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4,2 Figures

On each of the following 72 pages a pair of figures gives height profiles in the 80 to 800 km range for a
total of six output parameters of the programs. Here too the peak values NMF2 and HMF2 were determined by the
CCIR-method. The left-hand diagram shows the logarithm of electron density NE/m=3, the electron temperature TE(K)
and ion temperature TI(K) on linear scales. The numerical values given on the abscissa refer to log of electron
density NE only (circles). As for the temperatures TE (diamonds) and TI (triangles) the numbers on the abscissa
scale correspond to (8 + 1.5 T000K ) so that the following identification table holds:

T(K) 300 500 700 1000 1500 2000 2500 3000

value 8.45 8.75 9.05 9.5 10.25 11 11.75 12.5

On the right-hand diagram the logarithms of ion 8ercentage value are shown for O+ (circles), 02+ (diamonds) and
NO* (triangles). Light ions are the complement to 1009

The geographic and time specifications are given in the lowest line under the diagram. From left to right
the numerals represent: geographic latitude - geographic longitude - solar activity R - month - local hour -
modip., The set covers a total of nine modip values namely - 70, - 50, - 30, - 10, 0, 10, 30, 50 and 70 . The
longitude was chosen to be 20°E, for all of these examples. Eight pages for each value are subdivided according
to solar activity (R = 10 and 100), month (March and June) and local hour (sunrise and 14h).
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5. FORTRAN PROGRAM

The FORTRAN program is reproduced in this section. The ALGOL programs as sub-

mitted by Dr.

Rawe

r are available upon request to the World Data Center A for

Solar-Terrestrial Physics. They have not been adapted to the WDC~A for STP com-

puters.

20.

22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34,
35.
36.
37.
38.
39.
40,
41.
42.
43,
44,
45,
46.
47,
48.
49,
50.
51.
52.
53.
54.
55.
56.
57.
58.
59,
60.
61.
62.
63.
64.
65.
66.
67.
68.

c
c
c
¢
c
c
c
C
c
c
C
c
c
C
c
c
c
c
C
¢
C
C
¢
c
c
c
C
C
C
c
c
C
C
C

¢

c
c
c
¢
C
¢
c
c
c
¢
C
C
C

IRIFO7-A, DECEMBER 1980

INTERNATIONAL REFERENCE IONOSPHERE (IRI).

THIS PROGRAM PRODUCES HEIGHT PROFILES OF TEMPERATURE

AND DENSITY OF THE ELECTRONS AND IONS IN THE IONOSPHERE FOR
SPECIFIED LOCATION,TIME AND SOLAR ACTIVITY.

ADDRESS® PROF.K.RAWER, HERRENSTR.43

D 7801 MARCH , F.R.G.

INPUT:

1.) LATITUDE(F6.1),LONGITUDE(F6.1),SOLAR-ACTIVITY(R)(F6.1),
MONTH(F4.1) ,HOUR(F4.1,1X) ,XHI(F6.1) ,BEGIN,END,STEPWIDTH(OF THE
REQUIRED HEIGHT RANGE)(3(F6.1,1X)),KOBE(I1,1X),JNE,JNEMAX,
JTN,JTE,JTI,JTETI,J0,JHHE ,J02 ,INO,JMAG(1111)

2.) HMF2/KM AND NMF2/M-3 OR FOF2/MHZ (F5.1,E9.3)

IF HMF2 LESS 10.0 THEN THE CCIR VALUES FOR FOF2 AND HMF2
ARE TAKEN BY USE OF THE CCIR-TAPE FOR FOF2 AND M3000.

THE USER SHOULD ADAPT PROCEDURE CCIRCA TO HIS OWN
CCIR-TAPE.

KOBE=0 SHOULD BE USED FOR PRINTER OUTPUT AND KOBE=1 FOR
PUNCHER OR TAPE OUTPUT.THE TEN INPUT VARIABLES

(JNE...JNO) ARE SWITCHED (1=YES,0=NO) TO CHOOSE YOUR
PARAMETERS.JMAG=0 MEANS GEOGRAFIC JMAG=1 GEOMAGNETIC
LATITUDE AND LONGITUDE.

THIS PROGRAM HAS BEEN MODIFIED AT WDC-A TO BE MORE MACHINE
INDEPENDENT.
NOTE 1) INITIALIZATION OF VARIABLES IS NOT NECESSARY.
NOTE 2) THIS VERSION OF THE PROGRAM DOES NOT ALLOW YOU
TO CHOOSE WHICH PARAMETERS ARE OUTPUT. A FIXED OUTPUT
WAS USED TO ASSURE EXECUTION ON ANY MACHINE.
NOTE 3) YOU WILL HAVE TO OPEN YOUR CHANNEL NUMBERS, ON A
CONTROL DATA MACHINE THIS WOULD BE A PROGRAM CARD,ON
A DATA GENERAL THIS WOULD BE AN OPEN CARD, ETC. THE
CHANNEL VARIABLES SPECIFIED BY THE VARIABLES EGNR,AGNR
AND KONSOL CAN BE CHANGED TO ANY VALUE YOU LIKE,
SO LONG AS YOU REPLACE THOSE CHANGES IN YOUR CHANNEL
OPENING STATEMENT.
IN THIS VERSION: N
EGNR = INTERACTIVE INPUT OF DATA AND OPTIONS
AGNR = OUTPUT- PRINTOUT OR DISK FILE
KONSOL = INTERACTIVE OUTPUT OF INFORMATIVE STATEMENTS
- UNIT 15 = CCIR COEFFICIENTS
- NOTE 4) THIS VERSION OF IRIFO7 IS INTENDED TO USE THE CCIR
- COEFFICIENTS PROVIDED WITH THIS PROGRAM TAPE. THE READ
- STATEMENTS IN CCIRCA MUST BE CHANGED IF YOU ARE USING
-A A DIFFERENT SET OF COEFFICIENTS.

>>>>>>>>>>>>>>>>>>>>

>

WDC-A OPEN CHANNELS FOR UNIVAC 1100 (WDC-A).

DEFINE FILE 11(AREAD,,80)

DEFINE FILE 12(APRINT,,80)

DEFINE FILE 14(SDF,,80,80)

DEFINE FILE 15(SDF,,80)

INTEGER EGNR,AGNR,SMONTH,SHOUR ,DAYNR,DDO(4)

1,11F(4),D02(2)

REAL LATI,LONGI,MO2(3),MO(5),LOGE ,MONTH,MODIP ,NMF2,
2NDELO, NMF1 , NME ,NMD , K , MAGBR ,

INHABR ,NDEL ,NDX,NEI ,MM,MLAT ,MLONG ,NOBO2

DIMENSION F(3),BOF(2,2,8),0UTF(50,12),JF(10),RIF(4),
1PF10(12),PF30(12),H0(4),

2PF20(4) ,H02(2) ,CTNN(3) ,PG10(80) ,P620(32) ,P630(80)

LOGICAL WINTER,SUMMER,SCHALT,EXT,NIGHT,FIREG,VALLEY,
1IRDUPP,CCIRET,ANF, TEMP,TEVAL ,TIMP
COMMON,/BLOCK1/HMF 2, NMF 2 ,HMF1/BLOCK2/80,B1,C1,HZ,T,6(144) ,HST,STR
4/BLOCK3/HDX ,HME ,

