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UNION RADIO-SCIENTIFIQUE INTERNATIONALE
INTERNATIONAL UNION OF RADIO SCIENCE

Welcome to the URSI Homepage

located at the URSI Secretanat, cfo INTEC, University of Gent, Sint-Pietersnieuwstraat 41, B-9000 Gent, Belgum
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1}, URSI(International Union of Radio Science)

(1) Commission G
URSI®] G 93 eo= de=9 Ay AI(lonospheric Radio and
Propagation)& ©93slal vl oA vA] vL&3 o] v I1Fow U=
T AUTh
- G.1. INAG(onosonde Network Advisory Group)
- G.2. Studies of the Ionosphere Using Beacon Satellites
- G.3. Incoherent Scatter

- G.4. Ionospheric informatics

(2) VERSIM (VLF/ELF Remote Sensing of Ionospheres and Magnetospheres)
VERSIM(VLE/ELF Remote Sensing of Ionospheres and

Magnetospheres)< TAGA(International Association of Geomagnetism and
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(Wave-induced particle precipitation in magnetosphere and ionosphere)&
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- Augsburg College, USA

- INPE, Brazil

e

- Institute of Atmospheric Physics, Czech Republic
- QOulu University, Finland

- LPCE Orleans, France

- University of Poitiers, France

— Chiba University, Japan

- Communications Research Laboratory, Japan
- NIPR, Japan

- University of Electro-Communications, Japan
- University of Otago, New Zealand

- University of Natal, South Africa

- British Antarctic Survey, UK

- University of Leeds, UK

- University of Sheffield, UK

- University of Southampton, UK

- Stanford University, USA
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IAGA/ URSI JOINT WORKING GROUP on:
V.E.R.S.I.M

VLF/ELF Remote Sensing of lonospheres and
Magnetospheres

The working group on YLF/ELF Remote Sensing of the lonosphere and Magnetosphere (VERSIM) is an international
group of scientists interested in studying the behaviour of the magnetosphere and ionosphere by means of ELF (300
Hz - 3 kHz) and ¥LF (3-30 kHz) radio waves, both naturally and artificially generated. The group was set up in 1975 by
IAGA (International Association of Geomagnetism and Aeronomy) and URES] (International Union of Fadio Science). =
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- Astronomical Observatory, Belgrade, Yugoslavia

t}. IAGA(International Association of Geomagnetism and Aeronomy)
IAGA®] Division I i35 W7] d/d(Aeronomic Phenomena)$

A7ah=t, T e working 1O UslolA Tk

Working Group II-A : Electrodynamics of the Middle Atmosphere
Working Group II-B : Thermospheric Dynamics

Working Group II-C : Meteorological Effects on the Ionosphere
Working Group II-D : External Forcing of the Middle Atmosphere
Working Group II-E : Ionospheric Irregularities, Fields, and Waves

Working Group II-F : Extension of the Auroral Oval and Polar Cap into
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International Association of
Geomagnetism and Aeronomy
Executive Committee BIRMINGHAM 1999
MNominating Committee
Finance Committee
Chief Delegates
J;Hmral CMEmbersd 1AGA is one of seven associations of the International Union of Geodesy and —
Latlsna P arrespondents Geophysics which in turn is ane of the Unions of the International Council of
49888 k] Scientific Unions. These hodies serve the purpose of providing global
—BtatLutes forums for geophysical scientists to share knowledge, establish standards,
J{—Re_s;:misons 1897 resolve issues, and promaote international studies and cooperation.
i;p_nnua: Ee ort lggg 1AGA welcomes all scientists throughout the world to join in research in
A4M| Re ort To57 "Geamagnetism and Aeronormy”. There are no membership formalities ar
4[:'—(:””%3 = DTT dues. I1AGA is subdivided into a number of Oivisions and Commissions,
—p—EF'Dt_jl' Szl many of which have working groups for the study of particular subjects in
u 'Cﬁ;gzﬁ\l 0 their general areas of interest. On occasian, these internal IAGA groups
UGG 1999 Svmoosi SEWS : issue their own newisletters or circulars. At the 1AGA Assemblies, the
Moot vililditsiie groups organize specialist symposia, invite scholarly reviews and receive
—Q_Di?élir;nsi contributed papers which present up-to-the-minute results of current
Division I IRt [
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7}. NOAA (National Oceanic and Atmospheric Administration :
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- Environmental Information Services

- National Oceanographic Data Center

- National Climatic Data Center

- National Geophysical Data Center

- Office of Satellite Operations

- Office of Satellite Data Processing and Distribution
- Office of Research and Applications

- Office of Systems Development

- NPOESS Integrated Program Office

1 Fo A E3 NGDC(National Geophysical Data Center)™ d|F =4 dh
A B8, A FH 84 Fol g FHs dHolHE AlEstal vk

o] "ol &L Zz WDC-A(World Data Center-A)ol A% ZA]o] A &3sH

1. NASA(National Aeronautics and Space Administration)
NASA%FsF NSSDC(The National Space ScienceData Center)ol A +=
7 &3 E8 8 (Space Physics)d B & & (Solar Physics) ¥ o]
B, NASA®] 5 #ALdo =Ry 2 Jd3 & P49 doly 53 7]E
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* Latest ionogram
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Solar-Terrestrial Environment Laboratory, Nagoya University

Welcome to STELah WWW server.
bl

STEL ab Home Page
The Solar-Terrestrial Environment Laboratory (STELab) of Nagoya University is a collaborative institute for
conducting and promoting comprehensive research on the relationship between solar activity and charges in the

terrestrial environment.
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COMMUNICATIONS RESEARCH LABDRATORY

CEL is the onby rational instinge of JTapan conducting
research on pfoomation, commamication, and radio
SClence .
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MWS .meql Hiraiso Solar_ Terrestrial Research Center
Kansai &dvanced Research Center
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?}. IAGA(International Association of Geomagnetism and Aeronomy)

IAGA®] Divison V& A4 A71% #= W BAsgc), o] 1H5&
IGRFE Y= 5 7)1 A gt e AFE 3o Yo}, o] 1HFL2 -9

2 el FEow U A5 kil

WG V-1 : Geomagnetic Observatories, Instruments and Standards

WG V-2 © Geomagnetic Data, Indiced and Applications

WG V-3 : External/Internal Geomagnetic Relations

WG V-7 : Earth and Planetary Magnetic Survey Satellites

WG V-8 : Analysis of Global and Regional Geomagnetic Field and its
Secular Variation

WF V-9 : Magnetic Anomalies(Land and Sea)

. NOAA(National Oceanic and Atmospheric Administration)
NOAAE 24olA Aawd A3 o] Abste] ofg 7|#E& 7FA 4L gl
t}, 53] NGDCE= A+ A7) 29 5 IGRFS =1 ¢ nde] zwd &
S AFaka drd. ¥ 2-13& NGDCE &3 o] x| o]t}

2. =l A4

el = AR A FdebA gk 2y Aakd ol = A
T, o, A3 vl AHAE A sl AAZE AT WE) HolEE
AaL vk o] HolE= A&y WEkE o] &3 ¢ FAE Tl o] &HaL
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heme added Data and meemones o many dscpimes are fully s=archable aod
YRRl Sl selected hshngs dats, and images can be downloaded.
HOAASarver .
HOAMA's HOAA Server offers cross-disciplimary zearches of dats sealshle
Pl fos Soclutyr Toue from HOAA Cata Ceoters and Centers of Cata, nchadmg MGDC
Other Servers
HEDC dao offers an FTP and Gopher archivee for accese to data.
LR, Rt soamn Rl ronis, s’
Registar i Flace ymy natne oo owr maibieeg list to seceve bmely nformation on nesw peodoets snd cersices myosr sreas of
mterest:
For hora Information: , :
Ceneral guorkinns: info@ngads eoos. gov
Cuastinar abodd coMlent we dromiend BT o8
Tachmical gersiors. weblechfingder noga. gy
Disctedine Specific queshions: NEDE Contacss
DMSE Satellte Dats | Claciology | Manne Geolopy & Geophysice | Paleochwatalogy | Sclar-Tervestial Physics |
Hold Earth Geophyac
Abot WGOC | Search MGCC Pages | What's Nu.r | Word Diats Cenkers
HOAASenner | Seience For Socseby Tour | Support to Coastal Programa
Related setwices on the Intermet from MOAS and other sources
Tz pags ks bean m:n:-es'smm fmes snes Morck 4 1908
flern gre @ur most reCom FECREE SOHERRE.
MiZ0C Cabine Senices ey be offme oceasonally L moedrdenance: Seo dowotene echedals Fir deteale of planced outagee, ;!
=il | Pipifzeniith, nade, ross. g S mag magd Fiml B e i

1% 2-13. NGDC9 & o] A.



A3 Ads 2 ] 22

of AellMd= Al R iyl R T 5HE dofRa =3 A
gl EdE oM Agsh= AelEst VB deEls dd HolHE st

= Apol o] s Pobi Aolu.
M2 M Mas ny

1. dulA o] wrdl

A kA 2]
7}. International Reference Ionosphere 1995
(1) A==k D. Bilitza
2) FFuE - ARAR, AREE o]LLm o] LA (0], H, He
NO", 02)
(3) 2
IRI(International Reference Ionosphere)= COSPAR(Committee on
Space Research) ¢+ URSI(International Union of Radio Science)®] %2
oA e =AHQ AgFAe|vt. o] VAELS F8&F #HS Ho|E

Aure £ R4 AdEe mde wsy] ddA AT 604 B

33t ionosonded} incoherent scatter radar (Jicamarca, Arecibo,

Millstone Hill, Malvern, St. Santin), ISIS, Alouette topside sounder ZL#] 3L
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7}. PIM(Parameterized Ionospheric Model)
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t}. Bent Ionospheric Model 1972
(1) AZ#F : R. B. Bent
(2) gtehmE @ AR =

(3) 273
o] male AelFe AAAEE A - A%, Az Ad, el A
e P5E dehhEt 493 43S TRAG A A5 TEhd

t}. o] A2 5979 Alouette

s

Aoz a5 F MY EEdes vehlal
% ionogram (1962-1966), 671 Ariel 3¢ A5 IZF(n sitw) HolH
(1967-1968), 40%t71¢] &% ionogram(1962-1966)el 7]¥k-& =i lr)h. Hgh
CCIR® F2 Hugke] AR&EATE o] RS 94 A= FAHddA dg59
=4 BAC dy AEH A AN o|Z2 D, E, Fls Ad59 5
shalal A o, CCIRY M(3000)F29F F29] Huj=olzke] 2
of AL8-# T} Bilitza et al. (1988)2 Bent® €} [RIZ €S H| w3}
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2}, Penn State Mk II Model 1985
(1) A#AF ¢ J. S. Nisbet, R. Divary
(2) Iy A g AAE =L} T

(3) 4+
Penn State Mk I ®92-& (7)) 2% 120kmF-E] 1250km7FA ¢ A 2d =
g Adtstar, (W) AEsY dAA FaE (oh) ABEEd EF wdY A



ko] Nisbet(1971)3 Lee(1985)°ll ]allA Ht} LA o] A2 7|2
o] Y=<l MSIS-83, AE-EfAlel <93 vk =2~ zk(Hinteregger and
Fukui 1981), & (Torr et al, 1979), Z1¥]3. Rush et al.(1984)¢] <] 3]
T F2 A A o] FaSA RS AREse] whEol A

vl SLIM Model 1985

7}, AZFAF ¢ D. N. Anderson, M. Mendillo, B. Herniter

L e = RS P

o A

SLIM(Semi-Empirical Low-Latitude Ionospheric Model)& #$%

Az ol24¢l FA R 7] 2ekal vt 180kmel A 1800km7hA] &
A= BTN el A GAghel oA A AT HAA-E profile
= F2a iAol oalA o2&ty i, ZhZhe] profile2 oAl 7l¢ A

Chapman ¥4ol ©jald Uehlojdtl, BaEe] Fu & F27Yw
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v}, FAIM Model 1989
(1) A&AF © D. N. Anderson, J. M. Forbes
@ seeE s

(3) 2

FAIM(Fully Analytical Ionospheric Model)2 SLIMXE @of gkso]3

A4S ztE Chinm2el &2 (formalism)ol] AFg3ht), A SF A 7HA3SM= 63
ol e FElelaFFe 43k 28 e g UEhE DipdEe ®¥stE %
SRaa=
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3. F2 AxA »dy &
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LA

7}. CCIR foF2 and M(3000)F2 Model Maps 1982

(1) AZFAF @ Comite Consulatif International des Radiocommunications

(2) T&}n ¥ @ F2-peak I}&}H| ¥

(3) A4+

o] Hol¥ set Comite Consulatif International des Radio

communications®| A ¥HE01 2 foF29} M(3000)F2 A5 Egsta )
foF2%= F2-peakol Ao Zetzwp Fupfola Wi NmF2sl v&3 22 o
A7 A,

N,.F2/m™°=1.24 x1010( foF2 | MHz)*
M(3000)F2(=MUF(3000)/foF2) &= F2-peak®] =o|&} et #A 7} 5!
3 g 2ovk, MUF(3000)> ] ZFelA ¥hAbE o} 4 3000kmetel A F218
= 7 =& Fueolt) foF2¢ M(3000)F23= X% ionogramol A L F
o] A3t CCIR A= 1954WF-¥ 1958W7kA] A AlA| 2] 1509

!

i

s

oA jonogram<e] kel 71¥EE FT). Jones<} Gallet(1962,
1965)% o] Ede wrh WA Z )

1}, URSI foF2 Model Map 1988
(1) A&k + C. M. Rush
(2) v : F2 peak Z&}&ul Fuk=, foF2
(3) A4+
URSI A9+ International Union of Radio Science(URSI) Working
Group Gbell &JallA Lo Aot} o]zle] 32l W2 CCIR foF2

2dy 2 CCIR =22 jonosonde’} =& = HHbto] giajq= 2
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9 gli=rh. Rush et al(1983, 1984)= =233 7] 2ashe ALEarsit).
Fox®} McNamara(1988)<2 Rush®] Wiz} 4%+ 53719 ionosonde H o] &
712 3 HF URSI A5 A4 A A
t} ISS-b foF2 Maps 1981
(1) A=A Dr. Matuura
(2) FebulE @ F2- peak YA EHoh&vt F34, foF2
(3) A
o] HlolE set2 Al 79 AlF seto.® FAEHO Jal ThE A
o] AAFAHY foF2A =g HEY] Yl TS Z=
o] Xdl2 ko] [SS-b topside soundere] ™= gholl 7S FaL glt)h d
olH &= 2A|ZMalY AlAkE o oh 1978 8¢9 1194 12€ 12, 19789 10
9 10¥ A 1979 2¢ 11¢, 19784 11¢ 9ol A 1979 39 13¥, 1979
W 19 10¥€0l A 5¥ 14¢Y, 19794 2¢¥ 9YollA 6€¢ 13¢Y, 19794 8¢ 8Yel
A 19799 129 1397hA1 9] A EH4 Q0 ASvolEH 2 AA T4 e Tt
sobAl ok 7 x23) B4 o] HlolEE 939 BRAH dip H1=¢ 4749
AR Yl 5 YRS S B4 WL 48 SAEFEdTA
(Communications Research Laboratory)®] 67 RiiAlelA A=), o
HIAES B3 27 & A3 AFAIZEY] dA 490 Fad
| HEaf A
CCIR¥ URSI®] 192 ®Hjd&so] &dt e} 8% && g EF X
&slal ATk Rush et al2 A2 URSI Edo] o CCIREERU}=
ISS-bE e 7hgThar Hyvh
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2}, MINIMUF/QSTMUF Model 1985
(1) AZF#F : R. B. Rose
(2) Iy HF d3 3209 A2 7hse ) Fa

(3) 2
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o] »d& MUF(Maximum Usable Frequency)S dX &= T 21
o] Adxoly, o ARZ B4 AAE 71X 3 QA ionogramol] HFE

ab vk A HAaek FA Aol HelE ek B EHA A E

(1) A&AF L. R. Teters, J. L. Lloyd, G. W. Haydon, F. G. Stewart

(2) v g @ AAEE, MUF &

(3) A4+

IONCAP(IONospheric Communications Analysis and Prediction

program)=> oH 1A o|M = HF Au & spepu|e o] Fghs AAs +
o Ao A7), MUF(Maximum Usable Frequency)9} LUF(Lowest
Usable Frequency):= IONCAPol A Axte <= 9li= d&ug 71 dH &i)ol
thoolg gk geu Bl S ekr] flelA s A AL S &Y

3 B 15 Fol Bash

4, AR
7}. AEROS Electron temperature Model 1979
(1) Azk#} © K. Spenner
(2) F&uE @ 3% 300~700kme] AAFH AALE

(3) 2

©.
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1}, Density Dependent Electron Temperature
(1) AZF#F © L. H. Brace and R. F. Thesis
(2) 2}l E @ 3% 400km oF#e] HAA%
(3) A

=l

o] 7d

rlo

A% 130~400kme]  WEcte] AALEE AAUL
Ne(/m*)$} *=o] h(km)e] 4= vhebdc)

5.122X10 7 *2+6.094x10 2N, —3.353x10 " “AN,

T,=1051+4(17.01~—2746)e
o] AL 1973 129R-E 1974 1297FA] £9 5004 w9 507}% EokH
A7te] 8w Hu} #2 Foke] AE-C Langmuir probe Ho|E el 7] %3}l
At B Fe BEHstE E9etal = Byl #F4H version International

Reference Ionosphere(Bilitza et al. 1985)e] A}-8 % it}

O+

t}. AE/ISIS Electron Temperature Models 1981
(1) A=&=AF : L. H. Brace, R. F. Thesis
(2) ZebulE 0 300km, 400km, 1400km, 3000kmell A& HAAL-%=
(3) A
o] dloJE set2 AT HALmo] gt AAFAA HIH =g
olty, EF w4 A #g F Ede] % 300kmel dE sk A2 ISIS
1 #9149 1969-1970  dlo]Eolal - FH, 1A, TAY A Ede
1400kmell sl F st A& ISIS 29 1971-1972v¢] dloly, 1g]al 3= - F3-
I sk o 7 EEe] 300-400kmel i Fsl= A2 AE-Co] 19759 4¥-1976
9124, 1977 29-1978 62 Heolgel Yxekal vk gk
I 28 229 81709 Ales wEe e fddolded & A&
ok o] A& DIP 9ok AGAke g Ao Hsks s
2 dE2 [RINA A5 AT

Ey
= =

ot
[0

2

.ol 43 A X4 (DRIFT MODELS)

_64_



7}. DY Ion Composition Model 1985
(1) AZFAF @ A. D. Danilov, A. P. Yaichnikov
(2) tehml el 75kmell Al 1000km7F=] 9] o] -4 A 1
(3) A4+
o] X2 HYFe o] 7 AEE Ak, WY w4 A=, H

Fol A+

W
il
1B

>4
o
i’
1o,
ok
=
o
i
i)
=
iy}

. o)A 1978 v} Danilove}
Semenove] Hdo] 7|%3}aL JE=H|, Danilove} Semonov® X &2 Electron
2, 48} S3-19] sl dolelet 2071 =AL AR Aol o dojE=Fy v
S0l Aot} 54719 H]ml(reference) ZEILL O, NO', H, He', N9

Ak, Hge e
9%(0°, N, He', ), AAL(NO’, O, Cluster)® B %5 ( Clusters A€
g EE AR Walks yetdsd 2ol

Cluster ions® FAHT}. o] 7+uhsl Al Al 4=

t}. ISR Ion Drift Model 1980
(1) A=&AF + A. D. Richmond
(2) v g @ A2 ZAIG 2 1% 300kme] o] 29 drift

o] X2 7] % -65% A +655%=Alo] A% 300kmeol A o] o] 29
£L= 5 7]ss) o] A2 Millstone Hill(1976.5~1977.11), St. Santin(1974.8~
1977.5), Arecibo(1974.8~1977.10)¢] ISR(Incoherent Scatter Radar)tl]c] €&
2w g AR bR el s uwiwhe] wleo]ERkS Ikl o] dHo]E

