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SUMMARY

Chapter 1. Introduction

It 1s crucial to predict the variabilities of the near-earth
space environment, which causes enormous socio—
economical impacts on mankind. The geomagnetic storm
prediction scheme adopted in this study is designed to
predict the geomagnetic indices, AE and Dst, the
cross—polar cap potential difference, the energy dissipation
rate over the entire polar ionosphere and the temperature
increase in the thermosphere. The code consists of two
parts; predicting the solar wind and interplanetary
magnetic field based upon the actual flare observation and
calculating the solar wind—-magnetospheric coupling function
e associated with the predicted solar wind condition. Once
e 1s obtained, various electrodynamic quantities mentioned
above can be easily estimated from the empirical
relationships proposed so far between & and those

guantities.



Chapter 2. Procedure

1. Step 1

The first step in running the simulation code 1s to
calculate the Carrington rotation and to translate the
observed flare characteristics obtained from the Solar-
Geophysical Data Book into flare parameters (FLARE.PAR)
using REPORT.F as a source code.

2. Step 2

The next step 1s to extract the ,—/cprrésponding Stanford
source field data by running SOURCELF. It loads four
consecutive rotations into the data file, SOURCEFLD.PAR.

3. Step 3

Using the source surface data as an input, the
interplanetary magnetic field, solar wind velocity and
density are simulated by SOLWIND.F and stored in
EARTH.DAT. The result is plotted by STANPLOT.PRO.

4. Step 4

CALCPARF uses the solar wind and interplanetary
magnetic field stored in EARTH.DAT to calculate «

2
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cross—polar cap potential difference, AE and Dst indices,
energy dissipation rate over the entire polar ionosphere,

and temperature increase in the thermosphere.

3. Step 5

ECPLOT.F creates plots of ecliptic cross—section of the
propagation patterns of the interplanetary magnetic field
which 1s the combined result of the inner boundary source
surface stored in SOURCEFLD.PAR and the flare specified
by the parameters in FLARE.PAR. ECPLOT.PRO draws
the sequential cross—section of the interplanetary magnetic

field patterns.

Chapter 3. Example of magnetic storm

1. The general characteristics of the solar-
terrestrial environment during the second half

of 1993.

The magnetic storm that occurred in early November,
1993, was simulated. The general characteristics of the
solar surface conditions which were responsible for the

storm were described.

_11_



2. Run the simulation code
Each step of the simulation is explained in detail by
showing the figures carrying the simulation results along

with input and output files obtained in Chapter 2.

(a) Step 1

It 1s explained how to obtain the source field data of
the sun from the Wilcox Solar Observatory of Stanford
University. Each input and output file is shown as an

example.

(b) Step 2

| SOURCELF creates the source field data file
(SOURCEFLD.PAR) to be used in SOLWIND.F as an
input. The input data for SOURCELF are Carrington
magnetic field, EARTH.PAR, and STARTIME.PAR.

(c) Step 3

The interplanetary magnetic field, the velocity and
density of the solar wind are simulated based on the
kinematic method by Hakamada and Akasofu (1982).
SOLWIND.F creates EARTH.DAT using STARTIME.PAR,
FLARE.PAR, SOURCEVEL PAR, and SOURCEFLD.PAR as



nputs.

(d) Step 4

CALCPAR.F calculates &, the cross—-polar cap potential
difference, AE and Dst indices, the energy dissipation rate
over the entire polar ionosphere and the temperature
increase in the thermosphere, using the solar wind

information obtained in Step 3 as an input.

(e) Step 5

The propagation pattern of the disturbance produced by
the background interplanetary magnetic field and the
disturbance associated with flares are projected on the

ecliptic plane every 12 hours.

3. Comparison with observations

The solar wind and the interplanetary magnetic field
measured by the Japanese satellite, Geotail, and
geomagnetic indices, AE and Dst, estimated from ground
magnetic observatories during the storm, are reviewed.
Furthermore, various electrodynamic quantities such as
ionospheric  conductance, electric potential, 1onospheric

current, field—aligned current, and Joule heating rate are

_13_



obtained from the KRM method at an epoch during the

storm period, for a comparison purpose.

The solar wind and interplanetary magnetic field
simulated for the storm period are compared with the
direct observations made by Geotail satellite. The
electrodynamic quantities reflecting the condition of the
near—earth space environments, derived either from AMIE
or KRM method, are compared with those estimated from

this simulation.

Chapter 4. Conclusion

Although numerous aspects are to be further improved,
the comparison between the simulated results and the
actual satellite measurements of the solar wind condition
encourages us to use this geomagnetic storm prediction
scheme in forecasting the disturbance occurring in the
near—earth space environment associated with solar flares
as a first appoximation A magnetic storm i1s caused not
only by a single flare but also by many flares erupting
within a short time interval. It is unfortunate, however,

that the results do not seem to be promising when applied

_14_



for multiple flares simultanously. This is another point to
be further pursued. We conclude this study by introducing
the current trend of international community in this field

and by suggesting where we should go.
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report.dat flare.par

startime.par

report.f earth.par

sourcevel.par

earth.par
flare.par

Figure 2
ctoos.dat

solpro.pro

startime.par
earth.par

choooxs. dat

'sourceZ.par,

(&g%;) > sourcefld.par

l

[
ilojola

startime.par
solwind.par
flare.par
sourcevel.par
sourcefid.par

earth.dat

earth.dat stanplot1.pro

Figure 3

solwind.par

STEP4 [~
! earth. dat — calcpar.f
k m — calcplot.pro —_— Figure 4

startime.par
STEPS ﬂa:'e.papr

stanprot2.pro

calcpar.dat

l

sourcevel.par
sourcefld.par
ecplot.par

ecplot1.pro

ecpiot.dat ecplot4.pro
ecplot8.pro

L ecplot.dat - ecplot_tv.pro

g 21 $F8A duEde) FEIAE

ecpiot.f — ecplot.dat

Figure 5

animation of the

IMF  variation
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SUBROUTINES CALLED:

weshere f, sun.f, hecheq.f, ymdjd.f, heliof, carrotf, crnjd.f, iday.f,

sunloc.f, r2.f, cotan.f

INPUT FILES:

(STARTIME.PAR)
YYMMDD = year, month and day in YY/MM/DD format
HRMIN = hour and minute in HH:MM format

converted to IYR,IMO,IDA,JHR,IMI = Start time of

simulation

(REPORT.DAT)
IYRB, MOB,IDB, IHB, MIB = Start time of flare
IHM, MIM = Time of flare maximum
IHE, MIE = Ending time of flare
SLAT,LATF = Latitude of flare
SLAT = 'N’" LATF = +
SLAT = 'S’ LATF = -
SLON,LONF = Longitude of flare
SLON = 'E’ LONF = -
SLON = 'S” LONF = +
IMP, BRIL = Importance and brilliance of flare

OUTPUT files:
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(FLARE.PAR)

NOFLR = Number of flares to use in simulation
FLRTIM = Start time of flare (hours)
FLRLON = Flare HEQ longitude (degrees)
FLRLAT = Flare HEQ latitude (degrees)
FLRVEL = Maximum flare velocity  (km/sec)
FLRDEC = Flare time constant (hours)

FLRSTD = Spacial extent of flare (degrees)
POWERF = Deceleration constant (hours)

( EARTH.PAR )

IROT = Carrington rotation number

ZLO = Heliographic longitude

ZLATEQ = Earth HEQ latitude (degrees)
ZLONEQ = Earth HEQ longitude (degrees)
(SOURCEVEL.PAR)

NSLOPE1 = The slope of the Northern magnetic field lines
NSLOPE2 = The slope of the Southern magnetic field lines

VB = The minimum background solar wind speed
VA = The maximum background solar wind speed
(STARTIMEQ.PAR)

NYR,NMO,NDANHR,NMI  start time of Carrington Rotation
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2. SOLPRO.PRO

Stanford source field YA71 AEE HolE YHH
o] A71gY 2XE ¥9%% SA8 F938 (cylinder equidistance
projection) TTHIIY 2-2). o] T2 I1WLS F3 EGMA AF
o] ARt BFAHAA Y Edol HXE ol FAFT A
7179 A7l 4T GHE AHES FARAHe2 Jehdy a2y 4
thol= A8 ® Stanford source field 89 HNHYE FHASE7
EhLt QT

INPUT FILES:
EARTH.PAR

FLARE PAR
CTXXXXS.DAT (XXXX: Carrington rotation number)
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Al 2 A STEP 2

1. SOURCEL.F

SOURCElF= #&3¥ Stanford source field A5 =2 F ¥
R dEe] AlRE Carrington source field A5 & F£3H
ojmj 43 Hd HFEHE AF7F FEHO (ALY 1 oA, agln
o|F 23l9] A& 3 H). &% Carrington HEA 2] LHH=ALY
2 A3 = Heliospheric Equatorial Coordinate® #H 3= e kT
o] £x9} 11 9 tE HFES AV A8 AFY Ho 2
# 4% ¢} &7 SOURCEFLD.PARY] A&t}

ol

2. SOURCE2.F

SOURCELF7} #&FA8 5 AM83l=d v]8ly SOURCE2F
T AR A9ste AZEA 84 27189 A7) (magnitude),
214+ (phase), 28l YAA (phase shift)E o] &3A Apelnt
(sine wave)ZHEH YAHRI|ZAE o|2FHo 2 A4S

SUBROUTINES CALLED:

LDBFLD, SRF, BMAXMIN (& =2 3] & §)



INPUT FILES:

(STARTIME.PAR)
YMD = year, month and day in YY/MM/DD format
HRMIN = hour and minute in HH/MM format

converted to IYRIMO,IDA,JHR,IMI = Start time

of simulation

(EARTH.PAR)

IROT = Carrington rotation number

ZLO = Heliographic longitude

ZLATEQ = Earth HEQ latitude (degrees)
ZLONEQ = Earth HEQ longitude (degrees)

(CTXXXXS.DAT) XXXX denotes Carrington rotation number
DATA (30,72) = Stanford source field data

OUTPUT FILES:

(SOURCFLD.PAR)
BMAX = The maximum magnetic field
BMIN = The minimum magnetic field

BFLD(30,288) = The magnetic field magnitude on the source

surface
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A 3 4 STEP 3

1. SOLWIND.F

SOLWIND.F= SOURCELFe2%E FZd HYHY
source surface AR E ©o]&3te] FPUHANE, BY¥F] &= 2
HEE EYFXNAYFE FIHA F3h 9r)dl= Hakamada and
Akasofu (1982)9] kinematic *}Ho| A}8-Hr}h o]FA TN BY
$Y =< Hd 9 & a3 A7 Ee $4E vtz
EARTHDAT®l 71E€th #1=2 SOLWINDFE Aa3tr] $13)
4 SOLWIND.PARZH= doje] dHAEE grEojof 3o}

SUBROUTINES CALLED:

wesheref, sbt.f, srt.f, svrtf, sbdt.f, stocf, getlatf, vect.f, uvectf,
tria2.f, dot.f, hecheq.f, heqhecf, srcfldf, cross.f, iday.f, sun.f,
ctosvef, interp3.f, cotanf, julif, sunposf, ymdjdf, helio.f,

carrot.f, sunloc.f, r2.f

INPUT FILES:

(SOLWIND.PAR)

101 00 692 ' AUL, ITYPE, IHRS, NHRS

AUL = The radial distance along the sun-earth line

i

ITYPE IMF parameter type (1 = Bx, By, Bz and

_37_



2 = /B/, Theta, Phi)

IHRS = start hour of output (on start date)
NHRS = number of hours to output
(STARTIME.PAR)

YYMMDD HHMM = Start time. Determines which Carrington
longitude gets loaded at the HEQ zero
longitude in SOURCEFLD.PAR.

(FLARE.PAR)

NOFLR = Number of flares used in simulation
FLRTIM = Start time of flare (hours)
FLRLON = Flare HEQ longitude (degrees)
FLRLAT = Flare HEQ latitude (degrees)

FLRVEL = Maximum flare velocity (km/sec)
FLRDEC = Flare time constant (hours)
FLRSTD = Spatial extent of flare (degrees)

(SOURCEVEL.PAR)
NSLOPE1 = The slope of the northern field solar wind velocity
NSLOPE2

The slope of the southern field solar wind velocity

VB = The maximum solar wind velocity
VA = The minimum solar wind velocity
(SOURCEFLD.PAR)
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BMAX = The maximum magnetic field
BMIN
BFLD(30,288)

"

The minimum magnetic field

The magnetic field magnitude on the source

surface

OUTPUT FILES:

(EARTH.DAT)

NHRS = The number of hours simulated

IYR,MO = The year and month of the starting time of the
simulation

ID, IH = The day and hour of the starting time of the
simulation

IROT = The Carrington rotation number which contains

the starting time of the simulation

AUL = The distance of the Earth in AU
ITYPE = Magnetic field parameter tvpe ( 1 or 2 )
ZTIME = The hour of the simulation

WSPD = Solar wind speed

DENS = Particle density

BIMF(3) = Magnetic field parameters (Bx, By, Bz
or /B/, Theta, Phi)

ZILAT1 = The latitude of the Earth

ZILONG1 = The longitude of the Earth

-39 -



2. STANPLOT1.PRO, STANPLOTZ2.PRO

>

SOLWINDF Zzaioz2E A" glTe £x9

T, 283 A71% AE (EARTH.DAT)S Al7te] wE W3S
o2 ZFZAI= ZRaYo|tt A7|A AlAFE parameter=
HbR oz 2ol f|x oA AstEl gheluh SOLWIND.F A3 A]

d

&
f“l

TR ok ojde YAl W YskE o= FollME Alte]
3tk =3 SOLWINDF 34 SOLWIND.PARS] d#H®H<s

o

o2t el ¥ 71FdS Bx, By, Bz (STANPLOT1.PAR) =< /B/,

Theta, Phi (STANPLOT2.PRO) 7% #WHeo g2 el <
a8 32 =71z £ AWs Wy oz SOLWINDFE 43417
#5 Eebd FHolth

INPUT FILES:

EARTH.DAT, SOLWIND.PAR
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A 4 A STEP 4

1. CALCPAR.F

CALCPARF= EARTHDATSZRH gdF 2 B4
71% ASE HAAEH B drEdo 71 AYAHA Q4on o
w3 Zol AY=Ht HIEF-A7IA teoluR  (solar wind-
magnetosphere coupling function) &<l €3t (Akasofu, 1981)% F
k=g

e=V B*? sin (—(2)) Iy

A7V E HYFY £5 B = FAHANHolE EFL=
FEo HAZ A71F M7 8 = HYEFE 21 dEe] 24x
(polar angle) 123 Iy © AFEA] XFHbE Y ok 7ujd) 33t
o de Eﬂ%k%——x}ﬂ'?ﬂ olux &gt (epsilon)o] ZAHH =
HGANAL, LR HAEARFASF (AE index), BHFASF (Dst
index), SAEFNAM e Fevx] FUHF 2 22HAY &4
o 2N (4T« 5 U8 22 ZIEBANL S84 33
21=3

o SUFTANA

®,=30+0.006V €, 91714 e =V B? sin *( 2) (10'nTkm s™)



o AE % Dst A&
AE(nT) =600 [ tanh( log ;ye— 18.9)] #* 4650

Ax 102 (oDst/ot+ Dst/ r,)=0.7¢, r,=BHF] AEHAIZF (life time of

ring current)

o FAAUYFORY F oA FUHF
U (W=2.9%x 10%AR(nT)

xS 29x W0PAET) erg s

o €99 TAFE
dT.= e*—300
o] 714

x=0.45In(elerg)/ 107 +0.3)+5.0

SUBROUTINES CALLED:
EPSILON, CALDST (CALCPAR.Fo] W& 5o{30S)

INPUT FILES:

(EARTH.DAT)

NP = number of points in the data set
IYR, MO, ID, IH = starting time of simulation

IROT = rotation number
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AUL
ITYPE

i

i

AU distance
switch: 1 ; if input BX, BY, BZ

2 5 1f input BMAG, THETA, PHI

HOUR = the delta time after the simulation start time
VEL = solar wind velocity (km/sec)

DEN = solar wind particle density (#/cm’)

B1,B2,B3 = magnetic field coordinates
ELAT = earth's latitude in HEQ coordinate
ELON = earth's longitude in HEQ coordinate

OUTPUT FILES:

(CALCPAR.DAT)
NP = Number of data points in data set
IYRMO,IDIH = Starting time of simulation
IROT = Carrington rotation number
AUL = The distance in AU
HR(D = The hour of the simulation data from starting
time
DATA@]D = The solar wind-magnetosphere dynamo power
DATA(7D = The cross—polar cap potential difference
CDATA(D = The average decrease of the horizontal
component at the equator
(a measure of the ring current density)
CDATAQD = The auroral electrojet index
QD = The Q index (a quarter-hourly Kp index)
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ESD = The total energy dissipation rate in the
polar 1onosphere
DT = An increased amount of temperature in the

auroral thermosphere
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2. CALCPLOT.PRO

o] =2 e CALCPARF 9] A4d FeingHE
(CALCPARDAT)E E8A71=H (28 2-4), Q AFE A3 6
7bA stete & E9sta Tk

INPUT FILES:

CALCPAR.DAT

Al 54 STEP 5

1. ECPLOT.F

ECPLOT.F= inner boundarv source surfacee} = o9
Falo] o3 HEFH PRI dHEE FeHA M Gt
S22 ZHANUTH

SUBROUTINES CALLED:

wesheref, sun.f, heliof, jultf, sunposf, srtf, srcfldf, heghec.f,

hecheq.f, ymdjd.f, interp3.f, idayv.f, cotan.f, carrot.f, sunloc.f, r2.f

INPUT FILES:



(STARTIME.PAR)
IYR,IMO,IDA IHR,IMI start time of simulation

(FLARE.PAR)

NOFLR = the number of flares used
FLTIME(NOFLR) = start time of flare (hours)
FLRLON(NOFLR) = flare HEQ longitude (degrees)
FLRLAT(NOFLR) = flare HEQ latitude (degrees)
FLRVEL(NOFLR) = maximum flare velocity (km/sec)
FLRDEC(NOFLR) = flare time constant (hours)
FLRSTD(NOFLR) = spacial extent of flare (degrees)
POWERF(NOFLR) = deceleration constant  (hours)
(SOURCEVEL.PAR)

NSLOPEl - the slope of the Northern magnetic field lines
NSLOPE2 = the slope of the Southern magnetic field lines
VB = the minimum background solar wind speed
VA = the maximum background solar wind speed
(SOURCEFLD.PAR)

BMAX = the maximum magnetic field

BMIN = the minimum magnetic field

BFLD(30,288) = the magnetic field magnitude on the source

surface
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(ECPLOT.PAR)

AUL = the distance in AU

JTS = the hour of the first plot generated

JTE = the hour of the last plot generated

JTINC = the hour increment between JTS and JTE

OUTPUT FILES:

(ECPLOT.DAT)

An input file for IDL graphic code "ECPLOT.PRO’

2. ECPLOT1.PRO, ECPLOT4.PRO ¥ ECPLOTS8.PRO
ECPLOTDATS 8 E 3 F=witolrie] s§A7kz7]

A 9] dHExXE ™I mZ=zasor ECPLOTIL.PRO,

ECPLOT4PRO % ECPLOTSPROw 3% #Holx|o] Z}7] 178, 47}

o 87he] HFHQ 1¥S FY¥Irh ¥ 2-5v ECPLOT4.PRO

s 9% 27E e

INPUT FILES:

ECPLOT.DAT
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3. ECPLOT_TV.PRO

ECPLOT.DATS A& I FTHAAAMS 3FAdx713
of dHEXE EF¥H3ly EHH PRI AT @E W
2 UEA A animationdts Z 2 18] o]},

i

SUBROUTINES CALLED:

ECPLOT_COLOR.PRO

INPUT FILES:

ECPLOT.DAT






A37F ANEFF 24

2 ANEFARED S 474 {7 A 19939 11€
Zo AT ANFFE FAE ZAEAT o] AVEFFEL nF
#etald (NSF)ol Adh3tes dFuizld+d Z=2Ia9<d CEDAR
(Coupling, Energetics and Dynamics of Atmospheric Region) &
TAFANA GAS dTElel 2 At 19989 = AT E g
3 (AGU)AIA  3iste= 8&F A Journal of Geophysical
Research - Space Physics®] SR Z o &/]8 dAolth E dF
e o] AVIFFE s AdFen Ry A¥AYe Ay
s} FA FAME 7EstnAg

A 1A 19939 1189 %9 A3 Ar|ZEE QR

1993 11€ 2-11¥el 2 2 o] A7FEL HE7|4
HAE BEF7] 22 (solar cycle 22)9 YEeEpd H3AFHQA I AA
Z71FF (recurrent storm) %9 3dhyoltt (Knipp et al, 1998).
Cliver et al. (1996)2 AEA dWA=EF} AEHA FHTH
7148 FEET Tol FAHAAM AEF 7|9 HE | Z3 X))

HAfo] AAA #FSETT B33k viglh 19933 gYz2vs
4 AE} (sector)olA 2 AEl2 2 Fejrt X34 HIE T, 8

o] A 27 (coronal hole)o] AYEAH71=] 235
AT (Crooker and McAllister, 1997). ¥E 9] eja= < F YA