1INME , HMD , NMD , HEF ,D1,K,FP30,FP3U,FP1,FP2/BLOCKA/HB,HC,P9,P10,
2p11.P12,IRDL,OW,AGNR, IRDUPP P (8) /BLOCK5/ZX, TNX ,ATN,CTN(3)/
3BLOCKS/HS, TNHS , XSM(2) ,MM(3) /BLO10/BETA,ETA,DELTA,ZETA/
XBLO11/MONTH,LATI/BLOCK6/NIGHT E(4)
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69.
70.
71.
72.
73.
74,
75.
76.
77.
78.
79.
80.
81.
82.
83.
84,
85.
86.
87.
88.
89.
90.
91.
9z.
93.
94.
95.
96.
97.
98.
99.
100,
101,
102.
103.
104.
105.
106,
107.
108.
109.
110.
111.
112.
113.
114,
115.
116.
117.
118.
119.
120.
121.
122.
123.
124,
125.
126.
127.
128.
129.
130.
131.
132,
133,
134,
135,
136.
137.
138.
139.
140.
141,
142,
143.
144,

C

C
C
c
c
2

2
2
2
2
2
2

2
2
2
2
2

2
2
2
2
2
2
2

C
C
c

EXTERNAL SSRSU,XE1,XE2,XE3,XE4,XE5,XE6, TENER

C-A THIS DATA STATEMENT IS NECESSARY IF ALL PARAMETERS ARE TO BE
C-A  OUTPUT. THE OPTION OF VARIOUS TYPES OF OUTPUT IS NOT

C-A ACTIVE IN THIS VERSION, THUS ALL OUTPUT TYPES ARE SUPPLIED
C-A  BY MAKING ALL ELEMENTS OF THE ARRAY JF EQUAL 1,

DATA JF /10%1/
ALH=10.0

LOGE=1/ALOG (ALH)

UMR=0.01745329

PHI=3.1415927

CCIREI=.FALSE,

'COMMENT' FIRST SPECIFY YOUR COMPUTERS CHANNEL NUMBERS, E.G.
EGNR=11

AGNR=14

KONSOL=12

-WDC-A IF YOU WISH TO READ MORE THAN ONE HOUR AT A TIME ADD AN
~WDC-A  END OF FILE TEST BELOW. IF EQOF TRUE THEN GO TO STATEMENT 999

000 WRITE(KONSOL,2020)
READ(EGNR,2005) LATI
WRITE (KONSOL ,2021)
READ(EGNR,2005) LONGI
WRITE(KONSOL ,2022)
READ(EGNR,2005) R
WRITE (KONSOL , 2023)
READ(EGNR,2003) MONTH
WRITE (KONSOL ,2024)
READ(EGNR,2003) HOUR
WRITE (KONSOL ,2025)
READ(EGNR,2005) XHI
WRITE(KONSOL ,2026)
READ(EGNR,2005) AH
WRITE(KONSOL ,2027)
READ(EGNR,2005) EH
WRITE (KONSOL ,2028)
READ(EGNR,2005) SH
WRITE (KONSOL , 2029)
READ(EGNR,2009) KOBE
WRITE (KONSOL ,2030)
READ(EGNR,2009) JMAG
WRITE (KONSOL ,2031)
READ(EGNR,2011) HMF2
WRITE (KONSOL , 2032)
READ(EGNR,2012) FOF2
003 FORMAT(F4.1)
005 FORMAT(F6.1)
009 FORMAT(I1)
011 FORMAT(F5.1)
012 FORMAT(E9.3)
020 FORMAT(/' INPUT PARAMETERS.....',
X /," LATITUDE ?')
021 FORMAT(/,' LONGITUDE ?')
022 FORMAT(/,' SUNSPOT 2')
023 FORMAT(/,' MONTH ?')
024 FORMAT(/,' HOUR ?2')
025 FORMAT(/,' SOLAR ZENITH ANGLE ',
X '(-10.0 TO HAVE PROGRAM CALCULATE IT) ?')
026 FORMAT(/,' LOWER LIMIT ?')
027 FORMAT(/,' UPPER LIMIT ?')
028 FORMAT(/,' STEP WIDTH ?')
029 FORMAT(/,' TYPE OF OUTPUT (0=PRINT,1=FILE) ?')
030 FORMAT(/,' GEOMAGNETIC COORDINATES (0=NO,1=YES) ?')
031 FORMAT(/,' HMF2 (0 TO HAVE PROGRAM CALCULATE IT) 2')
032 FORMAT(/,' FOF2 (0 TO HAVE PROGRAM CALCULATE IT) ?')
TOND=F (8)+JF (9)+JF (10)+JF (7)

INPUT OF TRANSFORMATION COEFFICIENTS (PROCEDURE FIELDG) vuvevereennnonnass

CALL KOEFFI(BOF)
CALL KOEFFB(G)

CALCULATION OF XHI,SUNSET,SUNRISE,COV,XHIM D R R R T T T SN
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145,
146.
147.
148.
149.
150.
151.
152,
153.
154.
155.
156.
157.
158.
159.
160.
161.
162.
163.
164.
165.
166.
167.
168.
169.
170.
171.
172.
173.
174.
175.
176.
177.
178.
179.
180.
181.
182.
183.
184.
185.
186.
187.
188,
189.
190.
191.
192.
193.
194.
195.
196.
197.
198.
199.
200.
201.
202.
203.
204,
205.
206.
207.
208.
209.
210,
211.
212.
213,
214.
215.
216.
217.
218.
219.
220.

888

120

510
140

520
503

OO0

1111

SIOO

6000

IF (JMAG.LE.0) GOTO 888

MLAT=LATI

MLONG=LONGI

CALL GGM(JMAG,LONGI,LATI ,MLONG,MLAT)
DAYNR=1IF IX(MONTH)*30-15
SUNDEC=-0.40915*C0S(2.0%PHI /365, 25*FLOAT(DAYNR+8))
Z1=SIN(SUNDEC)*SIN(LATI*UMR)

72=C0S ( SUNDEC ) *COS ( LATT*UMR)

IF (ABS(Z2).6T.0.0) GOTO 120

SAX=24.0

IF(Z1.6E.0.0) SAX=0.0

GOTO 140

IF (ABS(Z1/72).LE.1.0) GOTO 510
SAX=24.0

IF ((Z1+22) .GE.0.0) SAX=0.0

GOTO 140
SAX=12.0-ACOS(-Z1/Z2)/(UMR*15.0)
SUX=24.0-SAX

XLSTA=15. 0% (HOUR-12.0)
COV=63.75+R*(0.728+R*0.00089)

IF (XHI.GT.(~10.0)) GOTO 520
COSXHI=SIN({LATI*UMR)*SIN(SUNDEC)+COS(LATI*UMR)*COS(SUNDEC)
1%COS(XLSTA*UMR)

XHI=ACOS(COSXHI)/UMR

GOTO 503

COSXHI=COS ( XHI*UMR)
XH10=0.87+0.0061*ABS(LATI)
XHI100=0.68+0,0089*ABS(LATI)
XHIM=(XHIO+(XHI100-XHI0)*R/100.0)/UMR
CALL FIELDG(LATI,LONGI,300.0,XMA,YMA,ZMA,BET,DIP,MODIP)
MAGBR=ATAN(0.5*TAN(DIP*UMR))/UMR
SUNDEC=SUNDEC/UMR

CLASSIFICATION OF DIFFERENT TIMES AND REGIONS civcvesevsncecosnescennannns

F1REG=.TRUE.

VALLEY=.FALSE.

SUMMER=.FALSE.

WINTER=.FALSE.

NIGHT=.FALSE.