= O

e Azl1g-29), A56E-8Y), ¥/h2G4, 4%, 94, 108)e] 77)e

=

AREE WA i deldh Fold AAy] AU, UT, 94 52

(e}

o) galA A gl W drift Swe] FAYEES T F Yok

=

t}. St. Santin Ion Drift Model 1979
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(1) A&AF © M. Blancm P. Amayenc
(2) seprlEl @ A2 29 Lk 300kme] o] 9] drift
(3) A

o] el St Santinel A ISR= #5H F5o A7|dow Qg &1}

49 71748l 1973916014 197541744 3ot s

7}. Polar Cap Potential Drop Model 1981
(1) A&AF © P. H. Reiff, R. W. Spiro, T. W. Hill
(2) st - FAX A (Polar Cap)g Avh= 2 73}

(3) 2

N

L

AEHd A= F3AgES Av= XA skl 54

2
Iy
iy
I%)
I
o
A1)

= + AE-C, AE-D, 53-3
AsHon AAsE TE 5 Uk o steEEe o

2o 29 AA AV ARS EFD A4 uEe) wsle) F

1}, Volland Electric Field Model 1978
(1) AZFAF © H. Volland
(2) sl AR Al MY A AV
(3) A

P

o] AL = HH(quasi-static) A (potentiaDel] 7]¥kS & AlxFH <l
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(semi—empirical)
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t}. Heelis Electric Convection Field Model 1982

(1) A&AF © R. A. Heelis, J. K. Lowell, R. W. Spiro

(2) dehnH

3)

0
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+
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C e mel Al Asglsl 4]
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@}, Utah Electric Convection Field Model 1986

(1) AZ=F : ], J. Soja, C. E. Rasmussen, R. W. Schunk

(2) dehnH

3)

Lol A el ek A7), o9

©al

Kpe} IMF (Interplanetary

Magnetic Field)®] Bx, By, Bzol &% ™ Heelis®} Volland =23 ¢4 H
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o], ISR(incoherent scatter radar)¥Zol| 7|xE FaL Qv E&& &g
IMFoll Al Ede] x7]%-2 IMF Byel ¥k o] &gkl
= g e ool i cello] SFdete] EA5HA

vl I[ZMEN-IZMIRAN Electrodynamic Model
(1) A2 A. E. Levitin, Ya. I. Feldstein, B. A. Belov and V. O.
Papitashvili
(2) Sk - A, A7, a9 oA field-aligned A F

(3) A

ol A7, AEF BT e ATAIZMIRAN, Moscow,
Russia)oll A Faermark®] 1977y Ed& dAAA wbE Aolth IZMEN &
o] 1985 H-2 2 e mE A g g vk o] e 1%
Adsel 71984 sefuHEm o Fo4A i, duE e A Ad
(& F&, A5, A IMFY W3k, A7), w840 osiA ety a9
= AYs AVgeke ofg e s = IMEY AlZiek e, A7,
field-aligned # 5, dg]=2 AF ¥E, Joule heating rate®wt o}z =
g AAA Ads WY, Aese] BAS Sl osi 2-dE = Uk

e

L
2
o

v}, Millstone Hill Electron Field Model 1983

(1) AZFAF @ W. L. Oliver, J. M. Holt

(2) depulg @ e meA o] o] 2 driftet A7

(3) A4+

o] Rdl2 WA &g+ AV f=E vUeWE 639 v g A9

AlZel 7174 Ex¢t EyE UEE 83k Fdld Hm A Eo Tk
o] 712 19781 Millstone Hill®] ISR(incoherent scatter radar)oll Al &= 7
717 Hs yetllE Aotk Ax|E A Kp e Al AR A
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ATl FHL Y 0= A 75 Aol XA = 1% mir} 308
Ao 2 AARLLTE Holt et al[1986], Foster et al[1986]2 o] Rd& &

A}, Heppner-Maynard-Rich Electric Field Model 1990
(1) A ZFAF © J. P. Heppner, N. C. Maynard, F. J. Rich
(2) et g @ 29 A9t A7), Pedersen & Hall A&,

field-aligned A, Joule €

o] AZEAE HE FAVY Bd AFGL o= 2 A

sha gom, AA/AE 605 o de] AAs AP ATE FH ¥

Se v IMFRAS ASaa i $ES ek IMFY 450l A%
%

717 Ed2 olygk W3le]l AolHE& HoE ¢ vk Rich®h
Maynard(1989)2- HeelisE 2 H 1t} AalEe] wdo] Auly 7/jde AUAVE
BHow, e Harang =95 AAL SHH-F(dayside) 7F7bolell A Foster

et al.(1986)¢] A o] o] H-& =4 s}
7. o 2¢ A A= (CONDUCTIVITY) &9
7}. Rice Electron Precipitation Model 1982
(1) A=&AF © R. W. Spiro, P. H. Reiff, L. J. Maher

(2) Fefuly - dA)F ol YA EHE a9 5L dF, QL REX] Al A 9]
Pedersen & Hall 4= %
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(3) 2

d=d ezt AA duA EYs Fx9 Axr] el vE Ay 1

A el His AAsk=H AREHAT o A= 19749d 1€elAM 19761

44742 3040770 ¢ el vbEE Fa vk .2 A9 nFHAFAST
(Auroral Electrojet index : AE)9] H] wAlo] olsfA o= Z 29 54
S UEd 50| vtEorh 4 252 9% 30%=cA 83mAte] o A
ol Aol Wales Yebdu, A3 40 7k Perdersen & Hall AXxXof o
g ae 25 vh=sd AREH ITE Robinson et al. (1987)-2 Rice Fd
A A AEEe]l 9 AHE XX 3 A Kamide et al. (1989)7F o] A& Fo]
= WHE A AT

. AFGL Electro Precitation Model 1937
(1) A&+ D. A. Hardy, M. S. Gussenhoven
(2) Ay o oo| A FE e AEGA qFd eme HAx
2~ Pedersem & Hall A%

il
1%

o] mel& oA Fere HE gy} o=@ omw A4 5 UEE
TEA Y A7 EEAFKp = 0~6)°] wetA verdrk. DMSP F2¢9F F49]
Aol SSJ/3 HAE7)9F P78-1 91499 CRL-2518&7]0A we o ZHApaigt
el ~HAER(50eV~20keV)e] o =Hue] Y]xE o]Fi= ueE el
Epstein ®3g} = 3704 WEE vedle b AE
o F4E dAHA WEE JEE | 2 AFES AA oy

9} Pedersen & Hall A5% 55 AAS =y 2xolv}

ia,
2
o
R
o))
2
3
)

il
1%

[>
}
il
)
>4

t}. AFGL Ion Precipitation Model 1989
(1) A=&AF : D. A. Hardy, M. S. Gussenhoven, D. Brautigam

(@ deble R Fejse R 4 Tela d=d omd of

ro



o] H o] (30eV ~ 30keV)

(3) A9
o] Hdle ouxe AHE gt} 4 ZY A Tdal JdEFH e 2E o
2o HAYAEZ BAH AA7] Y(CGL), A7 A A ZHMLT), L

L A#27) #dEAeKpe g yEife] £tk DMSP F6, F7914d 9
SSJ/4 HE7I=HFE 4L 265w Jfe) e 74242 30719 CGL 14
(50 - 903} A AH7] Fs Al Kpel 2 7TebAvi: 24413ke] hA e s gits)
"ot olH e AaE AHAEY Hdayd oo A, Al A

7}. Auroral Oval Representation 1975
(1) AZF#F :© R. H. Holzworth, C. -I. Meng
(2) s2tug @ 9 =2k el A (auroral oval) e =38l
(3) A
o] xdle ¢ =2 e} A (auroral ovale FA &S AF 7
ool F92 yEeRdT Holzworth & Meng(1975)+= A A7) &-& A2 2
AW Feldstein(1963) BH A& A& FEsdth

s

(o

o

—~

1}, Auroral Absorption Model 1983
(1) A =#=AF + A. J. Foppiano, P. A. Bradley
(2) B E - a9 Zel A HF 259 Ay &5 73
(3) A4+

o] wae mYnelA HF #Ee A% A58 Tz

N
©.
.
rlo
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H 33 7] =

1. 459 &5 v el

7F. U. S. Standard Atmosphere 1976

(1) A =&AF : National Geophysical Data Center

2) gehuly | EY dHE 25, oY

(3) A4+

COESA(Committe on Extension to the Standard Atmosphere)®| Zf

AL 19539 el Al FrE 9, 19581, 19624, 19660 Rt} ddd mdo] )
grom 1976\ of wiEd U. S. Standard Atmosphere® 7]dko] it} o
2dLe NOAA (National Oceanic and Atmospheric Administration),
NASA (National Aeronautics and Space Administration), U. S. Air Force's
o Z|#o] oA HEv u=e 300709 AN V|, A4, A
o] COESA® #rqdol et A3 94 dHoly, 1gjal o) 74
o] #Zo] 7|WH& Fa ti7]e HWE X5 X 1000km7A tERH T 32km
Ho} wre x49e U. S. Standard Atmospheres= ICAO(International Civil
#Zrh U, S, Standard

S

Aviation  Organization)®] %& 7] 74,
Atmosphere(1958, 1962, 1976)2 EHI Y& &S A T3] &2 o] 7AW A&
AA sl ZRI YR Uit S8, oY o] S R Hd YA

— = ] A~ - =) A= = [e] o]
L=, w1 sEFIE, 3o 24 7, 2 Sk s A4S, &

B



1}, Standard Jacchia Reference Atmosphere 1977
(1) A=A L. G. Jacchia
(2) FefuE A 7)o dRe £

(3) 2

553 37 L= 90kmF-E 2500km7bA o] U R, 2%, AT T
FoAlvh olAded A4, Ax, AGAte ®EE e el
52 dbdvuig A7) Holal AMAHR] e FAE AT FA
HEe 7Hdshd e Zaragd2 orjde e Adod ¢ i =,
110kmell A 200km7hA1¢] €A CIRA-7T25de] Ak&H7]%=  Fr}
Jacchia(1964)= B} &2 X+t 7]131<] couplings 71 A =4 3t}

t}. COSPAR International Reference Atmosphere : 1986 (Thermosphere)
(1) AZFAF @ CIRA Working Group
@) HeuE Qe 24 QA L U
(3) 4

CIRA(COSPAR International Reference Atmosphere)= 7] 259}

Aol #=49 Fdolt) 120kmE T 2 3¢ CIRA-862 MSIS-865 2
T g} e Ad A Fdel CIRA-86C London ™are] D. Ree®} 19
TREol vk oAl dde XdE xgsha vl st

}. MET Model 1988
(1) A=AF @ M. P. Hickey
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(2) sy e SAUA 25, U9
(3) A4+
MET (Marshall Engineering Thermosphere Model)2 7]|&4 o2 H
A ¥l Jacchia 197052 o|t}. MET-S Huntsvillee] A+ NASA®2] Marshall
Space Flight Centeroll 4 A ¥t MSISE =2 METRE 99 Rt} 2ds

Ao FFEd ool MSISZH o 2 dHeldg s gu =
2ok Aag FIH AdS ki 9] Wt

vl MSIS Model 1986

(1) A=A+ A E. Hedin

(2) sy e SAUA 25, U9

(3) A4+

MSIS(Mass—Spectrometer-Incoherent-Scatter) = &2 1% 100kmo|

A aFgrle] FAAYAY 2k, dEE Vlseta Jdrk MSIS-862
CIRA(COSPAR International Reference Atmosphere)®] ilEH-E& 7]<36
I Qe Aojrp o] A Bk §e 7R HolE ¢ A E. Hedin® #4]
S 2RE AFHAT HolH AxE ¥ e ZA3 OGO 6, San Macro 3,
AERO-A, AE-D, AE-E, ESRO 4, DE 25¢ ¢4 dl¢|¥, Millstone Hill,
St. Santin, Arecibo, Jicamarca, Malvern®] <& ISR(incoherent scatter

radars)e] HolEo|t}, AALS d17] fEAE A=, @4 &

N

AlZF, 2=

y y

AN

A&l A, A BE AT B 107emd HEx 7] Ap AFE
ol Aottt Axtem A& F U= Ho=E He O, Ny O Ar, H, N9
Z=1)

TR = A dx AR 2%9 exospherice=®= S o]t} Hedin

(1988)8 MSISE. 93} Jacchia 1970, 19775 9-S 8w 3o},

v}, MSISE Model 1990
(1) A=A+ A. E. Hedin
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(2) ety AAHY dA7A 9 SAYA] Hnel &
(3) MSISE =492 Ao mnHE dAA7A TAQAL "ol &
71esty, 725kmotdle] AL Aol Hy %9 4EHe il MAP

Handbookell 7]Z38Far Ql+=d oA gt CIRA-86E D] AMEH3A

120kmeol/gdel ti7]el #Ae] iz AbfE2 MSISEYES AFEE As A%

A= @skal AT

H 4 2 A dole HMS AlolE

1. NGDC(National Geophysical Data Center)

vl NOAA *F3d NGDC(National Geophysical Data Center)2]

SPIDR(Space Physics Interactive Data Resource)ol A+ A& &2 foF2%k

o 9l¢] vheya ghe AlFTeha k.
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foFZ MaP

OCTORER 1500UT

19 3-1. 19964 104 9] foF2

SUk =POT MUMBER = 10

= T 7)

S . HA
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faFZ [MHz)

REO OO

=2

2t 3

3 to 4

4t B

Stc B

B to 7

Tic B

E to O

G to

10 to

11 to

12 to

13 to

14+ ta

158 to

>16

11



FOF2 VALUES (MHz)
CHILTON  OCTOBER 1236 UNINWERSAL TIME
LAT: 1.6 LON: 358.7

158.0
N N N e N N NN N N
1 a2 03 O 0s 06 o7 08 04
130
3.0 ﬁ—*ﬁﬁ j\ﬂﬂﬂ‘\mﬂ
10 11 12 13 14 1% 16 17 L)
15.0
2.0 Aﬁﬁxﬁ\ﬂj\f\ﬂﬂ
19 20 21 22 23 24 25 2B 27
150
MIN = 2.1
MAX = 7.6
20 ﬂ./\.f\ﬂ m OATA VALUES
28 2a 20 - —— MONTHLY MEDIAN

19 3-2 9= Chilton®] 1996 1049 9] foF2

o] Lol A= 1957 A F-E 199671 %] 9] foF2 ¥+ global mapd AlAl F&
ZAJo| A 2] foF2, fxF2, M3000F2, h'F2% Ut &s =8 #S A}, sk wt
o] FoLAY A& & ¥ HEke] mAE AYHY vt vs 27 3-12
1996 109 9] foF2e] ¥ Hirgtolal, 13 3-2% 1996 10¥ <= Chilton
o] foF2eo|t}.

2. NSSDC

1] NASA ZFe} NSSDCollA+= Z+¢ HdEs =g, 7] 24, 273
2d%o duyy g4l ®wd CODEY Heoly e AFsdcy 1 5, 53]
IRISSE ol &&3ta b 7oz Ao dxe] nmd, Ard,
A== deFe A=} 2hF dole & Alasta YA 5, Global Map
S AT @Al vk 1¥ 3-3= o] 3tel A HlolE e} A AlEsh= 1998

W o119 119 UT00A] F¥(37.4 °N, 127.0 “BE)ell Ao AA-E L, o] 259
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, E 34 S 2RO oY =9 A shdel

Ne/Ch-3
1200 74000,

200

i / R

0
2100

1500 - 7

300 7

3[":' 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
30.0 130.0 2300 330.0

H
1l 3-3.19989¢ 1149 119 UTI0A Qbefel A e HAx "m=ef Az 259

e
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NSSDC
International Reference Ionosphere (IRI-95) Model

You submitted the following name/value pairs:

DATE: year or RzlZ=199%98. month=11 day=11

TIME: hour=0.UT

Geographical latitude =37.4
Geographical longitude = 127,
height = 90

Results of MODEL calculations:

URSI maps are used for the FZ peak density (NmFZ)
CCIE maps are used for the FZ peak height (hmFZ)

Peak Densities/cm-3: NmFZ=1115486.1 NmF1l= 0.0 HNmE= 3160%.5
Peak Heights/km: hmFzZ= Z240.84 hmF1= 15%.06 hmE= 110.00
Solar Zenith Angle/degres 71.9
Dip (Magnetic Inclination)/degres SE2.47
Modip (Modified Dip)/degree 45,78
Solar Zunspot Number (l1E-months running mean) RzlZ FoLe
Ionospheric-Effective #olar Index IG1E 127. 8
H ELECTRON DENBITY TEMPERATURESR IoN PERCENTAGERS %
km  Me/CM-3 Ne/NwmFZ Tn/E Ti/KE Te/K O+ N+ H+ He+ OZ+ NO+ Clust
So0.0 5911 0.0053 =1 i =L sy sl sl sl =3 sl =1
i00.0 65120 0.0584 = =i = 0 =1 u] o 30 70 -1
1io0.0 9110 0.0821 sl =i S, 1., w=H u] o 34 e85 -1
1z0.0 7865l 0.0705 368 368 368 2 = u] o 38 &0 -1
130.0 89251 0.08200 424 484 519 4 -1 u] [ @8 GEaE =i
140.0 Z175Z5 0.1950 573 573 670 B o u] o 37 54 -1
150.0 3261889 0.3244 642 542 8zz2 L9 sl u] o 34 47 -1
le0.0 504637 0.4524 594 594 973 e iRl u] 0 Bawr igE: =gl
170.0 &33550 0.5680 735 735 1124 b7 aml u] 0 25 B =
lg0.0 759032 0.s804 Tee Te6  1Z76 T4 -1 u] o 18 9 =k
120.0 872146 0.781°% TS50 790 14Z6 8z -1 u] o 11 & -1
Z200.0 955938 0.865°%9 202 g20% 1574 87 -1 u] u] 7 5 -1

Where IRI parameters are NOT available the fill value -1 iz used

(>0 to Graphical output of model results

29 3-4. 1998 1149 11¢Y UTI0A] QbFell A e dx} i, o] &
of o &% (NSSDCA| & Websl)
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3. COST251

Cooperation 1n the field of Scientific and

ionogram¥ TECzk, 18]al FFAS

= 9o
o =2

COST(European

Technical Research) olA]+=

WebZell A A& 3t vt

7}. Vertical Incidence Ionosonde Database
o] o= &HA f¥ COST 251

AN
ionosonde parameterE X361l Yt A FTEHE A=
7 2 HlE HolHE 1944\ 9] dlolE ety 17 3-62 19914

A9 (21 3-5) 509 3ol Al <]

19571 58] 1997

74 <l
109 Rome(41.8 °N, 125 “E)9] foF2 gto|th
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P . Iif f\_’r
&g fﬂ Arkhangelsk -
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f{ g L},_ﬁkse \ Wl
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“ : I p - K &I
E LWEK—E; paE 0 .
' 7 "l o el 1 "&tFPetergbusg
r_{’h 1 . " (Ff’\j Y :
'E‘Ezy;”" 'l).'Uil" f/L |'~ i i | o ST rdlu:nvsk-l
BTN N Y \ oscom i
SN ol Fata fraungrac 1
% ! . E)_ i;-rt E AL ara aur ]
T . -S_Lﬁliu ! sindall ' N .i
""“'f_l:_)" Dourbes " Erohopice "Kiev i
a"ﬁ n Freiburg o Y :
Garchy 1= JETRY, & i - :
PCII'tIErS "ﬁ'-.\ Bﬁﬂkaﬁpﬁ:ss ﬂhﬂ ffﬂn sto J\F/‘_ " ﬁ?_:
- /—'? r"‘_'l =
Bau:u gad 4 e \ o o
A \"5\ mﬁa‘r - \ Tl :
i -Tu:l'r‘tosa ,2 m\\ o] (‘_"“'\:/gsmﬂhm a ;‘—5 s
idhon \Ry Mo Cis R | e | ]
IIJ|' T Fibmarma T A then s - Q} L\-A 4]
| w b : P sl'ldlabaﬂi ]

19 3-5 COST 251 A<
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ROME 18,1991 [ 41.2M 12.3E1]

1 1 1T T 17 17 T T T T T T T T T T T T T T T T T T T T T T 1
Hourly walues ——

IL
im-ﬁ“f\* MNW

T Oy

48

1 2 3 4 5 6 7 8 9 16811121314 15 1617 18 19 2821 22 23 24 25 26 27 28 29 28 31
Day of the month

19 3-6 COSTelA A3k 1991 10¥ Rome(dl.8 °N, 125 ‘E)¢] foF2
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Florence [Sub.lon. lat=48.2H, lon=8.5E Period: 18-1991]

78 — T T T T T T T T T T T T T T T T T T T T 1T
Monthly Average —+—
. - Lower Quart@le o
am L ,n” a-- nﬂ;Upper Quartile -E"-_

=15

TEC units=

38 -

=35

18 -

I} | | 1 | | | 1 1 | | | 1 1 1 | | 1 1 | | | 1

B 1 2 2 4 5 & 7 8 91811 121314 1516 17 1819 28 21 22 22
UTC Choursl

1% 3-7 COSTel A Adat= 1991 10¥ Florence(40.2 °N, 85 °‘E)ell
¢ TEC.