) Yohkoh®] #& X-A ARzl ofstd K¥Esl= A2 T
19939 8YRE 12¥7tA d&£FH o2 YEIHATE 43 AL
TEE 11gxoE vlde Hubpos dedst Z2yrFHo] g
Az g 7I2d8 9i77iA @FFHe FAd BrERgeEr 3
2 A FHATh EdFel HAg Z2uFHe] ol ¥
Fol 1&9 HUFE oF7IAHLeH olAo] viE 11dx] LT
AN EF dR3S FAE AL e AeE FRF

2% 3-1 (Knipp et al., 1998)2 1993\ ZwhE o] dojA B Y-
AFA Y FEZ BHE AYrtA] FUFEY #HEE HAF
3 Aok AZEFY FALS FA3H] AA =) 27 Rttt 3
28 & 1o FAW H97|A (a)= IMP-8 2 Geotail 1F94
NA BEZE HYFTY &%, (b= F10.7 cm BlFEAA S oy
Az W3, (o HEZHFE vEdTh 28 (@94 JAA
1&E HEFFTY EAE FAE F doh (D= T Cape
Dorsetell /| &5 ¥ ULF Pc-5 #tFolufAle] ¥ & (e)v F3Fe
South Pole Station9lA @33+ 205 MHz Wi=9 SFFIAES
7] (riometer)®] 7|8 RAFET} riometer= =3 (polar cap)
Ao HdFol FFFFAZTE FFdte Az g FHse Ao
2 7S AqUAE 71 HA 10 keVIES Yol US o
2% D 9 EFY AAUEI F7IER A HRALEO] FUisith o
ZHA SFIAELE HEAF AFHAA MAEERE oz Ry

T ol gasinsd FRHoz F4Eo 75 At

(Ol et ApAlge] ¥sle A7FFo] FAGo)e e A4
2 Z 3RAHFIUTY (@)= AV E AT E gl dgslE 34
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F (ring current)®] Al71& JEl< DstAF2A ApAlg<} vz
712 B A7) EFol AYEHT USE F Bo Fu gt
(h)= SAMPEX <39 4ddA #Fd i 2A7AE (L=3)°1A9 3
MeV o]48] A& 7t- HAE (electron flux)e] HEE H
T 11¥ 2o WA A7) FF7 ot AASe FAHI F

£ #3U9% + Utk &8 28 (H)v GEO A& #EH 2
MeV B 6 MeVe HA £¢ ®3E vehlix ot sixge=z
a8 (i o ZTEY HEFE A sectorFERIF away

sector 9L RAF1 Quh

X0
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July—December 1995
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I N e R D S
« 188E w\\/
7 . : v T : . r T T T T
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= o U W E
104E N S S B
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100 ]
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3 10w %
- 1 E-— —AM/V—M\JL,‘« .,__V/\«/ —~— e ”"\—\——M—«E
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; E% WL Y N
N 0.100 i \3
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FENS YEld = o8 7R g2l
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A 2 A drac A3y

1.4 41

£ drIc dY¥se WANSETY Fdold gig #Ex
solth. Ed A5 I HAYH7E (NOAA) A3t ZHATE
ZAtg AlEl (NGDC)NA @aish=  Solar-Geophysical Datadl A
P4 4 Utk & 3-1 2 F 3-2& 19939 11¥€ Z9) HAE 2
71F5o L I A2 ALEE FHAEE (Coffey 1994a,
1994b) ot} dZF Foj Az FAH BEZ4H EEM oA A2}
AlZE, S7] @A 2 AEAZ duAdeA e Eelof 9, o
HEA A FIAZ, FEHo EFSEF O OAY FL:
(Importance)2} EF7]1(Brilliance) 5ol 1A Ho] Atk 119 A7) F
Zodl F83 FFE FAIS AR FAHHE 19 ZHEAE HAF
&tef k53 o] REPORT.DATS A3ttt

i

WATU 931031 2343 2347 2355 N11 E49 1B
STN  YYMMDD HHMM MAX END LAT LON IB

APPRE A FEE 23 , ZEolAF, 27
£ 2 E2AZ Zdo w4 dx 2 A a3 29T ()
28kl (B)7F 71A s o] Qo

u
)
Y
b
of

B AT ArE" Felele] A9 19939 10¥ 31¥9 23143 UT

of BrAlSEl 23:47 UTol 27l =238t 2355 UTo) AEEY
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O AL E B 110 SARALUCAAN 3FH22 49° He A
Holgew Fam:+ 102 H7le B Atk ok o3 7io

W 2EA FHE & Udd 28z
R dYo] AFEHE AIME A= dYdHolE mHdL
STARTIME. PARZ £ doiA= 114¥ 29 0000A2 #8382 o
3 o] et

931102 0000
YYMMDD HHMM START TIME OF FORECAST

Akasofu and Fry (1986)= T 37 o] Zd o9 8% (D
R 87 B¢ Fdoly HAMH g Ar)d Futd HEFT &
Aol BEUAE SRS v Aok A7A FREZE HUSE A
oAl ZFd oz} :LEH7]°ﬂ =2 1 Hed (6563 nmoz #=
g Hde TEL BAYZ Zdold ZHA (degree’) S EHITH
4 5709 550, 1, 2, 3, 42 Uit F8% 0¢ AFE9
E# o] (subflare)! A$ TF2E2 0 ta S22 FAF7|E o)
a3 Brle Edoirl Sl TERE u) HeAd Atz
Y718 9ulsiy 3o (faint; F), 2% (normal; N) 1831 &
(briliant; B)8} Al 522 FEITH § 3220 FHH FE
£ REPORT.Fol WA= ol o),

REPORT.DAT# STARTIMEPARE 3 <°Z REPORTF&
A3PA 71 &322 FLAREPAR, EARTH.PAR, SOURCEVEL.
PAR ¥ STARTIMEQPARE ¥t} ©32 FLAREPARY 4
2N A" EHol9 £  (NOFLR), Z#oj9 ARAIZ
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(FLRTIM), Z#oje A= (FLRLON, FLRLAT), 8¥E9 3
<= (FLRVEL), Z#eo] A|ZtA44 (FLRDEC), Z#ol =3
(FLRSTD) & #Z& A7 A4 (POWERF)EZ FA4 5 o] gt

1
-24.3 274.1 11.0 300.0 0.7 50.0 750.0

T8 /87 % (km/sec) HE ()
OF 200 20
ON 300 30
0B 400 40
1F 400 30
1IN 600 40
1B 800 50
2F 500 30
ZN 800 50
2B 1200 70
3F 700 30
3N 1100 50
3B 1500 70
4F 800 40
4N 1200 60

4B 1600 30
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11

Hx SOLAR FLARES Oct 93
OCTOBER 1993
NOAA/ Area Measurement
Grp Start Max End USAF o 14 our imp Cbs Time Apparent Corr
# Sta Day (UT) (UT) (UT) Lat CMD Region Mo Day (Min) Opt Xray See Type (UT) (10-6 Disk) (Sq Deg) Remarks
27 2149 2207 Mo Flare Patrol
0150 28 0001 00011 Q010 NO6 E28 7608 10 30.1 9 SN 38 0.5 oy
LEAR 28 0001€ 0001 0013 WNO7 E28 7608 10 30.1 12D SF 3 € 37 u
MITK 28 0001 0002 0007 NOS E29 7608 10 30.2 6 SB [ 0002 40 0.5 1]
0151 LEAR 28 0923 0923 0937 NO3 E23 7608 10 30.1 14 SFC 1.1 3 E S1 FH
28 1014 1020 WMo Flare Patrol
0152 KANZ 28 1353 1357 1405 WNO8 E23 7608 10 30.3 12 sF 2 ¢
0153 28 2021 20231 2032 %08 E17 7608 10 30.1 11 SF B 4.9 14 F
WOLL 28 2021 2023 2033 NOB E17 7608 10 30.1 12 SFB84.9 3 € 17
RAMY 28 2021 2024 2031 NO9 E17 7608 10 30.1 10 SF 3 ¢ 12 F
0154 WATU 28 2359 2401 2413 NO8 £28 7408 10 31.1 14 SN c 2401 30 0.4 3
0155 29 08032 0807 0811 WNO8 E11 7608 10 30.2 8 SF 10 H
KANZ 29 0803 0807 0811 NO8 €12 7408 10 30.2 8 SsF 2 C
SVTO 29 0805 0807 0811 NO9 E10 7608 10 30.1 6 SF 3 € 10 L}
0156 XANZ 29 1015 1019 1043 N18 w77 10 23.6 28 SF 2 C
0157 KANZ 29 1155 1155 1203 sO8 €83 7613 11 4.7 8 sF 2 ¢
29 2008 2050 No Flare Patrol
29 2055 2209 No Flare Patrol
0158 KANZ 30 1001 1001 1001 S15 E77 7613 11 S.2 8 sF 2 ¢
0159 KANZ 30 1021 1029 1045 S16 E73 7613 11 S.0 24 SF 2 ¢
o160 30 12013 1205 1216 S10 W74 7610 10 26.9 15 SF B 4.2 37
KANZ 30 1201 1205 1224 S11 W7S 7610 10 24.8 23 SF 2 c
RAMY 30 1206 1205 1209 S10 W72 7610 10 25.1 5 SFB6.2 3 £ 37
0161 SVTO 30 1421 1422 1425 S10 E73 7613 11 5.t 4 SF 3 & 14
0162 31 08293 08321 0844 S16 €63 7613 11 S.1 15 SF C 1.1 38 FH
SVTO 31 0829 0833 0839 sS15 E66 7613 11 5.2 10 SFC1.1 3 € 45 4]
LEAR 31 0830 0833 0837 s15 €60 7613 11 4.9 7 SF 3 € 32 FH
KANZ 31 0832 0832 0856 S17 E66 7613 11 S.4 24 SF 2 C
0163 KANZ 31 1036 1044 1056 Si4 E68 7613 11 S.6 20 SF 2 ¢
0164 31 1056% 1122* 1316 s21 E36 7612 11 3.2 140 2F C 5.3 248 JFGu
KANZ 31 1056 1126 1340 S$19 E37 7612 11 3.3 164 2F 2 ¢ u,6
SVTO 31 1101 1122 1312 S22 E37 7612 11 3.3 131 2FC5.3 3 € 356 UF
RAMY 31 1111 1133 1255 s21 €33 7612 11 3.0 104 fF 3 E 124 UF,
0165 LARI 31 1124 1124 1310 S12 E34 7612 11 3.0 106 2F P
0166 31 19181 1919 1924 NO9 w22 7508 10 30.1 6 SFB8 31 26 F
RAMY 31 1918 1919 1924 NO9 W22 7608 10 30.9 6 SFB3.t 3 E 19 F
HOLL 31 1919 1919 1924 NO9 w22 7808 10 30.) 5 SF 3 E 28 fF
31 2138 2209 No Flare Patrot
0167 WATU 31 2343 2347 2355 N1V E49 11 4.7 12 s8 c 2347 20 0.3 ]
i 3-1 oFHAUN A ¥ VAl 2l o
: ISHALH7IH (NOAA) 43) ZAATEa =g 4E

(NGDC)7} e s)=
109 28-31o =

— 6_1A

Solar-Geophysical Dataoll A

HEHE ZHAEE (Coffey, 1994a)
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4
Nov 93

Hda SOLAR FLARES
NOVEMBER 1993
NOAA/ Area Measurement
Grp Start Max End USAF  CHp Dur inp Obs Time rent Corr
# Sta Day (UT) (UT) (UT) Lat CMO Region Ko Day (Min) Opt Xray See Type (UT) (10-6 Disk) (Sq Deg) Remarks
0001 MITK 01 0626 0627 0628 $15 ELS 7613 11 4.7 2 SN [ 0827 7 ¢.1 ]
0002 SVTO 01 0723 0725 0740 SO8 E50 7613 11 5.0 17 SFB 2.6 3 E 18 FH
0003 SVTO 01 1116 1126 11340 S11 E44 7613 11 4.8 200 SFB 3.8 3 E 41 1]
0004 SVTO 01 12386 1237 1244 S14 E46 7813 11 5.0 8 SFB30 3 E 42 F
01 1342 1349 Mo Flare Patrol
01 1439 1507 Mo Flare Petrol
01 1535 1624 No Flare Patrol
01 1638 1648 No Flare Patrot
0005 NOLL 0% 2057 2141 2309 S$10 €45 7613 11 5.2 132 SFC3.2 3 E 32 F
0006 LEAR 02 0811 0812 0819 $09 E34 7613 11 4.9 8 SFB 63 3 E 18
0007 RAMY 02 1740 1762 1748 509 E30 7613 11 5.0 8 SFB3.2 3 E 18 ]
03 0002 0347 No Flare Patrol
03 0507 0536 WNo Flare Patrol
03 05606 0614 No Flare Pstrol
03 0716 0717 Mo Flare Patrol
03 0723 0730 No Flare Patrol
0008 XANZ 03 1125 1129 1150 S11 EI7 7613 11 4.7 25 SF 2 ¢
03 2025 2030 Mo Flare Patrol
a3 2035 2041 No Flare Patrol
04 0617 0656 No Flare Patrol
0009 06 1222 1226 1246 S18 E16 7613 11 5.7 2% SF 15 H
KANZ 04 1222 1226 1246 S8 E13 7813 11 5.5 26 SF 2 ¢
SVTO 04 1229€ 1230V 12450 S18 E18 7613 11 5.9 16D SF 1 E 15 (]
0010 04 21231 21243 2144 SIS EO8 7613 11 5.5 21 SN B 4.5 48 FH
HOLL 04 2123 2124 2144 S17 E09 7613 1t S.6 21 SFB8 6.5 3 E (Y3 FH
RANY 04 2126 2127 21460 $18 EO8 7613 11 S.5 220 SN 3 E S3 F
05 0701 0721 Mo Flare Patrol
05 0729 0747 %o Flare Patrol
05 0800 0936 No Flare Patrol
05 0946 1049 Mo Flare Patrol
06 1017 1024 Mo Flare Patrol
07 1019 1121 No Flare Patrol
o7 1217 1231 No Flare Patrol
0011 ISTA 08 0948 0951 S10 W7 7613 11 4.9 3 sF €
08 1126 1131 No Flare Patrol
08 1211 1309 No Flare Patrol
08 1341% 1406 No Flare Patrol
08 1410 1429 No Flare Patrol
08 1507 1511 No Flare Patrol
0012 HOLL 08 2154 2202 2225 $20 E21 7617 11 10.5 31 SFB5.7 3 E 45 FK
0013 09 07512 07531 08100 $08 W58 7613 11 5.0 190 SN B 2.7 42 1.0 EF
SVTO 09 0751 0754 08080 SO9 W58 7613 11 5.0 17D SFB2.7 3 ¢ 29 FE
CATA 09 0753 0753 08100 $07 W57 7613 1t 5.0 170 SB 1 ¢ 07s3 56 1.0
0014 CATA 09 1003E 1005 1011 $09 W60 7613 11 4.9 & SF 1 c 1005 67 1.4 H
0015 09 1942 1943 2005 $18 E12 7617 11 10.7 23 SF B 1.6 16
HOLL 09 1942 1943 2005 S19 E11 7617 11 10.7 B3 SFB 1.6 3 E 1
PALE 09 1945E 19450 20130 S18 E12 7617 11 10.7 280 SF 3 E 22
10 0408 0419 No Flare Patrot
11 0104 0131 No Flare Patrol
11 0305 0440 No Flare Patrol
T _f KRS SR B Q)= [e] 3 =
I 3-2 E 3-13 skt 19939 11€ 1-129¢) ZH =¥

Hoj= =

(Coffey, 1994b)



FRx/87) £5 (km/sec) HZ ()

OF 200 20
ON 300 30
0B 400 40
1F 400 30
IN 600 40
1B 800 50
2F 500 30
2N 300 50
2B 1200 70
3F 700 30
3N 1100 50
3B 1500 70
4F 300 40
4N 1200 60
4B 1600 80

® 3-3 @99 #8 % (Importance) 2} ¥}7] (Brilliance) 2 £ H
FA3 FdHole HHZATH HYEFS £ =(km/sec)(Akasofu
and Frv, 1986)
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71N Edo] AsE Edo] AN&Aze] o 102 sbEYT
the- 3 o] FolxE EARTHPARE Carrington 334 (IROT),
AWAE (ZLO) gz dAFHT HFACAM 2T AT
(ZLONEQ, ZLATEQ)®l #3 HRE X3t

IROT  ZLO ZLATEQ  ZLONEQ

1876 233183 4263 324.130
3 SOURCEVELPARS E%¥ FEu79 zr|dde 7]&7)
(NSLOPE2, NSLOPED), 2 & o* WAEE (VB) 2 ) )

dF MEEE (VA HAEE X3 d& &9 53 2k

NSLOPE1 NSLOPE2 VB VA
6 6 270.000  670.000

m2jet o 2 Carrington3 €] A|ZA17H) STARTIMEQ.PAR2
JeNAPY ARAToR B ¢ A The 2ok

NTR NMO NDA NHR NMI
1993 11 2 0 0

oS SAE IDL a8 AZEo]ls ol&ste] ok wA
247170 i3k @AW (source surface)d] AT E FAdle Aol
t}, §7)4 IDLE o]&3 =213 SOLPRO.PROZ} A& EtTh
AR s = EARTHPAR, FLAREPAR ¢} Carrington 349l
3 Fate= Bl zFg ol of 8 E ©F Stanfordtheta H



4 Wilcox HFHENNA AFATE theo] YAlo|Eo] Soi7tu
E 349 e HWL AL 5 AUk
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Wilcox Solar Observatory
Photospheric Field Maps: 1976 - 1996

CR1929 * CR1928 * CR1927 * CR1926 * CR1925 * CR1924 * CR1923 * CR1922 * CR1921 *
CR1920 * CR1919 * CR1918 * CR1917 * CR1916 * CR1915 * CR1914 * CR1913 * CR1912 *
CR1911 * CR1910 * CR1909 * CR1908 * CR1907 * CR1906 * CR1905 * CR1904 * CR1903 *
CR1902 * CR1901 * CR1900 * CR1899 * CR1898 * CR1897 * CR1896 * CR1895 * CR1894 *
CR1893 * CR1892 * CR1891 * CR1890 * CR1889 * CR1888 * CR1887 * CR1886 * CR1885 *
CR1884 * CR1883 * CR1882 * CR1881 * CR1880 * CR1879 * CR1878 * CR1877 * CR1876 *
CR1875 * CR1874 * CR1873 * CR1872 * CR1871 * CR1870 * CR1869 * CR1868 * CR1867 *
CR1866 * CR1865 * CR1864 * CR1863 * CR1862 * CR1861 * CR1860 * CR1859 * CR1858 *
CR1857 * CR1856 * CR1855 * CR1854 * CR1853 * CR1852 * CR1851 * CR1850 * CR1849 *
CR1848 * CR1847 * CR1846 * CR1845 * CR1844 * CR1843 * CR1842 * CR1841 * CR1840 *
CR1839 * CR1838 * CR1837 * CR1836 * CR1835 * CR1834 * CR1833 * CR1832 * CR1831 *
CR1830 * CR1829 * CR1828 * CR1827 * CR1826 * CR1825 * CR1824 * CR1823 * CR1822 *
CR1821 * CR1820 * CR1819 * CR1818 * CR1817 * CR1816 * CR1815 * CR1814 * CR1813 *
CR1812 * CRI811 * CR1810 * CR1809 * CR1808 * CR1807 * CR1806 * CR1805 * CR1804 *
CR1803 * CR1802 * CR1801 * CR1800 * CR1799 * CR1798 * CR1797 * CR1796 * CR1795 *
CR1794 * CR1793 * CR1792 * CR1791 * CR1790 * CR1789 * CR1788 * CR1787 * CR1786 *
CR1785 * CR1784 * CR1783 * CR1782 * CR1781 * CR1780 * CR1779 * CR1778 * CR1777 *
CR1776 * CR1775 * CR1774 * CR1773 * CR1772 * CR1771 * CR1770 * CR1769 * CR1768 *
CR1767 * CR1766 * CR1765 * CR1764 * CR1763 * CR1762 * CR1761 * CR1760 * CR1759 *
CR1758 * CR1757 * CR1756 * CR1755 * CR1754 * CR1753 * CR1752 * CR1751 * CR1750 *
CR1749 * CR1748 * CR1747 * CR1746 * CR1745 * CR1744 * CR1743 * CR1742 * CR174] *
CR1740 * CR1739 * CR1738 * CR1737 * CR1736 * CR1735 * CR1734 * CR1733 * CR1732 *
CR1731 * CR1730 * CR1729 * CR1728 * CR1727 * CR1726 * CR1725 * CR1724 * CR1723 *
CR1722 * CR1721 * CR1720 * CR1719 * CR1718 * CR1717 * CR1716 * CR1715 * CR1714 *
CR1713 * CR1712 * CR1711 * CR1710 * CR1709 * CR1708 * CR1707 * CR1706 * CR1705 *
CR1704 * CR1703 * CR1702 * CR1701 * CR1700 * CR1699 * CR1698 * CR1697 * CR1696 *
CR1695 * CR1694 * CR1693 * CR1692 * CR1691 * CR1690 * CR1689 * CR1688 * CR1687 *
CR1686 * CR1685 * CR1684 * CR1683 * CR1682 * CR1681 * CR1680 * CR1679 * CR1678 *
CR1677 * CR1676 * CR1675 * CR1674 * CR1673 * CR1672 * CR1671 * CR1670 * CR1669 *
CR1668 * CR1667 * CR1666 * CR1665 * CR1664 * CR1663 * CR1662 * CR1661 * CR1660 *
CR1659 * CR1658 * CR1657 * CR1656 * CR1655 * CR1654 * CR1653 * CR1652 * CR1651 *
CR1650 * CR1649 * CR1648 * CR1647 * CR1646 * CR1645 * CR1644 * CR1643 * CR1642

