- - 0.8 - 7.4 - 1.2

14 LINT 0257 0311 03240 1 - 1.9 -23.4 5

14 LINT 0324 0330 04060 2- - 3.4 -34.0 6.1

14 LINT 0405 0415 Q510D 2 - 4.2 -48.9 4

15 LINT 0300 0309 0338V 1- -1.0 - 6.4 - 0.7

15 LINT 0338 0352 04300 2- - 3.1 -20.2 -1.7,+0.4
15 LINT 0503 0512 08300 1- - 0.7 - 8.5 1.6

16 YUNNK 0323 0328° 0368 2- - 3.2

16 YUNN 0823 0631 0851 2 - 4.2

16 YUNN 0953 1013 1100 3+ -13.1

17 LINT 0142 0158 0226D 2- - 3.4 -19.1 4.1
17 LINT 0226 0229 0310 1- -04 - 5.3 0

17 LINT 0517 0521 0B36U 1- - 0.9 - 9.6 - 0.8

17 LINT 0636 0646 0634 1 -3 -18.0 - 1.8

17 LINT 0842 0646 0720 1- =-0.6 - 4.3 0.5

18 LINT 0328 0358 O0BOSD 2- - 3 -14.9 - 3.8

18 LINT 0508 0514 0609D 2- - 4 -21.3 - 2.1

18 LINT 0809 0628 07100 3 -10.2 -B7.4 5.5

19 LINT 0242 0250 02820 1- - 0.6 - 2.1 0.6

19 LINT 0257 0302 03070 i- - 0.9 - 4.3 0



SUDDEN IONOSPHERIC DISTURBANCES (D REGION)

JANUARY 1989

Start Max End SPA SFA
Day Sta (UT) (UT) (UT) Imp LF VLF LF

19 LINT 0310 0320 0430 1 -1.4 -6.4 - 0.5
20 YUNN 0123 0136 0226 3 - 7T.7

20 LINT 0121 0138 0220 2~ - 3.6 -11.7 -1
20 LINT 0417 0421 0518 1 -1 -T7.4 - 2.9
20 YUNN 0416 0422 0442 1+ - 2.7

20 LIET 0600 0604 0625 1- -0.3 - 2.1 0
21 LINT 0233 0245 02850 1- -1 - 4. -0.3
21 YUNN 0256 0301 0331 1+ - 2.6

21 LINT 02656 0306 0412 1 -1.8 -T.4 - 2.4,- 0.2
21 LINT 0420 0435 0520 1- - 0.4 - 3.2 - 0.3
21 LINT 0Qb47 0805 0835D 1+ - 2.2 -10.8 - 1.8
21 LINT 0636 0851 O7T0BD 2- - 3.4 ~-16 - 0.9
21 YUNN 0701 0709 Q720 1 - 1.5

21 LINT 0705 0716 Q800U 2- - 3.6 -22.3 1.7
22 LINT 0116 01500 -11.7

22 LINT 0220 02550 - 9.6

22 LINT 0256 0303 03260 1+ =~ 2.1 -18 1.4
22 LINT 0726 Q736 0810 1 -1.6 -28.,5 - 0.4
23 LINT 0202 0208 0286 1- -0.5 - 8.5 0.8
23 LIFT 033%T 0339 0425 1i- -0.5 - 4.3 o
23 YUNN 06386 0645 0705 2- - 3.2

23 LINT 0837 0647 0750 1 -1.6 -7.4 ~ 0.4
26 LINT 0326 (0343 0420 - - 0.6 0 - 0.2
25 LINT 0530 0B38 06100 1- - 0.7 0 0.6
25 LINT 0624 (0632 0647D 1- - 0.7 - 8.5 0
25 LINT 0647 0653 08200 1 -1.7 -14.9 -1
26 LINT 0000 0010 00456 2+ - 5.4 - 4.4
26 YUNN 0016 0023 0053 3+ -14.4