1}, TEC(Total Electron Content)

o] o A= & YAl Ionosonde HolE ¥ olyz} TEC(Total
Electron Content)#te €= AFatal vt o] HlolHEL AA YL A3
9] Faraday Rotation® =F-E] AGtew 15 3-72 1991 10 Florence
(402 °N, 85 "E)ell A ¢l TECgkel dwgtelrt.

t}. Ionospheric Absorption Data
ol el A= dAel Al FolAe 5 HoleE dBE AlFshal St
HolEe = s5F9 Hirgko] ¢ & w9z AHE Qu}. o] ZoA AFsla

U= T 2614 kHz, 2775 kHz, 6090 kHz, 245 kHzo] o
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FPRAGUE [l1at=85868F, long=@16838]1 &8990 KH=z

22 i T T T T T T T T T T T T T
Daily Average ——
28 -
]
I
18 |
i
-
0
+ 16
m
-
-
14
=
=]
'—
o
5 12 |
n
[==]
T
1@
g 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 3 5 7 e 11 13 15 17 19 g1 23 @235 &rf g9 31
day of month [OCT 19911

9 3-8 1991 10€¥ Prague(5.007 °N, 01.030 "E)ell A2 6090 kHz <=}
o] FE(dB)

- 2614 kHz
- o] Aute] F4 ¥ Norddeich - Panska Ves path (HEARX] A
52N, 11E, 1.=2.36, 1710l 717X €] A2 610 km)E w2}
A 1960 69 F-E] 1973 5€ 714 S AT}

- 2775 kHz
-o] Ayl FHEE 1960W 69F-E 1973 5€71A] Kiel -
Panska Ves path (HFAMA]A 52.45N, 12.45E, 1.=2.39, &A17]eA
T2 717k% e A e 518 km)E WA S H T

- 6090 kHz
- o] Ayl G4 Luxemburg - Panska Ves path (HHAFA] A
50.07N, 10.30E, L=2.21, sAl7|oA 2717+ A8 610km)=
whebA 1971958 1994A7HA] S S1aL, 1995 H-E 19961 10
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A= Ao =z H)
=493k,

- 245 kHz
o] Aol &2 Kalundborg - Kuhlungsborn path (RHARA]H

549N, 114E, L=2.7, $A7]dlA A717b# ¢ 712 180 km)E w

b 1968 F-E] 19831714 74 = AT

4. Air Force Research Laboratory

o] Fo A= MSIS, PIM, IRI=¢ 24 HolHE A¥Fsta Ary 1

3-9= R dolE MH|A g oA Bholu)

7F. MSIS
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IaEu:It dew Go Enmmbr Hel

T

4 -
Back i-ite--il Aelo=d I'rﬁm: Bearch  Oude Prirk  Becunily g

W

B

il wf " Bookmadks B Cncaion: [ e, pin, 81 mil o delsAndes, himi

Web Server for Space Physics Models

An Almanac program for geaphysical indices.
The MEE made! for neutrd @mosahere

The Pl rnde far ianosphera

The IE| model for ionosphere

Flasma calculator.

John Retterer
Biack 10 AEFL , Space Prysics Branch.
=48 " [Docurmerd: Done B T ey o

19 3-9. Air Force Research Laboratory? =& t]o]E AH] X~

g wolx 3k
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[~ - I

" £ e = 3
Back. Forward Aeload  Home  Search Guide Print  Bepurkd  LIC3
1 #'Bnukmnnm & Lucmbn:I‘nslacgﬁmﬁ?.ﬂabn-l?ﬁdm-I*I+I&Eﬂa-m-m.lTﬂ&fl[IT-aap-arl.r--lmtc*un*gsnumamalmull:as [ |

MSIS Model of the Neutral Atmosphere

Runzs Alen Hedin's MSIS madel far the densities of the most impartart constotuents of the neutral atrmosphere as a
function of smude

T Lanue g

o lm— Lonotude [deg E]

[t 11398 Date (day morth year]
SETEEE Unkersalime (rours)

- IW F10.7 (presous-ay A0-tey-rmesn)

=5 -'-"-|:|
rezed donm I ook up geophysical indices ] palculale model J
John Retherer
Back tn Space Physics Model server.
AFRL, Spaca Physics Branch
=l ~ [Document: Dane SErE e e T

Z13 3-10. Air Force Research Laboratory® MSIS do]E <&
3}
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MSIS Neutral Atmosphere Model

Query = 94835

Year= 1999 Month= | Day= [ Hour= [2.174 (UT)

FL10.7 previous day= 179.0 3 month avg= 1360 Ap= 6.0
Lon= 127.0 Lat= 374 Chi= 1340 tlocal= 2058Iyd= O

£ g [RT O S R SO0 B Ay . S o

\

800 - i

600 «
Aldtude \
[kern]
400 -

H (] 02 I“i:
[] T RTTTTY R TTITT R WTTTT| BN T11T7 BRI 1T T SR e T | FETITT] BERETTT | FRTTITY AT
10° 10° 107 10® 10° 10 o' 10" 10" Lo
Density [cm'3]
29 3-11. 19999 19 1Y QF%K(@E74 °N, 1270 "E)ol Al e o] ¥

% (Air Force Research Laboratory A|-&)

A8 4 9= ™ol grl 18 3-12% 19999 1Y 1Y okekol A9 e
B7] ¢k dEeldela, ¥ 3-132 o|uje] Azjolr) Hgl
FoF2, HmF2, TEC#S A A+4Q EX & HojxE= §) ghdolu



Ele  Edd ylew Go Commuricaior  Help

i < & 3 A 2 & 5 & &
Back. [rresmd: Robed  home  Seanch Guide: Pt Bepuly Siop

g i-'fﬁu-’:?ﬁamu 8 eatlan[ie=T=T+Te8%T7 SRR Totan=Tanro=1 TRa =T TAnn=noksi+ganohysicar-niica: =]
I,
PIM Model of the lonosphere

T Latitude ideg b
JJizm Longiude (deg B)

ot 14998 Dam (day manthyaar)

. W Unreersal ime (haurs)
Lk

s s sunspat number)
Jrets

JWSI M (By Bz - onk signs matter)

resat form J Iook up genphysical indicss ] calculats radlel ]

John Retterer
Back 10 Space Physics Model serer.
AFHL, Space Phweics Branch.

T4 B ~ [Documeni; Done
219 3-12. Air Force Research Laboratory® PIM Hlo]E ¢
3l
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PIM

R ...l i it

200 -

600 -

altimde [km]

400 -

s

1 L0 e 1w 1wt 1w 1wt 1w’
Densit}r[cm'3]

1 3-13. 19999 19 1Y QbeFel Ao AAd =
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Daily Global PIM lonospheric Model Run

The Ar Force Resesrch Laboratory's PiM ionosphenic rmiodel is ron daily using yesterdey's (the most recent] walues of
tha gacacthity indicas pretad by SEL. Thaze runz are uged ta produce gobal meps of anosphenc perameters:

FaF2 HmF2 TEC

Simiar runes are used to produce plats of the varabon with tirme of the vedical Total Electmon Content at s=veral
lacatians:

lat 42 fat 2 lat 72

Jahn Fatterar
John Retterar
AFRL S Phwsi h

Z1¥ 3-14. Air Force Research Laboratory® FoF2, HmF?2,
TEC#®] A A7H £x & HolF= ¢ v
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(B lonosshers Model - Hessgaps____________________________________________HBEH
Elle Bt Mew Go Commanicsar  Help

IS ” W = v

+ = B 4 a2 £ 5 & @
i Bk vt ralosd Home  Seamh Gudp  Rdm Seuly G i L B
1 T BoakekE - B Loeation [ -Ein/T,cor it 7, ASkn =12 1500k 1+1+ TERA Ual &, B4 T4ET 10]=1 JEAr =Rk ruprgeophy sicaAindcas =)

IRl Model of the lonosphere

Rune the etardard model for the dansbes of the most impotart consttuents of the ionasphena =3 & funchon of
Etilude

A Latite deat

. E.'-‘_—. Longhude ideg E]

i imms  Cte ey moreh year)
Jrzmate Uriversal time (hours)

: |l'-‘9 FinT
re==t fomn J Iook up gEophyscal indces i calcuate rmedal
John Reterer
Back to Space Phymic
AR Sipee Piis nch
=l Docurrert Doni T T Y

Z1¥ 3-15. Air Force Research Laboratory®] IRI H] o]
A= A

t}. IRI (International Reference lonosphere)
of Lo = IRI HolHE dA AATeAe A Taads
AFsta glow, A AFA BEE AFsHA ek 19 3-15% 19994
1€ 1Y ¢F%R3E74 °N, 1270 ‘B)elA e AAR—E=S Ader] 98 4= 3t

Wol i, 21§ 3-162 olwle] A4kl
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INTERNATION AL REFERENCE IONOSPHERE

Query = 9733

LATI=374 LONG=1270 R=153 MONTH=1 HOUR=2l.3l

CALCULATED VALUES: MLAT=26.4 MLON=1949 COV=L79.0DAY=15
DIP = 52 4 DIPL=33.0 MODIP=45.8R DEC=-54

KHL =14 1.9 SUNRISE/SET(LT): 7.2/16.8 SUN-DEC=-21.6
ELECTRON CONTENT BETWEEN 90.0 AND 10000 KM = 7315E+L6

LO00 S PO YT T I T LR TSR TR TP S SRS LT SIS v 0 P CES

200 -

600 -

altitude [lena]

400 -

10° Lo? Lo* L0° L0° L0’
Density [cm'j]

% 3-16. 19994 1€¥ 1Y QFekelA e IRIZ Al4bet A E(Air Force

Research Laboratory)

H5E 9

-

Aes 24 F 7 de AEHa & A2 IRI(nternational

Reference Ionosphere)©]al, o] E &2 NSSDCe| Alo]EoA AH dolH =

A& 7 o, He xedd Co IR AFHa vk 18y NSSDC
7

e Zi
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Aska gAY, AFHAE 54 A9 olge £4 mende AFHA @

i

v IRIE= o]g€A HolHE AFst= Ale]E7F WA ¥ PIM(Parameterized
Ionospheric Model)®] A-$olli= ¢o] Ed& A73AY HolHE A Fst= Al
o & Amolth At el e dAgFel e AEE A
A =t 2 Aol A= IRI PIM9] A A4 <l

FA) ATIE A ES APFAL.
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—
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ol
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-
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il
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REE

Webabgol A
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AANAH Y
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o
ol
ol
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H 2 ® X7|
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drx B=0 (1)

(x, v, 2 FxAN4 A& Hehid

A714E Ve omg HFAVE AFEEY. die A RN = AU
S 23hg A A o] dEolvk 7E I 22 curved-fieldA ol A Al H PR E
== Aol Wake] &k Je] HuSd JAEEE FAARAES =AS)
= Aol Aglgt A7t U} o5 HsA = Euler potentialelg F2& 4

AZAZA7 GubA o 2 AR&FH U Stern, 19701

2 Euler potentials

aal
I
Yy
B
=5
e
il
k1

hrd
_0|L
k1

_|>i
N
o2
bl
N
<l
3

i)
i
e

(a, 8 9 % T4
shryan A1) e

B=By= B—%I— (3)
| vyl
B Va=B- v3=0 (4)

o] #AA Aol AYHATLE o|u]i= Ve, VB (e= const, = const)7} FHol| 7}

N
4

Ao)lmE g= const®} B= const®] FWEL B AEXMS ¥3etd
A Az FAow wAEA Hi y= constFHL BEre] Aot} o7
A a, B,y 2 Euler potentiale] @} F-21 ox =% & W3 FAFRA

2 o|%A Wt o g = 2 2/ Hee] g Fds)e Mee] Aen



2 Bl g 27L& aydte] uFI] HAE o, 5 AR ofH o)
T B 34 solenoidal (divergence-free)dlofslnz BE v} &3} o] whE

A= e, 85 AHTT

B=VaxvVvQ (5)
A(5)e A)F} V-B=0& ¥ wEAIY B AV E B=|vel | VA

2 7hee]

=5

AN S Ak ols Bol wdd AX A7Y B=Bz A BE

(

r\:l

oA B,=1 B 7AEA) a=x , B=y , r=z & Va=2z VA=,

—

Vi=2 B % % Urh B8 oFIA4 4$F uesta 7338 )

e
B—— %(2 cos 67+ sin 69) ©6)
= FoRY. Bz ¢ ool 40l ¢ o FHIFRE p=¢ = AT 5 3l
th, B Va=0 2704 ©FE WHoR o & oA
) G
a=Cif szﬁ) )
/e
7F "ok o714 Ay G=1 & FHsta A7 e X A17]7] 9§
Ci=—1 & 71434
Vao— si;122<9 S ZSinﬁzcosﬁ 2 (8)
va=—L1 3 )

rsin 6

—

7 Agek A6)3 R),(DANA B=vVexvg 7} ¥EHIE o] FFx¢]

At 2062 474 d489S ¢ F AdvHLee and Lysak, 1989]. Z13{ 2= o
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g Bl dEdA AGE wSde #ARA o 52 TEY
y="Va/ | Va| x VB 1Vl °IA 5 AXY F gonz BE I HAuA
o vzhe] ¢ FAR(ZAE AA "k Aol FoAd AE V=T A,
1 7)ekek s FEjrF et b3k (finite difference method)S A7)
FA A2 Tl o]&edul o]9} Z2 Euler potential> ©l-¢- F&3A ALE

HA}HStern, 1970].

3. curl-free A7139 x4

i
S
o
N
s
N
rir
o
o
1o
Y
=t
X!
il
s
£
27
0,
=
I
o
i
o
A
)
N
i)y
_0|L
=
_|>i
_0|L

potential'§ R o] AHE-H7]7F oy 1 ol fi= A (B)lA o B g7 TIHA
2 oA Z1E JlEEt Al A A 7 Fogls W AWl

—

V- VA=0 & WEAINWA N84 FEPHE E)7t ogr] oF
o3}

VXB=0 (10)

Z B=—vVvy & &3t A7) scalar potential y7F EA)sktl. Br}
solenoidal =715 Wk webA A7) potential 3= Laplacian ¥ 45 Rt
Z 3| of3l 2 5

viy=0 (11)
o] AHHAT}E. 2(5¢ Euler potential® E B solenoidal %714 whE

SR VxB=0 Fzlo] Wi=A] wEE de= glonm Folxl Aol
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curl-free ©]& non-curl-free®l & o, 8 9 & T & U&= AT Euler
ol w- f&stth. 12y AAl Euler potential= A #3271
o] vgg dHE detdirzlE ofge L A48 e A 5
Skl A AR dEe] AL dE-E oY FRe = Aol 4
A7 wzelvh. olE 5o WA A HES AAH] dsHq 2 cls
o] 71 mnYPeir Eold AAE Z= ol f= magnetopauseo] Ef Y

<
of dspfabge] TAA FH AR WAL aw Aol THEAUNY )

]I

¢} %o] magnetopause?] FWAF] &3 R FEx71F B B4 A
fo o8 14 AVNF B FHoR ndE & A 44 AAS A9
sta BT diFEE FihelAd A10E WEIHER Bi=—vVy,
Bi=—Vr 9 s v 7F EATTY. B RE olF Aol ke grom

DA AR B A A719 ] 2 FEel wE kg mde] g 5 9l

t}. Magnetopause?] = o] X EXN HYUAH FTox TdAE £ glom
vipg=0 9 sl& T u Foi AAWE o] wl AlEH IR HEA
7F gdekd 4 Ak

H 3 3 s=xz24d

A9 oA SAE A7) vk -l os)] A of

Mol 2717 EdF ot FAHE A7) 90% = A Y ool A LAY
sk 21952 Main Fieldg} &t} o] Main Field= 347 & 7F(Interplanetary
Space)°ll #+7]# (Magnetosphere)o] 2} 5]+ ¥ -&(cavity)E A g}, A

71 AL B %¥F9 dynamic pressurec] ¥FS-dli= A e BUS il 9
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v ogan a2l B WRkemes A ek el of 108 Amolal, who

°F 100d] old FAH U Av|E e dixd

(charged) YAEY 52 AH 5ol 93] FE(guide) Tl

ol HAxLe] thE 552 AV|dH of2FolA AT AV AVIE A

3}A1 7] = A F(current system)E At} o|sltd Aosuridzt Ar]HA

o] 2] 7-H ¥ (external currents)= WH-9 4 #}7]%(internal main field) X
3

o} ) #Ze A7 Hres W3kEal, Main Field® 10% Z7]9] #7]74-&

Adx Bmdel giaAdd dEANE AT AUEE yEd
IGRF(International Geomagnetic Reference Field) €S £ 4 v} 199
WMM, POGO, GSFC, MGST, USGS, MDTILT, Olson-Pfizer Field,
Mead-Fairfield Field, Geotail Field, AWE, IGS X & E509| 2t}

7}. IGRF =€
IGRF+= IAGA(International Association of Geomagnetism and
Aeronomy) Working Group V-89 2|3 ¥rE5ojH ). 1945 F-¥] 51 3+HZ4 o
2 wkEo FJomw, b H-e] IGRF 1995+ 2000 7FA] AF&-3F <= Ut}
DGRF(Definitive Geomagnetic Reference Field):= *| 17} IGRFE thAl &},
H+- 312 DGRF 1990% 1990 F-¥] 1995V 7FA] A -2}717 Ahkel A&
T Jrk ], IGRF= A e 5dibe] #5082 v 54938 Ar|dE o

3l zlolm, DGRF+= 591k #5 & #571k8de] 27148 ek

AN

Y (external source)E A3t Main FieldS e

o 2D TH HAEAE AE8AAH FHEES(spherical harmonics)®

©.
o
(e,
rlo
o
&
rd
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4, &7, dubeol e el s 7 Aow Ao A, 3 Y

Hol loerm=a AA #A=g IGRFY #HE2 ro] ALSFE 11 97 =
E7] wjFol X4 ol 7S IGRFEE S o xb= Asix| i x4 5

AoA "y "ojdaE 2 oA FoErh 2y o)A AT WA

o3
=2
e
o
to
4z
2
lo
ot
Y
N
o3
o
e
El
)
)
o
=
I
A
12

o)
2
o
il
27
el
N

= =
AT FAAA B5E AAYS AAEH ATEE AAEFE 1 04

Frbehs dRA71ge YEAL e E£F GRES €& 4949 mae

N
-
1o,
by
N
o2
M
ke
v
u)
o
o
it
1o,
by
N
-
ot
fuj
rr
ofy
M
ol
v
u)
e

IGRFE 7MAA7= F AdAERs 299 IZMIRAN(the Institute
of Terrestrial Magnetism, Ionosphere and Radio Wave Propagation), ®|=r
NASA<®] Goddard Space Flight Center, USGS(the U.S. Geological Survey),
USNOO(the U. S. Naval Oceanographic Office) Z12]aL, 9=-¢] BGS(the
British Geological Survey)e]t}.