# 3-4 Stanford tH&w XA Wilcox Solar ObservatoryollA Al
ZEE 197652 E 199%6Wo] AR 3T AR BE
o714 CR= Carrington 3 AFE ol vjtth

- 69 -



http://quake.stanford.edu/ ~ wso/Photo/photo.html

o]l EE 19769%E 19%6dl ¥ HIYAIFe] AsB2om
Carrington 8442 #451W HAS(CR) 16425 19299 %

Shol Bop BTHe Ar|REE BE AnE +33n ok
2 meladel A% Carrington 384 187500 si@etes 2z

E 3-4914 CRISSE ZUsid 28 5 Utk =& O4g F2

ZHH U4+ 4+ Utk
http://quake.stanford.edu/ ~ wso/Photo/CR1875

A7NFAEE Aoz 7270 AH a8z Yewsoz 3070
AMeR HFd™ed F 2160709 oz FAS Ut Az
Foege o) 5° mit gro] FAAARE ke 7= sin(14/15),
sin(13/15), ... , sin(0), sin(-1/15), ... , sin(-13/15) #
sin(-14/15)8] Y=gkl dFshs A HY sine go® Foix ¢Yrh
olEg o= A Ztz 9= 6896° , 60.07°, 53.13°, ...,
0°, ... , *53.13°, -60.07 ° % -6896 ° o FF3tc} wEtA B
Agol= 6896 Boh AR B HAEE TS YA
8Tk ® 3-5% CRISTS A8 YRS HAFT ity W 2 3
Y Z2addiaes AU Y QAW AFAIRE
CTXXXXSDAT® o]l8ez RE7|3tn Ytk o7 XXXXE
Carrington 3] A4+E Ueido 08 3-22 9458 S48 &Y
& AH&3A Carrington 3] M4 18750 3 ste x
HEhd Aotk o714 o] YA E CE FAHUT 28
AT SAE FFstH HE(H g}
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30 data points in equal steps of sine latitude from +14.5/15 to -14.5/15

CT1875:360 106.323 56.236 10.379 -18.327 -31.524 -41.525
-30.206 -4.146 30.257 106.650 167.535 172.249 81.178 15.466
27.938 85.124 81.166 26.157 -38.318 -83.533 -123.286 -150.912
-145.018 -97.690 -39.531 -21.519 -35.549 -54.506 -67.185 -79.904

CT1875:355 105.179 63.581 19.025 -13.116 -40.304 -66.237
-56.246 -19.342 11.046 77.63% 162.298 177.334 138.940 147.549
135.584 118.488 89.232 64.873 -1.460 -57.830 -97.695 -137.010

-139.364 -98.490 -51.540 -37.364 -50.646 -69.079 -81.638 -95.610

CT1875:350 99.044 57.037 18.368 -9.678 -25.841 -42.979

-87.227 -160.103 -163.587 -104.524 -28.267 12.766 49.204 75.726
137.768 271.499 304.623 216.552 46.825 -32.733 -81.045 -121.958
-129.470 -87.636 -31.796 -20.947 -45.330 -78.069 -101.739 -120.951
CT1875:345 99.269 58.756 17.870 -10.619 -19.231 -34.502
-121.030 -292.566 -332.146 -237.325 -118.169 -68.483 -14.197 23.275
83.653 271.135 369.232 217.450 -39.836 -133.945 -130.713 -111.852
-105.882 -78.680 -43.528 -39.222 -62.429 -86.520 -101.105 -112.378
CT1875:340 103.143 58.617 14.840 -12.993 -18.850 -25.313
-54.587 -118.362 -123.775 -60.120 4.689 16.537 12.279 4.929
~21.878 -104.085 -170.288 -134.600 -109.917 -118.662 -103.717 -71.342
-63.274 -59.717 -59.585 -64.332 -77.806 -90.127 -95.777 -97.472

CT1875:335 109.708 57.350 3.395 -22.769 -23.216 -13.893
40.713 149.242 209.226 236.526 237.329 204.238 77.566 -27.557
-80.507 -147.226 -181.481 -138.404 -16.450 21.987 -9.038 -15.808
-16.202 -40.852 -70.770 -80.971 -86.208 -90.673 -93.213 -93.238
CT1875:330 119.269 62.431 -2.657 -32.358 -31.928 -23.343

59.053 213.022 280.717 369.250 452.645 390.198 118.250 -56.578
-89.781 -54.209 -34.784 -54.500 -74.209 -74.549 -53.548 -50.604
-53.248 -51.810 -55.722 -65.104 -73.774 -81.386 -89.990 -99.427

CT1875:325 120.446 54.949 -1.6314 -24.025 -17.660 0.164

58.133 159.056 209.964 243.249 253.325 205.290 45.724 -73.869
-84.009 -31.213 -15.142 -20.984 -52.497 -59.593 -39.795 -17.656
-19.768 -37.281 -55.289 -67.285 -73.924 -79.166 -84.709 -90.830

CT1875:320 151.057 92.196 17.482 -13.926 12.275 36.904
47.095 41.602 45.813 36.312 3.393 -13.624 -5.789 -7.612
-13.720 -0.501 -3.387 23.722 76.426 95.485 66.096 32.835
10.942 -19.965 -53.347 -71.521 -75.036 -77.240 -81.819 -85.644
CT1875:315 137.434 81.343 18.571 -7.337 14.997 35.259
48.248 65.723 74.664 57.570 40.471 23.875 6.660 0.567
2.374 17.369 6.432 48.977 101.916 112.962 101.273 64.824
33.657 -9.590 -59.365 -81.421 -78.010 -71.163 -75.207 -86.996
CT1875:310 122.498 66.623 17.261 0.894 24 .884 47.159
61.991 83.613 92.083 83.023 88.154 70.818 25.973 ~6.351
4.268 71.369 129.671 142.047 165.583 172.309 138.189 66.651
29.664 -5.998 -48.003 -72.019 -76.415 -77.052 -84.335 -94.668
CT1i875:305 124.415 83.593 34.131 9.885 24 .548 39.735

56.903 86.062 95.227 82.216 98.340 79.047 24.876 -16.840
-24.631 -24.99%99% -23.911 22.035 112.499 145.592 105.573 54.654

® 35 & dAF7ITtel TEEHY A= Carrington 3 A4 1875
Sl 164712l 3 Fales NS F
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2.6 A 2

SOURCELF Z2Ia%E& o] &34 SOLWIND Z 28] A}
48 HYLHE AP S AT AU dY¥AsE G
1914 A8 Carrington A7)1Z 543 EARTHPAR %
STARTIME.PAR °|t}. CTXXXX.DAT Atg= dA, 2 o]jd 1
g 3 olF 23d AX F 43] A4 IAAFI) T AR @;E
AHE T B Y] Ax2 @S -355° oA 1080 © 71R| ol 3
gHrt oFA F44d 3d SOURCEFLD.PAR AREE =7)1%
o Hoj g HAgo] 71EFe] Utk ® 3-69] o] A} HRE

AR E 24T

Hakamada and Akasofu (1982)7} 7}*#3} kinematic method&
o] &3t PATH=}71 A (Interplanetary Magnetic Field; IMF), Ej
*%9 &= 9 HEE HgFAHES FIA  FIoh
SOLWIND.F o= - o) Adgxtg+= A ol A T8
STARTIME.PAR, FLARE.PAR, SOURCEVEL.PAR =L
SOURCEFLD.PARel® Z28x8% EARTHDATE d<=th olu
HEFe 2A71dE 7leste HHeRE 348 (Bx, By, B2) &2
AN =719 F M9 ZF (B |, Theta, Ph22 EdH3I=1}
o wet YT ko]l dEtdE 4 Uk olE w7 Y3
/1 SOLWINDPARo|Zt= dele] #dg =ddoh & A7 A
49 do sz 2o



13.60

. 923
.065
.773
.715
.514
.266
.573
.803
.671
.461
.963
.016
.399
.016
.311
.358
.985
.561
.342
. 885
.789
.409
.714
.975%
.475
.493

.580
.224
.257
.778
.900
.387
.949
.559
.514
.128
.196
.630
.281
.833
. 744
.417
. 497
.864

.209

.401
.253
.335
.137
.714
.813
.952
.010

.821
.186
.570
.763
.254
.878
.743
.242
.152
.766
.163
.410
.877
.018
.626
.000
.834
. 815
.164
.598
.968
.410
.315
.132
.641
.010

. 880
.680
.445
.083
.357
.598
.285
.055
.755
.451
.790

3.
-2.
-5.

-3.
-5.
2.

-6.

-3.
-6.

-3.
-7.

2.
-3.
-7,

-2.
-5.

-3.
-6.

099 1
386 -2
084 -6
783 1
857 -2
53% -6
568 1
164 -3
934 -6
431 1
354 -3
294 -7
380 1
441 -3
615 -7
384 1
453 -3
909 -7
441 1
407 -3
187 -8
592 1
299 -3
424 -8
762 1
145 -3
632 -8
979 1
946 -3
809 -8
272 2
709 -3
003 -9
555 2
448 -2
195 -9
842 2
165 -2
379 -9
111 3
878 -2
569 -9
354 3
608 -2
755 -9
562 3
381 -1

_74_

1.030 0.219 -0.454
-2.560 -2.630 -2.73¢C
-7.355 -8.994 -11.088

0.645 -0.189 -0.876
-3.048 -3.125 -3.229
-7.737 -9.323 -11.347

0.395 -0.449 -~1.145
-3.388 -3.485 -3.603
-8.087 -9.633 -11.594

0.251 -0.595 -1.285
-3.618 -3.739 -3.880
-8.430 -9.946 -11.865

0.211 -0.625 ~-1.315
-3.753 -3.900 -4.071
-8.749 -10.285 -12.137

0.255 -0.567 -1.254
-3.825 -3.999%9 -4.200
-9.056 -10.556 -12.399

0.369 -0.437 -1.114
-3.839 -4.054 -4.288
-9.358 -10.854 -12.674

0.577 -0.216 -0.886
~3.798 -4.053 -4.327
-9.624 -11.111 -12.904

0.821 0.052 -0.611
-3.724 -4.022 -4.336
-9.855 -11.328 -13.090

1.114 0.372 -0.278
-3.613 -3.957 -4.315

-10.046 -11.503 -13.222

1.477 0.754 0.112

-3.475 -3.864 -4.272
-10.264 -11.714 -13.403

1.838 1.139 0.513

-3.315 -3.783 -4.211
-10.490 -11.536 -13.599

2.211 1.542 0.929

-3.131 -3.619 -4.131
-10.706 -12.146 -13.785

2.564 1.921 1.328

-2.94% -~3.483 -4.055
-10.920 -12.360 -13.973

2.889 2.270 1.694

-2.768 ~3.360 -3.985
-11.133 -12.569 -14.158

3.164 2.571 2.008
-2.620 -~3.265 -3.929
AR FL& A7 e

-1.
-2.
-13.
~3.
-13.
-1.
-3.
-14.

-

4.
-4.
-1l4.
~-1.
~4.
-14.
~1.
~4.
-14.
~1.
~4 .
-14.
~1.
~4.
-14.

-4.
-15.
-0.
-4
-15.
-0,
-4,
-15.
-0.
-4.
-15.

-4 .
-15.

-4,
-15.

-4.
-15.

-4.

01z
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1.0 1 00 240 ! AUL, ITYPE, IHRS, NHRS

$! AUL = radial distance along the sun-earth line
$! ITYPE = 1 then Bx, By, Bz (GSM)

$! = 2 then B magnitude, theta, phi (GSM)
$! IHRS = start hour of output (on start date)

&! NHRS = number of hours to output

Z23dyd EARTHDATS AA Sole RYFXNAE FAI7H
4 (NHRS), €= (IYR), € (MO), ¥ (ID), A] (IH), Carrington3
A4 (IROT), AETEY (AR EAIS AF7HA¢9 A7 (AUL)
2 7% 71w (TYPE)el 7125 itk 1 ol wf =ej4
AAGAIZE (ZTIME) wmitk o3 HYZFY £x (WSPD;
km/sec), % (DENS; 7i/cm®), Z71%el 34% (Bx, By, Bz
nT), 2213 A7 9= (ZLATD) ¥ AE (ZLONG) =87} &
250} Ut ® 3-7¢ EARTH.DAT #¥e] dREL vebd A
o]},

2o FXAE A7 Aoz HUEFTY £x, 9 2 AE
348 Vel 934 IDL =239 STANPLOT.PRO7} ©
£5At  d¥s=  =2oAdd  ZHIAQA  EARTHDAT|th
SOLWIND.PAR %o FA"thZE ITYPE = 1 °o|¥ 7139 3
oz Z2 ITYPE = 2 1 A% A7AY Z7eh 5 M9 &

ol &3A vebdich ¥ 3-32 1993¢ 11¥x WA 2UF
717+% AT $ReA dEFE HETY &=, 2= ¢ FA4
271749 3489 H3lE BoF1 Utk

oXx.

off o

i



240 1993 11 2 0 1876 1.0 1

0.00 363.17 4.46 5.70 -6.66 0.00 4.26 324
1.00 363.20 4.46 5.70 -6.66 0.00 4.26 324
2.00 363.23 4.46 5.70 -6.66 0.00 4.25 324
3.00 363.23 4.46 5.60 -6.55 0.00 4.25 324
4.00 363.21 4.46 5.60 -6.54 0.00 4.25 324
5.00 363.18 4.46 5.60 -6.54 0.00 4.24 324
6.00 363.16 4.46 5.60 -6.55 0.00 4.24 324
7.00 363.14 4.46 5.60 -6.55 0.00 4.23 324
8.00 363.11 4.45 5.60 -6.55 0.00 4.23 324
9.00 363.09 4.45 5.60 -6.55 0.00 4.22 324
10.00 363.07 4.45 5.60 -6.55 0.00 4.22 324
11.00 363.04 4.32 5.60 -6.55 0.00 4.22 324
12.00 362.99 4.32 5.49 -6.42 0.00 4.21 324
13.00 362.91 4.32 5.46 -6.39 0.00 4.21 324
14.00 362.82 4.31 5.46 -6.39 0.00 4.20 324
15.00 362.73 4.31 5.46 -6.39 0.00 4.20 324
16.00 362.64 4.31 5.46 -6.40 0.00 4.19 324
17.00 362.55 4.30 5.46 -6.40 0.00 4.19 324
18.00 362.47 4.30 5.46 -6.40 0.00 4.19 324
19.00 362.38 4.30 5.46 -6.40 0.00 4.18 324
20.00 362.30 4.30 5.46 -6.41 0.00 4.18 324
21.00 362.22 4.29 5.46 -6.41 0.00 4.17 325
22.00 362.07 4.29 5.33 -6.26 0.00 4.17 325
23.00 361.93 4.28 5.34 -6.27 0.00 4.16 325
24.00 361.79 4.28 5.34 -6.27 0.00 4.16 325
25.00 361.65 4.28 5.34 -6.28 0.00 4.16 325
26.00 361.51 4.27 5.35 -6.28 0.00 4.15 325
27.00 361.38 4.27 5.35 -6.29 0.00 4.15 325
28.00 361.25 4.13 5.35 -6.30 0.00 4.1 325
29.00 361.12 4.13 5.36 -6.30 0.00 4.14 325
30.00 361.00 4.12 5.36 -6.31 0.00 4.13 325
31.00 360.86 4.12 5.27 -6.21 0.00 4.13 325
32.0¢C 360.68 4.11 5.25 -6.19 0.00 4.13 325
33.00 360.51 4.11 5.26 -6.20 0.00 4.12 325
34.00 360.35 4.10 5.27 -6.21 0.00 4.12 325
35.00 360.20 4.10 5.28 -6.23 0.00 4.11 325
36.00 360.05 4.09 5.29 -6.24 0.00 4.11 325
37.00 359.91 4.09 5.30 -6.26 0.00 4.10 325
38.00 359.77 4.08 5.31 -6.27 0.00 4.10 325
39.00 359.64 4.08 5.32 -6.29 0.00 4.09 325
40.00 359.52 4.20 5.33 -6.30 0.00 4.09 325
41.00 359.38 4.07 5.25 -6.21 0.00 4.09 325
42.00 359.24 4.07 5.27 -6.24 0.00 4.08 325
43.00 359.11 4.06 5.29 -6.26 0.00 4.08 325
44.00 358.99 4.06 5.31 -6.29 0.00 4.07 325
45.00 364.34 4.18 5.33 -6.32 0.00 4.07 326
46 .00 446.20 5.55 32.30 -23.89 0.00 4.06 326

£ 3-7 EARTHDAT® ¥R E22 3 Foc RefFAd¥
FAE, A5, 9, 4, A, Carrington 3 A4, Bj-AF71e] A
2l 28z A1 gEwe] 7|EHo] Utk tE 4 Sede &
S ARAT BEZTe] &% (km/sec), WEH/em”), 7139 348

a3 A7 fEet Fmghel #E5oflrh
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E%?‘i% H veldA 2 HETY S50 Bk

UAE de B3ANRAIAE dESste Aotk @A 3747}

o &3t Utk BjUdFo] AT EYIIH AT AV|AF o
A8 oA AR WE 2 IFAY A BT e F
WA " A 4ollMe BEFTE AvlAe ’b‘ﬁl}%ﬁi Q1 &}
o HUYE ARt LrierE AFA7IE WEE FAH=UE A
Abglth, o] el A Akasofu (1981)= BIYE - AV voluk
(dynamo) %3 &2 energy-coupling functionolzt Eg¢=
Epsilon (&) 48 1os) woh (A 1 & #=x). 49 Epsilon &

o] ANHY oANA AFH ¢ T AT-hPA] $FBA B
@ oo Telatoldl FYBASE o8N IDIYTHNA, AE
9 DstAs, HEBAUAY FUCR AT A 4F7)eIA
o qUALEF 2T of7le] Fusle] Lojuhe dAe) Jle
% 5% #H3 2o

CALCPARF =219 <¢dx8= FEARTHDATe|x
subroutine EPSILONS 814 & AAETH E 8ol 77 &)
¥ £¥39 CALCPARDATSY A Zo€ ITYPEE Alsjstie
EARTHDATS 593 ARE F235t3 Utk 2 o3t A A&
BHro A= doiREE RYFAHAY APA (HR), Epsilon #
(DATA(@3)), 2B GHA (DATAT), SAHF HFE st
He Aol A A5 = A7) H®9 @A%™ (CDATAD),
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1993 11 2 0 1876 1.00

N
S
o

.5934E+18

0.00 0.138BE+19 78.85 204 .60 0.00 2. o
1.00 0.1389E+19 78.55 204.61 -6.56 2.15 0.5934E+18
2.00 0.1389E+19 78.55 204.62 -11.48 2.15 O0.5934E+1§
3.00 O0.1342E+19 77.15 200.60 -14.95 2.13 0.5817E+18&
4.00 0.1340E+19 77.08 200.39 -17.54 2.13 0.5811E+1¢&
5.00 0.1339%9E+19 77.08 200.38 -19.49 2.13 0.5811E+18
6.00 0.1342E+19 77.14 200.58 -20.95 2.13 0.58B17E+1¢8
7.00 0.1342E+19 77.14 200.57 -22.06 2.13 0.5816E+18
8.00 0.1342E+19 77.14 200.56 ~-22.90 2.13 0.5816E+18
9.00 0.1341E+19 77.14 200.55 -23.52 2.13 0.5816E+18
10.00 0.1341E+19 77.13 200.55 -23.99 2.13 0.5816E+18
11.00 0.1341E+13 77.13 200.54 -24.60 2.13 0.5816E+18
12.00 0.1283E+19 75.52 195.94 -24.62 2.10 0.5682E+18
13.00 0.1275E+18 75.11 194.78 -24.57 2.09 0.5649E+18
14.00 O0.1275E+19 75.10 194.76 ~-24 .55 2.08 0.5648E+18
15.00 0.127S5E+19 75.09 194.73 -24.52 2.09 0.5647E+18
16.00 0.1277E+19 75.15 194.90 -24.51 2.09 0.5652E+18
17.00 0.1276E+19 75.1 194.88 -24.53 2.09 0.5651E+18
18.00 0.1276E+19 75.13 194.85 -24.52 2.09 0.5651E+18
19.00 0.1276E+19 75.12 194.82 -24.51 2.09 0.5650E+18
20.00 0.1278E+19 75.19 195.00 ~-24.52 2.09 0.5655E+18
21.00 0.1278E+19 75.18 194.98 -24.54 2.09 0.5654E+18
22.00 0.1218E+19 73.29 189.65 -24.27 2.06 0.5500E+18
23.00 0.1221E+19 73.41 189.98 ~-24.10 2.06 0.5510E+18
24.00 0.1221E+19 73.39 183.94 -23.96 2.06 O0.5508E+18
25.00 0.1223E+19 73.45 190.10 -23.86 2.06 0.5513E+18
26.00 0.1224E+19 73.50 190.23 -23.82 2.06 0.5517E+18
27.00 0.1226E+19 73.55 190.39 -23.78 2.06 0.5521E+18
28.00 0.122BE+19 73.61 190.56 -24.06 2.07 0.5526E+18
29.00 0.1229E+19 73.66 190.69 -24.05 2.07 0.5530E+18
30.00 0.1231E+19 73.72 190.85 -24.08 2.07 0.5535E+18
31.00 O0.1191E+19 72.43 187.26 -23.90 2.04 0.5431E+18
32.00 0.1182E+19 72.15 186.47 -23.74 2.04 0.5408E+18
33.00 0.1186E+19 72.26 186.79 -23.63 2.04 0.5417E+18
34.00 O0.1183%E+19 72.38 187.11 -23.59 2.04 0.5426E+18
35.00 0.1195E+19 72.57 187.64 -23.57 2.05 0.5441E+18
36.00 0.1199E+19 72.69 187.96 -23.59 2.05 0.5451E+18
37.00 0.1205E+19 72.87 188.49 -23.62 2.05 0.5466E+18
38.00 0.1208E+19 72.99 188.82 -23.69 2.05 0.5476E+18
39.00 0.1214E+19 73.18 189.36 ~23.75 2.06 0.5491E+18
40.00 0.1218E+19 73.30 189.69 -23.56 2.06 0.5501E+18
41.00 0.1182E+19 72.15 186.48 -23.72 2.04 O0.5408E+18
42.00 0.1192E+19 72.48 187.38 ~23.68 2.05 0.5434E+18
43.00 0.1200E+19 72.73 188.08 -23.71 2.05 0.5454E+18
44.00 0.1210E+19 73.05 188.99 -23.76 2.06 0.5481E+18
45.00 O0.1239E+19 73.97 191.55 -23.42 2.07 O0.5555E+18
46.00 0.3583E+20 408.81 1064 .64 -76.11 7.52 0.3087E+19

229.
229.
229.
222.
222.
222.
222.
222.
222,
222.
222.
222.
215.
213.
213.
213.
213.
213.
213.
213.
213.
213.
204.
205.
205,
205.
205.
205.
206.
206.
206.
200.
199.
199.
200.
201.
201.
202.
203.
204.
204 .
199.
200.
202.
203.
207.
1801.