TEMP=,TRUE.

TIMP=,TRUE.

TEVAL=,FALSE,

IF{ (MONTH.GT.10.0) .OR, (MONTH.LT.3.0}) WINTER=.TRUE.
IF{ (MONTH.GT.4.0) . AND. (MONTH.LT.9.0)) SUMMER=.TRUE.
EXT=SUMMER

IF(LATI.GT.0.0) GOTO 1111

EXT=WINTER

WINTER=SUMMER

SUMMER=EXT

IF ( (HOUR.GT.SUX).OR. (HOUR.LT.SAX)) NIGHT=.TRUE.
IF(XHI.GT.XHIM) F1REG=.FALSE, '

IF(NIGHT) F1REG=.FALSE.

TF(WINTER) F1REG=.FALSE.

INPUT OF THE ION DENSITY PARAMETER ARRAYS PF10,PF20 AND PF30......

IF(IOND.LT.1) GOTO 141
1IF(1)=2

IF (ABS(LATI).LT.30.0) IIF(1)=1
11F(2)=2

IF(COV.LT.100.0) IIF(2)=1
I1F(3)=3

IF (WINTER) TIF(3)=4

IF (SUMMER) TIF(3)=2

1IF(4)=1

IF(NIGHT) IIF(4)=2

CALL KOEFP1(PG10)

CALL KOEFP2 (PG20)

CALL KOEFP3 (PG30)

DO 6000 I=1, 4
RIF(1)=FLOAT(IIF(I))
CONTINUE

CALL SUFE (PG10,RIF,12,PF10)
CALL SUFE(PG20,RIF,4,PF20)
CALL SUFE(PG30,RIF,12,PF30)
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221.
222.
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224,
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228.
229.
230.
231,
232.
233,
234,
235,
236.
237.
238,
239.
240.
241,
242,
243,
244,
245,
246,
247.
248.
249,
250,
251,
252,
253,
254,
255,
256,
257,
258,
259,
260,
261,
262,
263.
264,
265.
266,
267.
268.
269.
270.
271.
272,
273.
274,
275.
276,
277.
278,
279.
280.
281,
282,
283.
284,
285.
286.
287,
288.
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7000
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CALCULATION OF ELECTRON DENSITY PARAMETERS..eusessusunnensnnnnnenonnn,,
DELL=4.32

IF (ABS(MODIP).GE.18.0) DELL=1.D+EXP(-(ABS(MODIP)-30.0)/10.0)
IF(.NOT.FIREG) GOTO 150

C1=0.1244-(4,44E-4)*R+0,09/DELL

FOF1=FOF1ED(MAGBR R ,COSXHI)

NMF1=1.24E10%*FOF1*FOF 1

XHINON=XHIS (MONTH,12.0,LATI)
FOE=FOEEDI(R,XHI,XHINON,LATI,HOUR, SUX, SAX)

IF (HMF2.6E.10.0) GOTO 501

CALL F20UT(MODIP,LATI,LONGI,MAGBR ,R ,MONTH,HOUR ,FOE ,HMF2,FOF 2)
GOTO 502

IF(FOF2.6T.100.0) FOF2=SQRT(FOF2/1.24E+10)
NMF2=1,24E10%FOF 2*FOF 2

NME=1.24E10%FOE*FOE

NMD=XMDED ( XHI R , 4. OE8)

HME=HPOL (HOUR, 110, 0,105, 0, SAX , SUX)

HMD=HPOL (HOUR, 81.0,88,0,SAX , SUX)

SMONTH=IF IX(MONTH/3.0)

IF (SMONTH.LT.1) SMONTH=4

BO=XPOL (BOF ,HOUR ,SAX, SUX, DELL , SMONTH R )

C052=COS (MLAT*UMR )

€0S2=C0S2*C0S2

FLU=(COV-40.0)/30.0
ETA=0.058798-0,0070305*C0S2+FLU* (~0.014065+0, 0069724*C0S2)+
1(0.0024287+0.0042810*C0S2-0. 00015280+F OF 2 ) *FOF 2
ZETA=0,078922-0,0046702*COS2+FLU* (0. 019132+0. 0076545%C0S2) +
1(0.0032513+0.0060290*C0S2-0, 00020872%F OF 2 ) *FOF 2
BETA=-128.,03+20.253*C0S2+FLU*( -8.0755-0.,65896*C052)+ (0. 44041
1+0.71458+C052-0, 042966*FOF 2) *F OF 2

XXX=EP1ST(-94.45,BETA)

XXXX=DEP1ST(-94.45 ,BETA)

DELTA=(ETA*XXX-ZETA/2.0)/ (ETA*XXXX+ZETA/400. 0)

B1=3.0

F(1)=HPOL(HOUR,0.02+0.03/DELL ,0.05,SAX, SUX)
F(2)=HPOL(HOUR,4.6,4.5,SAX, SUX)
F(3)=HPOL(HOUR,-11.5,-4,0,SAX, SUX)

NDEL0=5.0

IF(WINTER) NDELO=10.0

DNDHO0=0.016

IF(SUMMER) DNDHO0=0.01

NHABR=HPOL (HOUR,10.5/DELL ,28.0,SAX , SUX)
XXX=EPSTEP(45.0,67.0,-10.0,20.0,ABS (LATI))

HBR=HPOL (HOUR,17.8/DELL ,XXX,SAX,SUX)

NDEL=HPOL (HOUR ,NDELO/DELL ,81.0, SAX, SUX)
DNDHBR=HPOL (HOUR ,DNDHO/DELL , 0. 06, SAX, SUX)

IF (NDEL.6T.1.0) VALLEY=.TRUE.

IF(.NOT.VALLEY) GOTO 600

CALL TAL(HME,NME,NHABR ,NDEL ,HBR,1.0,DNDHBR ,EXT,E)
IF(.NOT.EXT) GOTO 600

WRITE (KONSOL ,650)

FORMAT(1X,'NO ELECTRON DENSITY E-VALLEY,AS THE
1 MODEL FUNCTION HAS A SECOND EXTREMUM IN THE VALLEY-REGION')
VALLEY=,FALSE,

FP1=F(1)

FP2=-FP1*FP1/2.0

FP30=(~F (2)*FP2-FP1+1.0/F (2))/(F(2)*F(2)
FP3U=(-F(3)*FP2-FP1-1.0/F(3))/(F(3)*F(3)
HDX=HMD+F (2)

X=HDX~HMD
NDX=NMD*EXP (X (FP1+X* (FP2+X*FP30)))
DNDX=NDX* (FP1+X* (2, 0%FP2+X*3. 0%FP30))
X=HME ~HDX

K=-DNDX*X/ (NDX*ALOG(NDX/NME) )
D1=DNDX/ (NDX*K*X**(K~1.0))
IF(.NOT.VALLEY) HBR=0.0
IF(FIREG) GOTO 700

HMF1=0.0

NMF1=0.0

€1=0.0

HEF=HME-+HBR

SEARCH FOR HMF1,HST,HEF ,AND B et it ittt titieerien i ceenans
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882

ROOO

IF (NOT.F1REG) NMF1=(NME+NMF2)/2.0
H=0.0

H=H+10.0

IF (H.GT. (HMF2-HME)) GOTO 135

CALL REGFAL(HMF2-10.0-H,HMF2,1.0,NMF1,XE2,SCHALT HMF1)
IF (SCHALT) GOTO 133

GOTO 137

WRITE(KONSOL,11)