QeI A IGRFREE Z#adllE5S AFstal vt 52 FORTRAN
Aoj= NSSDC(National Space Science Data Center)®t NGDC(National

Geophysical Data Center)s ol A Al&dtar dv}.  H-3h=(subroutine) 52 F
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A A A Lata A7) e el AEss ALtsty] ¢eko] Agdr
NSSDC ® A (version)ol| A= ESOC(European Space Operations Center)<]
G. Klugeol fsf whsoxl Ap7)ge] WE e A4bsh= FELDGE=

3} L#ke AxbslE SHELLG subroutines AF83th IGRF H-3%
USGS®] A. Zunde °| 93] 71%& A1}, BILCAL program(main program)-=-

Y=, A =(geodetic), 1%, A X=(decimal)7} Fo AW A 427179 A7), &)

=) >~
Cints

rlo

E] A ( B-abs, B-north, B-east, B-down, declination, inclination), *}7]7%
o] HAZHB0), A=A EW"E (dipole moment), Lite #|a3sivl Q= gho =
v A71AERRE AlAtstaak s A9 9%, A=

7 kmat o &2 A= o of il

, ALE=eld] = (degrees)dk

1. WMM(World Magnetic Model)

kol A Rk} 2ol AT A e vhed 9o o8 wEol

o]t}
A A4 90%= el A wAE Zlolr). 1995 Epoch World
Magnetic Model(WMM-95)¢l] &3l Yely= Ao vz X+ 742 o]y
4 Ao W3l
ol wAHow Waksh=s A VS vEd ¢ e AEgd Rds

s ¢ gl o] Ede 168719 4 %3t 72~ Al (spherical

g FREOI A/ g old RREL wde] FHHol: A7

~harmonic Gauss coefficients)E-& X338l3L = 1 X(degree)ol L 127
W3 A7 Ed(order 12 spherical-harmonic Main Field(MF)

model) 7+ F7F= 1687) 9] FH g The-2 Aless A Fetal 13|l 127
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Tz A7 Wt Ed(order 12 spherical-harmonic  Secular
—Variation(SV : oA LA Aol =9 F7]9 W3} field modeDE 23
skar t}. 1995 EpochE ¢ ¢k dl o8 = POGS(Polar Orbiting Geomagnetic
Survey)9 A 2] dlo]Eelt}. o] HlolEH &= 1991 H-¥ 19937k 2] A A A 7]
(total intensity)®} 1988\ F-E 1993w 71+ <=3ld MAGNETO|A Aozl
vector-aeromagnetic Hlo|Elo] 2]d] B 4E A} o] F dHolg et X FA7|H
=220 AA HolHE AHLom AAxF(full degree)@t 1274 (order 12)9
SV 72 Al (Gauss coefficients)s5°] AMtd & & w3 S8 30
A, AA JIdE AFey. MEF Gauss AlTFEL WMM-9500 4] 7] 2y
(base epoch:1995W)ol e} F&]-9= AlZrel A e 2A42714-& vERdTY SV
AFEL WMM-959] 3] base epochZH-E F 3 Yy (termination
epoch:20005) 7k 4] 54 &<k A 727178 =9 W3tE vehdv o) A

TE2 449 field A& #dd 7Hxst A7 duz A de 4

711 A7) ZFa~ W3l (magnetic declination anomalies)
+ 10 Z(degree)E =3I & T} o] ke Wsl= UWbH AL oYX
ub A EA5HE Aleolth 30]u 4 A (degree)d =2 FFA ¥ 3}(declination
17 S del ol A A el A
st AbE, B A, A 5AF 7| H&EY], B4, 2 S 2

e A Folol ola EATh Aol o]y Wah= AALLH =

o

214

QY
=

O

3

o,
o

@z,
rir
oH
L
)
=
By
AN
o

-~
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electrojet®} 7o) o] =9 A F A (current system)oll &8 WS X =]
o] 3 HAmoA wAHAY. X4 AA FH) A global FA] X (perspective)
25EH WMMe #4D), 571D, Grid ®3HGV)e] RMS(root-mean-squrt)
927t el A= 05 AR Al A= 1.0AF By Arkal FAdE T
o ¥ FH oA Horizontal Intensity(H), Vertical component(Z), Total
Intensity(F)2] RMS o #+= 200 nTH} 2thar FAkE )

ZR g QJEFe YE(-90% ~ +00%), A E(-180% ~+180%),
A% ( msl(Hd| W o)limean sea level) Y2 1000km7F#], msletal = -7,

msl® = +3%b), Grid Interval(1.0 ~ 10800.0 arc minutes), ¥ =(WMM-952]

A5 19950 ~ 2000000tk £ghe FX714e] Al7], %3 (horizontal
RE, BEYFAEX), HEFFARY), 74 (vertical) AR @), 471472,

S
A71H S7kek Epoche] W wWigkEolty. Z=IF2 NGDColA Cdo,
BASIC, FORTRANC. & A F3a}i 9t}

t}. POGO Model
o] Rd&x A9 Main Fieldg YEHE  FHolth oA
POGO(Polar Orbiting Geophysical, Observatory)¥4dol <238 42 A7]%
A7 A5 vt o mz gk

rlo

1968 POGO(3/68) R 42 1965 10€7-H 1967 8¥7t4 POGO
2, 4ol 9&f wWEARAG(HFES POGO 20 93 ¥Eo13). 19684
POGO(10/68) R -2 1967 12€7bx¢] POGO 49 @5l 7|2&5 4
POGO@/68)= 7Idsk Alojth 1970 POGOB/69) E €2 POGO 62 Ho
Bl Frfske] ofd e A& /fdd Aotk 197449 POGO8/71)2 ol d¢]

OB E W o] 48 o 654 109%E 04 3971 AL A,
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o] @Al POGOR/T1), AWC(75), IGS(75), IGRF(75)E H|=L
POGO(’/71), AWC(75), IGS(75)= 719 H]==3 AxtE mQorv  IGRF
1975 RE3 o d 58S Ryt POGOR/T)S =& Ads kg Yo

o I o]f= AgE 7]Zbsctkel] 7 o] ¥ (scalar data=A}717% Al7])

rEI
o

Y E-L gcalar®t vector datas AF

2}, GSFC model
o] REdXx AA7]9 Main FieldF&<S UWERAAT 19661 9]
GSFC(9/65)2 194558 1964\d 7% o] ©lolg ol wmte-S FiL Qv 1967
9] GSFC(12/66)2 190075 1964l 7HA] 7Hsg & HolH & F7lstal
AL A8 Vanguard 39 Alouetteo] v}
GSFC(9/80)2 15,206 MAGSAT ¥l #5E5(MGST(6/80)0l A Ak
gk Ay 22 19799 11€ 5-69), 71,000 POGO =Ze; #=E, 148719 A
A7) BEFae BSE, 300709 FASE RS T dvk GSFC(9/80)
L Adeke] do]HE AR5 A, anomaly fieldE YENW 7] & A4 @
29 HolelE Frhetlens ofde Aess A4Ts id Ava &
Atk 1982W Langel 52 GSFC(9/80)& MGST(6/80), AWC(75)%} H] L3}
Ut GSFC(9/80)2 20l AR #5333 7 2 dAE BRoF3lh

rN'
_|_4 g\]

GSFC(12/83)2 1979 11€5-¥] 1980 4¥€71A 9] 54,728 MAGSAT
dolel ek 917 #AA}7] #FAE5o] #SF 19829 7hA 9 dleoly o] npehg F
I Tk ¢ke] MAGSAT dHlo]Ee vpe-s 2di= 24 MAGSAT
el dolE FTolX X 0=l A= WEFe] AN ARES3ATE 505kl A
=20 7 0] Z-& WA field magnitude(scalar) Hl o] €7} 118 & i v},

GSFC(11/87)2 %2 DE9A dHolg ol ute-& Fof vksol st 1981
Wo9¢ 30d%FE 1983 19 6¥7tAe DE 2 Y dHoly &
MAGSAT1/79 - 4/80)¢] HleolE], 15871¢] A|d#ZF49] dlol¥ (1979 -

d
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1983), 3l F3=(1980-1983.5)7 A4 =X (land survey:19795 - 1983.5)¢] )
olg ¢} Fel Mk WE dHolE = MAGSATY MAGNET (aircraft @ 1.5km -
8 km)ol &&] ¥oHk. ¥ EE UE dolH ABRFEHE WX A7
2 dolE kel 3 50 A FH o R x| A7k} "ol v} ]
o] &0 A 9] field-aligned current®] IS A7 87 &) AgEAY. B
£ #=4 "ol A= Main Field’} o} anomaly biasg©] & = it}

vt MGST model
Main Field® 2 @3} g zlojth. MGST(6/80)& MAGSAT 14 ¢
Aas Agom AR AF dhtolrt. LEaL, 19799 11¥ 5-69 ¢ A7)
Ho g Zgo dEo Wy =A ves T 9dvl 18 3 External Field
o] g#E 23S e MGSTHURDS Fadom dHAAE Ik
3L, 159 Fote] MAGSAT tlolglo] njes Far 9u},

o] »d& U. S. Geological Survey(USGS)olA 7iealsdar, 1985
|=roll A e 2p7) o] Wakat A7) 9f thgde] ddEs Wt
EE HAG Aol o] AL XA, %, a7lel og A9 IGRF 19859
=

FE Wbty ot

o
>
X
(o
it
=i

o] EA1A¢l RelL8 magnetopause®} tail current® TS 11 #EY
2

g & A7 AT A= AH(dipole)2} magnetopause WS 9|

O

o

magnetopause A 8 H3 WA 2 (pressure balance equation)S A
S A dolE e} Hlusle] Ao s 4

& ¥}+= magnetopause standoff 78 & A&

Hj
o)

959t} tail current:

i
o,

vk Watehs HET o
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sto 224 Uet At} fielde= Legandre polynomial expansion®] 23l 27 &
3L A7) A& 7E8 solar magnetospheric coordinate® Fo] R t}h o] Rd.e oF
TRe7tA| Agdr} o] odel wdo] AFEL ring currentol] 93] o] ¥ &=

AN ghe nEsA 2ok Abgel 1 #A 7 qhek.

o}. Olson-Pfizer Field Model 1974

o] AL  dayside subsolar magnetosphereol] 4] 5-E  nightside
magnetotailoll 1= 29 AZTEA Aol A B4 A ety o
Al magnetopause, tail, ring current®=%-E wEolA ZS X skl quiet
time magnetosphere’} WEFH ] AT} core field= 1A H dipole® Y EFLY ¢
At} fields Cartesian GMS coordinate® Fo] 2t} o] Edo| 29 AFE
2 POGO 3, 5258 =449 6009 magnetometer =0 ol&] ZAAH A
t}, o] deo] AHL A quiet conditions YEFIATE A I} Main Field¢f

ring current®] Wako] LA H9lThE HolT)

Z}. Mead-Fairfield Field Model 1975
o] Bdo = AFEe] Kpol o& magnetic activity’} 47012 @A
2o Eoi A 7] wiell 4709 Aol vk relal oF 17Re7bA dhERE
T A AFELS 1966WF-E 19724 Alol9] 4719 IMPHA ¢l 45171 AXx
E82RE de 126167 WE A7 AL HAASEAM(least-square—fit)
3to] A& Aot} ring current?t o] A F X<l current?} tail® sheet
current®] &= FEHow Z Ayt Z HA Fodrd 292 Main

FieldE YWE 7] 9138 GSFC2/66)S EZ3stal .

Z}. Geotail Field Model 1979
-40Re -8 +10Re7tA #7748 Aatd = it AFELS AT

dipole o] B Y-A4 Mo FHolzgtal 7FASI] ALEHSITE  external
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source® ME3H3}al

AT,

7t AWE(75) Model
A +2] Main Fields =43l & o]
A3 100,00000 70 &) A A, &l %, thr] ¢

o

.ol A2 1939 F-E 1974 o

el IGS(75) Model

A +2] Main Field

g wag @

2, AgEEe) dolEe nEe F

% 4-1 ARH wde) B
o ) Main Field + External source
Main Field modeling )
modeling
USGS, MDTILT Magnetic
Field Model 1969,
IGRF, WMM, POGO, ) .
Olson-Pfizer Field Model
2d GSFC, MSDT, AWE(75), o )
1974, Mead-Fairfield Field
IGS(75) S
Model 1975, Geotail Field
Model 1979
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=
<
o

< (after Fig. 1.3 in

o

Physics of space plasmas [Parks, 1991]).

A2)el A 2] F- =}

olty. Iy I 4-19]

#gete. o] =

T FA W A w2t 2 )

ba W 1)

)

717 BsE A9

),

3]] o]:u

A71e Ay

A =2

i3

27 vhzn g 9% A o

1
1

ol

a

ok

ERSRE

0

O
_ZTI

e

A s

=
=

A % AN B

o

"
!

= A

F glon} o

(913
=

g 7

O}O]:HL]’ 7s g‘lBs

o}
=

et

)
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o B Aol AAM el i Fdeivhs A Solvh wEkA

AAwel Bxste A% B2E A9 Tk 4 A B 9R fE 4

n-(Bet B)=0 (14)

AAE YehE TUe s=s, 2 % 0 400 40D ¢

87 ay

(e 55| =0 (15)
S

Virs=vi=0 (16)

o & F Utk AN WREANTE pE delAel o] o]T=A Tom
ZAME F oglomE A(I5)eA B AAA EAR TE 5 A Hrh o

w 21(16)9] Laplacian® 4 2% oj® 3z Aol A veh=vfell wa} 7]

o #BAYE A FET F vk F, magnetopauset 9 A=

=
i
[

o

Fejolar 274 AA AA EFS Bl 7171+ magnetotail F-F-1t
AHSTAE slabd el 2 Aol 94 e ASE dE E7E AL
% 4-2014 A7) AAe] FElE YER Y] Y8 Bl FEl Y dE AHA
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8 4-2. 5YA

Aol FAoA w9

Moz el AAEe A 7S Hask AETS JhAoF stz
AWH- A7sE0] AR Fo] AA7F magnetopause’} I WEH-2
Aotk gY98S mAS] e BHYA FHE (6, 7, 4

[Tsyganeneko, 1989]& =§ishH 2H2h2

magnetotail |

G:i{ SZ+(S4_4a2x2) 1/2 }1/2 (17)
a 2
1 S2—(S'—da’®) V2 1*
= Z{ 5 } sgn(x) (18)
_ -1{ £
¢ = tan ( y ) (19)
SP=xt v+ 24 dt (20)

o2 FAHET o)lu sconstt HYAL xwo Sy

rir
4
u)
©
K
=
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=const= 5ol A FHE ofal 2 A9

=5
)
o
B
N
o
it
N
T
rir

Srolw g xFS FAORT (v HPWAN yEoRRE AL

Btk B oot BAAS Be A4S Aotk BA FUAAY @
we sdg oju 2AAL W F FHANA 2 AAeE ek

-1 <r<1 (21)

o Foldth AUD-Q0E WRAIF FAo| olEHA GFom

ol theljA FeolsA ™ ¥ 4-29 #2 AeE 4 " gAY
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il
-
ot
-
%0,
(o
s
o
Y
o}-}J

B=—Vy,— Vs (23)

:—%(y[—f— ys)g)d—%(y[‘f— 75)?2'_ %(71—1— 7S)$)¢

7b Ak 2@l Aan-20& WY@ BE B, B, B.o.E % F X
4l

gepd 4@ g 4G4 A5 1 4 YA A wnd 34
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30°) ARG 2

F TH Tsyganenko, 1989].
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=
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-23

.IB._

—

717185 OEE

94

A

EuA FRAANA ol

4-5.

A t}HStern,

UF-Ee A dElEFL

CEREEE

e

1985].

A}

o ATAINTE BF

el

=
=

Z

e H

il

| 22 A7)

9 %

TIH 440 HER QAT o] B

=
=

0
il

magnetopause 2]

= #AxA Qo P

3L
s i

oA AA HAFTHStern, 1985].
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NM=rtx (24)

pr=r—x (25)
z
== 26
tan ¢ y (26)
NN e @

o} A]™ magnetopause A=24, FHOE JIAET. I¥ 4-55
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magnetopause current®} field-aligned current®] large-scare system I %2

L external source® &% R o] =)

H 4 H IGRF 24 dlo]lg A& AIOJE

1. NSSDC(National Space Science Data Center)

NSSDCi+= NASA Abshol A HA £, 533 egftEg s A
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2. BGS(British Geological Survey)
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3. NGDC(National Geophysical Data Center)

NGDCE A siel Adstst wels), wr]5s), g 59 879
wosh, AT el et g Bokel dolEHE 9atn vk AT 9
SF ZokelA IGRFE o]l &8 #7|% dHolelE Aty 19

oA AT A= g sidelth. qegte dsk A% 9

ot
v
s
i
)
rlo
)
o
lo
S
k1

>~
Sh

(angular components)¢! D(Declination) ¢}

I(Inclination), M¥E 2] FHAE 7 BH& AR X F&2AE Y, 1¢]3 WE

H 4-16% 1980 F-¥ 1998W7h#], 3+4 2 | %

300km, A% 131%, 9% 37%= ¢ A% &9 3tdoltd. NGDCel A %= global
= |

mape Alestal Sl 2 4-160] EEHsbdoltk D, I, A1 HE S A

- 112 -



- 113 -



DERFIGREF Ceomagnetic Field MModel 1945 - 20040 -
and Related Parameters

FART 1
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-J'Bnokmarks A Location:;http://nssdc.gsfc.nasa.g0v/cgi-hin/natasha/cgmm_m

Transformation between CGM and GEO coordinates.
Model Geomagnetic Field Model Parameters
Results of GEO-CGM calculations:
Geocentric Al CGM IGRF Maghetic Field Dipaole
Lat. Long. [ ko) Lat Long HinT) D (dedq) Z(nt) Lat. Long
37.50 131.00 1000 30.33 202.57 18876. -4.602 24519. 27.62 200.13
Conjugate Geo. Footprint Geo. Apex of MFL MLT Midnight Meridian angle
Lat . Long. Lat. Long. REmax H k) in UOT (hr:mm) M (3) +E (+IN)
-19.89 130.03 43.03 130.12 1.553 3524, 15:36 5.23
Tear 1995 North CGM Pole at Geocentric Lat. = §1.39 Long. = Z79.20
3 =
il [Dacument: Done = Y

1% 4-7. NSSDCell A Al&<5¢l 4ele ¢ zlolA IGRF Ho

==
)
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;&'Bookmarks A Location:ihttp://holero.gsfc.nasa.guv/cgi—hin/natasha/igrf_m

I

ey

v|

NSSDC
DGRF/IGRF Geomagnetic Field Model 1945 - 2000

You submitted the following name/value pairs:

year = 1993

latitude = 37.5

longitude = 131,

height =100,

Profile Resulis of MODEL calculations:

Hfkw  DINO E/nT B-NORTH EB-EAST  E-DOWN DIF DEC L-VALUE C
100.00 30143.9 47321.8 28327.0 -3697.1 37726.2 52.9 -7.4 1.289 1
120.00 30143.9 46841.8 28057.0 -3622.1 37334.2 52.8 -7.4 1.293 1
140,00 30143.9 46368.4 27790.4 -3548.7 36947.7 52.8 -7.3 1.297 1
160.00 30143.9 45901.4 27527.3 -3476.8 36566.4 52.8 -7.2 1.301 1
130.00 30143.9 45440.8 27267.4 -3406.6 36190.4 52.8 -7.1 1.305 1
200.00 30143.9 44986.3 27010.9 -3337.5 35819.5 52.8 -7.0 1.309 1
220.00 30143.9 44538.0 26757.6 —-3270.7 35453.7 52.8 -7.0 1.313 1
240.00 30143.9 44095.3 26507.5 -3205.0 35092.9  52.7 -6.9  1.317 1
260.00 30143.9 43659.3 26260.6 -3140.7 34737.0 52.7 -6.85 1.321 1
280.00 30143.9 43228.3 26016.7 -3077.8 34385.8 52.7 -6.7 1.325 1
300.00 30143.9 42803.9 25775.9 -3016.2 34039.4 52.7 -6.7 1.329 1
320.00 30143.9 42384.7 25538.0 -2955.9 33697.7 52.7 ~-6.6 1.332 1
340.00 30143.9 41971.0 25303.1 -2887.0 33360.5 52.6 -6.5 1.336 1
360.00 30143.9 41562.7 25071.1 -2839.3 33027.8 52.6 -6.5 1.340 1
380.00 30143.9 41159.8 24842.0 -2782.8 32699.5 52.6 —-6.4 1.344 1
400.00 30143.9 40762.1 24615.7 -2727.6 32375.5 52.6 -6.3  1.348 1
420.00 30143.9 40369.6 24392.1 -2673.5 32055.9 52.6 -6.3  1.352 1
440,00 30143.9 39982.1 24171.3 -2620.5 31740.4 52.5 -6.2  1.356 1
460,00 30143.9 39599.7 23953.1 -2568.7 31429.1 52.5 -6.1 1.360 1
430.00 30143.9 39222.2 23737.6 -2518.0 31121.8 52.5 -6.1  1.364 1
S00.00 30143.9 38849.5 23524.7 -2468.3 30818.6 52.5 -6.0 1.368 1

Magnetic Field Strength (B.) and Dipole Moment (DIMO) in nanraTeska)
DIPIDEC are magnetic inclination/daclination in degree
C=1 L and B0 correct; =2 wrang, =3 approx used
Il REMINDER. thiz model does not include external sources!!
Go to Graphical output
=P [Dacument: Done |5

3 4-8. NSSDCelA Al&<l ik w& IGRFe &4 3hd.
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NSSDC

DGRF/IGRF Geomagnetic Field Model 1945 - 2000

You submitted the following name/value pairs:

year = 1993
latitude = -40.
longitude = 131
height = 1000.