¥ 3-8 CALCPARDATS dREo2 Xy 22 ITYPES Al 2]

3lil= EARTHDATSH BYUsith 2 o3 Axztzs 9

DE-5Y
Bl RF4Ad A 7HHR), Epsilon(DATA(®3), S#3o
ZH(DATA(T), H=AweAe H JEHSH(CDATA(D), AE

4

N

O

B
%

]

(CDATA@2)), QAF, FH2FolMe] LR Ux2HES) 2 G o)

EF7HDT)E vepdint
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AE
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5001

-100}
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(nT)  _300]
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AT =2000f
(°K)
1000 +

a8 3-4

19933 11¥€ =% A7 =
B UFZ-217)E tholulm ZhH( &),
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AEZ (CDATA(2), QAT (Q), FSAYAM 4L2= 2z o4ty
- FAUAF (ES) H AFUr7IRe ouAfdel WE gAY
=S7HE (Dol aAHR 71E= o k. o714 CDATA)S
A7 A4¢ DstA4E UEMN® subroutine CALDATE 53
A Rk 28 3-4= CALCPARFE S84 dojxd gk =44
QA& Aty =5 Jehd Folth o] sA IDL =21
@l CALCPLOT.PRO7} o] &5t}

rlr

do rlo

5. ¢ 45

9 55 FaA BSdelA BAE Syolrt FHRIRS
Aas Uz o obrlElE FAHNAIG] MY AU B
- Aol yeldtr ECPLOT.FY <dE€Exzazs STARTIME.PAR,
FLARE.PAR, SOURCEVEL .PAR, SOURCEFLD.PAR =2
ECPLOT PARo|t}. ECPLOT.PARES HEWSZ2 uveld 82
23 W9 (AUL), 3 ReA¥ AAAZF (JTS), vhAg me 4
AAAZE (JTE) 283 JTS ¢ JTE Alele] A 7+E7 7+A
JTINOZ TA=o ok B d7e #9e: tpewt prh

2 00 & 12
334 ECPLOT.DATS Zdofol Fyte wataejr) o
1ZAZE wioh g Gas 71eshA gk oetA ECPLOTOL

S A 12407 5 Ao mopel
ok & 3-99A4 ECPLOTO01.DAT? R B
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6.08 -4.39
0.57 0.00 0.00 0.00
1.12 0.00 0.57 0.05
1.70 0.00 1.13 0.10
2.29 0.00 1.71 0.15
2.89 0.00 2.31 0.20
3.49 0.00 2.90 0.25
4.08 0.00 3.49 0.31
4.66 0.00 4.07 0.36
5.23 0.00 4.64 0.41
5.79 0.00 5.20 0.45
6.33 0.00 5.74 0.50
6.86 0.00 6.27 0.55
7.38 0.00 6.79 0.59
7.90 0.00 7.32 0.64
8.43 0.00 7.85 0.69
8.97 0.00 8.38 0.73
9.52 0.00 8.93 0.78
10.08 0.00 9.49 0.83
10.67 0.00 10.08 Q.88
11.27 0.00 10.68 0.93
11.90 0.00 11.30 0.99
12.54 0.00 11.94 1.04
13.19 0.00 12.58 1.10
13.82 0.00 13.21 1.16
14.44 0.00 13.82 1.21
14.42 1.26 15.00 0.09
0.57 0.05 0.00 0.00
1.13 0.10 0.57 0.10
1.71 0.15 1.13 0.20
2.31 0.20 1.70 0.30
2.90 0.25 2.29 0.40
3.49 0.31 2.88 0.51
4.07 0.36 3.45 0.61
4.64 0.41 4.02 0.71
5.20 0.45 4.57 0.81
5.74 0.50 5.11 0.90
6.27 0.55 5.64 0.99
6.79 0.59 6.17 1.09
7.32 0.64 6.69 1.18
7.85 0.69 7.21 1.27
8.38 0.73 7.74 1.37
8.93 0.78 8.29 1.46
9.49 0.83 8.84 1.56
10.08 0.88 9.42 1.66
10.68 0.93 10.01 1.76

E 3-9 ECPLOT.DATY dRBES=Z A F9 20v BYFA4A
el ¥l 2 AU 283 vnAle Egdd JPATE YE
dop E5 2 Zxuy dxEe X-Y HFIHEAFNA Y AT
A zEn Uwx AaE gIFHAA 23 AU FL A
AN ¥ Jeldoh gdxir|Ae stAdAel] FdH A
22 (frozen-in) 3FA YAt} w0} 27| FAe] 5 wUsiT
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A e Aol YHAE vtehm I o]3t AREL HY

Hheh SR PR F2 A1 AAMIYEHE vEdn B 3
2kl Zol &g Al A A7l Fabd BeF AV 5
ARl B2 (frozen-in) Hol glernz UY=L EFoj A
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7172l Bx, By ¥ Bz A& ¥H3E RoAFH o] 37 HdL
247t jFFe] £5, 9 R dEe el Ao AFA7]E
2 F¥gs YA ReR AAEHE 245 114 39dA 49 x99
ZA #2d -20 nT o4 @& o2 33 Bz HEo|th

FT& #AASITZ 49FE FUEEbr] ARSI HaE 800
km/secE 71ET FY% 28% £ AU 119 o]F
od mtEW FHEEE FESA HAT HEFe dx=e 114 3
d FurRE A7) FrbsiA 3¢ A EZoE 20/0/em’ o4&
7183 & BRE FTLER IFAEFHATE A 11¥ 39T 499
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o] zelol] ZF FEHA A7 dojubAgh I F 10440 F
T8 & %ke fAATh DstAe HIZEH 11¥9 3¢9 B
(UT’\]Z}) T8 Uz sYEFel AW MHE dEstEEA
doj}= FA (& storm sudden commencement; SSC) A&
AT 4 Atk TER2H HFFEHY FUIE AvjAAWe] ¢

2%, 53] A7NAHEERE FoE ol=2¢g
of F7t (BEAEE BEIIALL oz &
DstA 9 F7t2 ojojxith 114 3% FHHE o] %o 4] 7154
*e] e g o] DstAFe] F7hvt viR olF W Ed fdd BN
oltt. 1% AHIFZHA AVIEFY wE &AM wal A3 DstA
9 7 (&9 W7t doly AVEFL FH (main phase) ]
A712 HolEth 49 A2 27 (maximum phase)® AX A
A3 384 (recovery phase)dl o2t} DstA|47F H) -100 nT

oS 7IE7] Wil ol AUEFEFL FEF (major storm)

R}
of
2
R
an
oX.
A
lo,

HEFH AFA7IHe] 3R Fxg whgsts & 3ty

o] F93 EHL ZAIAAAA (cross-polar cap potential

difference; @)olth. oA AZ|H WHIA dojue diFE]

Fotznl hFEAAES AH 9Hgste dolth o] e FTAHAY

AN AFe H7FY A7E A SAHIHE & F 3

] 2502 dHAHRFo=R Erhs3dh dolt. ¥

717129 AW (magnetogram inversion method) & 3|4 7}

I = F&ol 7l&3dlth d7ldl+= KRMYWH (Kamide

et al, 1981) 2 AMIE ¥ (Richmond and Kamide, 1988) %o]
ol F=HH BT AN AAVMIIES YHeo R FAHYE

A =

._J?.}L_J
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HnE 18 3-991A] 3-132 Ahn et al. (1998)7F 7k A
z A/AEERES KRMHEHO H43F Aol H7ld AHE
g XA AR R 2 Bekge] g 1047 A7 BS 4
A A7)EE7)7H 1993¢ 11€ 39 2335 UTel S3 ¥ Holth
Wz 28 9= Hall A7|AEEEF¥olth HE (IdY stadH) 2
2algd e met AVFEETE ¥ 949 (3 50 mho)o] FAHH
o] gJee & 4 Yrl KRMHEHo =z A4td Fd AZe A
(electric potential) XS 13 3-109 vtebdch o] A% &2
oA (AAhel AU AYFL 60 kvelm 9 4 (F4ihe
-58 kVolm2 FgIAGHA ()= T Aol
doltk. 18 3-112 FY AZd FHIHZFE FES
A& (horizontal ionospheric current)®] X ot} oln] A
ule} o] Q2 e A E wa Zﬁ‘ﬁﬁ‘ﬁoﬂ% TZog 3E:=
A EHE (eastward auroral electrojet)2} o}F H AR FZY
qHErZer z2y ANFANEAF  (westward  auroral
electrojet)7} & L2 o] &L & & Uoh olE°] HE AEA
£2 Z7I47) 29le] Hath (2¥ 3-8FR). FEAFY Eis
2zl A dAx7|FAHAAE (field-aligned current; FAC)S X
= a3 3-129) YERiTh

r

%
~
<
X
4y o oox

rr o

s
z

o)

18 o
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HALL CONDUCTIVITY
2335 1103

MAX=  350mho INTERVAL = 4mho

o]

g 1993 11€¥ 3% 2335 UT® Hall 7B EEE Toln oo

-

™ 3-9 Ahn et al. (1998)7} 7§23 A7) AEERg 2 2 2
o
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ELECTRIC POTENTIAL
2335 1103

INTERVAL 10kV

2% 3-10 KRMHEME o= Axtd 1 3-9% T ARe] deE
Folm ©9E kVolrt



IONOSPHERIC CURRENT

23351103

Y B RN

\

FH A" 2Y 3-99 peo Alzke) =
TEolH 9= A/mo)t},

..93..



lijima and Potemra (1976)7} X & A} go] 4 1 HF % 4
o 2 AE (Region 1 current; Region 2 current)7} F g5 o]
AL & F AUtk 49 1 AFUE DARAGAME obHE Y
qAE ZA7HAA ZALer FYUHv FEFHRT  (downward

current; AA)2 a2lx HYFAME FARAAN AVH2R

il

F2EE ASAE (upward current; FAE FAARH] ) ¥HH
4o 2 AFUE F9 1 AFde FF XA /I EE=
ke do | pe wdolth ¥ 1¥ 3-113% BE AFUL S
Halze va 52 u, E3] A/ANgFe2 T2E Pedersen A
7l

73-9- mlzkol| o]3t Joule‘éo] wAsie o BxXE 13 183}
o =

GW)Ath.

a8 3-14el 11€9%2 A71EF 71 5 AMIEWg ez T3
® 2 B3yt 5250 ¢t (Knipp et al, 1998). 714 A
7 Ao ztzb Babp 2 gHbpolA el ¢ ghg uvepdTh &3
Z 11¥ 3¢ FNkREE ¢ gle]l Frtstr]l A&ste AVEF =
t7lel= Hol 150 kVel 7I7be #e 71Tt 3¢9 A 573
KRMHEH o2 F3F ¢ e 118 kV (¥ 3-10 Z2)| A A
7NEFF 7]{}%?} 02 ‘?“i‘}ook%}% Aol AEA G 9] Wslel FAFE}

5
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939 Fupye 948 3182 ¢ £ Aok

HAYSEH  JouleFol LAYSHA H} o)A
7} FAHGZAA AREHE dolth (d)d]
T (24 2 T () WM &
ErE FAEE YAt A EF Fdivlde i 32
B A HPFolA dojuks HIFARIE oF 400 GWell &3t
T AE ¢ F Ak a3y o] gL AAIIIEGHYHA =Y
g WrHEEEe] HEd gt aA g3d 5+ Ak §L2Y
AZ obH7tx] ST Aol 43 AA A g 7
A71AE= R XS FHse wgo] Add v gtk AT Ahn et
al. (1998)7F A3 AA7]718E ol&3iA FHeF WAy ¢
NAEERITE A= $ES TEF v doh od&ks Joule
gl AS FHE g AMEve 2 w3 o 2 9n
Folop & Folt

N

)

mu R

Ahn et al. (1998) EdE ARt T3 11€¥ 39 23:35 UT
o] F Joule@ AL 200 GW(2H 3-13 ZHF)dth mabA]
KRM o|i} AMIE#Y E5F A4 Hlxg #F9 L dFWUSE
& F AT FA 2494%-@1:‘ Joule® o]9je e 2aYAtEo| &
et A FAWIIEAS} FEY o AUAE £ @A "Hoh 2
dizle] ARzl ezeE WAATI=H AHREHT (e)d EAE
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FIELD—ALIGNED CURRENT
2335 1103

12MLT

MAX= 1.95uA/m®
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REPORT . F
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T

+ REPORT.F modified for HTML interface, Feb 21, 1995
+ Last modified by Ghee Fry, Feb 20, 1996 .

+

+

REPORT. F

30 APRIL, 1985

Geophysical Institute, U. of A., Fairbanks, AK 99775-0800

+

+ + 4+ + o+ o+

This program reads in flare reports and obtains the flare

parameters used by SOLWIND.FOR to run the solar wind simulation

using the Hakamada-Akasofu Kinematic method.

INPUT:

INPUT:

( STARTIME.PAR ) FOR010

YMD
HRMIN

" year, month and day in YY/MM/DD format

hour and minute in HH:MM format
gets converted to IYR,IMO, IDA, IHR, IMI = Start

time of simulation.

( REPORT.DAT ) FORO11

IYRB, MOB,
IDB, IHB,
IHM, MIM
IHE, MIE
SLAT, LATF

SLON, LONF

IMP, BRIL

MIB

Start time of flare.
= Time of flare maximum.
= Ending time of flare.
= Latitude of flare
SLAT = ‘N’ , LATF
SLAT = ‘S’ , LATF
= Longitude of flare
SLON = ‘E’ , LONF
SLON = ‘W’ , LONF

= Importance and brilliance of flare.

L]
+

1]

H

+
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N OO O O 0 0 a0 an

+ + + + 4+ o+ + o+ o+ + 4+ + o+ o+ o+ o+ o+ o+ o+ + o+ o+ o+

+

+ OUTPUT: { FLARE.PAR ) FOR012

+ NOFLR = Number of flares to use in simulation.
FLRTIM = Start time of flare. (hours)
FLRLON = Flare HEQ longitude. (degrees)
FLRLAT = Flare HEQ latitude. (degrees)
FLRVEL = Maximum flare velocity. (km/sec)
FLRDEC = Flare time constant.  (hours)
FLRSTD = Spacial extent of flare. (degrees)
POWERF = Deceleration constant. (hours)

OUTPUT: ( EARTH.PAR ) FORO13

IROT = Carrington rotation number.
ZL0 = Heliographic longitude.
ZLATEQ = Earth HEQ latitude. (degrees)
ZLONEQ = Earth HEQ longitude. {degrees)

OUTPUT : ( SOURCEVEL.PAR ) FORO14

NSLOPE1 = The slope of the Northern magnetic field lines.
NSLOPE2 = The slope of the Southern magnetic field lines.
VB = The minimum background solar wind speed.
VA = The maximum background solar wind speed.

OUTPUT: ( STARTIMQ.PAR ) FORO16
NYR,NMO,NDA,NHR,NMI  start time of Carrington Rotation.

+ + + + + F + o+ A+ o+ o+ o+ o+ + 4+ + o+ o+ o+ o+ o+ o+ o+

integer false, true

parameter (false=0, true=1)

PARAMETER (PF=750.0)

PARAMETER (ARBIFAC=10.0)

PARAMETER (M=99) ! SET LIMIT OF FLARES TO 99
CHARACTER=*1 SLON, SLAT, IMP, BRIL, DUMBO

DOUBLE PRECISION JD, JDB

CHARACTER=*3 STN

character=8 ymd
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characters5 hrmin
charactersl flareflg
DIMENSION FLRTIM(M), FLRLON(M), FLRLAT (M), FLRVEL(M),
& FLRDEC(M),FLRSTD(M), POWERF (M)
DIMENSION VELTAB(5,3),STDTAB(5, 3), VBTAB(11), VATAB(11)
DIMENSION NSLP1T(11), NSLP2T(11)
DATA VELTAB/200. ,400.,500.,700.,800.,300.,600.,800.,1100.,
& 1200.,400.,800.,1200.,1500.,1600. /
DATA STDTAB/20.,30.,30.,30.,40.,30.,40.,50.,50.,60.,40.,
& 50.,70.,70.,80. ./
DATA NSLP1T/32,16,8,4,3,3,4,6,12,20,32/
DATA NSLP2T/32,16,8.4,3,3,4,6,12,20,32/
DATA VBTAB/270.,270.,270.,270.,270.,270.,270.,270.,270.,270.,
& 270./
DATA VATAB/700. ,680.,670.,650.,650.,650.,660.,670.,680.,690.,
& 700./

namelist /reportl/ ymd, hrmin, flareflg

C + +
C + Get start time of simulation from STARTIME. PAR. +
C + +

OPEN(UNIT=10, FILE=" startime.par’ ,STATUS=’ OLD’ , READONLY, SHARED)
READ(10, 100)IYR, IMO, IDA, IHR, IMI

100  FORMAT(1X, 312, 1X, 212)
CLOSE(UNIT=10)

-+
+

+ Next lines convert two-digit year to four digit. (1960-2059)

+

IF(IYR.LT.60)IYR=IYR+100
IYR=IYR+1900

print %, ‘year: ¢ iyr
print x, ‘month: ¢, imo
print ¥, ‘day: ‘, ida
print *, ‘hour: ¢, ihr
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print *, ‘minute: °,imi

C + t
C + Determine the start time of the Carrington Rotation which +
C + oontains the start time of the simulation and write it to the +
C + file (STARTIMQ.PAR). +
C + +
DAY=FLOAT (IDA)+FLOAT(IHR)/24. +FLOAT(IMI) /1440,
CALL YMBJID(IYR, IMO, DAY, JD)
CALL CARROT(JD, NROT)
print =, ’ Current Carrington rotation number: °‘, nrot
CALL CRNJD(NROT, NYRB, NMO, DY, NDA, HOUR)
NYR=MOD(NYRB, 100)
NHR=IFIX(HOUR)
NMI=(HOUR-FLOAT (NHR) ) *60
OPEN(UNIT=16, FILE=’ startimg.par’ ,Status=' Unknown’ )
WRITE(16, 100)NYR, NMO, NDA, NHR, NMI
CLOSE(UNIT=16)
C + +
C + Get flare report. +
C + +
print x, ¢
print *, ‘Reading event information from report. dat ...’
OPEN(UNIT=11, File=’ report.dat’ ,Status=’ 01d’ )
READ(11, 150) DUMBO ! first line is header so read but ignore
150 FORMAT(A1l)
DO J=1M
READ(11, 200, END=1000)STN, IYRB, MOB, IDB, IHB, MIB, IHM, MINM,
& THE, MIE, SLAT, LATF, SLON, LONF, IMP, BRIL
200 FORMAT(1X, A3, 1X,312,1X, 212, 1X, 212, 1X, 212, 1X, A1, I2,1X, A1, 12
1 ,1X,2A1)
NOFLR=J
+ Convert IYRB to four-digit year. +

+

IF(IYRB.LT. 60) IYRB=IYRB+100
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IYRB=IYRB+1900

C + Convert flare begin time to simulation time (hours).

aQ Q0 Q 2 QM

a o o M

+
T

+

DAYB=FLOAT(IDB)+FLOAT(IHB)/24. +FLOAT (MIB) /1440,
CALL YMDJD(IYRB, MOB, DAYB, JDB)
FLRTIM(J)=(JDB-JD)=*24.0

+
+

+

+ Convert reported latitude and longitude to HEQ coordinates

+
+

+

+ CALL WESHERE to get the HEQ location of the earth at begin time of+

+ the flare, This info will be used to adjust the flare longitude
+ IROT and ZLO aren’ t used here,

+
T

+

+

CALL WESHERE(IYRB,MOB, IDB, IHB, ZLATEQ, ZLONEQ, IROT, ZL0)
print *,’ weshere’

JF(SLAT.EQ.’ S’ ) FLRLAT(J)=-FLOAT(LATF)

IF(SLAT.EQ.’ N’ ) FLRLAT(J)=+FLOAT(LATF)

IF(SLON.EQ. * E’ ) FLRLON(J)=-FLOAT(LONF) + ZLONEQ
IF(SLON.EQ.’ W’ ) FLRLON(J)=+FLOAT(LONF) + ZLONEQ

T

Convert flare importance and brilliance to flare velocity and

+ o+

spacial extent using a lookup table.