26 LINT 0314 0327 0426D 1+ - 2.2 -10.8 - 2.8
26 YUNN 04290 0441 0503 3 - 7.9

26 LINT 0426 0445 0600U 3+ - 8.5 -51 - 2.8,+ 5.3

26 LINT 08636 0727 -13.8

27 LINT 0232 0238 0300 1- -0.6 -5.3 -1.3

27 LINT 0328 0337 04300 23 - 7.4 -40.4 -7.9,+ 2.9
27 YUNN 0329 0341 04368 3 - 7.5

27 YUERN 09289 0934 1004 3+ - 9.4

28 LINT 0304 0313 0340 (- -0.6 - 6.4 - 0.4

28 YUNN 0816 0821 085% 2- - 3.1

209 LINT 0322 0330 0400 1- - 0.5 -4.3 - 0.4

28 LINT O824 0829 08320 (- - 0.9 0

29 LINT 0832 0836 08370 1- - 0.9 Q

20 LINT 0837 08B4C 0910 1 - 1.1 0.6
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SUDDEN IONOSPHERIC DISTURBANCES (D REGION)

JANUARY 1989

Start  Nax End SPA SFA

Day Sta {UT) (uT) (UT) Imp LF VLF LF

29 YUEN 0930 0936 0950 3+ - 9.7

30 YURN 0043 0063 0113 3+ - 8.2

30 LIET 0058 0112 Q206D 3+ - B.6 -24.5 - 2.4,+ 2.2
30 LINT 0206 0211 0237 i- =058 -2.1 1.4

30 LINT 0350 0353 05601 2 -5 -28.7 - 3.5,+ 0.6
30 YURN 0352 0357 0429 2- - 4.0

30 LINT 0B12 0836 0950 2+ -5.1 -1 1.9

31 LINT 0127 0132 0242 2+ - 6 ~14.9 4

31 LINT 0306 0314 0430 2 - 4.4 -24.56 - 1.4,+ 0.8
31 LINT 0441 0446 0510 i- -0.7 -13.2 0.8

31 LINT 0521 0533 0549 - -0.9 -4.3 0.7
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GEOMAGNETIC ACTIVITY INDICES K AND Ag

BGMO

JANUARY 1989

Three-Hourly Indices K

Sum

Day

9-12 12-15 156-18 18-21 21-24

6-9

0-3

15

23
15
11

2Q
3Q
4Q
5D

14
38

19
34

11
15

21

19
23

6 Q

25
22

15
11

ig

10

31

28

11 D
12
13
14

16
14
16
47

23

18
22

38

i6 D

41

38
35

16 D
17
18

39

13

21

15
36

19 @
20D

65

17
28
18

23
30

21

22
23

26

16
17

249
25

16
18
i8
ig
19
28

26
27

10
12
11

28
29
30

13
24

31

599

Sum

Mean 19.3
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MAGNETIC STORMS

JANUARY 1989 BGMO
Time of Magnetic Sudden Com. Deg. Maximum Acti. Maximum
Amplitude of on K-scale Range
Begining Ending 3hour k
Day h mDay h Type D HnT 2ZnT Acti. Day Int. Index D HnT 2ZnT
4 2306 523 SC 0.7 233 ms 6 8 6 11.4 178 19
8 0B 8 16 GC ] 8 6 b 6.0 172 18
11 12056 1221 8¢ 0.2 16 1 ms 11 @ 6 10.5 182 18
14 16 17 23 GC me 16 6 6 11.7 144 30
20 11 29 20 24 SC 0.8 21 8 20 5 8 13.2 317 28
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BREBMTMREE K.

EE, nALWE, o hTERE, »bRExE, BEFEER 0%,

EI’=§I><1';

(4)

(5)

(63

HEFRRTFHEMEAHTRE R MARBREE £THEPLY (1988,10—1989. 09),

[able

Time | 88,10 | 88,11 | 88,12

88,01

89,02 | 89,03 | 89,04 | 89,05 | 89,06 | 89,07 | 89,08 | 89,09
R 127.4 | 1329 | 137.8 | 1425 | 147.0 | 151.4 | 155.8 | 160.1 | 164.4 | 168.7 | 173.1 | 177.5
E 1.3 1.3 5.5 11.4 13.2 i8.2 24.9 25.6 31.2 32.1 36.3 35.5

EXRARE—FHEY, C2XEERBMAA N BB L R T8 1k 7 k

(5]. RITHBMEFRBRMLT, FMEBLLSR, HBEFA.