Profile Results of MODEL calculations:

LATT DING E/nT B-NCORTH BE-EALST B-DOWH LIF DEC L-VALUE C
—-40.00 30143.9 39034.4 11939.3 761.9 -37155.8 -72.2 3.7 3.003 1
—38.00 30143.9 38486.3 12537.9 §55.3 -36271.9 -70.5 3.8 2.723 1
—-36.00 30143.9 378%96.7 13720.0 939.7 -35313.4 -68.7 3.9 2.488 1
—-34.00 30143.9 37268.3 14583.6 1015.2 -34281.4 -66.9 4.0 2.288 1
—32.00 30143.9 36604.0 15426.1 1081.8 —-33177.1 -65.0 4.0 Yoo L e
—-30.00 30143.9 35907.1 16245.0 1139.5 —-3z001.9 -63.0 4.0 1.966 1
—28.00 30143.9 35181.2 17037.7 1188.3 -30757.4 -61.0 4.0 1.838 1
—26.00 30143.9 34430.2 17&01.2 1228.1 —29445.6 -53.8 3.9 1.727 1
—-24.00 30143.9 33658.7 18532.7 1258.9 —-28065.9 -56.5 3.9 1.630 1
—22.00 30143.9 32871.9 19:229.2 1280.5 —-26630.0 -54.1 3.8 1.548 1
—a0.00 30143.9 32075.3 19687.8 1292.9 —25132.2 —-51.6 3.7 1.472 1
—-15.00 30143.9 31275.2 20505.9 1295.7 —235792.0 -—-48.9 3.6 1.407 1
—-16.00 30143.9 30473.7 21081.2 1288.9 -21974.4 -46.1 3.5 Lasl- I
—14.00 30143.9 29693.2 21611.3 1272.2 —20322.8 —-43.2 3.4 1.301 1
—12.00 30143.9 28926.8 22094.7 1245.4 —-18625.8 -—-40.1 3.z 1.259 1
—-10.00 30143.9 28188.0 22529.8 1208.3 -16897.1 -36.8 3.1 1.221 1

—8.00 30143.92 274685.7 2Z2915.6 1160.2 —-15132.5 -33.4 2.9 1.189 1
—-6.00 30143.9 26329.1 2Z3251.4 1103.1 —-13339.9 -29.8 2.7 1.162 1
—-4.00 30143.9 Z6227.2 Z3537.0 1035.0 -11524.1 -26.1 2.5 1.1389 1
—2.00 30143.92 25688.9 23772.1 956.6 -—-9689.7 -—-Z2.:2 2.3 1.1Z20 1

0.00 30143.5 25222.5 23557.0 863.1 -7341.3 -18.1 2.1 1.104 1

Z.00 30143.59 24835.8 2409:2.0 770.1 -5983.1 -13.9 1.8 1.092 1

4.00 30143.9 24534.2 24177.5 662.85 —-4119.5 -9.7 1.6 1.084 1

6.00 30143.9 24324.9 Z24214.0 547.1 -2254.5 -5.3 1.3 1.078 1

.00 30143.9 24209.1 24202.2 423.6 -392.0 -0.9 1.0 1.078 1

10.00 30143.2 24188.8 24142.7 293.2 1464.1 3.8 0.7 1077 1
1Z2.00 30143.9 24263.3 24036.0 187.0 331001 7.8 0.4 i1.080 1
14.00 30143.9 24430.2 Z3882.9 16.2 514z2.0 12.2 o.o 1.087 1
16.00 30143.9 24684.9 23664.1 —-128.1 G956, 3 16.4 —0.3 1.0968 1
183.00 30143.9 25021.5 23440.4 -274.4 8749.1 20.5 -0.7 & e B e
Z0.00 30143.9 25432.8 2Z3152.6 -421.3 10516.8 2l A -1.0 1.1z 1
Z2.00 30143.9 25910.6 ZE521.9 -567.5 1Z2Z55.5 268.2 =1 1.1453 1
Z4.00 30143.9 Z6446.2 22449.2 -711.3 13961.8 31.9 -1.8 1.173 1
Z26.00 30143.9 27030.7 2ZE035.9 -851.3 15631.9 35.3 e i1.202 1
Z6.00 30143.9 27655.0 Z215G3.2 -955.9 17Z6Z.4 JG.6 =i 1.235 1
30.00 30143.9 25310.1 21092.6 -1113.5 18350.0 AL -3.0 1.272 1
32.00 30143.9 28987.5 20565.7 -1233.4 20391.4 A4 = Fiark L.oats! L
34.00 30143.9 2567Y9.1 Z0004.1 -1343.5 Z1853.4 47.5 =i 1.364 1
36.00 30143.9 30377.3 19409.5 -1442.7 Z3323.2 50.2 —-4.3 1.420 1
38.00 30143.9 31074.7 18783.6 -1530.0 24707.3 5o 3.7 1.4582 1
40.00 30143.9 31764.5 16128.3 -1604.1 Z6034.5 55.0 =Sl 1.555 1

AMagnetic Fiald Strength (B ) and Dipole Moment (DIMO) in nanoTesia)
DIFIDEC are magnetic inclination/declination in degree

=1 I and BO carrect; =2 wrang, =3 approx wsed

| REMINDER: this model does not mclude external sources!!

Go to Graphical output

= [Docurment: Done

713 4-9. NSSDCol A Al&%<l $1=o] w& IGRF 22344,
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NSSDC
DGRF/IGRF Geomagnetic Field Model 1945 - 2000

You submitted the following name/value pairs:

year = 1993
lattude = 37.5
longitude = 100,
height = 1000,

Profile Results of MODEL calculations:

LONG DINO B/nT B-NORTH BE-EL3T B-DO DIFP DEC L-VALUE C
100.00 30143.9 32755.8 19066.1 -314.9 26633.3 54.4 -0.9 1.431 1
10z2.00 30143.9 32756.5 159054.4 -416.9 Z6620.0 S54.4 =58 1.479 1
104.00 30143.9 32741.4 19093.3 -52Z.2 26589.2 54,73 ) 1.478 1
106.00 30143.9 32708.8 19103.0 -629.6 26539.7 54.2 e 1.476 1
105.00 30143.9 3Z2658.8 19113.8 -73i7.8 Za6471.0 S54.1 AR 1oq47a:
110.00 30143.9 32590.9 19116.0 -845.3 26382.4 54.0 e 1.479 1
112.00 30143.9 32505.1 19114.7 -950.5 2Z26273.7 53.9 -2.6 1.472 1
110.00 30143.9 325%0.9 19116.0 —-545.3 Z638Z.4 S54.0 =25 Lad7d Gl
112.00 30143.9 32505.1  19114.7 -950.5 Z26273.7 53.9 -2.58 1.472 1
114.00 30143.9 32401.6 191i0.2 -1051.7 26144.9 53.8 =3l 1.471 1
116.00 30143.9 3Z280.6 19102.5 -1147.0 Z5996.5 53.8 3.4 1.470 1
115.00 30143.9 32142.7 19091.8 -1234.7 25825.9 53.5 -3.7 1.469 1
120.00 30143.9 319553.6 19073.0 -1313.1 Z5643.Z2 53.3 =30 1.468 1
122.00 30143.9 31519.1 19061.1 -1380.5 25440.6 53.1 -4.1 1.468 1
124.00 30143.% 31635.5 19041.1 -1435.2 25222.7 5z.9 -4.3 1.4687 1
1z6.00 30143.9 31435.9 19017.6 -1476.0 245991.Z 52.8 -4.4 1.466 1
125.00 30143.9 31230.9 18990.6 -1501.6 24748.2 52.4 -4.5 1.466 1
130.00 30143.9 31013.0 18959.5 -1511.0 Z4495.5 52.2 4.6 1.466 1
132.00 30143.9 30736.8 18924.9 -1503.4 24236.6 51.9 -4.5 1.466 1
134.00 30143.% 30554.2 18555.7 -1475.3 23973.0 51.7 -4.5 1.466 1
13i6.00 30143.9 30317.0 158841.8 -1435.4 Z3707.5 51.4 -4.4 1.487 1
138.00 30143.9 30077.0 18793.0 -1374.9 23442.7 S1l.2 -4.2 1.467 1
140.00 30143.9 29836.3 18739.0 -1296.8 23181.3 51.0 4.0 1.469 1

Magnetic Field Strength (B ) and Dipole Moment (DIVC) in naroTeska)
DIPDEC are magnetic inclination/dechination in degrae

C=1 L and B0 correct; =2 wrong; =3 approx. used

Il REMINDER.: thiz model does not include external sources!!

Go to Graphical output

|| |Document: Done

1% 4-10. NSSDCellA A&l Aol & IGRF =33k,
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NSSDC i
DGRF/IGRF Geomagnetic Field Model 1945 - 2000
You submitted the following name/value pairs:
vear = 1980,
latitude = 37.5
longitude = 131,
heisht = 1000,
Profile Results of MODEL calculations: i
TEAR LIND BE/nT E-NORTH E-EART E-DOWT LIF LEC L-VALUE C
1980.00 30573.7 30710.7 19115.0 -1412.6 23995.2 514 -4.2 L4585 i
1951.00 30545.9 30714.4 19107.4 -1420.9 24005.4 511 =43 L5 L
1982.00 30518.1 30718.1 19099.9 -1429.2 24015.7 51.4 -4.3 1.459 1
19583.00 30490.3 30721.8 19092.3 -1437.4 24025.9 514 =43 L5 L
1984.00 30462.5 30725.5 19084.5 -1445.7 24036.1 51.5 -4.3 1.458 1
19585.00 30434.8 30729.2 19077.2 -1454.0 24046.4 518 e 1.458 1
1986.00 30411.4 30735.5 19066.2 -1459.3 24068.0 51.5 -4.4 1,459 1
19587.00 30388.1 30749.9 19055.2 -1464.6 24089.6 51.6 —i;.: 158 i
19588.00 30364.8 30760.2 19044.1 -1470.0 24111.2 51.8 = 1.460 1
1989.00 30341.5 30770.6 19033.1 -1475.3 24132.8 517 —i;.: 1.460 1
1990.00 30318.2 30781.0 19022.1 -1480.6 24154.4 5L s LBl L
1991.00 30296.0 307594.3 18012.6 -1485.0 24175.6 517 —4...5 LBl L
1992.00 30273.9 30807.7 19003.2 -1489.3 24202.8 51.8 s 1.462 1
1993.00 30251.8 30821.1 18993.85 -1493.7 24227.0 51.8 —4...5 1.463 1
1994.00 30229.7 30834.5 18984.4 -1495.1 24251.1 519 s 1.463 1
1995.00 30207.7 308458.0 18974.9 -1502.4 24275.3 51.9 —4...5 1.464 1
1996.00 30186.4 30865.6 18964.3 -1504.7 24305.9 5z.0 S Lot bids (L
1997.00 30165.1 30883.2 18953.5 -1507.0 24336.4 52.0 -4.5 1.465 1
1995.00 30143.9 30900.5 18942.9 -1509.3 24366.9 fz.1 -4.6 1.466 1
Magnetic Figld Strength (B ) and Dipale Mament (DIMO) in nanaTesla)
DIFIDEC are magretic inclination/declination in degree
=1 L and B corvect; =2 wrong, =3 approx used
Il REMINDER: this model does not include external sources!!
Go to Graphical output
||
= |Document: Done =R R

19 4-11. NSSDColl A A=<l Ao wE IGRF &3 3.
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British

Geologicat TGRI Synthesis Form

Survey

Please enter your name and email address |

This 12 an IGRF spot value request fomm:

Coardinate Type: & Geodetic. © Geocentric.

Date; |1998.0 | Algtgde iU-U {Fadial Distance if Geocentric)

Wame of Location : | {optional)

Posttion Coardinates: & Degrees and Minutes © Decimal Degrees
LATITUDE | degrees, |_ minutes {ONLY for Degrees & minutes option}

LONGITUDEl degrees, |= minutes {ONLY for Degrees & mmutes option}
¥ Tatal Intensity ™ Declination I™ Inclination ™ Horizontal Intensity

™ North Component [~ East Component ™ Vertical Component

™ Secular Variation

Inchude a Map of the Location: © MO & YEZ

This option takes approx. 20 seconds to produce the map, plus the small transfer time sending the image (file size 5 1)

To subrmit the query, press this button:  Submit Query I
To clear the form, press this button: ~ Clear Form |

RETUERMN to the GIFS PAGE, [GRF description page.

http:www.mbac. wk/gifiigef form html

FPage maintained by Ellen Clarke

Giobal Sasmology and Geomagnetism Group, Brifish Geological Survey, Murchison House, West Mains Road, Edinburgh EH? 304 UK
Tel: +44 (0N 3] 667 1000 Fax: +44 (0)131 667 1877,

Last Revised: 31710008

19 4-12. BGSOl A AlE <1 IGRFS] = b,

- 120 -



File Edit “iew Go Communicator Help

v« £ A D4 o £ a3 & U
Back Forward Reload Home  Search  Guide Print  Security  Stop ;
-q"Bookmarks & Location:I&Iatdza?&latm:SD&lond:l31&Ionm:D&tut:y&dec:y&inc:y&hnr:y&nor:y&eas:y&ver:y&sv:y&map:l ﬂ

1838 SUI'VBY

®

Results from the IGRF

Latitude: 37 deg. 30 min.
Longitude: 131 deg. 0 min,
Drate = 198300 Alttude = 10000.00 km

Declination = 2.2 degrees sec varm = -0.4 arcinyr

Inclination = 48 4 degrees sec vam = 2.5 arcrun/yr
Horiz, int. = 1662 0T sec vam =-1.1 oT/yr

Worth compt = 1661 0T sec vam=-1.1 nTiyr
East compt = 64 0T sec varn = -0.2 nTiyr

Vert. compt = 1375 0T sec varn = 1.5 nThyr
Total int. = 2506 0T sec varn = 0.4 nTiyr

Return to GIFS Page, IGRF Form Page.

hffpAeww b ac Wkt g-bind gefapnth

Fage maintained by Elen Clarke

Global Seismology and Geomagnetism Group, Brifish Geological Survey, Murchison House, West Maivs Road, Edinburgh EH9 314 UK

Tal: +44 (131 667 1006, Fax: +44 {O)131 667 1377,

Last Revised: 31/10098 Zl

| |Document: Done =R = e
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Marzomnd Geapiestcal Pate Carter Boatiber, Colorado [154

Geomagnetic Field Synthesis Program (Version 3.0) Input
Form

The program run from this form. computes the values of the Earth's magretic fe=ld parameters for a given location and date or date
remge. Trate may be erdered aa @ decimeal sear e, 1993.5) or ad Fear month, dag (1923 7 150 Latbade and oot are inputted
a8 degre= and fraction of & degrens o ar degres, mumutes, and seconds. The magnebc paramet=es (0. |, H, X Y, 2, and F) are
computed based oo a Schomdt guasmormalired spherical harmooic model of the magoetic fisld. Accuracies for the angalar

COfOE NG EE (Dechnation and hicination) are generaly witko 30 movghss. S Curacss for the boree cofmgone s [Horeontal
Muorth, East, Warhcal, 2nd Total force) are geoerally within 25 camoteela Local coshobances and attemphng bo uee & model beyoed
its valid date ranges could cause greater errors. The sign conwention used throughout is Dreclinabion () posibee east, [nclinabon (1)
anil Vertacal mbensdy (20 posiiee down, Moeth comgonent C) postive north, and E4st comporent U7 poaive sast. The curent
gt model 5 ased for =l compubstions

™ Doate in dacimal yeara

Start or single date. E,n-dd-at::l

& Coate m pear, month ard day
Srart o single dabe
Veer {1900 0 2000): [T996 | it ¢1 10 12: AT Day 1313 [
End date
Y (1900 to 2000} | oot €130 120 [ may 0300 [

Step size

Elevartion: iD- o

=t -1 o 6000 © oo (0062 40 FTLEZ) T B (-3200.84 fo 1965501, 749)

Locutiom:

Ramge
Latsuds [0 t0 90 {Worthiern Hereghers] -70 o 0 (Soucherm Hednigpheredd
Loogtude [0 tn 160 {Eastern Hemisphere) - 180 to 0 (Western Hemosphete))

= Latinxde & longibade in decimal deprees
Labtude [-80 1o 900

Logtude [-130 to 1303 |

= Latinade & Jongrhade 1o degrear, mioutes, aod eeconds
Labubade {-50 to 90

Diegroes finb=ger): Ize.
Mirittes (integer]: !_3 2

Beconck (obepeey (17
Loogtuds [-130 to 1800

Diegrees (int=ger): l' Bl
liaied (ireper] ICZ

Sepmnd (riegery |96
“Bubmit | | Reset |
Cetaul |

Return to_Genmag, Flome Pags .
Find mut more ahout dowploading the GEOMAT progra.

=

Latewrt yidedoan of this page

The MOAA B TI Progect at BODS
Fiick Fozmerd foperd (Bnads noas gov 700- 97 6]24

[l [Geomagnehic. Fisld Syrdhesis Program hput Fam B .