+

IF(IMP.EQ.” 0’ .OR. IMP.EQ.” S’ ) IP=1
IF(IMP.EQ.” 1’ ) IP=2
IF(IMP.EQ.” 27 ) IP=3
IF(IMP.EQ.” 3" ) IP=4
IF(IMP.EQ.” 4’ ) IP=5
IF(BRIL.EQ. " F’ ) IB=1
IF(BRIL.EQ. " N’ ) IB=2
IF(BRIL.EQ. " B’ ) IB=3

+

C + If importance and brilliance are in range, set flare values.

+

IF( (O.LT.IP.AND.IP.LT.6).AND. (0.LT.IB.AND.IB.LT.4) )} THEN
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FLRVEL(J)=VELTAB(IP, IB)
FLRSTD(J)=STDTAB(IP, IB)

+

If not in range then null out the flare effect.

+

+

ELSE
FLRVEL(J)=0.0

FLRSTD(J)=30.0 ! not set to zero cuz might bomb

ENDIF

+

Convert max time minus begin time to flare decay constant.

+

IF(IHM.LT. IHB) IHM=THM+24

DELTA=FLOAT( (IHM=60 + MIM) - (IHB=60 + MIB) )/60.0

FLRDEC(J)= ARBIFAC*DELTA

+

Qa0 aa
+ +

Store decelleration constant, this might need to be adjusted in

certain cases.

+ + +

+

POWERF (J ) =PF
PRINT =, IYRB, MOB, IDB, IHB, MIB, IHM, MIM, THE, MIE
PRINT =, FLRTIM(J), FLRLON(J),FLRLAT(J),FLRVEL(J),6 FLRSTD(J),
& FLRDEC(J), POWERF(J), ZLONEQ, ZLATEQ
ENDDO
1000 CONTINUE
CLOSE(UNIT=11)

+

C + Write out flare parameters.

+

ISAR=0

IF (NOFLR .GT. 1) ISAR=1

OPEN(UNIT=12, FILE=" flare. par’ ,Status=’ Unknown' )
print %,’ Storing Flare parameters’

WRITE(12,1100) NOFLR

WRITE(6, 1100) NOFLR
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1100

1110

FORMAT(12)
DO I=1,NOFLR

WRITE(12,1110) FLRTIM(I), FLRLON(I), FLRLAT(I), FLRVEL(I),
& FLRDEC(I), FLRSTD(I), POWERF(I)

WRITE(6,1110) FLRTIM(I), FLRLON(I), FLRLAT(I), FLRVEL(I),
& FLRDEC(I),FLRSTD(I), POWERF(I)

FORMAT (7F8.1)
ENDDO
CLOSE(UNIT=12)

Write out rotation number and earth location at start time

+

1120

CALL WESHERE(IYR, IMO, IDA, IHR, ELAT, ELON, IRQT, ZLO)

OPEN(UNIT=13, FILE=’ earth.par’ ,Status=’ Unknown’ )
print %,’ Storing earth.dat’

WRITE(13, 1120)IROT, ZLO, ELAT, ELON

WRITE(6, 1120) IROT, ZLO, ELAT, ELON

FORMAT(I4,3F8.3)

CLOSE(UNIT=13)

+

Q0 0 O
+

Determine the solar wind parameters by the year of the event
using a look up table and write the values to file.

+

+ o+

1130

ILKP=MOD(IYR-6,11)+1

NSLOPE1=NSLP1T(ILKP)

NSLOPE2=NSLP2T(ILKP)

VB=VBTAB(ILKP)

VA=VATAB(ILKP)

OPEN(UNIT=14, FILE=" sourcevel.par’ ,Status=’ Unknown’ )

print *, ‘Storing source velocity info into sourcvel.par ...

WRITE(14,1130) NSLOPE1,NSLOPEZ2, VB, VA
WRITE(6, 1130) NSLOPE1, NSLOPEZ2,VB, VA
FORMAT(214, 2F8.3)

CLOSE(UNIT=14)
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STOP
END

SOLPRO. PRO

pro solpro

:The code serves to read solar magnetic field data (Wilcox)
;for one cosequent rotations, then print out contour of source
;field and the location of the earth,

;(by W.Sun on March, 1996 in GI UAF)

;SET_PLOT, * tek’
SET_PLOT, ’ PS’
DEVICE, FILENAME=" solpro.ps’ , /LANDSCAPE, $
XOFFSET=4, XSIZE=20, YOFFSET=23, YSIZE=13
;DEVICE, /TIMES, FILENAME=" nline.ps’ ,$
; XOFFSET=4, XSIZE=14, YOFFSET=3, YSIZE=21
; 'P. CHARTHICK=3.
'p. charsize=2
'P.POSITION=[0.,0.,1.,1.]
; 'P_FONT=0
;P MULTI=[0,1,4]
1111312333233 2322333333 2222233323232 222 2082332523322
;colortb
;lon=[’ '6360° ,’ 330’ ,’” 300’ ,’ 270" ,’ 240’ ,’ 210’ ,’ 180" ,’ 150’ ,
71207 ,7 907 ,$
;7607 ,7 307,70 ]
lon=(" '60° ,” 30" ,” 60" ,’ 90" ,' 120" ,’ 150" ,’ 180" ,’ 210’ ,’ 240’
.7 2707 .8
‘300" ,7 3307 .7 3607 ]
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inv=2. %14, 5/15, /29,
sn=-inv*findgen(30)+14.5/15.

;print, sn

1lat=180. *asin(sn)/!pi

;print, ’ lat=" ,lat

nlat=fltarr(73)

rot=1810=1. 8&elat=1, &elon=1.

ftim=1 &flon=1. &flat=1.8&fvel=1 &fdec=1. &fstd=1.8&powf=1.
openr,3, ’ earth, par’

openr, 4, ’ flare par’

readf, 3, rot, 10, elat, elon, format=" (i4,3f8.3)°
print, rot, 10, elat, elon
readf, 4, noflr, format=" (1x, i2)’
xx=f1ltarr(noflr)

Yy=XX

for 1=0,noflr-1 do begin

readf, 4, ftim, f£lon, flat, fvel, fdec, fstd, powf
print, ftim, flon, flat

xx{1i)=flon+float(10)

ifixx(i) gt 360.) then xx(i)=xx(i)-360.
yyli)=flat

endfor

head=" "’

mg.=fltarr(6)

mg2=fltarr(24)

mg=fltarr(73, 30)

X=ng&y=mg

print,’ input rotation number’

read, rot

fm=’ ct’ +string(rot, format=" (i4.4)’ )+’ s.dat’
openr, 2, fm

for i=0,72 do begin
readf,2, head, mgl, format=" (al0,8x,6£f9.3)’
mg{i, 0:5)=mgl

readf,2,mg2, format=" (8f9.3)"
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ng(i, 6:29)=mg2

;print, head, mg

endfor

for i=0,72 do begin

i1=72-1

for j=0,29 do begin

x(i1, j)=i

y(il, j)=1lat(j)

endfor

endfor

close, 1l

Clev=-75. +findgen(30)*5.
clab=Clev&clin=clev&cind=Clev
Clab(*)=1

clin(0:14)=1

¢1in(15:29)=0

;clin(®)=0.

; cind=bytscl{indgen(30), top=255)

contour,mg,x,y,levels=clev,c_labels=clab,c_linestyle=clin,$
xrange=[0, 72], yrange={-75, 751, $
position=[0,0,1,1], xstyle=5, ystyle=b
;position=[0,0,1,11, /£i11, $

:xticks=12, xtickname=lon, xtitle=" '6LONGITUDE’ ,$

plots, [0,72], [-75,-75]

plots, [0,72],[75,75]
plots,[0,01,[-75,75]
plots, [72, 721, [-75,75]
plots, [0, 721, [0,0]

for m=0,12 do begin

ml=6=m

plots, [m1,mi], [-75, -72]

plots, [ml,mil, [75,72]

xyouts, ml, 82, lon(m), align=.5, size=1.2
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endfor

xyouts, 36, -90, * !'6LONGITUDE’ ,align=.5, size=1.5

for m=0, 14 do begin

ml=~70+10*m

plots,[0,1], [ml, mi]

plots,[72,713, [ml,ml]

xvouts, -1.,ml-2, string(ml, format=" (i3)’ ), align=1, size=1.2
endfor

xyouts, -6,0,’ !'6LATITUDE’ ,align=.5,orient=90, size=1.5
rott=string(rot, format=" (i4)’ )

xyouts, .5,1.05, * '6MAGNETIC FIELD ON SOLAR SURFACE’ +’ (#’ +rott+’ )’ .$
/normal, align=.5, size=2

el=elon+l0

if (el gt 360.) then el=el-360.

xyouts, el/5.,elat, > '17#!6° ,align=.5, size=3
ta=findgen(181)*!1Pi/90.

for i=0,noflr-1 do xyouts,xx(1)/5.,yy(i).’ !9n!6’ ,align=.5,size= 2
xyouts, 5,-90, ’ '9n'6 FLARE’ ,size=1.5

xyouts, 67,-90, ° !'17%'6 EARTH’ ,align=1, size=1.5

DEVICE, /CLOSE_FILE

return

end

SOURCE1 . F

+

SOURCE1. FOR

+
+
Last modified by Ghee Fry, Feb 20, 1996 . +
Original source code from: +

+

Geophysical Institute, U. of A., Fairbanks, AK 99775-0800

nOonQaoaoaaon
+ + + + o+

+
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This program uses the Stanford source field data to load the
magnetic source field array for the SOLWIND program to use.

INPUT: { STARTIME.PAR ) FORO10
YMD year, month and day in YY/MM/DD format
HRMIN hour and minute in HH:MM format
gets converted to IYR,IMO, IDA, IHR,IMI = Start

time of simulation.

INPUT: { CARXXXXS.FLD ) FOR023 where XXXX is the Carrington
rotation number
DATA (30,72) = The Stanford source field data,

OUTPUT: ( SOURCFLD.PAR ) FORO15
BMAX = The maximum magnetic field.
BMIN = The minimum magnetic field.

BFLD(30, 288)

The magnetic field magnitude on the source

surface.

Four rctations of data get stored. That is, longitudes -355. to
1080.0. The STANFORD data must be loaded into CARXXXXS.FLD using
the program BILDBFLD which converts the emailed source field data
from an e-mail inquiry to ssdata@solar.stanford.edu at Stanford
Observatory. So far there is data for Carrington rotations 1643
to 1887. This program shifts the Carrington coordinate source
field data to Heliospheric Equatorial coordinate longitude for

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

SOLWIND to use. See HEQ documentation in c:\ghee\solwind\lib. Each+

Carrington rotation of data in CARXXXXS FLD is stored as follows:
30 values of field strength on source surface for each 5 degrees
of longitude starting from Carrington longitude 360, 355,

to 5 degrees. Along a longitude line the 30 values are in
descending order of sine of latitude, ie. from sin(lat) =

+14/15 to sin(lat) = -14/15. Strange, but evidently efficient
at the Stanford Observatory end of things... The BFLD array

+
+
+
+
+
+
+

contains four rotations of data in the same format as CARXXXXS.FLD+



C + arrays, from latest Carrington rotation to earliest. +
C+

+

COMMON /BLKBFLD/ BFLD(30, 288) ! SOURCE FIELD MICRO TESLAS
character=8 ymd

character#5 hrmin

character*1 flareflg

namelist /reportl/ ymd, hrmin, flareflg

C +-
C + Get start time of simulation from SOLWIND NML (a namelist file).
C+ +
OPEN(UNIT=10,FILE=" startime.par’ ,STATUS=" OLD’ , READONLY, SHARED)
READ(10, 100)IYR, IMO, IDA, IHR, IMI
100 FORMAT(1X, 312, 1X,2I2)
CLOSE(UNIT=10)

-+

+

C + +
+ Next lines convert two-digit year to four digit. (1960-2059) +

IF(IYR.LT.60)IYR=IYR+100

IYR=IYR+1900

print *, ‘year: ©, iyr

print *, ‘month: ‘,imo

print *, ‘day: ‘,ida

print *, ‘hour: ¢, ihr

print =, ‘minute: ‘,imi

print =, ‘¢
C + +
C + Read earth.par to get carrington rotation and location of earth +
C + at simulation start time. +
C + ELAT = earth’ s HEQ latitude at start time +
C+ ELON = earth’ s HEQ longitude +
C + IROT = Carrington rotation of HEQ zero longitude at +
C + start time. +
C -+ ZL0 = Carrington longitude corresponding to zero +
C -+ HEQ longitude. Used in LDBFLD to shift data +
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array.

+

1120

20

30

OPEN(UNIT=13, FILE=’ earth.par’ ,STATUS=" OLD’ )

print

#

print =
READ(13

"

i3

3

.’ Reading ephemeris info from earth.par ...’
,1120) IROT, ZLO, ELAT, ELON

FORMAT(14,3F8.3)

CLOSE(UNIT=13)

WRITE(*,20)
FORMAT(1X, ’ EARTHS LAT, LON, CARR. ROT, AND CARR LON.’ ,

‘ OF HEQ O LON’ )

WRITE(*, 30)ELAT, ELON, IROT, ZLO
FORMAT (1X,2F9.3,2X, 14.4,2X,F9.3)

Get the Stanford source field data

print
print

3

w

#

& 3

‘Loading source field data for Carrington Rotation ...

CALL LDBFLD(IROT, ZLO)

+

GET

LARGEST ABSOLUTE VALUE OF FIELD IN BFLD(30,288) ARRAY

+

+

40

50
C +

CALL BMAXMIN(BMAX, BMIN)

WRITE(=,40) BMAX

FORMAT(1X,’ MAXIMUM B FIELD VALUE IN INPUT ARRAY: °, F9.3)
WRITE(*,50) BMIN

FORMAT(1X,’ MINIMUM B FIELD VALUE IN INPUT ARRAY: *,F9.3)

+

C + Store the source field into FOR015 (SOURCEFLD.PAR)

C +

+

print

print

i

-
x®

i 3

>

‘Writing B field array to sourcfld.par ...

OPEN (UNIT=15,FILE = ‘sourcefld.par’ ,STATUS=’ UNKNOWN' )
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write(15, 60)BMAX, BMIN
60 FORMAT(2F8.2)
write(15, 70) ({(BFLD(I,J),I=1,30), J=1,288)
70 FORMAT(10F8.3)
CLOSE (UNIT=15)

c

c print x, ¢

c print *, ‘Writing B field array to sourcfld.txt ...’
c OPEN (UNIT=15,FILE = ‘sourcefld.txt’ ,STATUS=" UNKNOWN’ )
c write(15, 60)BMAX, BMIN

c long=-360

c do 200 j=1,288

c long=long+5

c if (mod(long,360).eq.0) then

cc long=long-360

c write (15,82)

c82 format(//)

o endif

c write(15,80) long

c write(15, 70) (BFLD(I, J), I=1,30)

c80 FORMAT (i6)
c200  CONTINUE

c CLOSE (UNIT=15)
print =, ‘done...’
STOP
END
+ LDBFLD. FOR
+
+ Last modified by Ghee Fry, Feb 20, 1996 .

Q. Q0 Q0 0 o 0

+

+ + +

+

+

Geophysical Institute, U. of A.,

Fairbanks, AK,

June, 1985,

+

+

Subroutine called by :

SOURCEL. FOR

-+

+

-+

+
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THIS ROUTINE LOADS UP THE SOURCE FIELD ARRAY FROM
STANFORD DATA

The counterpart to this routine is SRCFLD.FOR, which reads the

value from BFLD(I,J), using bilinear interpolation

BFLD IS THE ARRAY CONTAINING 4 ROTATIONS OF DATA...

THIS OUGHT TO BE ENOUGH FOR THE SIMULATIONS OF CURRENT

SHEETS FROM STANDARD DATA. 2 rots after and 1 before

GOOD FOR INPUT ROTATIONS later than 1644. LOADS 2 ROT AFTER
IROT THEN IROT+1, THEN IROT, and then IROT -1 INTO

+ BFLD ARRAY, (ACTUALLY LOADS

+ FROM THE END TO THE FIRST INDEX IN THIS ROUTINE).

+ + 4+ + + + + + + + o+

Z2I0N = -715.0 -355.0 0.0 . 720.0
H ' : - H
J = 1 A 144 288
Examples:

If IROT=1678 and ZL0=0.0, then BTEMP(I,288) is IROT=1676 at
0.0, BTEMP(I,287) is IROT=1677 at
Carrington longitude = 355.0, and BTEMP(I,1) is IR0T=1680 at
Carr. long. = 5.0 and BTEMP(I, 72} is IROT=1679, ZL0=0.0

Carrington longitude

If IROT=1678 and ZL0=360.0, then BTEMP(I,288) is IROT=1676 at
Carrington longitude = 360.0, and BTEMP(I,1) is IR0T=1679 at
Carr. long. = 5.0 and BTEMP(I,72) is IROT=1679, ZL0=360.0

+ + + + + + + + + + + o+ o+ o+

+ + + + + + F o+ o+ o+ 4+ + 4+ + + o+ 4+ + + + + o+ + + o+ o+ o+

SUBROUTINE LDBFLD(IROT, ZLO)

PARAMETER (IMAX=30, LMAX=73, JMAX=288)
COMMON /BLKBFLD/ BFLD(IMAX, JMAX)
COMMON /BLKBTMP/ BTEMP(IMAX, LMAX)

Modify If statement for latest carrington rotation acceptable
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IF(1643.LT.IROT) THEN ! IF NUMBER 1
IF(0.0.LE.ZLO. AND. ZL.0. LE. 360.0) THEN ! IF NUMBER 2

NROT=IROT-2
J=JMAX+1
MMAX=5
IF(ZL0.EQ.360.0) THEN
IS =173
ELSE
LS = ZL0/5.+2 ! Index in BTEMP array 1 = O
degrees
END IF ! 73
LOR = (LS-1)=5
DL = (float(LOR)-2L0)/5.
WRITE(*,50) NROT, ZLO, LS
50 FORMAT(1X, ’ Starting rotation, IROT = *,I14.4,
73 column, ZLO
‘, 14)

360 deg

H

‘., Carrington longitude of L

fl
52 ]
o
w

‘; Starting long. index, LS
WRITE(=,52) LOR, DL

52 FORMAT(1X, ’ Nearest 5-degree longitude .GT. ZLO, LOR = *,I4.4,
& ‘; Interpolation factor, DL = *,F10. 3)

DO 300 M=1, MMAX
CALL SRF(NROT)
DO 200 L=LS,2, -1
J=J-1
c print =, ’ NROT,J,L =" ,NROT,J,L,BTEMP(1,L)
IF(J.LT.1) GOTO 400
DO 100 I=1, IMAX
BFLD(I, J)=BTEMP(I,L) -DL=*(BTEMP(I,L)-BTEMP(I, L-1))
100 CONTINUE
200 CONTINUE
LS = LMAX
NROT=NROT+1
300 CONTINUE



ELSE
WRITE(*,310) ZLO

310 FORMAT(1X, * LDBFLD: LONG OUT OF RANGE: ‘,F9.3)
ENDIF ! END IF NUMBER2
ELSE
WRITE(#,6320) IROT

320 FORMAT(1X, ’ LDBFLD: IROT OUT OF RANGE: °,6i4.4)

ENDIF ! END IF NUMBER1
c
400 RETURN

END
C
C + +
C + SRF.FOR +
C + Last modified by Ghee Fry, Feb 20, 1996 . +
C + Geophysical Institute, U. of A., Fairbanks, AK 99775-0800 +
C+ +
C + This subroutine called by : SOURCEl.FOR +
C + +
C + THIS SUBROUTINE READS DATA FROM THE DIRECT +
C + ACCESS FILE RSRFLD.DAT +
C + FOR A GIVEN SOLAR ROTATION NUMBER. +
C + THE FILE CONTAINS DATA FROM 1642-1733 SOLAR ROTATIONS. +
C+ +
C + INPUT: +
C + JROT SOLAR ROTATION DESIRED +
C + OUTPUT: +
C + DATA(30,72) DATA ARRAY FOR THE DESIRED SOLAR ROTATION +
C + 360 = LAT FROM (360-1). 30 = POSSIBLE VALUES +
C + +
C+ +
c

SUBROUTINE SRF(IROT)

+



CHARACTER =14 FILEIN
CHARACTER =10 long

parameter (imax=30, jmax=73, Kmax=imax*jmax)

DIMENSION RDBUFF (kmax)

COMMON /BLKBTMP/ DATAIN(imax, jmax)

EQUIVALENCE (RDBUFF, DATAIN)

Build FILEIN name of the form: ct1810s.dat
C Assumes FILEIN is in the current worKing director
write(FILEIN, 160) " ct’ ,IROT,’ s.dat’

160 format(aZ2, i4.4,a5)
print *, FILEIN

OPEN(UNIT=23, FILE=FILEIN, STATUS="

do j=jmax,1,-1

OLD’ )

read(23,125)1ong, (datain(i, j), i=1,6)

125 FORMAT(alO, 8X,6F9.3)
read(23, 126)(datain(i, j), i=7, 30)
126  format(8f9.3)

c write(®,127) (datain(i,3j), i=1, imax)

127 format(10£8.3)
end do

130 continue

close(23)

RETURN

END
C 4 +
C + BMAXMIN.FOR 3 June 1985 +
C+ +
C + Geophysical Institute, U. of A., Fairbanks, AK 99775-0800 +
C+ +
C + Subroutine called by : SOURCEl.FOR +
C+ SOURCEZ. FOR +
C+ +
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C + THIS ROUTINE SEARCHES BFLD(30,288) FOR THE MAXIMUM +
C + AND MINIMUM B FIELD VALUES. +
C + ONLY TWO ROTATIONS ARE USED. +
C + +
SUBROUTINE BMAXMIN(BMAX, BMIN)
COMMON /BLKBFLD/ BFLD(30, 288)
C
BMAX=0.0
BMIN=0.0
c DO J=37,180
C MODIFIED ON 5/14/86 BY MARK MOLDWIN TO USE ALL ROTATIONS.
DO J=1,288
DO I=1,30
BMAX=AMAX1 (BMAX, BFLD(I, J))
BMIN=AMIN1 (BMIN, BFLD(I, J))
END DO
END DO
BMIN=ABS(BMIN)
c
RETURN
END
SOLWIND . F
C + +
C + SOLWIND.FOR 29 April 1985 +
C+ +
C + Geophysical Institute, U. of A, Fairbanks, AK 99775-0800 +
C + +
C + See HaKamada and AKasofu, Space Sci Rev, 31,3-70,1982 +
C+ +
C + This program uses the magnetic field data of the source surface +
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a0 0 Qo 00000000000 n

+ to simulate the interplanetary magnetic field, solar wind and

+ density, using the HA code Kinematic method.