FORMAT(1H ,1X,' HMF1 IS
1 NOT EVALUATED BY THE FUNCTION XE2')
HMF 1=HMF 2

€1=0.0

IF (HMF1.GT. (HEF+10.0)) GOTO 380
€1=0.0

HMF 1=HMF 2

WRITE(KONSOL,9)

FORMAT(1H ,1X,' HEF GREATER AS HMF1')
H=0.0

H=H+3.0

IF (H.GT. (HMF1-HME)) GOTO 900

CALL REGFAL(HMF1,HME+H,1.0,NME,XE3,SCHALT,HST)
STR=HST

IF(SCHALT) GOTO 125

GOTO 360

B1=B1+0.5

IF(B1.GE.10.0) GOTO 901

H=0.0

GOTO 133

WRITE (KONSOL ,100)

FORMAT(IH ,1X,' HST IS NOT
1EVALUATED BY THE FUNCTION XE3')
HST=( HMF1+HME-HBR) /2.0
HZ=(HST+HMF1)/2.0

WRITE (KONSOL,902) Bl

FORMAT (1X, 'WE PUT Bl= ', F3.1, 'TO GET HST')
IF (HZ.GT. (HEF+10.0)) GOTO 950
HST=(HMF1+HEF ) /2.0
HZ=(HST+HMF1)/2.0

D=HZ-HST

HEF=HME+HBR

T=D*D/ (HZ-HEF-D)

CALCULATION OF NEUTRAL TEMPERATURE PARAMETER.....eccsevvenccnccccnncens

HTA=90.0

TNA=183.0

7X=125.0

ANF=.TRUE.

71=-180.0

TUN=TUNCAL (COV,LATI ,SUNDEC,Z1)
TNX=371.6678+0.0518806*TUN-294 , 3505*EXP (-0.00216222*TUN)
ATN=0. 63662 (TUN-TNX)
HDEL=ZX-HTA

TDEL=TNX-TNA

HD2=HDEL*HDEL
CTN(1)=1.9*TDEL/HDEL
CTN(3)=3.0*TDEL/ (HD2*HD2)
CTN(2)=CTN(3)*1.333333*HDEL-CTN(1)/HD2
IF (.NOT.ANF) GOTO 881
ANF=.FALSE.
TX=TN(130.0,TNX,ATN,CTN)
TNXN=TNX

ATNN=ATN

CTNN(1)=CTN(1)

CTNN(2)=CTN(2)

CTNN(3)=CTN(3)

71=XLSTA

GOTO 882

CALCULATION OF ELECTRON TEMPERATURE PARAMETER...cesevccsonnssececens

HTA=120.0

HOT=200.0

HON=400.0

IF (ABS(MLAT).GT.40.0) HOT=350.0
HO=HOT
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ROOO

250

OO0

NOOOD

7100

IF (NIGHT) HO=HON

HMAX=70,0%EXP( (-1.4E-3)*MLAT*MLAT)+200.0

CALL TELAT(MLAT,1600,0,700.0,0.5,0.47,0.024,0.0,F1N,F2N)
TX=TN(HON, TNXN,ATNN, CTNN)

TEN=TE (HON,F1N,F2N,HMAX,0.0,HON,0.0,0.0,0.0)
DTEN=(TEN-TX)/ (HON-HTA)

CALL TELAT(MLAT,2325.0,725.0,1.0,3.4,-0.014,2.56E4,F1T,F2T)
TX=TN(HO, TNXN,ATNN, CTNN)

XXX=TE (HO,F1T,F2T,HMAX,2.0,H0T,0.0,0.0,0.0)
XXXX=TE(HO,F1N,F2N,0.0,0.0,HON,TX ,HTA,DTEN)
TEO=HPOL (HOUR,, XXX , XXXX ,SAX,, SUX)

TX=TN(HO,TNX,ATN,CTN)

QUO=(TEO-TX)/(HO-HTA)

CALCULATION OF ION TEMPERATURE PARAMETERS

XSM(1)=430.0

MM(2)=HPOL (HOUR,3.0,0.0,SAX,SUX)
Z1=EXP(-0.09*MLAT)
YSM2=1240.0-1400.0%Z1/((1.0+21)*(1.0+71))
X2=ABS(MLAT)

X1=X2%(0.47+X2%0.,024) *UMR

X3=C0S(X1)

X4=YSM2
TIN=1200.0-300.0%SIGN(1.0,%3)*SQRT (ABS(X3))
YSM2=TIN

IF(X4.GE.TIN) YSM2<HPOL(HOUR,X4,TIN,SAX,SUX)
TX=TN(XSM(1) ,TNXN,ATNN,CTNN)

XXX=TE(XSM(1) ,F1T,F2T,HMAX,2.0,H0T,0.0,0.0,0.0)
XXXX=TE(XSM(1),F1N,F2N,0.0,0.0,HON, TX,HTA,DTEN)
Z1=HPOL (HOUR, XXX ,XXXX , SAX,SUX)

22=TN(XSM(1) ,TNX,ATN,CTN)

IF (YSM2.LE.Z2) YSM2=(Z1+72)/2.0

CALL REGFA1(130.0,500.0,0.1,YSM2,TEDER,SCHALTHS)
IF(.NOT.SCHALT) GOTO 250

HS=200.0

TNHS=TN(HS, TNX,ATN,CTN)

MM(1)=DTNDH(HS,ATN,CTN)

MM(3)=MM(2)

XSM(2)=XSM(1)

SMOOTHING OF THE ION TEMPERATURE TO KEEP IT LESS THAN
THE ELECTRON TEMPERATURE AT HSM

HSM=1000.0
XXX=TE(HSM,F1T,F2T,HMAX,2.0,HOT,0.0,0.0,0.0)
XXXX=TE(HSM,F1N,F2N,HMAX,0.0,HON,0.0,0.0,0.0)
TESM=HPOL (HOUR,, XXX , XXXX ,SAX,SUX)

“IF(TESM.GE.TI(HSM)) GOTO 240

XXX=DTEDH(HSM,F2T ,HMAX,2.0,H0T,0.0,0.0)
XXXX=DTEDH(HSM,F2N,HMAX,0.0,HON,0.0,0.0)

MM (3) =HPOL (HOUR , XXX, XXXX , SAX,SUX)
XSM(2)=(TESM-10.0-YSM2+MM(2)*XSM(1)~MM(3)*HSM) / (MM(2)-MM(3))

CALCULATION OF ION DENSITY PARAMETER e 4 ceuvvensnssnscnnansesanncanes

IF(IOND.LT.1) GOTO 189

71=0.0

IF(XHI.LE.90.0) Z1=COSXHI

HF 1X0=300. 0

IF((ITF(2).EQ.2).AND. (ITF(3).EQ.2)) HFIX0=249.0
MO(1)=EPSTEP(PF10(1),PF10(2),PF10(3),PF10(4),Z1)
MO(2)=EPSTEP(PF10(5) ,PF10(6),PF10(7),PF10(8),21)
MO(3)=0.0
H0§1§=EPSTEP(PF10(9),PF10(10),PF10(11),PF10(12),21)
HO(4)=PF20(1)

MO(4)=PF20(2)

MO(5)=PF20(3)

DDO(1)=9

DDO(2)=5

DDO(3)=5

DDO(4)=50

HO(2)=290.0
IF((I1F(2).EQ.2) .AND. (I1F(3).EQ.2))
HO(3)=(4.60517-M0(5)*(HO(4)-PF20(4)
IF(HO(2).LT.HO(3)) GOTO 7101

HO(2)=237.0
))/MO(4)+HO(4)
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7101