T

1% 4-14. NGDCell A A&l IGRFS Hlolg f=shd.
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Fie Edt “ew Go Communicalr Belp

'Eﬁt- |ar H:%a H%: '-sg[: Eﬁ: 'E':dint s;f-iu EiE “
=1
= |

“Bookmarks & Logation [Fim v, e N30z, no9a, g0 0@ -0/ e ar amag s e ol

044 NESDIS/ Matiomad Geaphyricnd Date Genter / Wzl Date Center-d / Colorodo 154

Svnthesis Results

Aodel: DERFED

Latitude; 37,50 deg

Longitude: 131.50 deg

Elevation; 300,00 v

Eange af Inter=stc) 1L7%/1980 - 12,/717°1959, step Z.00

vare v 1 ¥ x ¥ z £
(¥ idem deg] ot =] ] 1t | (1]
1930.34 -Ed 21.5m Eid 55.3m Z6140 IERW -1E35 53364 42334
1832 .09 -6d. 22.7Tn Sld  58.1m ZO1Z3 Z52E0 -25817 31313943 424901
iba4 .34 -ed I17.0m Eid . Gen Z6iD8 5040 1033 53432 42417
1806.949 =6 J0.4%m Sad g« Tm Z 600 =01 e —25833 379393 42 430
i83a.34 -6d  3E.9N Szd 1d.&m ZEOSE Z5EEZ -1571 33553 42 334
1830.04 =6 3A3.Zn SId 13.4m ZEOZT Z 3033 -Z5a3 36z 4 42 052
1832 94 -6 317.Im Sd  zO-&n 28004 Z5EB31 -2539 23833 %2565
1090.34 -6l 3S5.2m Sid 158 Ze027 ZEEBES -i10a5 23&28 R25z1
19332 .84 -6l 37.In E2d Zd.&m = 60049 cEERL -3933 33e33 t3E65
1994 .34 -6d  3IR.2n E2zd IS5.Em ZEQEE ZEEDT -3010 53771 42809
1936.349 =6 0. 6w S3d  FZ.0m b | Z3TT =017 069 A2 OG0
1095 .34 -Ed  d1.9m Skd z3.dm pra 1=} 1 ZET4Q -3i0z4 23083 L2174
1993.0d -6d 4Z.0n Szd 3.5 ZE924 E5T47 -30z4q 335967 +2 7z3

a a1 ar ax ay az ar
fmicfweed  mindyel  (nTSur) (eTfye)  (nT/yrcl  inTluyxd enTd el

1835.4040 =J.7 d.3 -i4.1 -14.8 - 17. 5 ot 11

Fur addihonal infromabon ahout Bus rulpuk, chck oo the vanables shove.

- Enfar Mew Data. I

o to:
Zobd Earth Geophynics | Geomapnete Trata st | Aeromagoehc Data at
Home Jul [T HGOT
Definilions
|
= Documnent; Done S|

19 4-15. NGDCel|l Al Al &<l IGRF Hlolg &= 3hd.
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Edil Miew Go J:n-nuni:zﬁ:n. Help

-

Back

*

i I..rl;b'el_l Fle:lu_ud. I'rl:l‘n_E
4‘Ennmm & Location [hiio /A w.nad.nnas. govrcal-on,=6g/ amag. amoa ol

A
Search  Guide

=
Prinl.  Secuily  Shp

T T

[ < NEEDIE < [ationael Goophivical Duie Camier / Werid Dt Coutor-d * Calarads L5 3

The follrvang tmages ave genersted usmg the International Geomagnetic Reference Field (15RF), and displayed wsmg the
Weh napme Spreadshest Tocl{WIST). Halp oo WIST and m the Earth's wagmetie Seld is avadbble on-boe. The IGEF iz

devaloped by the Warkmsmp Groug V-5 of LAGA.

Views of Farth's

Eased on the Internatonal Geomagnetic Reference Field (IGRT)

Magnetic Field

Du‘ldeB‘tlH "'I

Date

ISIII:I o

Date

|1335 -

Pleoss send commants i fore Fmitrue AREDC oA ]@g«j: noda goe)
Please comtact fxg Sprod {tam@vgdc. roaa gov) for more sformatton or WIS

Plot Type | Image o

Contral Panel 7 Diata St [TF %
& = v[im = b [0000 ) w7 n [0 5] deg B
cobmes |2 Elrows[2 F | M={P000 FoT MafED B deg
Frogectin [Molbwside ] autn ¥ autn
Color Bar Lat|20 =] Lon|130 =] Lat|30 = Lon|130 E]
&u“-wlbc.a]bmﬂzrs - Faletta rgh = Pﬂhuﬁm

Flot Type |Image ud

Jeta:
Sohd Earth Geophysics | Geomagnetic Cata at | Aeromagmenc Diata at
Home HEGDE [
- |
=l [siirent: Cone S et A |

218 4-16. NGDCell A A& IGRF9] global map 3}4H.
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X

AS5HE AYs 2

H1HEIHM2

IRI(International Reference Ionosphere):= 717 4 AF2¥ 1 9+=

A e AgHl Rdoly PIM(Parameterized Ionosphere Model)-2 7]
o B Edolrh. ¥ AelAi= IRI® PIMo] oWad &9 gt
Aol el A dolr i, F RAS HwE Ao},

Xl 2 ® IRl(International Reference lonosphere)

IRI(International Reference Ionosphere)= COSPAR(Committee on
Space Research) ¢+ URSI(International Union of Radio Science)®] %2
woba A PH A A AFFA o) o5 FHT 600 dE¢t IS vlely
7] SlellA s=EeE ghvk 3B
ALAom HAFEO WxEL vy FoAx A ARE dHlo] o] 2] s A

IRI= 1% 60kmel A 2000km7bA| ¢ AApd R, HAAp &% o)L £ o] &

=2
N
[
o
4
12
oo
)
o
P
v
ol
td
(i)
o
rEI
i

A E Ao AgFe 7 e T GAE AT WA A
T8 Holy AxE d AMAIHe R F3ES ionosonded} incoherent scatter
radar (Jicamarca, Arecibo, Millstone Hill, Malvern, St. Santin), ISIS,
Alouette topside sounder 18] 1 HEH QA3 A A HA= HolE Fo
th ¢tom o] drift, SERIGAGH A G Azl g Ad, ] &

T 5 & XY Ade]
=
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(auroral oval), %X o]|¥ 5 (equatorial anomaly), F-2 22} ¥ -&(subaurora
trough)s 9 @45 A= Yepd 4 glo =g 434 Bdo A&y =

B3 volE o] B37]7]9 BRAG RAR ste] ATUH A 7

2. IRI959] 4

IRI9S EE& WAL IRIS13for, IRIF13.for, IRIT13.for, CIRAS6.fors
vl 7l ZE 53U URSI CCIR dHlo]E 9 ofay] A= AR 4] H o
Art. IRI= A AAEE T o Edg@ds Jote FeHI4 T4
(TEC : Total Electron Content)g 3= FHOR U}

=
Ao AR BUY F AAUEE wgoR AW, ¥

3% 5-1. IRI95 for FORTRANY] 2z} s} e] A

%

5913 4 A

o] <& °oF9] irisl30)T4E mainol ETAAA Y=
HAZ ¢ QY. oAV FAATRH(TEC)S Al

%
IRISI3.FOR (93 Agl=9 Fo =Zzagd-Axd=, O, H, He', OF

y y y

IRIF13.FOR

fr
IRIT13.FOR [(TEC : Total Electron Content)S 3l F¥lo] Xk of
AT},
RIS A o] &3 AN 258 T8 v+ CIRA’6T
MSIS86=E-& Al-gali=H], o|zlo] EitEo] 9= st ol

CIRAZ6.FOR
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MBS R L 1 2
1o AR, o2, SAAAY
14 | jf(2) | Integer 0, 1 s £Yg
0: =&stA &+
1: o2 dxs &3
15 | j1(3) | Integer 0, 1 0 e oo
1 AT A7) Z-S table
option®l| A A A
16 | jf(4) | Integer 0, 1
0 : BO#ts Gulyaeva(1987) %
dofl A A3t
1 @ foF23k-& CCIR86ANA]
17 | j(5) | Integer 0, 1 Ela
0 : URSIS6O. 258 -8
1 o]2Yesd RFapo=
A4
18 | jf(6) | Integer 0, 1 _ _
0 : Danilov-Yachnikov
~Smironova Z@=2 A4
1 AAEESE Ao s
19 | jf(7) | Integer 0, 1 |4
0 : IRI79¢] topside® #*
1 foF27ks Edol A At
20 | j1(®) | Integer 0, 1 0 : A&A7F foF2/MHz 5=
= NmF2& 99
1 @ hmP2gks 2ol A At
21 | jf(9) | Integer 0, 1 0 @ A2 fmF2/km B

= M3000)F2E 94
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Ho WS Ho]E R R
o
i O]% ééél %"4 'ITE_— HH H]:ﬂ—
1 AALEE Esgtos
|4
0 @ A&A7F Ne(300km),
22 | jf(10) | Integer 0, 1 F8747k Ne(300km
Ne(400km), Ne(600km)
d=. gEskA FE A
LIRS =
1 AR EE Fsghos
23 | jf(11) | Integer 0, 1 |4
0 : Lay§rr= A4
_ WA A= unit 6 & 129
24 | jf(12) | Integer 6, 12
2 of 3
1 : foF13kS EdolA At
25 | jf(13) | Integer 0, 1 0 : foFl =& NmF1& A&
A7 A5 g
) 1 @ hmFl1gks EdoA ALt
26 | jf(14) | Integer 0, 1 0 AeAT A e
) 1@ foE#kS EdoA ALt
27 | jf(15) | Integer 0, 1 0 ALRAT} A% o
_ 1 @ hmE#-S 2do A AAl
28 | jf(16) | Integer 0, 1 0 ALRAT} A% o
: 1 @ Rz123k& wdolA 44
29 | jf(17) | Integer 0,1 0 AMEAIF AF e
% AAAE D B)E A E (1) ~if1De 1= AFE A
(2) IRIS1309] 7]+ ==k
IRI+= v53 22 7E 283& 2ot o599 &8 ¥ 4 &
gl gty =g &, dAdEEe A feol= 60km ~ 2,000km, Z+E &%
9] Afoli= 120km ~ 3,000km, ©]<= H%xe A% 100km ~ 2,000km7FA|
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3£ 5-3 IRIS1309 7] == 3

H = o] ¥ R R
e
i O] % éé /;1 %"4 'ITE_— = H H] al
1 | alati Real °N -90 ~90 L= AA9 A=
2 | along Real ‘E 0~360 o= A A=
3 | iyyyy Integer | year Ydl= A= eg.1998
4 | imd Integer | -ddd "0 AL T2 Q1A
-365(366)
5 | hour Real hour 0 ~239 UT &< LT
1 Zke]l  ivar,  vbeg,
6 | hx Real vend, vstepell welA ®H
A7 ks & E
7 | outf(1,%) | Real #/m° AR =
8 | outf(2,%) | Real K AT &=
9 | outf(3,%) | Real K o] £
10 | outf(4,%) | Real K AR &=
11 | outf(5,*) | Real #/m” Qo x
12 | outf(6,%) | Real #/m” Holedx
13 | outf(7,*) | Real #/m° He'ol e &
14 | outf(8,%) | Real #/m” OV A=
15 | outf(9,*) | Real #/m” NO o] & %
o] 2= Danilov -
Yachnikov — Smironova &
16 | outf(10,*) | Real 9% 0 ~ 100 _
de AT A9 Cluster
o] 22] 9%
o] 23U =5 Danilov -
Yachnikov — Smironova &
17 | outf(11,*) | Real 9% 0 ~ 100

9 AHT A N ol
%
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(3) IRIS130¢] -7} &4

[RIGNA A 3al= 7|8 23 o)9o Fho =, o
A7F 4ES 3 o] e oeA md

Aol A A=A 2
= @

.
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¥ 5-4. IRIS130)9 H-7} == 3k

W ®Wg | dHolE
5| o P aa | saws ] 3
=) S
1 | oarr(1) | Real m ° NmF2
2 |oarr(2) | Real km HmF2
3 |oarr(3) | Real m "’ NmF1
4 | oarr(4) | Real km HmF1
5 |oarr(®) | Real m ° NmE
6 | oarr(6) | Real km HmE
7 | oarr(7) | Real m ° NmD
8 | oarr(8) | Real km HmD
9 |oarr(9) | Real km Hhalf
10 | oarr(10) | Real a5 wE X #2713 B0
11 | oarr(11) | Real m > Valley-base
12 | oarr(12) | Real m° Valley—-top
13 | oarr(13) | Real K Te-Peak
14 | oarr(14) | Real km Te-Peak
15 | oarr(15) | Real K 3= 300kmel A1) Te-Mod
16 | oarr(16) | Real K 3= 400kmel A1) Te-Mod
17 | oarr(17) | Real K %= 600kmel A1) Te-Mod
18 | oarr(18) | Real K 3% 1400kmel| A1) Te-Mod
19 | oarr(19) | Real K 2% 3000kmel|A1e] Te-Mod
20 | oarr(20) | Real K %= 120kmel A e] Te=Tn=Ti
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H = ] o] ¥ R o
o
i O] % éé /;1 %"4 'ITE_— =] H H] al
21 | oarr(21) | Real km % 430kmeol A1 9] Ti—-Mod
22 | oarr(22) | Real km Teot Ti7lF & u X
23 | oarr(23) | Real Bj ok A Zk
24 | oarr(24) | Real B ok 7 A}ZF
25 | oarr(25) | Real DIP
26 | oarr(26) | Real N DIP 9=
27 | oarr(27) | Real N HAHE DIP 9=
28 | oarr(28) | Real )
29 | oarr(29) | Real hour A=A 7F
30 | oarr(30) | Real hour A= A7
AA
1: &
31 | oarr(31) | Integer 1,2, 3,4 |2:99&
37
4: A%
Sdbato] A4
1: &
32 | oarr(32) | Integer 1,2, 3,4 |2:99&
37
4: A%
4) T8 3 85%

A Z2e] o] g

=
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IRIS130)& Alg3)e] AL D 7%
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% 5-5. IRIS130E FxZ 2o AlgE H 99 F£8 3E%
AE, WA, A 5 AEelA [RUB0A HAFY
dEwre A s A7 4, 9=2 v
Mg ex | TONE
zo A AE, AT 45, HEF S A
7] 938t % F10.7cmate] Higkdt  restricted solar
71368 -3 activity® T3
9. W AYLe T
Ege Aoues 79
CCIR/URSIZF Aegwra Ao HolHE &
IRIS130) RS
AedFe 4FEEs 8% pie U o
M rEcge auss gndgs 78
EEEESES: I
N 2?_.;; EZe) A% 2o s@ugs 7§
A2 et = olste] FHepnEE FF
HmF1< 7%
=4 o) 7] ¢ |CIRA86() : CIRAS6/MSIS86S o] &3] A
s T T euY 2REs e
A A} = 2| TEDE( : CIRA8/MSISE6S o] 484 7
-3 Ao g 7
o] €9 €% |TN() : CIRAS6/MSISR6S o] &34 o &
g 7% |9 exg 79
o] -2 Z} | Thiemann® 32 AFgalA O, ', He',
A2 7307, NO'Y %dng 73
IRIS130° o3 At Fhe E4 g
}. IRIT13.FOR
AT 100km*PE 98 Eol7kA IRISI3) el 73 Axdn
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% (TEC : Total Electron Content)
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n don din
1 —4.1499239377916e-3 —2.9972944800363e-3
2 -3.4817437005218e-3 —-8.486726649588e-4
3 —2.0864354491158e-3 —3.1982740046375e-4
4 —9.8952855947478e-4 —1.0999202279021e-4
5) —3.8195860755758e-4 -3.3253213115623e-5
6 —1.1700535300038e—-4 —-8.3782335366753e—6
7 —2.4291992112967¢-5 -1.4868116123447¢-6
8 1.9964058244268e-7 6.157572944163e-10
9 3.4832489080346e-6 1.5608402600713e-7
10 2.2708876568224e-6 9.139184947934e-8
11 1.0273783270835¢-6 3.7102473835483e-8
12 3.7533907217808e-7 1.2098465302446e-8
13 1.1352295942906e-7 3.1739342014915e-9
14 2.71428343235314e-8 5.839100988046e-10
15 4.5909557627734e-9 8.0806500982122e-12
16 2.6431700746767e-10 —5.6357091688934e-11
17 2.3402256002581e-11 -3.3636686973008e-11
18 2.179124765811e-10 —1.3673847494596e-11
19 2.667147994611e-10 -4.4347458606901e-12
20 2.1621229348254e-10 —1.1477128048626e-12
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Geomagnetic Models and Software Available from NGDOC
The Earth'e magnetic feld is described by seven paranerees: These are decination {00 oclination ¢1), horizonkal #xensity (HL.
wertical uteraity (F), tokal intensty [F] end the north (O3) and eadt [ composents of the hoizontal intenaty: By codmentinn, -
dechnation i considered postive when measured east of noeth, inchnation 20d verbcal okensty posiive down, 7 posbre nooth,
and ¥ poatree east At aree spacific point, the vales of the magnetic slements are changeng, NGO bas more tefermatian of
the Earth's magnetic Gedd a2 well &5 answers to Some Comeinly asked quastions
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International Genmagnetlc Reference Field {1995}

i

Overview -

The Intermahonal Geomagsene Reference Field ([GRF) model o the sepine el represertabon of the Earth's mapnetic Geld
recommandad for ecienhBe vse by the [rematicosl S s=ociabion of Geomapnetsm acd Seromomy (LAGAD The 1GEF modal
reps ity the wan feare) Beld witboid ssternal soureed. They enplor the wmal sphedical harnomics exmpanann of the sealer
parsnhal i REDCEAE Eocednates The 1ORF model casftcients are hased on all avadable daba soureed neteling g s ne
meanrernenks fom cheervatomer, shps, arcrafie and sateiless,

The 13IRF-05 model consists of cosfBcisnt sets Por the epochs 1945 10 1995 o steps of 5 gears and the frat tme dermabress of tee
copEBcients foc the tme period 1985 to 2000 Diormg the S-year orsrvals bebeeen conse oagve modalz, 'i.u.lua.r misrpolsbon L5
recommended The DIRF coatheimers for 1345, 1850, . 1935, (990 are dafineree conflickent seta, meang that e frther
revisicee are anhcpatad. The labest mode] m}uﬂeuﬂnd&-ﬁni‘hm sat of corficeats for 1990 (SR P and the preliminary set of
coeffeents Foe 1925 (IORF35) nchedng e coefRoens for the e regresnon fiom 1935 to 2000

In combination with e [GRF coefireck m=ts differant subroutmes haws teenoased 0 determine the componente of the megnatc
fiedd wector wnd the L-wahie at @ gven locahon. The WESDC version uses the sutoofines FELDG (magnetic Geld wecter) and
SHELLLH (L sty devnloped by G Eluge at the Eurcpe=n Space Opsrabone Cegber CES007) . Hie upe of mverss carbesisn oo-
ardeates saplified the conmpuiation. The 13AF subeodtines were developed by A, Zuede of the U 5. Gealogeal Survey (UBGE)

The program BILCAL nrurllll:r: t=biee of the gromagnehc Aold strength, wector compopents (B-sbe . B-porthy, B-wast, B-dowm,
dechmanan, incknabon), sopatoalfmnrmm el srength (B0 dgole moment and Lowilie Imm.:,]nngnd: meodedic],
Altude, or year (decoma. The [GRFRFELDGSHELLS soffware package is awailsbls rom 3500 om tape. or on Sopery disk For
S o) rau r.nrup:nhb F'tr!nruil Corriters

FORTRAN Source Code

+ ik progran sl for
+ subrootmes, Emcbons chalbe for

CGeomagnetic Field Maodel Coefficients

+ prelimingy costfeents for 1995 eSS dat
v pxcirapolated cosfRcents for [995-2000 1o ie dat

definitive coeffcients for 1990 derfon dat
Aehnitive costhcients for 1535 derfas dat
debnitive coeffcients for 1930 darf20. dat
defnitive cosEhciends for 1995 derf55 dat
defnitive vosbioients for 1570 derfm dar
definitive coeflcients for 1265 dorfas dar
definitive cosflicient= for 1960 derfdl. dak

deinitive coeffcients for 1955 E.Bi dat
definitive vosERcients for L2580 derfil dat
debnitive coefficients for L9435 derfas dat