+

+

+

-+

+

INPUT:

(

STARTIME.PAR ) FORO10

YYMMDD HHMM = Start time. Determines which Carrington

NOFLR

FLRTIM
FLRLON
FLRLAT
FLRVEL
FLRDEC
FLRSTD

INPUT:

NSLOPE1

NSLOPE2

VB
VA

INPUT:
BMAX
BMIN

BFLD(30,

OUTPUT :
NHRS
IYR, MO

(

(

longitude gets loaded at the HEQ zero
longitude in SOURCEFLD. PAR.

FLARE PAR ) FORO12

= Number of flares to use in simulation.
= Start time of flare. (hours)

= Flare HEQ longitude. (degrees)

= Flare HEQ latitude. (degrees)

Maximum flare velocity. (km/sec)

Flare time constant, (hours)

Spacial extent of flare, (degrees)

SOURCEVEL. PAR ) FORO14

The slope of the northern field solar wind

H

velocity.

The slope of the southern field solar wind
velocity.
= The maximum solar wind velocity.

= The minimum solar wind velocity.

SOURCEFLD. PAR ) FORO15

The maximum magnetic field.

n

The minimum magnetic field.
288) = The magnetic field magnitude on the source

surface,

EARTH. DAT or EARTHQ.DAT ) FORO16
= The number of hours simulated.
= The year and month of the starting time of the

simulation.
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+ + + 4+ + o+ + + F o+ + o+ o+ F 4+ o+ F A+ o+ 4+ o+ + o+ o+ o+ o+ 4+ F O+ o+ o+ o+ o+

ID, IH = The day and hour of the starting time of the
simulation,
IROT = The Carrington Rotation number which contains the
starting time of this simulation.
AUL = The AU distance of the Earth.
ITYPE = Magnetic field parameter type ( 1 or 2 ).
ZTIME = The hour of the simulation.
WSPD = Solar wind speed.
DENS = Particle density.
BIMF(3) = Magnetic field parameters (Bx, By, Bz or
/B/, theta, Phi.
ZLAT1 = The latitude of the Earth.
ZLONG1 = The longitude of the Earth.
INPUT: { SOLWIND.PAR ) FORO19
AUL = The radial distance along the sun-earth line.
ITYPE = IMF parameter type (1= Bx,By,Bz and 2= /B/, Theta,
Phi)
IHRS = start hour of output (on start date)
NHRS = number of hours to output
INTERNAL PARAMETERS:
CHI = A TILT ANGLE OF THE MAGNETIC DIPOLE AXIS SET IN
SUBROUTINE MAGLAT,
OMEGA = ANGULAR SPEED OF THE SUN IN DEGREES PER HOURS
AUL = RADIAL DISTANCE OF OBSERVATION POINT (IN AU)
JTIME = TIME AFTER T=0,
JEND = NUMBER OF POINTS ALONG LINE IN COMPUTATION DOMAIN
R = RADIAL DISTANCE OF PARTICLES ON A LINE FIXED IN
CPT = CARTESIAN COORDINATES OF POINT
UNITBC = MAGNETIC FIELD UNIT 3-VECTOR CARTESIAN COORDINATES
UNITBS = MAGNETIC FIELD UNIT 3-VECTOR SPHERICAL COORDINATES
BIMF(3,2000)= INTERPLANETARY MAGNETIC FIELD 3-VECTOR
UNITP = INCREMENT OF AZIMUTHAL ANGLE IN DEGREE, WHICH

IS USED FOR TIME INCREMENT, UTIME

+ 4+ 4+ o+ o+ 4+ o+ + o+ + o+ 4+ o+ 4+ o+ o+ + o+ o+ o+ 4+ + o+ o+ o+ + o+ o+ o+ o+ o+ o+ o+



o N aonan
+ + + o+

UTIME = TIME INCREMENT, 25.4%24.0/(360./UNITP)
(THIS NUMBER SHOULD BE .LT. OR .EQ. 10.)
LONG = THE PARTICULAR LONGITUDE USED FOR COMPUTATION OF
THE RADIAL DISTRIBUTIONS OF PARTICLES.

+ + + o+

PARAMETER(A1=9,C1=2 ,B1=C1-Al, AMPF= 85,6 BASE=. 5, BASEC=.5)
COMMON /BLKRAD/ UNITP, UPHI, NOFLR, JEND

COMMON /PHIMXMN/ PHIMAX, PHIMIN

COMMON /BLKFLR1/ FLTIME(99),FLRLON(99), FLRLAT(99)

COMMON /BLKFLR2/ FLRSPD(99), FLRDEC(99), FLRSTD(99), POWERF(99)
COMMON /BLKHLAT/ HLAT(2000), HLON(2000), HFLD(2000)

COMMON /BLKCONS/ TPERI, UTIME, OMEGA, AU, NDTI, DTI, FCTTI

COMMON /BLKVEL/ VSW(2000), VS0(2000), VFL(2000), VEL(2000)
COMMON /BLKR/ R1(2000), R2(2000), R3(2000), R4(2000)

COMMON /BLKBFLD/ BFLD(30, 288) ! SOURCE FIELD MICRO TESLAS
COMMON /BLKBMAX/ BMAX, BMAX2 ! MAX SOURCE FIELD DATA
COMMON /BLKBMIN/ BMIN, BMIN2 ! MIN SOURCE FIELD DATA
COMMON /BLKSRC/ NSLOPE1, NSLOPEZ2, VA, VB, VD, VCO

DIMENSION WSPD(2000), DENS(2000)

DIMENSION CPT1(3),CPT2(3},CPT3(3),CPT4(3)
DIMENSION UNITBC(3),UNITBS(3),BIMF(3,2000)
DIMENSION TEMP(3),ANORM(3),B(3)

DATA AU/1.496E08/ ! KILOMETERS IN ONE AU

DATA UNITP/1.0/ ! INCREMENT FOR AZIMUTH ANGLE (DEG)
DATA UNITP/0.2/ ! INCREMENT FOR AZIMUTH ANGLE (DEG)
DATA TPERI/609. 6/ ! SOLAR ROTATION PERIOD HOURS

! (25.4DAYS=24HOURS/DAY)

DATA NDTI/50/ ! NUMBER OF UTIMES FOR TIMINC
DATA DRPOINT/. 1/ ! RADIAL DIST INCREMENT FOR VEL CALC
DATA PI1/3.1415926/ ! PIE !

OMEGA=360. O/TPERI ! ROTATION RATE DEGREES PER HOUR
UTIME=UNITP/OMEGA ! TIME INCREMENT IN HOURS
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DTI=UTIME*FLOAT(NDTI)
FCTTI=AU/(DTI*3600)
UPHI=UNITP=PI/180. ! UNITP IN RADIANS. USED IN SBDT.FOR

+
T

C + READ IN SOLAR WIND PARAMETERS FROM INPUT FILE.

OPEN (UNIT=14,FILE=" sourcevel.par’ ,
&STATUS=" OLD’ , READONLY, SHARED)
READ(14, =), NSLOPE1, NSLOPEZ, VB, VA
CLOSE (UNIT=14)

VD=VA-VB

VCO=(VA=A1+VB*B1)/Cl

PRINT =, ’ SOURCEVEL.PAR:’

PRINT =, ’ NSLOPE1, NSLOPEZ2, VA, VB, VD, VCO

’ ,NSLOPE1, NSLOPE2, VA, VB, VD, VCO
VA=VA*60. *60,
VB=VB=60. 260.

VD=VD=60. =60,
VCO=VC0=60. *60.

‘-}-

+
U

C + Read in start time of simulation from input file.

OPEN (UNIT=10,FILE=’ startime.par’ ,
&STATUS=" OLD’ , READONLY, SHARED)
READ(10,10),1IYR, MO, ID, IH
10 FORMAT(1X,312,1X,12)
CLOSE (UNIT=10)
IF(IYR.LT.50)IYR=IYR+100 ! SET 2-DIGIT IYR TO 4-DIGIT
IYR=IYR+1900 ! GOOD FOR 1950 - 2049

+ Read in the radial distance, output type, and number of hours to

+ run from the control parameter file.

oo RN e NN

+ o+

OPEN (UNIT=19,FILE=" solwind.par’ ,STATUS=" OLD’ )
READ (19, 190)AUL, ITYPE, IHRS, NHRS
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190

FORMAT(F4.1,12,14,15)
PRINT =, * AUL, IYR,MO, ID, IH, ITYPE, IHRS, NHRS’
PRINT =, AUL,IYR, MO, ID,IH, ITYPE, IHRS, NHRS

Call WESHERE to get carrington rotation and location of earth.

+

+

CALL WESHERE(IYR, MO, ID, IH, ZLAT1, ZLONG1, IROT, ZLO)

+

PRINT =, ’ EARTHS LAT, LON, CARR. ROT, AND CARR LON. OF HEQ O LON’

PRINT =,ZLAT1, ZLONG1, IROT, ZLO

Read in the source field array from the input file.

+

OPEN (UNIT=15,FILE=" sourcefld.par’ ,
&STATUS=" OLD’ , READONLY, SHARED)
READ(15, * )BMAX, BMIN, ({BFLD(I, J), I=1,30), J=1,288)
CLOSE (UNIT=15)
BIGMAX=AMAX1 (BMAX, ABS (BMIN))

BMAX2=BIGMAX
BMIN2=BIGMAX
BMAX2=5. O*BMAX/2. ! USED IN FIELD CALCULATIONS IN SBT.FOR
BMIN2=5. 0=BMIN/2. ! SCALED UP BY FACTOR OF FIVE
! SEE FRY’ S OR HOEKSEMA’ S THESIS
PRINT =, MAXIMUM B FIELD ABSOLUTE VALUE IN INPUT ARRAY:’ ,BMAX

*

PRINT

,” MINIMUM B FIELD ABSOLUTE VALUE IN INPUT ARRAY:’ ,BMIN

+

+

Read in the flare parameters from the input file.

+

OPEN (UNIT=12,FILE=" flare.par’
&STATUS=" OLD’ , READONLY, SHARED)
READ(12, 45) NOFLR

45 FORMAT(IZ2)

PRINT %, NOFLR = ‘ NOFLR

IF(N.GT.0) PRINT =, FLARE PARAMETERS:’

DO 50 I=1,NOFLR ! LOAD UP THE FLARE PARAMETERS
N=1 ! DELETE FOR MULTIPLE FLARES
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N=I ! NECESSARY FOR MULTIPLE FLARES
READ(12, *)FLTIME(N), FLRLON(N), FLRLAT(N), FLRSPD(N),

& FLRDEC(N), FLRSTD{(N}, POWERF (N)
WRITE(6, =)FLTIME(N), FLRLON(N), FLRLAT(N),FLRSPD(N),

& FLRDEC(N), FLRSTD(N}, POWERF (N)

50 CONTINUE
CLOSE (UNIT=12)
NOFLR=N ! NECESSARY FOR CHOICE OF FLARE NUMBER

+
T

C + Calculate JEND which is the number of particles calculated by SRT.

+

PRINT =, ' UTIME=" ,UTIME
JEND=(AUL=AU)/(300. *60, *60. =UTIME)*2. ! INSURE AUL REACHED
IF(JEND .GT. 1000) JEND=1000

PRINT =,’ JEND= ‘, JEND

+

C + +
C + Write header containing input parameters used to calculate +
C + simulation data, to the output file. +
C + +
OPEN (UNIT=16,FILE=" earth.dat’ ,STATUS=’ UNKNOWN’ )
WRITE(16, 299)NHRS, IYR, MO, ID, TH, IROT, AUL, ITYPE
WRITE(*, 299)NHRS, IYR, MO, ID, IH, IROT, AUL, ITYPE
299 FORMAT(6I5,F5.1,15)
C + }
C + Loop through each hour of the simulation calculating the +
C + simulation data to be output, +
C + +
JT=1
C= DO 2000 JTIME=0, NHRS-1 ! DO FOR EACH HOUR
print *,’ start and end time=’ , IHRS, IHRS+NHRS~1
DO 2000 JTIME=IHRS, IHRS+NHRS-1 ! DO FOR SPECIFIED HOURS
ZTIME=FLOAT(JTIME)
CALL NOWHERE(ZTIME, ZLAT1,ZLONG1) ! UPDATE EARTHS LOC.
IF(ITYPE.EQ. 3)GOTO 1900
C + +
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C + Calculate the magnetic field components according to what ITYPE +
+ is set to, +

-+

CALL SBT(ZTIME, AUL, ZLAT1, ZLONG1, ITYPE, B)
IF (B(1) .GT. 999999.) B{(1) = 999999.
BIMF(1,JT)=B(1)
BIMF(2, JT)=B(2)
BIMF(3, JT)=B(3)
1900 CONTINUE
C+4 +

+ Calculate two particle arrays that are one time step apart. Then +

+ Then from the data, calculate the solar wind speed and particle +
+ density. +

a 0 0 M

ZTIME1=2TIME-DTI

CALL SRT(ZTIME1,ZLAT1,ZLONG1,R1)
ZTIME2=ZTIME

CALL SRT(ZTIMEZ2,ZLAT1,ZLONG1,R2)
CALL SVRT(AUL, SWSPEED)

CALL SBDT(AUL, DRPOINT, BM, DE)
WSPD(JT)=SWSPEED

DENS(JT)=DE

+
+

+

C + Write the simulation data to file. +

4
T

WRITE(16, 1950}, ZTIME, WSPD(JT), DENS(JT), (BIMF(I, JT), I=1,3),
& ZLAT1, ZLONG1
1950 FORMAT (8F10.2)
! PRINT 1950, ZTIME, WSPD(JT), DENS(JT), (BIMF(I, JT), I=1,3),
! & ZLAT1, ZLONG1
! PRINT =, °

+

Increment the hour and loop back to continue calculating data. +

Q 0 N
+

JT=JT+1
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2000 CONTINUE ! sszsxsxxxxxxxxxzxxxxxsxszixszxs END HOUR DO LOOP
CLOSE (UNIT=16)
PRINT *,’ SOLWIND IS FINISHED’

+

C +
9000 STOP
END

STANPLOT1.PRO

PRO STANPLOT1

- %
Y

. + This code loads the velocity, desity and B field of solar wind +
; + at the distance of the earth from ‘earth.dat’ , the plot them +
; + in IDL graphic software. (By W. Sun, March, 1996 in GI, UAF) +
. + Geophysical Institute, U. of A., Fairbanks, AK 99775-0800 +
; + This program will create a laser stack plot of the solar wind and +
; + magnetic field parameters that are listed below. +
D+ +
D+ 1) VEL  (Km/Sec) +
o+ 2) Dens (CM=x-3) +
H 3) /B/ (nT) +
D+ 4) Theta (Degrees) +
;4 5) Phi  (Degrees) +
- +
; + It will input IMF in one of two forms: either Bx, By, Bz or +
; + B(magnitude), phi, theta. This is specified by the variable ITYPE +
. +
; + INPUT: ( EARTH.DAT ) FORO16 +
; o+ NP = Number of points in the data set +
; o+ IYR,MO = The year and month of the starting time of the +
; o+ simulation. +
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;4 ID, IH = The day and hour of the starting time of the

. simulation.

;o+ IROT = The Carrington Rotation number which contains the
;4 starting time of this simulation.

;ot AUL = The AU distance of the Earth,

Dot ITMP = Magnetic field parameter type ( 1 or 2 ).
;o+ HOUR = The hour of the simulation.

M VEL = Solar wind speed.

;o+ DEN = Particle density.

Dot B1,B2,B3= Magnetic field parameters (Bx, By, Bz or
. /B/, theta, Phi.

. ELAT = The latitude of the Earth.

;o ELON = The longitude of the Earth.

S

; + OUTPUT:  stanplot.ps (Postscript file)

Do+

. + INTERNAL PARAMETERS:

;o ISMOOTH = switch for doing a 3 point smoothing on the data
;o if ISMOOTH = 1 then do the smoothing.

;o

; + at this point, vel, dens are not plotted, but do need to be later.
; + The data set is read from FORO16. DAT

+ + + + + + + F F o+ o+ o+ + + F o+ o+ + o+ o+ o+

swh=""

print,” Do you want to create a postscript file (y/n)’
read, swh
if{swh eq ‘y’ ) then begin

SET_PLOT, * PS’

DEVICE, FILENAME=" stanplotl.ps’ , XOFFSET=3.5, XSIZE=15, YOFFSET=4, YSIZE=20
endif else window, /free, xsize=500, ysize=700, xpos=500

;endif else SET_PLOT, ' tek’

;1P CHARTHICK=3.