7102

7103

7104

7105

7106

OO0

190
230
300

340

330

7109

7119
7110

7112

7113

MO(4)=MO(4)-0.001

GOTO 7100

12=5.0

X=H0(2)

71=0.0

X=X+Z2
Y=RPID(X,HFIX0,98.0,4,M0,DDO,HO)
IF(Y.LE.Z1) GOTO 7103

71=Y

GOTO 7102

IF(Z2.LE.1.0) GOTO 7104

X=X-22

12=1.0

GOTO 7102

H00=X-0.5

IF(XHI.GE.90.0) COSXHI=0.0

DO 7105 1=2,4,2

L=1/2
H02(L)=PF30(1+1)+PF30(2+1)*COSXHI
M02(L+1)=PF30(7+1)+PF30(8+I)*COSXHI
D02(1)=5

D02(2)=5
MO2(1)=PF30(7)+PF30(8)*COSXHI
Y=RPID(H00,PF30(1),PF30(2),2,M02,002,H02)
IF(Y.LE.0.1) GOTO 189
M02(3)=M02(3)-0.02

GOTO 7106

CALCULATION FOR THE REQUIRED HEIGHT RANGE...cceeevecccaccnsnenss

HA=65.0

IF(NIGHT) HA=80.0

IF(AH.LT.HA) AH=HA

IF{EH.GT.1000.0) EH=1000.0

KOMB=JF (4)+JF (5)+JF (6)

IF (({EH-AH)/SH+1.0).LT.50.0) GOTO 230
EH=AH+49,0*SH

WRITE(AGNR,190) EH

FORMAT(1H ,1X,' TOD MANY HEIGHT STEPS,EH IS REDUCED
1 70 ',F4.0)

1=0

X=EH

I[=1+1

IN=1

OUTF(I,IN)=X

IF((JF(1)+JF(2)).LE.0) GOTO 330
NEI=XE(X)

IF(JF(1).LE.O) GOTO 340

IN=IN+1

OUTF(T,IN)=NEI

IF(JF(2).LE.0) GOTO 330

IN=IN+1

OUTF{I,IN)=NEI/NMF2

IF(KOMB.LE.O) GOTO 7108
X1=TN(X,TNX,ATN,CTN)}

IF(X.GE,HTA) GOTO 7109

72=-1.0

TEH=-1,0

GOTO 7110

TX=TN(X,TNXN,ATNN,CTNN)
Zl=TE(X,F1N,F2N,HMAX,0.0,HON,TX,HTA,DTEN)
12=X1

IF(X.GE.HS) Z2=TI(X)

IF(X.LT.HO) GOTO 7119
XXX=TE(X,F1T,F2T,HMAX,2.0,HOT,0.0,0.0,0.0)
TEH=HPOL(HOUR,XXX,21,SAX,SUX)

GOTO 7110
TEH=TE(X,0.0,0.0,0.0,0.0,HO,XI,HTA,QUO)
IF(JF(3).LE.0) GOTO 7112

IN=IN+1

QUTF(I,IN)=X1

IF(JF(4).LE.0) GOTO 7113

IN=IN+1

QUTF(I,IN)=TEH

IF(JF(5).LE.0) GOTO 7120

IN=IN+1
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OUTF(I,IN)=Z2
7120 IF(JF(6).LE.0) 60TO 7108
IN=IN+1
OUTF(I,IN)=SIGN(1.0,TEH)*TEH/Z2
7108 IF(IOND.LE.0) GOTO 7118
Z1=RPID(X,HFIX0,98.0,4,M0,DDO0, HO)
22=RPID(X,PF30(1),PF30(2),2,M02,002,H02)
¢ FIRST COMPUTE NOBO2, RATIO OF NO+T002+
c AT HEIGHT HB. THEN THE SAME RATIO AT X
Z1B= RPID (HOO,HFIX0,98.0,4,M0,DDO0,HO)
Z2B= RPID (H00,PF30(1),PF30(2),2,M02,002,H02)
NOB02= (100.0-71B-Z2B)/Z2B
IF(JF(7).LE.0) GOTO 7114
IN=IN+1
OUTF(I,IN)=Z1
7114 IF(JF(8).LE.0) GOTO 7116
IN=IN+1
CALL RDHHE(X,H00,21,22,N0B02,10.0,0UTF (I,IN),0UTF(I,IN+1))
7116 IF(JF(9).LE.0) GOTO 7117
IN=IN+2
OUTF(I,IN)=Z2
7117 IF(JF(10).LE.0) GOTO 7118
IN=IN+1
OUTF (1, IN)=RDNO(X,H00,22,71,N0B02)
7118  X=X-SH
IF(X.GE.AH) GOTO 300
IEI=]

OUTPUT ON THE SPECIFIED DEVICE e vineneenennnnrnsnncenernsonanes

OO

IF(KOBE.NE.1) GOTO 7020
WRITE(AGNR,7030) (JF(I),I=1,10),IEI,LATI,LONGI,R,MONTH,HOUR
7030 FORMAT(1X,1011,2X,13,2(2X,F6.1),2X,F5.1,2X,F4.1,2X,F5.2)
7020 IF(KOBE.NE.O) GOTO 7041
WRITE (AGNR,7051)
7051 FORMAT (1X,'INPUTE')
IF (JMAG.LT.1) GOTO 7053
WRITE (AGNR,7052) MLAT,MLONG
7052 FORMAT (1X,'MLAT=',F6.1,2X, 'MLONG=",F6.1)
GOTO 7055
7053 WRITE (AGNR,7054) LATI,LONGI
7054 FORMAT (1X,‘LATI=',F6.1,2X,'LONGI="',F6.1)
7055 WRITE(AGNR,7050) R,MONTH,HOUR
7050 FORMAT(1X,'R=',F5.0,' MONTH=',F4.1," HOUR=',F5.2)
WRITE (AGNR,7061)
7061 FORMAT (1X,'CALCULATED VALUES®')
IF (JMAG.LT.1) GOTO 7063
WRITE (AGNR,7062) LATI,LONGI
7062 FORMAT (1X,'LATI=',F6.1,2X,'LONGI="',F6.1)
GOTO 7065
7063 WRITE (AGNR,7064)MLAT ,MLONG
7064 FORMAT (1X,'MLAT=',F6.1,2X,'MLONG="',F6.1)
7065 WRITE(AGNR,7060) DIP,MODIP ,MAGBR,XHI
7060 FORM?T(IX,'DIP=‘,F6.1,' MODIP=',F6.1,' MAGLA=',F6.1," XHI=',
XF6.1
WRITE(AGNR,7066) SAX,SUX,SUNDEC
7066 FORMAT(1X,'SUNRISE',F4.1,'L.T.  SUNSET®',F4.1,'L.T.',5X,
X' SUNDEC.=",F6.1)
71=0.0
IF(FIREG) Z1=HMF1
72=0.0
IF(FIREG) Z2=NMF1
WRITE(AGNR,7070) NMF2,Z2,NME,NMD
7070 FORMAT(1X,'NMF2=',E7.2,' NMF1=',E7.2,' NME=',E7.2," NMD=',E7.2)
WRITE(AGNR,7080) HMF2,Z1,HME ,HMD
7080 FORMAT(1X,'HMF2=',F5.1,' HMFl=',F5.1,' HME=',F5.1,' HMD=',F5.1)
WRITE (AGNR, 7998)
7998 FORMAT(1HO,3X,1HH,9X,2HNE, 7X, 6HN/NMAX,5X , 2HTN, 7X, 2HTE , 7X, 2HTI ,
16X,5HTE/TI,5X ,AHRDO+, 4, 4HRDH+, 3X, BHRDHE+, 3X , 5HRDO2+ , 3X , SHRDNO+)
7041 DO 7040 I=1,IEI
7040 WRITE(AGNR,7999) (OUTF(I,L),L=1,IN)
7999 FORMAT(1X,F6.1,3X,E10.4,3X,F6.4,3X,3(F6.1,3X),F7.4,5(3X,F5.1))
IF (KOBE.EQ.1) WRITE(AGNR,35)
35 FORMAT(1X,'111111')
C
C-WDC-A ADD A 'GO TO 2000' IF YOU WISH TO READ THE DATA FOR MORE THAN
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601, C-WDC-A ONE HOUR TO A RUN.