B T T I

Demonstration Programs

» BILCAL wser manual with ezamples blcal koo
+ dpoenentation sareadnes doo
+ pddtonal mbcrmatson e sofweare
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c INTEGER  EGNR,AGNR,OGNR
REAL LATLLONGIMLAT MLONGHEIGHT,BABS,BNORTH,BEAST,BDOWN, K,
& BABS1,BNORTHI,BEAST1,BDOWNI,DIST,LATIRAD,B
& slati,elati,slongi,elongi
integer j
CHARACTER ITEXT(4)*4
c CHARACTER LTEX*4
c CHARACTER NAME=*11
c LOGICAL NOTBEG
DIMENSION DEN(8), TEMP(2), XVAR(4),VARE(4),VARB(4),A(73,37),TR(6)
& ,C(10),CC(13)
COMMON/MODEL/NAME NMAX, TIME,G(144)
COMMON/GENER/UMR,ERA,AQUAD,BQUAD
COMMON BLANK
DATA ITEXT/'LATI',LONG’,’H/km’,’YEAR'/,
& LATLLONGLHEIGHT,YEAR,IVAR,BVAREVAR,SVAR/45.1,293.1,100,
& 1985.5,3,100,1000,100/,VARB/-90.0,-360.0,0.0,1940.0/,
& VARE/90.0,360.0,30000.0,2000.0/,JAGNR/2/
C-- ERA: EARTH RADIUS FOR NORMALIZATION OF CARTESIAN COORDINATES
C-- EREQU, ERPOL: MAJOR AND MINOR HALF AXIS FOR EARTH ELLIPSOID
C-- AS RECOMMENDED BY INTERNATIONAL ASTRONOMICAL UNION

ERA=6371.2
EREQU=6378.16
ERPOL=6356.775
AQUAD=EREQU+*EREQU
BQUAD=ERPOL*ERPOL
UMR=ATAN(1.0)*4./180.
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ALOG2=ALOG(2.)
ISTART=1

open(6,file="datal.txt’,status="unknown’)
read(6,10)year,lati,longi height
format(f6.1,2(1x,£8.4),1x,£10.4)

OPEN(18FILE="point.dat’,STATUS="UNKNOWN")

CALL FELDCOF(YEAR,DIMO)
CALL FELDG(LATILONGLHEIGHT ,BNORTH,BEAST ,BDOWN,BABS)
CALL SHELLG(LATILLONGLHEIGHT,DIMO,XL,ICODE,BAB1)
B=BABS/(10000.0)
bnorth1=hnorth/(10000.0)
beast]=beast/(10000.0)
bdown1=hdown/(10000.0)

WRITE(18,12) year,lati LONGI,B,bnorthl beastl,bdownl
FORMAT(16.1,2(2X F8.4),1(2x, e12.6),3(2x,e12.6))

STOP
END
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c INTEGER  EGNR,AGNR,OGNR
REAL LATLLONGIMLAT MLONGHEIGHT,BABS,BNORTH,BEAST,BDOWN, K,
& BABS1,BNORTHI,BEAST1,BDOWNI,DIST,LATIRAD,B
& slati,elati,slongi,elongi
integer j
CHARACTER ITEXT(4)*4
c CHARACTER LTEX*4
c CHARACTER NAME=*11
c LOGICAL NOTBEG
DIMENSION DEN(8), TEMP(2), XVAR(4),VARE(4),VARB(4),A(73,37),TR(6)
& ,C(10),CC(13)
COMMON/MODEL/NAME NMAX, TIME,G(144)
COMMON/GENER/UMR,ERA,AQUAD,BQUAD
COMMON BLANK
DATA ITEXT/'LATI',LONG’,’H/km’,’YEAR'/,
& LATLLONGLHEIGHT,YEAR,IVAR,BVAREVAR,SVAR/45.1,293.1,100,
& 1985.5,3,100,1000,100/,VARB/-90.0,-360.0,0.0,1940.0/,
& VARE/90.0,360.0,30000.0,2000.0/,JAGNR/2/
C-- ERA: EARTH RADIUS FOR NORMALIZATION OF CARTESIAN COORDINATES
C-- EREQU, ERPOL: MAJOR AND MINOR HALF AXIS FOR EARTH ELLIPSOID
C-- AS RECOMMENDED BY INTERNATIONAL ASTRONOMICAL UNION

ERA=6371.2
EREQU=6378.16
ERPOL=6356.775
AQUAD=EREQU+*EREQU
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102

BQUAD=ERPOL*ERPOL
UMR=ATAN(1.0)*4./180.
ALOG2=ALOG(2.)
ISTART=1

open(6,file="data2.txt’,status="unknown’)
read(6,10)year height,slati,elati,slongi,elongi,]
format(6.1,1x,110.4,4(1x,(8.4),1x,i2)

OPEN(18 FILE="sel000.DAT’ ,STATUS="UNKNOWN")

DO 102 LATI=slati,elati,]
DO 202 LONGI=slongi,elongi,]
CALL FELDCOF(YEAR,DIMO)
CALL FELDG(LATILLONGILHEIGHT,BNORTH,BEAST,BDOWN,BABS)
CALL SHELLG(LATILLONGILHEIGHT,DIMO, XL, ICODE,BABI)
B=BABS/(10000.0)
bnorth1=bnorth/(10000.0)
beast]=beast/(10000.0)
bdown1=hdown/(10000.0)
WRITE(18,12) LONGILLATI B bnorthl beastl,bdownl
FORMAT (2(2X,F7.3),1(2x, €12.6),3(2x,e12.6))
CONTINUE
CONTINUE

STOP
END
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i

c INTEGER  EGNR,AGNR,OGNR
REAL LATLLONGIMLAT MLONGHEIGHT,BABS,BNORTH,BEAST,BDOWN, K,
& BABS1,BNORTHI,BEAST1,BDOWNI,DIST,LATIRADN_R,N_EQU,I._EQU,
& dlati,dlongi,dheight,dbas]1,dbnorthl,dbeastl,dbdownl,
& dlatirad,dbabs,dbnorth,dbeast,dbdown,ddist
CHARACTER ITEXT(4)*4
c CHARACTER LTEX*4
c CHARACTER NAME=*11
c LOGICAL NOTBEG
DIMENSION DEN(8), TEMP(2), XVAR(4),VARE(4),VARB(4),A(73,37),TR(6)
& ,C(10),CC(13)
COMMON/MODEL/NAME NMAX, TIME,G(144)
COMMON/GENER/UMR,ERA,AQUAD,BQUAD
COMMON BLANK
DATA ITEXT/'LATI',LONG’,’H/km’,’YEAR'/,
& LATLLONGLHEIGHT,YEAR,IVAR,BVAREVAR,SVAR/45.1,293.1,100,
& 1985.5,3,100,1000,100/,VARB/-90.0,-360.0,0.0,1940.0/,
& VARE/90.0,360.0,30000.0,2000.0/,JAGNR/2/
C-- ERA: EARTH RADIUS FOR NORMALIZATION OF CARTESIAN COORDINATES
C-- EREQU, ERPOL: MAJOR AND MINOR HALF AXIS FOR EARTH ELLIPSOID
C-- AS RECOMMENDED BY INTERNATIONAL ASTRONOMICAL UNION

ERA=6371.2
EREQU=6378.16
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ERPOL=6356.775
AQUAD=EREQU+*EREQU
BQUAD=ERPOL*ERPOL
UMR=ATAN(1.0)*4./180.
ALOG2=ALOG(2.)
ISTART=1

open(6,file="datal.txt’,status="unknown’)
read(6,10)year,longi lati height
10 format(16.1,1x,{8.4,1x,18.4,1x,£10.4)

OPEN(19,FILE='lineup. DAT’ , STATUS="UNKNOWN")
OPEN(20/file='linedn.dat’,status="unknown’)

J=0

k=100000000.

DIST=HEIGHT+EREQU

CALL FELDCOF(YEAR,DIMO)
CALL FELDG(LATLLONGLHEIGHT,BNORTH,BEAST,BDOWN,BABS)
CALL SHELLG(LATLLONGLHEIGHT,DIMO,XL,ICODE,BAB1)

Babs1=BABS/(10000.0)
Bnorth1=Bnorth/(10000.0)
Beast1=Beast/(10000.0)
Bdown1=Bdown/(10000.0)

WRITE(19,12)LONGILLATILHEIGHT ,Babsl,Bnorthl,Beast],Bdownl
12 FORMAT (3(2x,112.4),4(2X,el11.4))

dlati=lati
dlongi=longi
dheight=height
ddist=dheight+erequ
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CALL FELDCOF(YEAR,DIMO)
CALL FELDG(dLATILALONGI,dHEIGHT,dBNORTH,dBEAST,dBDOWN,dBABS)
CALL SHELLG(dLATLALONGI,dHEIGHT,DIMO,XL,ICODE,BABI1)

dBabs1=dBABS/(10000.0)
dBnorth1=dBnorth/(10000.0)
dBeastl=dBeast/(10000.0)
dBdown1=dBdown/(10000.0)

WRITE(20,13)dLONGLALATLAHEIGHT,dBabs1,dBnorth1,dBeastl,dBdownl
13 FORMAT (3(2x,f12.4),4(2X,e11.4))

DO WHILE (HEIGHT.GE.0.0)
QQ=1.
LATIRAD=LATI*3.141592/180.

LONGI=QQ*K*BEAST/DIST/100000./COS(LATIRAD)*180./3.141592+LONGI
LATI=QQ*K/DIST/100000.*BNORTH=*180./3.141592+LATI
HEIGHT=QQ+*K=*(-1.*BDOWN)/100000.+HEIGHT

CALL FELDCOF(YEAR,DIMO)
CALL FELDG(LATLLONGLHEIGHT,BNORTH,BEAST,BDOWN,BABS)
CALL SHELLG(LATLLONGILHEIGHT,DIMO,XI,ICODE,BAB1)

Babs1=BABS/(10000.0)
Bnorth1=BNORTH/(10000.0)
Beast1=BEAST/(10000.0)
Bdown1=BDOWN/(10000.0)
DIST=HEIGHT+ERequ

WRITE(19,14) LONGLLATIHEIGHT ,Bahsl,Bnorthl Beastl,Bdownl
14 FORMAT(3(2x,112.4),4(2X el1.4))

- 237 -



ENDDO

do while(dheight.ge.0.0)
dLATIRAD=dILATI*3.141592/180.

dLONGI=-QQ*K*dBEAST/dDIST/100000./COS(dLLATIRAD)*180./3.141592
& +dLONGI
dLATI=-QQ*K/dDIST/100000.*dBNORTH=*180./3.141592+dLATI
dHEIGHT=-QQ=*Kx*(-1.*dBDOWN)/100000.+dHEIGHT

CALL FELDCOF(YEAR,DIMO)
CALL FELDG(LATLAJLONGLAJHEIGHT ,dBNORTH,dBEAST,dBDOWN,dBABS)
CALL SHELLG(dLATILALONGI,dHEIGHT,DIMO,XL,ICODE,BAB1)

dBabs1=dBABS/(10000.0)
dBnorth1=dBNORTH/(10000.0)
dBeast1=dBEAST/(10000.0)
dBdown1=dBDOWN/(10000.0)

ddist=dheight+erequ

WRITE(20,15)dLONGLALATLAHEIGHT,dBabs1,dBnorth1,dBeast1,dBdownl

15 FORMAT (3(2x,f12.4),4(2X,e11.4))

ENDDO

STOP
END
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/**************************************************************
IGRF CGI =13 - FIELDCGIC
< e AHE Avke= AEAd HeolHE E¥eke A5 >

**************************************************************/

#include <stdio.h>

#include <stdlib.h>

#include "cgic.h”

#include "gd.h”

#include "gdfonts.h”

#include "gdfontl.h”

#define NUM 20

int cgiMain(void)

{
char szYear[NUM] szHeightINUM],szLatil NUM],szLong[NUMI;
FILE* fp;
char ch;
cgiFormStringNoNewlines("yeard”,szYear, NUM);
cgiFormStringNoNewlines("altid” szHeight NUM);
cgiFormStringNoNewlines("lati4”,szLati, NUM);
cgiFormStringNoNewlines("long4” szLong NUM);
fp = popen(”/usrb/httpd/cgi-bin/mgkim/igrf/field.exe”,”w");
fprintf(fp,”%6s\n%s\n%s\n%s\n" sz Year,szLong,szlati,szHeight);
pclose(fp);

cgieaderContent Type("text/html”);
fprintf(cgiOut,”<HTML><BODY BGCOLOR = #FFFFFF>\n");
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fprintf(cgiOut,” <PRE><H5>\n");
fprintf(cgiOut,”"Data toward North\n”);
f D r i n t f ( C g i 0 u t , "

_________________________________________________________________________ \
n");
fprintf(cgiOut,” Lat Long Height
B_Total B_North B_FEast B_Down\n");

f D r i n t f ( C g i 0 u t , "
_________________________________________________________________________ \
n");

fp = fopen("lineup.dat”,"r");

while((ch = getc(fp)) != EOF)

fprintf(cgiOut,”%c” ch);

fclose(fp);

f D r i n t f ( C g i 0 u t , "
_________________________________________________________________________ \
n\n");

fprintf(cgiOut,"Data toward South\n”);

f D r i n t f ( C g i 0 u t , "
_________________________________________________________________________ \
n");

fprintf(cgiOut,” Lat Long Height

B_Total B_North B_east B_Down\n");

f D r i n t f ( C g i 0 u t , "
_________________________________________________________________________ \
n");

fp = fopen("linedn.dat”,"r");

while((ch = getc(fp)) != EOF)

fprintf(cgiOut,”%c” ch);

fclose(fp);

f D r i n t f ( C g i 0 u t , "
_________________________________________________________________________ \
n");

fprintf(cgiOut,”</H5></PRE>\n");

fprintf(cgiOut,”</HTML></BODY>\n");

return 0;

)

/**************************************************************

IGRF CGI =213 - LOCALILC
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**************************************************************/

#include
#include
#include
#include
#include

#include

<stdio.h>
<stdlib.h>
"cgic.h”
"gd.h”
"gdfonts.h”
"gdfontl.h”

#define NUM 20
int cgiMain(void)

{

char szYear[NUM] szHeightINUMI szLatSINUM]I, szLatEINUM],szLong SINUM];
char szLongEINUMI, szGridINUM];

char szExe[200],szFileName[200];

char ch;

FILE* fp;

cgiFormStringNoNewlines("year3”,szYear, NUM);
cgiFormStringNoNewlines("alti3”,szHeight NUM);
cgiFormStringNoNewlines("lati_start3”,szLatS,NUM);
cgiFormStringNoNewlines("lati_end3” szLatE NUM);
cgiFormStringNoNewlines("long_start3”,szLong S,NUM);
cgiFormStringNoNewlines("long_end3”,szLongE,NUM);
cgiFormStringNoNewlines("step3”,szGrid NUM);
sprintf(szFileName,”%s_%s_%s_%s.dat” sz Year,szHeight,szLatS,szLongS);
sprintf(szExe,” /usrb/httpd/cgi-bin/mgkim/igrf/local.exe > %s” szFileName);
fp = popen(szExe,"w");

fprintf(fp,” %6s\n%s\n%s\n%s\n%s\n%s\n%s\n",szYear,szHeight,szLatS,szLatE,szLongS,szL
ongE,szGrid);

%s\n\n”,

pclose(fp);

cgileaderContent Type("text/HTML");
fprintf(cgiOut,”<HTML><BODY BGCOLOR=4#FFFFFF>\n");
fprintf(cgiOut,” <PRE><H5>\n");

fprintf(cgiOut,” Year :©  %s\t Step :  %s \tHeight

szYear,szGrid,szHeight);

f D r i n t f ( C g i 0 u t , "

——————————————————————————————————————————————————————— \n");

fprintf(cgiOut,” Lat Long B_Total B_North
B_FEast B_Down\n");

f D r i n t f ( C g i 0 u t , "

——————————————————————————————————————————————————————— \n");
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.

fp = fopen(szFileName, r");

while((ch = getc(fp)) != EOF)

fprintf(cgiOut,”%c” ch);
fclose(fp);
fprintf(cgiOut,”</H5></PRE>\n");
fprintf(cgiOut,”</BODY ></HTML>\n");
return 0;

/**************************************************************

IGRF CGI Z27% - POINTCGLC
< 4o Aol A7) delE 1 >

**************************************************************/

#include
#include
#include
#include
#include
#include

<stdio.h>
<stdlib.h>
"cgic.h”
"gd.h”
"gdfonts.h”
"gdfontl.h”

#define NUM 20
int cgiMain(void)

{

char szYear[NUM] szHeightINUM],szLatil NUM],szLong[NUMI;
FILE* fp;

float fYear,flLong,fLati,fBTotal,fBNorth,fBEast,fBDown;
cgiFormStringNoNewlines("vearl” sz Year, NUM);
cgiFormStringNoNewlines("alti2”,szHeight NUM);
cgiFormStringNoNewlines("latil”,szLati NUM);
cgiFormStringNoNewlines("longl”,szLong, NUM);

fp = popen(”/usrb/httpd/cgi-bin/mgkim/igrf/point.exe > point.data”,"w");
fprintf(fp,”%6s\n%s\n%s\n%s\n" sz Year,szLati,szLong,szHeight);
pclose(fp);

fp = fopen("point.data”,"r");

fscanf(fp,”%f" &fYear);

fscanf(fp,”%t" &fLong);

fscanf(fp,”%t" &fLati);

fscanf(fp,”%f" &fBTotal);

fscanf(fp,”%f" &fBNorth);

fscanf(fp,”%t" &fBEast);
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fscanf(fp,”%f" &fBDown);

fclose(fp);

cgieaderContent Type("text/html”);

fprintf(cgiOut, <HTML><HEAD><TITLE>IGRF</TITLE></HEAD>\n");
fprintf(cgiOut,”<BODY BGCOLOR=#{{ffff>\n");

fprintf(cgiOut,”<CENTER><FONT SIZE
10>IGRF</FONT></CENTER><BR>\n");

fprintf(cgiOut,” <HR>");

fprintf(cgiOut,”<FONT SIZE = 6><B>INPUT </B></FONT><BR>\n");

fprintf(cgiOut,”<p>Latitude : %s<BR>\n",szLati);

fprintf(cgiOut,”<p>Longitude : %s<BR>\n",szLong);

fprintf(cgiOut,” <p>Height ¢ %s<BR>\n",szHeight);

fprintf(cgiOut,”<p>Year © %s<BR>\n" szYear);

fprintf(cgiOut,” <HR>");

fprintf(cgiOut,”<FONT SIZE = 6><B>OUTPUT</B></FONT><BR>\n");

fprintf(cgiOut,”<p>Year = %d<BR>\n",(int){Year);
fprintf(cgiOut,”<p>Long = %.2f<BR>\n",fLong);
fprintf(cgiOut,”<p>Lati = %.2f<BR>\n" fLati);
fprintf(cgiOut,”<p>B_total = %e (nT)<BR>\n" {BTotal);
fprintf(cgiOut,”<p>B_north = %e (nT)<BR>\n",fBNorth);
fprintf(cgiOut,”<p>B_east = %e (nT)<BR>\n" BEast);
fprintf(cgiOut,”"<p>B_down = %e (nT)<BR>\n" fBDown);
fprintf(cgiOut,”</BODY ></HTML>\n");

return 0;
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CCCCCCCCCCCCCCCCLCCLCLLLLeLeeeeceeceececeecceececeeccececeececececceececeecceccececececee

Internaional Reference lIonosphere

CCCCCCCCCCCCCCLCCLCCLLeeeeeeeeeeeeeeeeeeeeeeeceeeeececceecceeceeceeceeceececececececeececece

dimension out(11,100),0ar(35,100)
logical 17, in(4)
CHARACTER=*4 IMZ(8),stex
CHARACTER*5 ITEXT(8)
DATA IMZ /' "'GEOD'," GEOD' 3+’ "'YEAR',)L.T."/,
& ITEXT/ H/KM',
& " LATI’, LONG’,” YEAR'/MONTH’,’ DAY',/DAYOF’,” HOUR'/

open(9, file="out.txt’)

CCCCCCCCCCCCCCLCCLCLeeeeeeeeeeeeeeeeeeeeeeeeeeceecececeeeceeceeecececececececececceccece

c zkg HolHE Ha
c iy2 P AE
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c imd2 A7

c hour?2 @ A EFEA

c latiz @ 9%

c long2 @ A%

c hx2 &% AF Ak

C endin @ &% "X 1%
c step =Y 717

c select : =¥ dHo|HE A4

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCee
read(*,*) iy2, imd2, hour?2, lati2, long2,

& hx2, ending, step, select, tg

if(hour.lt.0.) goto 2

jf(D)=.true.
if(2)=true.
jf(3)=.true.
jf(d)=true.
jf(5)=false.
jf(6)=.true.
jf(7)=true.
if(®)=.true.
if(9)=.true.
f10)=true.
if(11)=true.
f(12)=true.
f(13)=.true.
jf(14)=true.
jf(15)=true.
jf(16)=.true.
JEA7)=true.