'p. charsize=2

'P.POSITION=[0.,0.,1.,1.1]

;1P FONT=0
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'P.MULTI=[0,1,5]

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

i
‘SEPT’ ,’ OCT’ ,’ NOV’ ,’ DEC’ 1]
iau=1&tp=1&shr=18&nhr=1
openr,2, ’ solwind.par’
readf, 2, iau, tp, shr, nhr
close, 2
rot=18zlon=1.8&lat=1. 8&lon=1.
openr,2,’ earth.par’
readf, 2, rot, zlon, lat, lon
close, 2
openr, 1, ’ earth.dat’
np=18yr=18mo=1&day=18&hr=1&rot=1&au=1. &tmp=1

readf, 1, np, yr,mo, day, hr, rot, au, tmp, format=" (6i5, 5.1, i5)°

print,np, yr,mo, day, hr, rot, au, tmp
nn=np/24

day=day+shr/24

vel=fltarr(np)
hour=vel&den=vel&bl=vel&h2=vel&b3=vel
a=1,8b=1 &c=1.8&d4=1 &e=1 &f=1.

for i=0,np-1 do begin
readf,1,a,b,c,d, e, £, format=" (1x,8f10.2)"'
;print,a,b,c,d, e, f

hour(i)=a

vel(i)=b

den(i)=c

b1(i)=4

b2(i)=e

b3(i)=f

endfor

close, 1

;hour=smooth(hour, 2)
:vel=smooth(vel, 1)
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;den=smooth(den, 1)

;bl=smooth(bl, 1)

;b2=smooth(bZ, 1)

;b3=smooth(b3, 1)

;plot velocity

2333232333333 353
plot,vel,position=[0, .8,1,1], xrange=[0,np-11, $
yrange=[200, 8001, yticks=3, ytitle=' '6VEL (km/s)’ ,$
xstyle=5, ystyle=1

plots, [0, np~11], {200, 200]

plots, [0, np-1], [800, 800]

for i=0,np-1,24 do begin

plots,[1i,i], [200, 2301

plots, (i, i], (800, 770]

endfor

for i=0,np-1,3 do begin

plots, [1,1],[200,215]

plots, [i, 1], [800, 785]

endfor

plot,den, position=[0, .6,1, .8], xrange=[0,np-11, $
yrange=[0, 407, yticks=4, ytitle=" !6DEN (cm'e-3'n)’ ,xstyle=5, ystyle=1
plots, [0,np-1], [0, 0]

for i=0,np-1,24 do begin

plots,[i,i],[0,2]

plots, [i, 1], [40,38]

endfor

for i=0,np-1,3 do begin

plots, [1,1i],00,11

plots, [i,1], [40,39]

endfor

plot, bl, position=[0, . 4,1, .6],xrange=[0,np-1], $
yrange=[-40,40], yticks=4,ytitle=" !'6Bx (nT)’ ,xstyle=5, ystyle=1
plots, [0, np-11, [-40, -40]
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plots, [0,np-1], [0,0], lines=2
for i=0,np-1,24 do begin
plots, [i,1],[-40, -36]
plots,[i,1],[40,36]

endfor

for i=0,np-1,3 do begin
plots, [i,1], [-40, -38]
plots, [1, 1], [40,38]

endfor

plot, b2, position=[0,.2,1, .4], xrange=[0,np-11, $
yrange=[-40,40], yticks=4, ytitle=" !'6By (nT)’ ,xstyle=5,ystyle=1
plots, [0, np-11, [-40, -40]
plots,[0,np-11, [0,0], lines=2

for i=0,np-1,24 do begin

plots,[1,1i], [~40, -36]

plots, [i, 1], [40,36]

endfor

for i=0,np-1,3 do begin

plots,[i,i], [-40,-38]

plots,[i, i1, [40,38]

endfor

plot, b3, position=[0,0,1,.2], xrange=[0, np-11, $
yrange=[-40,40], yticks=4, ytitle=" '6Bz (nT)’ ,xstyle=5, ystyle=1
plots, [0, np-1], [-40, -40]

plots, [0,np-1],[0,0], lines=2

i1=-1

for i=0,np-2,24 do begin

11=11+41

dy=day+il

if(dy gt 31) then dy=dy-31

xs=string(dy, format=" (i2)’ )
plots,[i, i], [-40,-36]

plots, [i, 1], [40, 461

- 142 -



xyouts, i+12,-48, xs, align=.5

endfor

for i=0,np-1,3 do begin
plots, [i,i], [-40,-38]
plots,[i,i], [40,38]
endfor

dl=string{day, format=" (i3.3)’ )

d2=string(dy, format="

(i3.3)7 )

year=string(yr, format=" (i4)’ )

rn=string(rot, format=" (i4)’ )

tit=month(mo-1)+’ ,

‘+year

xyouts, .5,-.05,’ Day’ ,/normal,align=.5, size=1.5

xyouts, .5,1.03, tit, /normal, align=.5, size=1.5

if(swh eq ‘y’ ) then DEVICE, /CLOSE_FILE

return

end

CALCPAR.F

C+ +
C + CALCPAR.FOR July 22, 1985 +
C+ +
C + Geophysical Institute, U. of A., Fairbanks, AK 99775-0800 +
C+ +
C + This program will read in the solar wind and magnetic field +
C + data from (EARTH.DAT) and calculate all of the other additional +
C + needed parameters and write them to (CALCPAR, DAT). +
C + +
C + References: +
C+ Empirical relation for EPSILON function: +
C + Perrault & AkKasofu (1978), Geophys.J.Roy.Astron, +
C + Soc, 54:547 +
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+ + + + + + 4+ + + + + F o+ + F o+ o+ + 4+ F o+ + + + + + + o+ + + + o+ o+ o+ o+

Empirical relation for POLAR CAP POTENTIAL in terms of EPSILON:

Reiff, et al., (1981), JGR 86:7639

Input: ( EARTH.DAT ) FORO16

NP

IYR, MO,
ID,IH =
IROT =
AUL =
ITYPE =

HOUR =
VEL =
DEN =
B1,B2,B3
ELAT =
ELON =

number of points in the data set.

starting time of simulation.
rotation number.
AU distance,
switch: 1 if input BX, BY, BZ:
2 if input BMAG, THETA, PHI.
the delta time after the simulation start time.
Solar wind velocity (in km/sec).
solar wind particle density.
= magnetic field coordinates.
earth’ s latitude in HEQ coordinates,

earth’ s longitude in HEQ coordinates.

Output: ( CALCPAR.DAT ) FORO18

NP = Number of data points in data set.

IYR, MO,

ID,IH = Starting time of simulation.

IROT = Carrington Rotation number.

AUL = The distance in AU that the simulated data was
calculated to.

HR(I) = The hour of the simulation data from starting time,

DATA(3,I) = The solar wind-magnetosphere dynamo power.

DATA(7,1) = The total potential drop across the polar cap.

CDATA(1,1) = The average decrease of the horizontal

component at the equator (a measure of the ring

current density).

CDATA(2,I) = The auroral Electrojet index.

Q(I)
ES(I)

H

The Q index (a quarter-hourly Kp index).
The total energy dissipation rate in the polar

- 14 -
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ionosphere.
DT(I) = An increased amount of temperature in the auroral
thermosphere.
Internal parameters:
HOUR = the delta time after the simulation start time.
E = epsilon (in ergs/sec)

PCPOT = polar cap potential (in kV)

THETAP = polar angle of IMF projected onto YZ plane
(in degrees)

BMAG = magnitude of interplanetary magnetic field
(in nT or gammas)

PHI = azimuthal angle of IMF in GSM coordinates
(measured from +x axis, in degrees)

THETA = polar angle of IMF in GSM coordinates

+ + + + + o+ + o+ o+ o+ o+ o+ o+ o+ 4+ o+

(measured off xy plane, in degrees)

a M oo a0 ag0n0onn

e Y T e

PARAMETER (RADCONV = 180./3.14159, ENCONV = 1 99E+14)
c PARAMETER MAXPNT = 2000
DIMENSION DATA(7,2000), CDATA(Z2,2000),Q(2000), ES(2000),
& DT(2000}, HR(2000)

+
T

+

C + Read in solar wind data set.

+

OPEN (16,FILE=" earth dat’ ,STATUS=" OLD’ ,READONLY,SHARED)
READ (16,49, ERR=999)NP, IYR, MO, ID, IH, IROT, AUL, ITYPE

49 FORMAT (615, F5.1, I5)
c
DO 100 I=1,NP
READ (16,50) HR(I),DATA(2,1),DATA(1,1),DATA(4,1),DATA(S,1),
& DATA(6, 1), ZLAT1, ZLONG1
50 FORMAT (8F10. 2)
' TYPE =, HR(I),DATA(2, 1) DATA(1,1), DATA(4,1)
I 1 DATA(S, 1), DATA(6,1)
C 4 ,
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C + Call subroutine EPSILON to calculate E: +
C + +
IF (ITYPE.EQ.1) THEN
BMAG = SQRT(DATA(4,I)=32 0 + DATA(5,1)=22.0 +
& DATA(6,1)*22.0)
VEL = DATA(2,1I)
BY = DATA(5,1)
BZ = DATA(6,1)
ELSE IF (ITYPE.EQ.2) THEN
THETA = DATA(5, I)/RADCONV
PHI = DATA(6, I)/RADCONV
BMAG = DATA(4,1)
VEL = DATA(Z,I)
BY = BMAG * COS(THETA) * SIN(PHI)
BZ = BMAG * SIN(THETA)

ENDIF

CALL EPSILON(BY, BZ, BMAG, VEL, THETAP,E)

DATA(3,I) = E
C + +
C + Calculate the polar cap potential +
C + +

ARG = 0.93*E/ENCONV - 319.
IF (ARG.LE.O0.) ARG = O.
PCPOT = SQRT(ARG)
DATA(7,1) = PCPOT
100  CONTINUE
CLOSE (UNIT=16)
CALL CALCDST(7,-NP,DATA, 2, NNP, CDATA)

DO I=1,NP
Q(I)=6.24E-03=CDATA(1, 1)+0.876
ES(I)=2, 9E15*CDATA(1,1)
X=.45*%AL0G(DATA(3, I)/1 E17+3. )45,
DT(I)=EXP(X)-300.

END DO
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C + +
C + WRITE DATA CALCULATED FROM CALCDST AND EPSILON TO +
C + A FILE +
C+ +
OPEN (UNIT=18,FILE=’ calcpar.dat’ ,STATUS=’ NEW’ )
WRITE(18,500)NP, IYR, MO, ID, IH, IROT, AUL
500 FORMAT (615, F6.2)
WRITE(18, 600) (HR(I), DATA(3, I),DATA(7,1),CDATA(L,1I),
& CDATA(2,1),Q(I),ES(I),DT(I), I=1,NP)
600 FORMAT(£8.2,e12.4,4f10.2,e12.4,£10.2)
CLOSE (UNIT=18)
STOP
c
999 STOP ‘ERROR READING INPUT FILE-CHECK ASSIGNMENT STATEMENT'
END
C:===x::=:::::::zz::::::::*:z::::::===zz===========:==:=z====:=zz:=::::z
+ EPSILON.FOR APRIL 26, 1985 +
+ +
+ Geophysical Institute, U, of A., Fairbanks, AK 99775-0800 +
+ Subroutine called by : PCPOT.FOR +

+

+
T

This subroutine calculates the solar wind-magnetosphere energy +

+ +

coupling function from the solar wind parameters.

References:

+ +

Empirical relation for EPSILON function:
+ Perrault & AKasofu (1978), Geophys.J.Roy.Astron.
+ Soc. 54:547

+

e}

<
i

Y magnetic field component in gsm
BZ
BMAG

Z magnetic field component in gsm

+ o+

magnitude of interplanetary magnetic field (in nT or

NN aaanan
+
+ + + + + + + o+ + o+ o+

<+

gammas) .



a Qo

aQ Q O M

+

VSW
THETAP

Solar wind velocity (in Km/sec)

polar angle of IMF projected onto YZ plane (in degrees)

+ 4+ o+
=
"
+ o+ o+

epsilon (in ergs/sec)

+
+

SUBROUTINE EPSILON(BY,BZ, BMAG, VSW, THETAP, E)

Note that E==VEL = (BMAG=*2) = (SIN(THETAP/2))=*x4 * (L=xx2)

where L is the stagnation distance (approx. 7 in earth radii)

+ o+

+

PARAMETER (RADCONV =180./3.14159, ENCONV =1.99E+14)

IF (BMAG.LT.1 E-10) BMAG = 1 E-10
IF (BZ.EQ.0.) THEN

THETAP = 90. /RADCONV
ELSE IF (BZ.GT.0.) THEN

THETAP = ATAN(BY/BZ)
ELSE

BZ=ABS(BZ)

THETAP = 3.14159 - ATAN(BY/BZ)
ENDIF

+

+
+

C + ANGFUN = SIN(O.5*THETAP) == 4 +

C + CALCDST.FOR 3 June 1985

4
+

+

ANGFUN = SIN(O.5*THETAP)

ANGFUN = ANGFUN = ANGFUN * ANGFUN = ANGFUN

E = VSW = (BMAG*=2.0) * ANGFUN

E =E = ENCONV ' Convert EPSILON to ergs/sec
THETAP = THETAP = RADCONV

R S R R R R R I R 2 I R R 2 22 2 2 22 P2 S 22 D 3 24
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+

Geophysical Institute, U. of A., Fairbanks, AK 99775-0800

+

+

B

+ Subroutine called by : STANDO.FOR +
+ THIS SUBROUTINE CALCULATES THE ESTIMATED DST AND AE FROM DATA +
+ READ FROM RPLANET.DAT., THE ROUTINE READS IN OUTDATA WHICH CONTAINS+
+ DATA FROM RPLANET,DAT AND OUTPUTS EDATA WHICH CONTAINS ENERGY +
+ DATA. THE VARIABLES PASSED IN OUTDATA MUST BE IN A CERTAIN ORDER +
+ FOR THIS ROUTINE TO OPERATE CORRECTLY. NDATA SHOULD BE GREATER +
+ THAN OR EQUAL TO 4 VARIABLES, AND BE IN THE FOLLOWING ORDER: +
+ 17,18,19,20. +
+ +
+ INPUT: +
+ NDATA = NUMBER OF VARIABLES STORED IN OUTDATA. +
+ NCNT = THE NUMBER OF HOURLY VALUES STORED IN OUTDATA +
+ PER VARIABLE. IF NCNT IS NEGATIVE DON’' T ADJUST+
+ CALCDST BASELINE. +
+ OUTDATA(I, J)=THE DATA ARRAY PASSING DATA FROM SUBROUTINE +
+ READ TO ENERGY FOR THE CALCULATION OF THE +
+ ENERGY VARIABLES. WHERE I=NDATA AND J=NCNT. +
+ AND J=NCNT. +
+ OUTPUT: +
+ NCDATA =  NUMBER OF VARIABLES CALCULATED. +
+ NCCNT =  NUMBER OF HOURLY VALUES CALCULATED PER +
+ VARIABLE, +
+ CDATA(I,J) = THE DATA ARRAY PASSING DATA THAT WAS +
+ CALCULATED BACK TO SUBROUTINE READR. +
+ WHERE I=NEDATA AND J=NCNT. +
+ +
+ CDATA(*,N)  DESCRIPTION +
+ +
+ 1 CALCULATED AE +

+

CALCULATED DST

+

SUBROUTINE CALCDST{NDATA, NCNT, OUTDATA, NCDATA, NCCNT, CDATA)
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a QN

+

PARAMETER (MAXCNT=2000)

COMMON /CALPRT/ XSHIFT(MAXCNT)

DIMENSION OUTDATA(NDATA, 1), CDATA(NCDATA, 1), CALDST (MAXCNT+1)
CALDST(1)=0.

-+

+

Loop through the number of input data points calculating AE from

an emperical formula and DST related parameters.

+

DO 1 I=1, ABS(NCNT)
IF(OUTDATA(3,1)}.LE.O. )THEN
EL0G=0.
ELSE
ELOG=ALOG10(OUTDATA(3,I))
ENDIF
CDATA(1, I)=-300. *{ELOG*ELOG)+11700. *EL0G-113200,
IF (ELOG.LE.18.9) THEN
CDATA(1,I) = -600. =(ABS(TANH(ELOG-18.9)))**0.6667 + 650.
ELSE
CDATA{1,I) = 600.*(TANH(ELOG-18.9))*=0, 6667 + €50,
ENDIF
IF(CDATA(1,1).LE.O. )CDATA(1,1)=0.
TYPE =, I,CDATA(1,I),ELOG
IF(OUTDATA(3,1).LE. 1. OE18)TAU=72000.
IF(OUTDATA(3,I).GT.1.0E18. AND. OUTDATA(3,1).LE. 1. 0E19)TAU=10800.
IF(OUTDATA(3,1).GT. 1, OE19)TAU=1800.
IF(OUTDATA(3,1).LT.1.0E18 OR. I.EQ.1)THEN
CALC=CALDST(I)
ELSE
CALC=CALDST(I)+3600. *1. 75E-21=0UTDATA(3, 1)
ENDIF
ZTEMP = OUTDATA(1, I)=QUTDATA(2, I)*OUTDATA(2, I)
XSHIFT(I)=2. 38E-2*SQRT(ABS(ZTEMP) )
CALDST(I+1)=CALC/(1.+3600. /TAU)
1 CONTINUE
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+
+

+

Loop through the number of points again and calculate DST from

+ the previously calculated parameters.

+

+ o+

a O QO

+
T

+

DO 2 I=1,ABS(NCNT)
IF(I.EQ.1)THEN
IF(NCNT.LT.O)THEN
SHIFT=0, —(XSHIFT(I)-CALDST(I+1))
ELSE
SHIFT=OUTDATA(4, 1)-(XSHIFT(I)-CALDST(I+1))
ENDIF
ENDIF
CDATA(2, I)=XSHIFT(I)-CALDST(I+1)+SHIFT
2 CONTINUE

RETURN
END

CALCPLOT.PRO

PRO CALCPLOT
; + Plotting procedure for Epsilon has been slightly modified.
; + If Epsilon lies outside of range (<1.E14 or >1.E22). further
; + modification is required. (YIWON, 12/20/97).
. + IDL graphic software. (By W. Sun, March, 1996 in GI, UAF)

+

IR
T

;o+ This program and command file will generate a plot of
;- the calculated parameters listed below which were output
; o+ by the CALCPAR program. The program uses NCAR graphics.
Do+ Epsilon (Ergs/Sec)

oo+ calculated AE (nT)
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INPUT:
NP =

IYR =
ID =
IH =

IROT =

AUL =
HOUR(NP) =

EPS(NP) =

RKP(NP) =
CAE(NP) =

CDST(NP)=

+ + + 4+ + + + + + + + + + + + + + + + + + 4+ + o+ o+ o+ o+

5o+
; + at this point,

calculated DST (nT)

{ CALCPAR.DAT ) FORO18

The number of hours calculated from the start
time,

The starting year for the simulation.

The starting month for the simulation.

The starting day for the simulation.

The starting hour for the simulation.

The carington rotation number which contains
the start time.

The distance in AU that the simulation data was
The hour of the simulation data from the
starting time.

The energy quotion calculated from the
simulation data.

The total potential drop across the polar cap.
The calculated AE index using an imperical
formula.

The calculated DST index using an imperical
formula.

OUTPUT:  calcplot.ps (Postscript file)

INTERNAL PARAMETERS:
ISMOOTH = switch for doing a 3 point smoothing on the data
if ISMOOTH = 1 then do the smoothing.

vel, dens are not plotted, but do need to be

; + later. The data set is read from FORO16 DAT

+ + + 4+ + o+ + + 4+ F o+ o+ o+ o+ o+ o+ o+ A+ o+ F o+ o+ o+ o+ O+ o+ o+

;SET_PLOT, ’ tek’
filen=""
filenl=""’

read, 'Output filename (calcplot.ps): ', filenl



SET_PLOT, ’ PS’

DEVICE, FILENAME=" calcplot.ps’ , XOFFSET=4,XSIZE=14, YOFFSET=4, YSIZE=20

; 'P. CHARTHICK=3,

'p. charsize=2
'P.POSITION=[0.,0.,1.,1.]
; 'P_FONT=0
'P.MULTI=[0,1,6]

SR R R R R R R N R R AR A AR ENSXEE

month=[" JAN’ ,’ FEB’ ,’ MARCH’ ,’ APL’ ,’ MAY’ ,’ JANE’ ,’ JULY’ ,

"%
‘SEPT’ ,’ OCT’ ,’ NOV’ ,’ DEC’ ]
ymll={" !610'E14'6’ ,’ 10'E15!6’ ,’ 10'E16'6° ,’ 10'E17'6’ , $

> 10'E18!'6° , ’ 610'E19'6’ , ’ 610'E20'6’ , ’ 610'E21'6’
yml2=[’ !'610'E17'6’ ,’ 10'E18'!'6’ , ’ 10'E19'6’ ]
read, 'Input filename (calcpar.dat): ', filen

openr,1,filen

np=18yr=1&mo=18hr=18rot=18au~1. &tmp=1
readf,1,np, yr,mo, day, hr, rot, au, format=" (6i5, £f6.2)"
print,np, yr,mo, day, hr, rot, au

nn=np/24

dn=1./mn

fnp=float(np-1)

dp=fnp/nn

print,dn,dp

eps=fltarr(np)
hour=eps&Kp=eps8ae=epsdst=epsRg=epsies=eps&dt=eps
a=1, 8b=1 8&c=1 8d=1, &e=1 &f=1 &g=1. 8&h=1.

for i=0,np-1 do begin
;readf,1,a,b,c,d,e, £,g,h, format=" (£f8.2,e12.4,4f8.2,e12.4,18.2)°
readf,l,a,b,c,d, e, f,g9.h

;print,a,b,c,d,e,f,g,h

hour (i)=a

eps(i)=b

kp(i)=c

ae(i)=d

]