602. C

603. 999  STOP

604. END

605. C D_BILITZA, IPw FREIBURG,15.1.77 ******’k**************k**********************
606. C ‘COMMENT' D. BILITZA,H.THIEMANN,K.RAWER IPW FREIBURG,

507 . C AUG . 79 *kkkkkkkkkkkkhkkkkkkkikk

608. C IRI_PROCEDURES ************************'k**************

609. C FREF.@ K. RAWER, S. 7 AMAKRISHNAN, D. BILITZA,

610, C INTERNATIONAL REFERENCE IONOSPHERE 1978, U.R.S.I. BRUSSELS''

611. ¢C FOR CALCULATING ELECTRON DENSITY AND TEMPERATURE AND ION TEMPERATURE
612, ¢C AND RELATIVE DENSITY IN THE HEIGHT RANGE 70 - 1000 KM.?

613. C IRI-PROCEDURES

614, ¢C REF.® K. RAWER, S. RAMAKRISHNAN, D. BILITZA'

615, C TO CALCULATE ELECTRON DENSITY AND TEMPERATURE AND ION TEMPERATURE
616. C AND RELATIVE DENSITY IN THE HEIGHT RANGE 70 - 1000 KM.

617. € 1. ELECTRON DENSITY —cemoo-cmmmmmmmm=m==cemcceem=mse=m=eoo=oes—coeee—————
618. FUNCTION EP1ST(X,BET)

619. EP1ST=1.0/(1.0+EXP(-X/BET))

620. RETURN

621. END

622. FUNCTION DEP1ST(X,BET)

623. U=EXP(~X/BET)

624. DEP1ST=U/ (BET*(1.0+U)*(1.0+U))

625. RETURN

626. END

627. FUNCTION XE1(H)

628. C K.RAWER, S. RAMAKRISHNAN 1978, REPRESENTING ELECTRON DENSITY
629, C PROFILE '

630. € FOR HEIGHTS NOT GREATER 1000 KM AND NOT LESS HMF2

631. C BY HARMONIZED BENT-MODEL ADMITTING VARIABILITY OF

632. C GLOBAL PARAMETERS@ ETA, ZETA, BETA, DELTA WITH GEOMAGNETIC LATITUDE
633. C MLAT, SOLAR FLUXFLU AND CRITICAL FREQUENCY FOF2.

634, C ALSO GLOBAL ARE PEAK-PARAMETERS NMF2,HMF2?

635. REAL NMF2

636. COMMON/BLOCK1/HMF2 ,NMF 2 ,HMF 1/BLO10/BETA,ETA,DELTA,ZETA

637. X=(H-HMF2)/(1000.0-HMF2)*700.0+300.0-DELTA

638. ¥=(1000.0-HMF2)/700.0% (BETA*ETA*ALOG( (1.0+EXP((X-394.50) /BETA))/
639, 1(1.0+EXP((~94.5-DELTA) /BETA)))+ZETA*(100,0*ALOG( (1.0+EXP

640. 2((X-300.0)/100.0))/(1.0+EXP(-DELTA/100.0)))-X+300.0-DELTA))

641. XE1=NMF2*EXP(-Y)

642. RETURN

643. END

644, REAL FUNCTION XE2(H)

645. C ELECTRON DENSITY FOR HEIGHTS LESS HMF2 AND NOT LESS HMF1
646. REAL NMF2

647. COMMON/BLOCKL /HMF 2, NMF2 ,HMF 1/BLOCK2/B0,B1,C1,HZ, T,G(144) ,HST,STR
648. X=(HMF2-H) /B0

649. IF(ABS(X).LT.1.0E-10) GOTO 100

650. XE2=NMF2*EXP (~X**B1) /COSH(X)

651. GOTO 200

652, 100  XE2=NMF2
653. 200 RETURN
654. END

655. REAL FUNCTION XE3(H)
656. C ELECTRON DENSITY FOR HEIGHTS LESS HMF1 AND NOT LESS HZ
657. REAL NMF2

658. COMMON/BLOCKL/HMF2 ,NMF2 ,HMF1/BLOCK2/B0,B1,C1,HZ,T,6(144) ,HST,STR
659. XE3=XE2 (H)+NMF 2*C1*SQRT (ABS (HMF1-H) /BO)
660. RETURN

661. END
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REAL FUNCTION XE4(H)

ELECTRON DENSITY FOR HEIGHTS LESS HZ AND NOT LESS HEF
COMMON/BLOCK2/B0,B1,C1,HZ,T,G(144) ,HST,STR/BLOCK3/
LHDX ;HME ,NME ,HMD ,NMD , HEF , D1 ,K ,FP30 ,FP3U . FP1 ,FP2
A=((STR/HST-1)*(H-HZ))/ (HEF-HZ)+1

XE4=XE3 (A*(HZ+T/2.0-SIGN(1.0,T)*SQRT(T*(HZ-H+T/4.0))))
RETURN

END

REAL FUNCTION XE5(H)
ELECTRON DENSITY FOR HEIGHTS LESS HEF AND NOT LESS HME(VALLEY-REGION)
REAL NME,NMD,K

LOGICAL NIGHT
COMMON/BLOCK3/HDX ,HME , NME , HMD , NMD , HEF ,D1,K ,FP30,FP3U, FP1,
1FP2/BLOCK6/NIGHT,E(4)

T3=H-HME

T1=T3*T3*(E(1)+T3*(E(2)+T3%(E(3)+T3*E(4))))

IF (NIGHT) 60TO 100

XE5=NME*(T1+1.0)

GOTO 200

XE5=NME*EXP(T1)

RETURN

END

REAL FUNCTION XE6(H)

ELECTRON DENSITY FOR HEIGHTS LESS HME AND NOT LESS HA
REAL NME,NMD,K
COMMON/BLOCK3/HDX ,HME ,NME , HMD ,NMD , HEF , D1 K, FP30,FP3U, FP1,FP2
IF(H.GT.HDX) GOTO 100

Z=H-HMD ‘

FP3=FP3y

IF(Z.GT.0.0) FP3=FP30
XE6=NMD*EXP(Z* (FP1+Z* (FP2+Z*FP3)))

GOTO 200

Z=HME-H

XE6=NMEXEXP ( ~D1*Z%*K)

RETURN

END

REAL FUNCTION XE(H)
ELECTRON DENSITY BETWEEN HA(KM) AND 1000 KM,FUNCTIONS NE1...6 ARE USED.
ELECTRON DENSITY BETWEEN HA(KM) AND 1000 KM

SUMMARIZING PROCEDURES NEl....6?