CCCCCCCCCCCCCCLCCLCLeeeeeeeeeeeeeeeeeeeeeeeeeeceecececeeeceeceeecececececececececceccece
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CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCee
if(long2.eq.-1 .or. lati2.eq.-1 .or.

& ending.eq.-1 .or. step.eq.—1) then

var=2
vbeg=-85
vend=85
vstp=H
jm=0
t=1
kk=0

do 9999 iii=1, 72

1y=1y2
imd=-imd?2
hour=hour2
hx=hx2
xlon=kk

write(9,*) xlon

numstp=int(abs(vend-vbeg)/abs(vstp))+1
if(numstp.gt.100) numstp=100
call iri_web(0,jf xlat,xlon,iv,imd,1 hour,
& hx,ivar,vheg,vend,vstp,out,oar)
stex=imz(ivar)
if(jm.gt.0) stex="GEOM’
ifGiut.gt.0) stex="UT’
PIKTAB=0
IFOVARNE.1) THEN
IF(HX.LT.1.0) PIKTAB=1
IF(HX.L'T.0.0) PIKTAB=2
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ENDIF

xcor=vbeg

do 1234 li=1,numstp

c special output: peak densities and altitudes

C
¢ normal output

C

IF(PIKTAB.eq.1) THEN
ivpl=-1

if(oar(1,li).ge.0.) iypl=int(oar(l,li)/1.e6+.5)
iyp2=-1

if(oar(3li).ge.0.) iyp2=int(oar(3li)/1.e6+.5)
1vp3=-1

if(oar(5,li).ge.0.) iyp3=int(oar(5,li)/1.e6+.5)
ivpd=-1

if(oar(7li).ge.0.) iypd=int(oar(71i)/1.e6+.5)
if(oar(3,11).1t.0.1) oar(4,1i)=0.
GOTO 1234
ENDIF
IF(PIKTAB.eq.2) THEN

ypl=-1.

if(oar(1,li).ge.0.) ypl=sqrt(oar(l,li)/1.24e10)

yp2=-1.

if(oar(3li).ge.0.) yp2=sqrt(oar(3,li)/1.24e10)

yp3=-1.

if(oar(5,li).ge.0.) yp3=sqrt(oar(5,li)/1.24e10)

ypd=-1.

if(oar(7,li).ge.0.) ypd=sqrt(oar(7,li)/1.24e10)

if(oar(3,11).1£.0.1) oar(4,li)=0.0
GOTO 1234
ENDIF
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if(ivar.eq.1) oar(l,li)=oar(1,1)

il=-1

if(out(1,l).ge.0.) il=int(out(1,li)/1.e6+.5)
i2=-1

if(out(2,1i).ge.0.) i2=intlout(2,li)+.5)
i3=-1

if(out(31i).ge.0.) i3=intlout(3,li)+.5)
i4=-1

if(out(4,1i).ge.0.) id=intlout(4,li)+.5)
ib=-1

if(out(5,li).ge.0.) i5=intlout(5,li)+.5)
i6=-1

if(out(6,li).ge.0.) i6=intlout(6,li)+.5)
i7=-1

if(out(7,1i).ge.0.) i7=intlout(7li)+.5)
i8=-1

if(out(81i).ge.0.) i8=intlout(8 li)+.5)
19=-1

if(out(9,1i).ge.0.) 19=intlout(9,li)+.5)
110=-1

if(out(10,1i).ge.0.) i10=int(out(10,li)+.5)
il1=-1

if(out(11,1i).ge.0.) ill=int(out(11,1i)+.5)

if(select .eq. 0) write(9,*) il
if(select .eq. 1) write(9,*) 12
if(select .eq. 2) write(9,*) i3

if(select .eq. 3) write(9,*) 14

1234 XCOr=Xcor+vstp

9999 kk=kk+5

CCCCCCCCCCCCCCLCCLCLeeeeeeeeeeeeeeeeeeeeeeeeeeceecececeeeceeceeecececececececececceccece
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CCCCCCCCCCCCCCLCCLCCLLeeeeeeeeeeeeeeeeeeeeeeeceeeeececceecceeceeceeceeceececececececeececece

else

ivar=1
vbeg=hx2
vend=ending
vstp=step
jm=0
iut=1

1y=1y2
imd=-imd?2
hour=hour2
hx=hx2
xlat=lati2

xlon=long?2

numstp=int(abs(vend-vbeg)/abs(vstp))+1
if(numstp.gt.100) numstp=100

call iri_web(jm,jf xlat,xlon,iy,imd,iut,hour,

& hx,ivar,vheg,vend,vstp,out,oar)

agnr=6 loutput unit number
stex=imz(ivar)
if(jm.gt.0) stex="GEOM’
ifGiut.gt.0) stex="UT’
PIKTAB=0
IFOVARNE.1) THEN
IF(HX.LT.1.0) PIKTAB=1
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C

IF(HX.LT.0.0) PIKTAB=2
ENDIF

xcor=vbeg

do 1235 li=1,numstp

¢ special output: peak densities and altitudes

C

IF(PIKTAB.eq.1) THEN

iypl=-1

if(oar(1li).ge.0.) iypl=int(oar(l,li)/1.e6+.5)
1iyp2=-1

if(oar(3li).ge.0.) iyp2=int(oar(3,1i)/1.e6+.5)
1iyp3=-1

if(oar(5li).ge.0.) iyp3=int(oar(5,li)/1.e6+.5)
iypd=-1

if(oar(7i).ge.0.) iypd=int(oar(7li)/1.e6+.5)
if(oar(3,11).1.0.1) oar(4,1i)=0.

ENDIF
IF(PIKTAB.eq.2) THEN

ypl=-1.

if(oar(1li).ge.0.) ypl=sqrt(oar(l,li)/1.24e10)
yp2=-1.

if(oar(3li).ge.0.) yp2=sqrt(oar(3,li)/1.24e10)
yp3=-1.

if(oar(5li).ge.0.) yp3=sqrt(oar(5,li)/1.24e10)
ypd=-1.

if(oar(71i).ge.0.) ypd=sqrt(oar(7li)/1.24e10)
if(oar(3,11).1t.0.1) oar(4,li)=0.0

GOTO 1235

ENDIF
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¢ normal output

C

1235

if(ivar.eq.l) oar(l,li)=oar(1,1)

il=-1

if(out(1,li).ge.0.) il=int(out(1,li)/1.e6+.5)
i2=-1

iflout(2,li).ge.0.) i2=int(out(2,li)+.5)
i3=-1

if(out(3li).ge.0.) i3=int(out(3,li)+.5)
14=-1

if(out(4,li).ge.0.) id=int(out(4,li)+.5)
ib=-1

if(out(5,li).ge.0.) i5=int(out(5,li)+.5)
16=-1

if(out(6,li).ge.0.) i6=int(out(6,li)+.5)
i7=-1

if(out(7li).ge.0.) i7=int(out(7li)+.5)
i8=-1

if(out(8li).ge.0.) i8=int(out(8li)+.5)
19=-1

iflout(9,li).ge.0.) 19=int(out(9,li)+.5)
110=-1

if(out(10,li).ge.0.) i10=int(out(10,li)+.5)
il1=-1

if(out(11,li).ge.0.) ill=int(out(11li)+.5)

if(select .eq. 0) write(9,*) xcor,
if(select .eq. 1) write(9,*) xcor,
if(select .eq. 2) write(9,*) xcor,

if(select .eq. 3) write(9,*) xcor,

XCor=xcor+vstp
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endif

endfile(9)
close(9)

2 stop

end

H E
I — IX
< PIM }\c_)] -4‘ E] 5T 2 JJ‘ E]1] PIMfOI' >

CCCCCCeCCCceceeeccececeeccceceeccceceeccecceeccceceecccececeeccececeeeccecececee
CcC

C

C PIM.FOR

C
CCCCCCeCCCceceeeccececeeccceceeccceceeccecceeccceceecccececeeccececeeeccecececee
CcC

BLOCK DATA ITERATS

C
C VERSION
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C 1.6 14-February-1997
C
C MODIFICATIONS
C --—Person-——- -—— Date-———- -~ Description———---—----—~-——-
C L. Brown 25-Sep-1995 1.3
C Removed references to INCLUDE file
C "cinit.inc” since it is no longer used.
C Removed initialization of variables ESCLLAT,
C FSCLLAT, USUE, USUF, and ONLYOP since they
C have been removed from common block INDIRECT.
C L. Brown 23-Jan-1996 1.3 ==> 14
C Variables MSAT, NSAT, SATLAT, and SATLON
C renamed to MPR, NPR, PRLAT, and PRLON in
C common block GRID.
C Variables RADLAT and RADLON renamed to
OBSLAT
C and OBSLON in common block GRID.
C L. Brown 14-Feb-1997 14 ==> 16
C Added points to altitude grid stored in
C array ZOUT in common block GRID to include
C plasmaspheric altitudes.
C
INCLUDE 'aindex.inc’
INCLUDE 'grid.inc’
INCLUDE ‘indirect.inc’
C
C DATA statements for AINDEX.INC
C
DATA ATR/24.4, 2.12/
DATA A/209, 17,134, 1.7,
6 209, 1.7,134, 1.7/
C
C DATA statements for GRID.INC
C

D A T A
GGLATO,GGLONO,GGLATF,GGLONF,DLAT,DLON,NUMLAT,NUMLONNALT/

1 -89.,5.,89.,355.,2.,10.,90,36,30/
C

DATA NPR/1/

DATA PRLAT/MPR*0./

DATA PRLON/MPRx*0./
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DATA OBSLAT/0./
DATA OBSLON/0./
DATA NAZ/1/
DATA SAZ/0./
DATA DAZ/1./
DATA NEL/1/
DATA SEL/./
DATA DEL/1./

DATA ZOUT/90.,95.,100.,105.,110.,115.,120.,125.,130.,

1 135., 140.,145.,150.,160.,170.,180.,190.,200.,210.,220.,

2 230.,240.,250.,260.,270.,280.,290.,300.,320.,340.,360.,

3 380.,400.,450.,500.,550.,600.,650.,700.,750.,

4 800.,850.,900.,1000.,1100.,1200.,1300.,1400.,1500.,1600.,1700.,
& 1800.,1900.,2000.,2100.,2200.,2300.,2400.,2500.,3000.,3500.,
& 4000.,4500.,5000.,5300.,6000.,6500.,7000.,7500.,8000.,8500.,
& 9000.,9500.,10000.,12500.,15000.,17500.,20000.,22500.,25000.,
5 20+0.0/

DATA statements for INDIRECT.INC
1 2 3 4 5 6
DATA F10P7,EKP,BY KP(0),KP(1),KP(2)/
1 2 3 4 5 6
1 145, 2.0, 1.0, 1.9, 2.0, 2.1/

SOOI

@

@

END

@

BLOCK DATA LOWF

VERSION
1.2 27-April-1995

MODIFICATIONS

SO OIOIOING!

--——Person——-- --——Date----

C L. Brown 27-Apr-1995 1.2

C Changed initialization of NF10P7L from 3

C to 2.

C Removed initialization of NKPL since NKPL has
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SO OIOIOING!

been removed from common block LOWER.
INCLUDE ’lower.inc'
DATA F10P7L NF10P7L/70.,130.,210.,2/
END
BLOCK DATA LOWE
VERSION
1.2 27-April-1995
MODIFICATIONS
—-——-Person---- —--—-Date-——-
————————————— Description———---—---—---——-
L. Brown 27-Apr-1995 1.2
Corrected initialization of KPLE(1) from 2.
to L
Changed initialization of NF10P7LE from 3
to 2.
Changed initialization of NKPLE from 3 to 2.
INCLUDE ’'low_e.inc’
DATA F10P7LE,KPLENF10P7LENKPLE/70.,130.,210,,1.,3.5,6.,2,2/
END
BLOCK DATA MIDF
VERSION
1.2 27-April-1995
MODIFICATIONS
—-——-Person---- —--—-Date-——-
————————————— Description———---—---—---——-
L. Brown 27-Apr-1995 1.2
Changed initialization of NF10P7M from 3
to 2.
Changed initialization of NKPM from 3 to 2.
INCLUDE 'midlat.inc’
DATA F10P7M,KPM,NF10P7M,NKPM/70.,130.,210.,1.,3.5,6.,2,2/
END
BLOCK DATA HIGH
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VERSION
1.2 27-April-1995

MODIFICATIONS

S ONOIOINE!

--——Person——-- --——Date----

C L. Brown 27-Apr-1995 1.2
C Changed initialization of NF10P7H from 3
C to 2.
C Changed initialization of NKPH from 3 to 2.
C

INCLUDE 'usuarr.inc’

DATA F10P7H,KPH,NF10P7H,NKPH/70.,130.,210.,1.,3.5,6.,2,2/
END

BLOCK DATA REGS
INCLUDE ’precip.inc’
INCLUDE 'region_b.inc’

O O

DATA for PRECIP.INC

@

DATA LATMLT ERGLATOMLTORADOA0ALBILMLATRMLTR,VALTR,
1 MLATRO,MLTRO,RADTR0/414*0.0/

DATA statments for REGION_B.INC

SOOI OI!

DATA CTH,VTH/24.4,209,13.4,2.12,1.7,1.7/

DATA CAB,VAB/-105,2.7,0.8,0.0,.267,-.267/

DATA CB,PB/3.88,0.0,3.0,2.73,0.0,0.0/

DATA CBB,VBB/11.5,2.633333333,0.0,-0.08333333333/
DATA QBB,AB(0),BB(0)/0.0,0.00506666666,-10.5,11.5/

END
PROGRAM PIM

PURPOSE
PIM 1is the unadjusted parameterized model. Its purpose is to reconstruct

the profiles from the databases, merge the profiles according to F10P7,

S ONOIOINE!

Kp, and location, and return this as output.
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(1) Get date and geophysical parameters from user
(2) Call parameterized models for output
(3) obtain EDP’s from the parameterized models and return

same to calling program.

METHOD
The user will change the parameters as he/she wishes, and the

model uses the inputs to determine the ratio of profiles to merge

INPUT PARAMETERS
NAME TYPE ARRAY description

OUTPUT PARAMETERS
NAME TYPE ARRAY description

LOCAL VARIABLES

NAME TYPE ARRAY description

A REAL  (40,40,3,2) The empirical orthogonal functions

CAPA REAL (0:8,17,40,3,2) The coefficients for the orthogonal functions

DAY INTEGER The day of the year.

GRDTYP INTEGER The switch for the type of output grid:
[0] Rectangular latitude/longitude grid
[1] Latitude/longitude pairs
[2] Azimuth/elevation (ground-based)

MLAT REAL Corrected Geomagnetic latitude
MLON REAL Corrected Geomagnetic longitude
MLT REAL Corrected Geomagnetic local time
OUTFILE CHARACTER=*32 The name of the output grid file.
OUTTYP INTEGER The switch for type of output:

[0] Critical frequencies and heights and
vertical TEC

[1] Vertical EDPs

[2] Vertical EDPs, critical frequencies and
heights, and vertical TEC

[3] No output

uT REAL Universal time in seconds

UTHR REAL Universal time in hours

YEAR INTEGER The calendar year

Z REAL  (40,3,2) The values of the altitudes at index

SUBROUTINES CALLED
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GETDAT: obtains all real time data, sorts it according to
its nature (direct or indirect) and writes two files
(DIRECT.DATA and INDIRECT.DATA); returns number of
records in each file.

OUTPUT: Puts the station and grid outputs to disk

READ_DBASES Reads the parameterized model and URSI coefficients

databases

FUNCTIONS CALLED

NONE

FILES ACCESSED

NONE

AUTHOR

Robert E. Daniell

Computational Physics, Inc.
240 Bear Hill Road Suite 202A
Waltham, MA 02154 USA

(617)-487-2250

VERSION

1.6 14-February-1997

MODIFICATIONS
—————————————— Description
L. Brown 30-Jan-1995
L. Brown 27-Apr-1995
L. Brown 25-Sep-1995

————-Person-———- -——-Date———-
1.09 ==> 1.1
Local variable IGRIDSW has been renamed to
OUTTYP.

Local variable GRDTYP has been added.
The argument lists of routines GETDAT and
OUTPUT have changed.

1.1 ==> 12
The description of local variable GRDTYP
has been modified to include the radar
output grid type.
The version number and date are displayed
to the default output device.

1.2 ==> 1.3

Updated the version number and version
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date.

Removed argument BATCH from the call to
routine GETDAT.

Removed local variable BATCH since it is no
longer used.

Removed INCLUDE statement for “cinit.inc”
since it is no longer used.

Replaced the call to routine USER_INPUT
with a call to routine READ_DBASES.
Added INCLUDE statement for "dpath.inc”.
Removed FORMAT statements 1000 and 1100

since they are not used.

L. Brown 23-Jan-1996 1.3 ==> 14
Updated the version number and version
date.

Changed name of output grid type
"satellite track” to
"latitude/longitude pairs”.

Changed name of output grid type
"radar azimuth/elevation” to

"azimuth/elevation (ground-based)”.

L. Brown 30-Sep-1996 14 ==> 15
Updated the version number and version
date.
L. Brown 14-Feb-1997 15 ==> 16
Updated the version number and version
date.
REFERENCES

SPECIAL CONSTANTS

Parameters and common blocks:

INCLUDE ’dpath.inc’
INCLUDE 'grid.inc’
INCLUDE ‘indirect.inc’
INCLUDE 'logicuni.inc’
Declarations:
INTEGER YEAR,DAY,OUTTYP,GRDTYPMONTH
REAL UT,UTHR
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CHARACTER=*32 OUTFILE

C
C
C Display the version number and date
C
C PRINT " sttt ook fokokofs koo
c PRINT =, = PIM 16 14-February-1997 =’
C PRINT " sttt ook fokokofs koo
C
C Get the date, solar and geophysical parameters, and the altitude
C and latitude longitude grid for the output.
C
CALL GETDAT(YEAR,DAY MONTH,UTHR,OUTFILE,OQUTTYP,GRDTYP)
UT = 3600.«UTHR
C
C Initialize variables
C
CALL INITPR
C
C Read the parameterized model and URSI coefficients databases
C

C A L
READ_DBASES(DAY MONTH,UTHR,PUSU,PMID,PLOW PLME PAWS,JOPEN)
C
C Do the output grid.

C
CALL OUTPUT(YEAR,DAY,UT,OQUTTYP,GRDTYP,OUTFILE,LUTEXT, N')
C
c STOP
c "PIM successfully completed.’
END
C
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