A AT R R TR R R RN AN PR H R RE M ISR & FE
RUMBBNTREF" GFRIIRE BEMED MIERTHRM “HBRITR A R LY

BRBATREE".

(BEXRAFHRSE THREIN
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CSGD JANUARY 1989

THE PREDICTION OF THE SMOOTHED SUNSPOT
NUMBERS BY A NEW METHOD

Zhang Guiging

Beijing Astronomical Observatory
Chinese Academy of Sciences
( Received April 1989 )

1 The method and the predicting verification

A new method - the{Self - Excitation)} Threshold Autoregressive method(SETAR) is used to fit
and to predict the smoothed sunspot numbers.
Assuming that z; is an observed time series, SETAR method will be defined as follows:

. )
a&” + f;l G.(U-’E:—i + E%“ Yy B—d STy

af)z) + 30 Pz + ESQ) 1M1 <T-dS T2

i=1 ™

| o’ + T 0z i+ mea>

Where, ry, 73, -, r; are the threshold values, d is a delay parameter, p; is the step of the model,
ag’ ) is the coefficient of the model, e/’) is the flat noise. In this paper j = 1,2 ,and hence only one
value for the threshold, r (see references [1],{2],(3] ).

In reference [3] the predicting verifications of the smoothed sunspot numbers for cycle 21 were
made by two methods and the synthetic verifications of the prediction for these two methods were
shown. The smoothed sunspot numbers were processed by evolution before building the model
and making the predictions. The average prediction error is 6.4 for our synthetic prediction, while
5.6 for the prediction presented in S.G.D. part 1 for the same periods and predcting steps.

In this paper only SETAR model is used for the prediction. Before building the model, the
smoothed sunspot numbers were processed by the difference besides by the evolution. The precision
of the predictions is comparable to the synthetic varifications. The forecasting varifications are
performed for cycle 21. The average error of the predictions is still 6.4 for this method. For some
random samples from solar cycle 20, the average forecasting error is 4.2 for our method,while 6.5
for the predicting error calculated from S.G.D. part 1 for the same periods and forecasting steps

(4).

2 The estimation of the confidence limitation of the pre-
dicting error and the predictions for corning months
We assume that the relative predicting esrors obey t distribution, then, the confident range of the

predicting error can be determined by the following method [3].
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If y}j ) is the relative predicting error of the step i in the order j of the prediction, the confident

2 1 52 i
limitation of the error of step i in the order j + 1 of the prediction will be [ — A(EE) i+ A(;nt)i I
here A can be found in the list of t distribution. Obviously, the maximum of the relative predicting
error § is as follows:

s2 4
§=9+M5) (2)
Where m
1
| i — §)? 3
de T 3)
1
i=1
1 '
== (%)

Then, the maximum of the absolute error E is as follow:

E =gxr (6)
And,r; is the reality, r:» 1s the prediction, m is the number of the sample,the confidence is equal to
90 per cent.

The predictions of the smoothed sunspot numbers and the maximums of predicting errors for
the future are given in Table 1.

Table 1

Time | 88,10 | 88,11 | 88,12 | 89,01 | 89,02 89,03 | 89,04 | 89,05 | 89,06 | 89,07 85,08 | 89,09
R 1274 | 1329 | 137.8 | 142.5 | 147.0 | 1514 | 1558 | 160.1 | 1644 168.7 | 173.1 | 177.5
E 1.3 1.3 5.5 11.4 13.2 18.2 24.9 25.6 31.2 32.1 36.3 35.5

Reference [5] pointed out that those who have carried out quantitative prediction of flares
agree that the results should not depend strongly on the method. So we will pay attention to the
practical result of the prediction , continuously sum up experiences and improve the prediction.
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