REAL NMF2,NME,NMD,K
COMMON/BLOCK1/HMF2 ,NMF 2, HMF1/BLOCK2/B0,B1,C1,
1HZ,T,6(144),HST,STR/BLOCK3/HDX, H
1ME,, NME ,HMD , NMD , HEF ,D1,K, FP30,FP3U,FP1,FP2

IF(H.LT.HMF2) GOTO 100

XE=XE1(H)

GOTO 200

IF(H.LT.HMF1) GOTO 300

XE=XE2(H)

GOTO 200

IF (H.LT.HZ) GOTO 400

XE=XE3(H)

GOTO 200

IF(H.LT.HEF) GOTO 500

XE=XE4 (H)

GOTO 200

IF(H.LT.HME) GOTO 600

XE=XE5(H)

GOTO 200

XE=XE6(H)

RETURN

END

IT. ELECTRON TEMPERATURE =cmmcommm oo c oo cmem e e e em e

FUNCTION DTEDH(H,F2,HMAX,D,HO,DTNDH,A)’
D.BILITZA,1.7.78,CALCULATES THE HEIGHT DERIVATE OF THE
ELECTRON TEMPERATURE MODEL PROCEDURE TE

IF(H.LT.HO) GOTO 100

Y=EXP(-0.03%(H-HMAX))
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F=1.04Y
DTEDH=D-F2%0,03*%Y*(1,0-Y) /(F*F*F)
RETURN

DTEDH=DTNDH+A

RETURN

END

SUBROUTINE TELAT(PHI,A,B,XN,P1,P2,C,F1,F2)
D.BILITZA,1.7.78,CALCULATES THE TEMPERATURE MODEL PARTS F1 AND F2
DEPENDING ON GEOMAGNETIC LATITUDE PHI
XPHI=ABS(PHI)

F=(P1+P2*XPHI)*XPHI

F=F*0.01745329

Y=COS(F)

F1=A-B*SIGN(1.0,Y)*ABS(Y)**XN
Y=EXP(~-0.1*XPHI)

F=1.0+Y

F2=C*Y/ (F*F)

RETURN

END

FUNCTION TE(HM,F1,F2,HMAX,D,HHO,TNH,HTA,A)

D.BILITZA,1.7.78.MODEL FOR THE ELECTRON TEMPERATURE IN THE HEIGHT RANGE
120-1000 KM.F1,F2 ARE THE LATITUDE DEPENDENT PARAMETERS CALCULATED BY
TELAT.HMAX IS THE HEIGHT OF THE RELATIVE MAXIMUM,D THE TEMPERATURE
HEIGHT GRADIENT,HHO THE INTERSECTION HEIGHT FOR THE EXTRAPOLATION TO THE
CIRA 72 VALUES TNA AT HTA AND A,TNA ARE THE COEFFICIENTS FOR THE
EXTRAPOLATION FUNCTION

IF (H.LT.HHO) GOTO 10

Y=EXP(~0.03% (H-HMAX))

F=1.0+Y

TE=F1+F2*Y/ (F*F)+D*(H-700.0)

RETURN

TE=TNH+A* (H-HTA)

RETURN

END

11I. ION TEMPERATURE ccccmccccmmmmcccomcccce e e m e e e mm e — e ———

FUNCTION TUNCAL(COV,XLATI,SD,SLSTA)

CALCULATES THE EXOSPHERIC TEMPERATURE FOR COVINGTON-INDEX
COV,LATITUDE XLATI,SOLARDEKLINATION SD AND LOCAL SOLAR TIME
ANGLE SLSTA USING CIRA72-MODEL

UMR=0.01745329

TC=379.0+3.24*COV

ETA=ABS(XLATI-SD)/2.0

THETA=ABS (XLATI+SD)/2.0

H1=COS (ETA*UMR)**2,2

H2=SIN( THETA*UMR ) **2, 2

TD=1.0+0.3%H1

TN=1.0+0,3%H2

A=(TD-TN)/TN

TAU=SLSTA=37.,0+6.0%SIN( ( SLSTA+43.0)*UMR)
X=COS(TAU/2.0%*UMR)
TUNCAL=TC*TN*(1.,0+A*SIGN(1.0,X)*ABS(X)**3,0)

RETURN

END

REAL FUNCTION TN(X,TTNX,ATN,CCTN)

D. BILITZA, 1978, NEUTRAL TEMPERATURE PROFILE
DIMENSION CCTN(3)

7=X-125.0

IF(Z.LE.0.0) GOTO 100

Y=7¥%2,5

Y=(1.,0+(4.5E-6)*Y)*Z

YY=CCTN(1)/ATN

Y=YY*Y

Y=ATAN(Y)*ATN

TN=TTNX+Y

GOTO 200

TN=TTNX+Z* (CCTN(1)+Z*Z*(CCTN(2)+Z*CCTN(3)))
RETURN

END
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FUNCTION DTNDH(H,ATN,CCTN)

DERIVATIVE OF NEUTRAL TEMPERATURE

DIMENSION CCTN(3)

7=H-125.0

IF(Z.GT.0.0) GOTO 100
DTNDH=CCTN(1)+Z*Z*(3.0%CCTN(2)+Z*4,0%CCTN(3))
RETURN

H1=CCTN(1)/ATN

H2=7%%2,5

H3=H1*Z*(1,0+(4.,5E-6)*H2)

DTNDH=ATN/ (1. 0+H3%H3) *H1* (1. 0+ (15.75E-6)*H2)
RETURN

END

REAL FUNCTION TI(H)

ION TEMPERATURE FOR HEIGHTS NOT GREATER 1000 KM AND NOT LESS HS
REAL MM,G(2)

COMMON/BLOCKS/HS , TNHS , XSM(2) ,MM(3)

6(1)=20.0

G(2)=50.0

SUM=MM(1)*(H-HS)+TNHS

D0 100 I=1,2

A=H-XSM(I)

IF((H-XSM(1)).LT.(100.0%G(1))) A=G(I)*ALOG(1.0+EXP((H-XSM(I))
1/6(1}))

B=HS-XSM(1)

IF§(?§;XSM(I)).LT.(100.0*G(I))) B=G(I)*ALOG(1.0+EXP((HS-XSM(1))
1/6(1

SUM=SUM+(MM( 1+1)-MM( 1) )* (A-B)

TI=SUM

RETURN

END

REAL FUNCTION TEDER(H)
THIS FUNCTION TOGETHER WITH THE SUBROUTINE REGFA1 IS USED TO FIND THE
HEIGHT WHERE DIFFERENCE BETWEEN TN AND TI BEGINS

REAL MM
COMMON/BLOCKS/ZX, TNX ,ATN,CTN(3) /BLOCKS/HS , TNHS , XSM(2) ,MM(3)
TNH=TN(H,TNX ,ATN,CTN)

DTDX=DTNDH(H,ATN,CTN)

TEDER=DTDX*(XSM(1) =H)+TNH

RETURN '

END

IV. ION RELATIVE PRECENTAGE DENSITY

REAL FUNCTION RPID (H, HO, NO, M, ST, ID, XS)

THIS ANALYTIC FUNCTION IS USED TO REPRESENT THE RELATIVE
PERCENTAGE DENSITY OF ATOMIC AND MOLECULAR OXYGEN IONS.
THE M+1 HEIGHT GRADIENTS ST(M+1) ARE CONNECTED WITH EPSTEIN-
STEP-FUNCTIONS AT THE STEP HEIGHTS XS(M) WITH TRANSITION
THICKNESSES ID(M). RPID(HO,HO,NO,...)=N0.