»
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dst(i)=e
gli)=f
es(i)=g
dt(i)=h
endfor

close, 1

plot_io, 1.e-15%eps, position=[0, .8,1,.96], xrange={0,np-11,$
xstyle=5, yticks=3, ytickname=yml1l

xyouts,—-.15, .89, '7e!6’ ,/normal,align=.5, size=1.5
xyouts, —. 15, .87, (Ergs/s)’ ,/normal, align=.5, size=1
plots,[0,11,[.8, .81, /normal
plots,[0,11,[.96, .96], /normal

for i=0,nn-1 do begin

il=i%dn

plots,[il,i1],[.8,.81], /normal

plots, [i1,11]1,[.96, .95], /normal

endfor

plot,kp, position=[0, .64,1, .8], xrange=[0,np-1]. $
yrange=[0, 1000], xstyle=5, ystyle=5
plots,[0,np-1], [0,01

plots, [0, np-11, [1000, 1000]

plots, [0, 01, [0, 1000]

plots, [np-1,np-11, [0, 1000]

for i=0,4 do begin

11=200%1i

yl=string(il, format=" (i3)’ )
plots,[0,2]1,[1i1, i1]

plots, [np-1,np-31, (i1, i1}

if(i eq 0) then xyouts,-2,11+6,yl,align=1 else $
xyouts, -2, 11-10,y1, align=1

endfor

xyouts,-.15,.73, 7 '7U'6'ipc'n’ , /normal, align=.5, size=1.5
xyouts,-.15, .71, (kv)’ ,/normal,align=.5, size=1
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plots,[0,np-1],[0,0]

for i=0.,fnp,dp do begin
plots,[i,i],[0,20]
plots,[i, 1], [1000C,980]
endfor

plot, ae, position=[0, . 48,1, . 64], xrange=[0,np-11, %
yrange=[0, 2000], xstyle=5, ystyle=5

plots, [0,np-11,[0,0]

plots, [0, np-11], [2000, 2000]

plots, [0,01,[0,20001]

plots, [np-1,np~11,[0, 2000]

for i=0,2 do begin

i11=500%1i

yl=string(il, format=" (i4)}’ )

plots, [0,21,[i1, i1]

plots, [np-1,np-31,[i1, i1]

if(i eq 0) then xyouts,-2,i1+10,yl,align=1 else $
xyouts, -2, i1-10, y1, align=1

endfor

xyouts, -. 15, .57, ’ '6AE’ , /normal, align=.5,size=1.5
xyouts, -.15,.55, " (nT)’ , /normal, align=.5, size=1
plots,[0,np-1], (0,03

for i=0.,fnp,dp do begin

plots,[1,1],[0,50]

plots, [i,i], [2000,1950]

endfor

plot,dst, position=[0, .32,1, . 48], xrange=[0,np-11, $
yrange=[-500, 0], xstyle=5, ystyle=5

plots, [0,0],[-500,0]

plots, [np-1,np-11, [~-500, 0]

plots,[0,np-11,[0,0]

plots, [0, np~11, [~500, 5001

for i=0,3 do begin



i11=100%i-400

yl=string(il, format=" (i4)’ )

plots, [0,2],[i1, i1]

plots, [np-1,np-3],[il, i1}

if(i eq 0) then xyouts, -2, 11+5,yl,align=1 else $
xyouts, -2, 11-5,y1,align=1

endfor

xyouts,-.15, .41, !'6Dst’ ,/normal, align=.5, size=1.5
xyouts, -.15,.39,  (nT)’ ,/normal,align=.5, size=1
plots,[0,np-1],[0,0]

ii=-1

for i=0., fnp,dp do begin

ii=ii+1

plots,[i,i],[0,-20]

plots,[i,il, [-500,-480]

endfor

plot_io, 1. e-17#es, position=[0, . 16,1, .32], xrange=[0,np-11, $
xstyle=5, yticks=1, ytickname=yml2

xyouts,-.15,.25,° '6U'il!n’ ,/normal, align=.5, size=1.5
xyouts, -. 15, .23, (Ergs/s)’ ,/normal, align=.5, size=1
plots,[0,1],[.16,.16], /normal
plots,[0,11,[.32,.32], /normal

for i=0,nn-1 do begin

il=izdn

plots,[il,i1],[.16,.17], /normal

plots, [i1,11],[.32,.311, /normal

endfor

plot,dt, position=[0,0, 1, .16], xrange=[0, np-11, $
vrange=[0, 3000], xstyle=5, ystyle=5
plots,[0,01,[0,3000]

plots, [np-1,np-117, [0, 30001

plots, [0,np-11,[0,0]

plots, [0, np-1], [3000, 3000]
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for i=0,2 do begin

11=1000%1i

yl=string(il, format=" (i4)’ )

plots, [0,2],[i1, i1]

plots, [np-1,np-3], (i1, i1}

if(i eq 2) then xyouts, -2,1i1-200,y1,align=1 else $
xyouts, -2, 11-100, y1, align=1

endfor

xyouts, ~. 15,.09, ' !'7D!'6T’ , /normal, align=.5, size=1.5
xyouts, ~. 15, .07, > (!'9%!6K)’ , /normal, align=.5, size=1
plots, [0, np-11,[0,0]

piots, [0, np-1], [3000, 3000]

day=day+hour (0)/24.

ii=-1

for i=0., fnp-dp,dp do begin

ii=ii+l

x]l=string(day+ii, format=" (i2)’ )
plots,[i,1],{0,200]

plots, [i, 1], [3000,28001]

xyouts, i+12,-300, x1,align=.5

endfor

tit=month{(mo-1)+" ., ‘+string(yr, format=' (i4)’ )
xyouts, .5,-.05, tit, /normal, align=.5,6size=1.5
DEVICE, /CLOSE_FILE

return

end

ECPLOT.F

c +
c + ecplot. f (MODIFIED By Sun in GI, UAF) March, 1996
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Qa0 a0 a0 o000 aa

I
+

Create a data file ‘ecplot.dat’ to maKe plots of ecliptic +

cross-sections of the IMF pattern due to the inner boundary source+

surface and as modified by flare propagation introduced by the +
parameters in ‘Flare. par’ +
+

This program is similar to EQPLOT but gives IMF pattern in the +
ecliptic instead of solar equatorial plane +
+

INPUT: ( STARTIME.PAR ) FOR010 +
IYR, IMO, IDA, IHR, IMI start time of simulation +

+

INPUT: ( FLARE.PAR ) FORO12 +
NOFLR the number of flares used +
FLTIME(NOFLR) start time of flare (hours) +
FLRLON(NOFLR) flare HEQ longitude (degrees) +
FLRLAT (NOFLR) flare HEQ latitude (degrees) +
FLRVEL (NOFLR) maximum flare velocity (km/sec) +
FLRDEC(NOFLR) flare time constant {hours) +
FLRSTD(NOFLR) spacial extent of flare (degrees) +
POWERF (NOFLR) deceleration constant (hours) +

+

INPUT: ( SOURCEVEL.PAR ) FORO14 +
NSLOPE1 the slope of the Northern magnetic +

field lines. +

NSLOPE2 the slope of the Southern magnetic +
field lines. +

VB the minimum background solar wind +
speed. +

VA the maximum background solar wind +
sSpeed. +

+

INPUT: ( SOURCEFLD.PAR ) FORO15 +
BMAX The maximum magnetic field. +

BMIN The minimum magnetic field. +
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+ + + + o+ o+

-+

+ + + + + o+ o+ o+ o+ o+

+

BFLD(30, 288) The magnetic field magnitude
on the source surface.
INPUT: ( ECPLOT.PAR ) FORO21
AUL the AU distance calculate the plot to
JTIS the hour of the first plot generated
JTE the hour of the last plot generated
JTINC the hour increment between JTS and JTE
OUTPUT: ( ECPLOT.DAT ) FORO25

As an input file for IDL graphic code ‘ecplot.pro’

INTERNAL PARAMETERS:

R = RADIAL DISTANCE OF PARTICLES ON A LINE FIXED IN
PARTICULAR LONGITUDE (=LONG).

UNITP = INCREMENT OF AZIMUTHAL ANGLE IN DEGREE, WHICH IS
USED FOR TIME INCREMENT, UTIME

UTIME = TIME INCREMENT, 25 4224 0/(360./UNITP)

NOFLR = NUMBER OF FLARES CALCULATED, IN THIS PROGRAM THIS
NUMBER SHOULD BE .LT. OR .EQ. 5.

LONG = THE PARTICULAR LONGITUDE USED FOR COMPUTATION OF
THIS RADIAL DISTRIBUTIONS OF PARTICLES.

ISAR = IF ISAR=1, THE SAME ACTIVE REGIONS EMIT SUCCESSIVE
FLARES AT TIME=FLTIME(IFLR).

VFL = SPEED OF FLARE PARTICLES, IN KM/HOUR
VFL(LON, LAT)=VF+EXP(-(LON**2+LAT**2) /FLRSTD#**2)

VSO = SPEED OF BACKGROUND SOLAR WIND, IN KM/HOUR.
VSO = VA=(1.0-(1.0/COSH(0. 06=LAMDA) }+VB
LAMDA=CHI *SIN(OMEGA*TIME),

CHI = A TILT ANGLE OF THE DIPOLE

OMEGA = AN ANGULAR SPEED OF THE SUN

IAU = THE MAXIMUM DISTANCE FOR PLOTTING, IN AU,

JTIME = TIME AFTER T=0, IN UTIME

QO 0000000000000 aaaoaoanaono0oan

+

parameter(al=.9,cl=2.,bl=cl-al, ampf=. 85, base=.5, basec=.5)
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cccC

123
cc

cc

common /blkrad/ unitp,uphi,noflr, jend

common /phimxmn/ phimax, phimin

common /blkflrl/ fltime(99),flrlon(99), flrlat(99)
common /blKflr2/ £lrspd(99), flrdec(99), flrstd(99), powerf(99)
common /blkhlat/ hlat(2000),hlon(2000),hf14(2000)
common /blKcons/tperi,utime,omega, au, ndti, dti, fctti
common /blkbfld/ bf1d(30,288)

common /blkbmax/ bmax, bmax2

common /blkbmin/ bmin, bmin2

common /blksrc/ nslopel, nslope2, va, vb, vd, vco
dimension r{(2000),r0(2000), r1(2000)

dimension hlat0(2000},hlat1(2000)

character=12 outname, mon=4

logical=*1 first

data au/1.496e08/ ! kilometers in 1 au
data unitp/1.0/ ! increment for azimuth angle (deg)
data tperi/609.6/ ! solar rotation period hours

(25. 4days=24hours/day)
data ndti/30/ ! number of utimes for timinc
data drpoint/.1/ ! radial dist increment for vel calc
data pi/3.1415926/ ! pie !
mswitch = 1
omega=360. 0/tperi ! rotation rate degrees per hour
ipdef =5
utime=unitp/omega ! time increment in hours

dti=utime=*float(ndti)
fctti=au/(dti*3600)

uphi=unitp*pir/180. ! unitp in radians. used in shdt.for

begin the plot loop, one frame per hour

open (21,file=" ecplot par’ ,status=’ old’ ,readonly, shared)
read(21, *) aul, jts, jte, jtinc
! simulation start time, plot start,

! plot end time, increment in time



10

open (14,file=’ sourcevel par’ ,status=’ old’ )
read(14, *) nslopel, nslope2, vb, va

va=va*60, *60.

vb=vb*60. *60.

vd=va-vb

veco=(va*al+vb*bl)/cl

open (10, file=’ startime.par’ ,status=’ old’ )
read(10,10), iy, im, id, ih

format(1x,3i2, 1x, i2)

close (unit=10)

if (iy.1t.50)then ! set 2-digit iyr to 4-digit
iyr=iy+2000 ! good for 1950 - 2049
else

iyr=iy+1900
endif
call ymdyd(iy, im, id, idate)
jts=jts+ih
jte=jte+ih
if(jts.gt.0)then
first=. false.
idate=idate+int(float(jts)/24)
ity=jmod(iy, 4)
if(ity.eq.0.and. idate. gt. 366)then
iy=iy+l
idate=idate-366
else if (ity .ne. 0.and. idate.gt.365)then
iy=iy+l
idate=idate-365
endif
endif
iau=nint(aul)
call weshere(iyr, im, id, ih, zlatl, zlongl, irot, 10)
open (15, file=' sourcefld.par’ ,status=’ old’ )
read(15, 150)bmax, bmin
read(15, 250) ((bfld(i, j), i=1,30), j=1,288)
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150 format(2£8.2)

160 format(3£8.2)

250 format(10£8.2)
close (unit=15)

bigmax=amaxl (bmax, abs(bmin) )

bmax2=bigmax

bmin2=bigmax
c bmax2=5, O*bmax/2. ! used in field calculations in sbt. for
c bmin2=5. O*bmin/2. ! scaled up by factor of five
c ! see fry’ s or hoeksema’ s thesis

open (12, file=’ flare.par’ ,status=" o0ld’ )
read(12,55) noflr

55 format(1x,i2)
c if(n.gt.0) print *,° flare parameters:’
do 50 i=1,noflr ! load up the flare parameters
n=i ! necessary for multiple flares

read(12, *)fltime(n), flrlon(n), firlat(n), flrspd(n),
® flrdec(n), flrstd(n), powerf(n)
c print =, fltime(n), flrlon(n), flrlat(n), flrspd(n),
flrdec(n), flrstd(n), powerf (n)

[¢]
11}

50 continue

close (unit=12)

noflr=n ! necessary for choice of flare number
jend={aul=au)/(300. *60. *60. *utime)=*2. ! insure aul reached
if(jend .gt. 2000) jend=2000

£x1=30,

fy1=30.

fx12=£x1%0.5
fctr=fx12/aul

first = | true.

80 format(a6, i2.2, ad)

90 format(6a6)

120 format(5i6)
write(*,90)’ Au’ ,’ year’ ,’ month’ ,’ day’ ,’ hour’
kKk=0
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100

do jtime=jts, jte, jtinc ! begin big do
idinc=(ih+jtime)/24
id=id+idinc
ihh=mod(ih+jtime, 24)
ihh=ih+jtime
kk=kk+1
write(outname, 80)° ecplot’ KK, ' .dat’
open(25, file=outname, status=" new’ )
write(25,120)iau, iyr, im, id, ihh
write(*, 120)iau, iyr, im, id, ibh
ztime=float(jtime)
if(jtime. eq. 0)then
elat=zlatl
elon=zlongl
else
etime=float(jtime)
call nowhere (etime,elat,elon)
endif
ex=(1./aul)*fx12%cosd(elon)
ey=(1./aul)*fx12*sind(elon)
write(25, 150)ex, ey
write(*,150)ex, ey
lati=0
zlati=float(lati)
long=1
zlong=float(long)
call heghec{iyr,zlati, zlong, heclat, heclon)
heclat=-heclat
call srt(ztime, heclat, zlong,r)
do 100 j=1, jend, ipdef
r1(j)=r(j)
ro(j)=r(j)
hlat0O(j)=hlat(j)
hlatl(j)=hlat(Jj)

continue



fpl=float{long-1)*uphi
cfpl=cos(fpl)
sfpl=sin(£fpl)
do 600 long=1+ipdef, 360, ipdef
zlong=float(long)
call heghec(iyr, zlati, zlong, heclat, heclon)
heclat=-heclat
call srt{ztime, heclat,zlong,r)
fp=float(long-1)*uphi
cfp=cos(fp)
sfp=sin(fp)
do 200 j=1, jend-ipdef, ipdef
ji=j+ipdef
rri=ri1(jj)*fctr
rrr=r(j)=fctr
if(rrl.gt.fx12. and.rrr.gt. £x12) goto 210
x=rrr*cfp
y=rrr*sfp
if(j.ne.1) goto 190
x=0.
y=0.
190 x1l=rrizcfpl
yl=rril=sfpl
hll=hlatl(jj)
hlz=hlat(3j)
if(rrl.1t fx12 and.rrr.1t. fx12) goto 195
if(rrr.1t.rrl)then
X3=x
y3=y
s3=rrr
x=x1
y=yl
rrr=rrl
x1=x3
yl=y3
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rri=s3
endif
dx=x-x1
dy=y-y1l
d=sqrt(dxzdx+dy*dy)
if (d.eq.0.0) go to 200 ! dont process if same point
dr=d=(fx12-rr1)/(rrr-rrl)
xinc=dx*dr/d
yinc=dy=dr/d
x=x1+xinc
y=yl+yinc
s=sqrt{x=x+y=y)
195 write(25,350)x1,yl,x,y
200 continue
210 cfpl=cfp
sfpl=sfp
do 300 j=1, jend
ri(j)=r(3)
hlatl(j)=hlat(j)
300 continue
600 continue
do 700 j=1, jend-ipdef, ipdef
jj=j+ipdef
rrl=ri(jj)=fectr
rrr=r0(j)*fctr
x1=rrizcfpl
yl=rri=sfpl
X=rrr
y=0,
hli=hlat1(jj)
hl2=hlatO(j)
if(rrl.le. £x12. and.rrr. le. £x12) goto 695
if(rril.gt. £x12.and.rrr.gt, £x12) goto 710
if(rrr.1t.rr1)then
x3=x



y3=y

s3=rrr

x=x1

y=yl

rrr=rrl

x1=x3

yl=y3

rrl=s3
endif
dx=x-x1
dy=y-yl
d=sqrt(dx=dx+dy=dy)
if (d.eq.0.0) go to 700 ! dont process if same point
dr=d=(fx12-rr1)/(rrr-rrl)
xinc=dx*dr/q4
yinc=dysdr/4

x=x1+xinc
y=yl+yinc
s=sqrt(x*x+y*y)
695 write(25,350)x1,v1,x,v
700 continue
710 continue

ity=jmod(iy, 4)
if(ity .eq. 0.and.idate.gt.366)then
iy=iy+l
idate=idate~366
else if(ity .ne. 0. and. idate.gt.365)then
iy=1iy+l
idate=idate~365
endif
close (25)
end do ! big do
itime=jtime-6
Ktime=jmod(itime, 24)
call ydymd(iy, idate, mon, im, id)
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c
c
350
450

write(25,450)mon, id, iy

goto 123
format(4£10.2)
format{31i10)

close (10)

close (12)

close (14)

close (15)

close (21)

stop

end

-+

subroutine ydymd(myr,mdate, mo, imo, ida)
dimension m(12)

character#=4 mo, month(12)

data month/’ JAN.’ ,” FEB.’ ,” MAR.' ,” APR.’ ,” MAY *,’ JUNE’ ,

JuLy’

& ‘AUG. " ,” SEP.’ ,” OCT.” ,’ NOV.’ ,’ DEC.’ /

data m/31,28,31,30,31,30,31,31,30,31,30,31/
=0
itest=jmod(myr, 4)
if(itest.eq.0)m(2)=m(2)+1
do 2 i=1,12
jtest=3+m(i)
if (mdate. le. jtest)go to 3

2 j=jtest

3 mo=month(i)

imo=1

ida=mdate-j
if(m(2).eq.29)m(2)=28

return

entry ymdyd(nyr, nmon, nday, idate)
idate=0

itest=jmod(nyr, 4)
if(itest.eq.0)m(2)=m(2)+1
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do 20 i=1, nmon-1
idate=idate+m(i)

20 continue
idate=idate+nday
if(m(2).eq.29)m(2)=28
return

end

ECPLOT1.PRO

pro ecplotl

;SET_PLOT, ’ tek’

SET_PLOT, * PS’

DEVICE, /TIMES, FILENAME=" ecplot.ps’ . $
XOFFSET=5, XSIZE=12, YOFFSET=9, YSIZE=12
; 'P. CHARTHICK=3.

;!p. charsize=2
'P.POSITION=[0.,0.,1.,1.1]

'P. FONT=0

s 'P.MULTI=[0,5, 2]

mon=[’ Jan’ ,’ Feb’ ,’ March’ ,’ April’ ,’ May’

‘Aug’ ,’ Sep’ ,’ Oct’ ,’ Nov’ ,’ Dec’ ]
ex=1. 8ey=1.

x0=1.8y0=1 8x1=1 8&yl=1.
au=18iy=18&im=181id=18ih=1

print, ’ input number of files’

read, kk

for i=0,kk-1 do begin

]

June’ ,’ July’

fm=" ecplot’ +string(i+l, format=" (i2.2)’ )+’ .dat

print, fm
openr, 1, fm

readf, 1, au, iy, im, id, ih
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’

title=mon(im-1)+string(id, format=" (i3)’ )+
)
ihh=" TIME= ‘+string(ih, format=" (i3)’ )+’ UT’

readf, 1, ex, ey

‘+string(iy, format=" (i4)

er=sqrt(ex*ex+ey*ey)

.print, ’ ex,ey,er=’ ,ex,ey,er
ang=findgen(361)*!pi/180.

plot, [0,01,[0,01, /nodata, xrange=[ -au, au], yrange=[-au, au], $
xstyle=5, ystyle=5

rmax=0,

while not eof(l) do begin

readf, 1,x0,y0,x1,yl

plots, [x0/er, x1/er], [y0/er, yl/er]

endwhile

oplot, au*cos(ang), au*sin{ang)

xyouts, ex/er,ey/er, ’ =’ ,align=.5, size=2
plots, [~au, au]l, [0,0]

plots, [0, 0], [-au, aul

xyouts, 0, au+aus/20., ’ 90’ ,align=.5, size=1.5
xyouts, 0, ~au-au/10., > 270’ ,align=.5,size=1.5
xyouts, —au-au/20.,0, * 180’ ,align=1,size=1.5
xyouts, autaw20.,0,° 0’ ,align=0, size=1.5
xyouts, 0, au+au/5. , title, align=.5, size=2
xyouts, au-au/2. , —au, ihh, size=2

xyouts, au—aw/2. , au, string(au, format=" (i2)’ )+’ AU’ ,size=2
close, 1

endfor

DEVICE, /CLOSE_FILE

return

end

ECPLOT_TV.PRO
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; This program does an animation of the ecliptic cross-sections of the

. IMF pattern created by ecplot pro. (Y.I. Won 4/30/97)

pro ecplot_tv

;set_plot, ' tek’

;SET_PLOT, ’ PS’

;DEVICE, /COLOR, FILENAME=" FAC.PS’ ,XOFFSET=3, XSIZE=16, YOFFSET=5, YSIZE=16
loadct, 13

print,’ input number of file’

read, kk

fname=strarr(kk)

for i=0,Kk-1 do begin

fname(i)=" ecplot’ +string(i+l, format=" (I12.2)° )+  .dat’

endfor

frames=bytarr (400, 400, kKKk)

window, /free, title=’ FAC disply’ ,xsize=400, ysize=400, xpos=700
for j=0,Kkk-1 do begin

print,’ filename=" ,fname(j)

ecplot_color, fname(j)

frames(=, *, j)=tvrd()

erase

endfor

xinteranimate, set=[400,400,16], /showload
for i=0,kk-1 do begin

xinteranimate, frame=i, image=frames(=,=*, i)
endfor

xinteranimate, 10, /Keep_pixmaps

;save, frames, file=' movie sav’ , /xdr
;movie, frames, order=0

:DEVICE, /CLOSE_FILE

return

end
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