INSTEAD OF 88.0 YOU MUST USE THE HIGHEST ALLOWED ARGUMENT
FOR EXP AT YOUR COMPUTER.

REAL NO

DIMENSION ID(4), ST(5), XS(4)

SUM=(H-H0)*ST(1)

DO 100 I=1,M

A=H-XS(1)

XI=FLOAT(ID(I))

IF (A.LT.88.0%XI) A=XI*ALOG(1.0+EXP(A/XI))

B=HO-XS(I)

IF (B.LT.88,0%XI) B=XI*ALOG(1.0+EXP(B/XI))
SUM=SUM+(ST(1+1)=ST(I))*(A-B)
SUM=NO*EXP ( SUM)

IF (SUM.LT.1.0E-10) SUM=0.0

RPID=SUM

RETURN

END

SUBROUTINE RDHHE (H,HB,RDOH,RDOZH,RNO,PEHE,RDH,RDHE)
RAWER, OCT.79,H+ AND HE+ RELATIVE PERCENTAGE
DENSITY FOR HEIGHTS NOT GREATER THAN 1000 KM.
RNO IS THE RATIO OF NO+TO O2+DENSITY AT H=HB.
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WHERE NO + PEAKS.

IF (H-HB)100,100,200

RDH=0.0

GOTO 300
RDH=(100.0-RDOH~(1.0+RNO)*RDO2H)*(1.0~PEHE/100.0)
RDHE=RDH*PEHE/ (100.0-PEHE)

RETURN

END

REAL FUNCTION RDNO(H,HB,RDO2H,RDOH,RNO)
D.BILTIZA, 1978. NO+RELATIVE PERCENTAGE
DENSITY FOR HEIGHTS NOT LESS THAN 100 KM.
IF (H-HB) 100,100,200
¥=100.0-RDO2H-RDOH

GOTO 300

Y=RNO*RDO2H

IF(Y.LT.0.0005) Y=0.0

RDNO=Y

RETURN

END

END IRI-FUNCTIONS*##rikkkiiomickihiokihiihiohhikikihihikhtkhhiokihiokifick ik

REAL FUNCTION XMDED (XHI,R,XW)

BILITZA, 24.3.78, CALCULATES THE ELECTRON DENSITY OF

THE D REGION RELATIVE MAXIMUM. XHI IS THE SUN ZENITH ANGLE,
R THE ZUERICH SUNSPOT NUMBER AND XW THE DESIRED NIGHT VALUE
Y=6.05+0,088*R

YW=XW/1.0E8

7=(-0.17 (ALOG(YW/Y)))**0.3704

SUXHI=ACOS(Z)

IF (SUXHI.LT.1.0472) SUXHI=1.0472

XXHI=XHI/57.2957795

IF (XXHI.GT.SUXHI) GOTO 100

X=COS( XXHT)

XMDED=Y*1, 0ES*EXP(-0.1/X**2,7)

RETURN

XMDED=YW*1.0E8

RETURN

END

REAL FUNCTION FOEEDI(R,XHI,XHIM,SLATI,ST,SU,SA)
BILITZA,17.5.1977,CALCULATES FOE BY THE EDINBURGH-METHOD.
INPUT@ COVINGTON-INDEX (COV), SOLAR ZENITH-ANGLE ACTUAL (XHI) AND FOR
MIDDAY (XHIM),LATITUDE (SLATI),SUNSET,AND SUNRISE (SU,SA/HOUR)
REF. KOURIS-MUGGLETON, CCIR DOC. 6/3/07 SEPT.73'
XLATI=ABS(SLATI)

COV=63.,75+R*{0,728+0.00089*R)

A=1.0+0.0094*(COV-66.0)

SL=COS ( XLATI*0,0174533)

IF(XLATI.LT.32.0) GOTO 100

SM=0,11-0.49*SL

€=92.0+35.0%SL

GOTO 400

SM=-1,93+1.92*SL

€=23.0+116.0%SL

IF(XHIM.GT.89.0) XHIM=89.0

B=COS ( XHIM*0,0174533)**SM

sP=1.31

IF(XLATI.GT.12.0) SP=1.2

DX=0.0

IF (XHI.GT.73.0.AND. XHI.LE.90.0) DX=(6.27E-13)*(XHI-50.0)**8.0
IF(ST.GT.SU) GOTO 300

IF(ST.GT.SA) GOTO 600

D=0.077**SP*EXP(~1.68*(SA-ST))

GOTO 200

D=COS( (XHI-DX)*0.0174533)**Sp

GOTO 200

D=0.077**SP*EXP(~1.01%(ST-SU))

FOE=A*B*C*D

SP=1.0+0.0098*R

SMIN=0.017*SP*SP

IF (FOE.LT.SMIN) FOE=SMIN

FOEEDI=(FOE)**0.25

RETURN

END

234




940. REAL FUNCTION FOF1ED(YLATI,R,COSXHI)

941. C D. BILITZA,CALCULATES FOF1 FOR DIP- LATITUDE YLATI,THE ZUERICH
942. ¢ SUNSPOT NUMBER R AND THE COSINUS OF THE SOLAR ZENITH ANGLE

943, C COSXHI.

944, C REF. E. D. DUCHARME E, A.,RADIO SCIENCE,8,837-839,1973

945, C HOWEVER WITH MAGNETIC INSTEAD OF GEGMAGNETIC LATITUDE(EYFRIG,1979)

946. XLATI=ABS{YLATI)

947. FO=4.35+XLATI*(0.0058-(1.2E~4)*XLATI)

948, F100=5,348+XLATI*(0,011-(2,3E-4)*XLATI)

949, FS=F0+(F100-F0)*R/100.0

950. XMUE=0,093+XLATI*(0,0046-(5.4E-5)*XLATI)+(3.0E-4)*R

951. FOF1ED=FS*COSXHI**XMUE

952, RETURN

953, END

954, REAL FUNCTION HMF2ED(XMAGBR,R,X,XM3)

955, D. BILITZA,CALCULATES HMF2 FOR THE MAGNETIC LATITUDE XMAGBR
956, C AND THE ZUERICH SUNSPOT NUMBER R BY USING XM3 AND THE RATIO
957. ¢ X=FOF2/FOE.

958, ¢ REF. D. BILITZA ET. AL. TO BE PUBLISHED IN®@ TELECOMM.J.'
959, F1=(2.32E~3)*R+0,222

960. F2=1.2-(1.16E-2)*EXP((2.39E-2)*R)

961. F3=0.096*(R-25.0)/150.0

962, DELM=F1*(1,0-R/150.0*EXP(-XMAGBR*XMAGBR/1600.0))/ (X-F2)+F3
963, HMF2ED=1490.0/ (XM3+DELM)-176.0

964, RETURN

965, END

966. SUBROUTINE REGFAL(X11,X22,EPS,FW,F,SCHALT,X)

967. ¢ REGULA-FALSI-PROCEDURE TO FIND X WITH F(X)-FW=0.X1,X2 ARE THE STARTING
968. C VALUES.IF THE X-INTERVAL IS LESS EPS,THE PROCEDURE ENDS.
969. C IF SIGN(1.0,F(X1)-FW)=SIGN(1.0,F(X2)-FW) SCHALT=TRUE.

970. LOGICAL L1,LINKS,K,SCHALT

971. SCHALT=.FALSE.

972. X1=X11

973. X2=X22

974, F1=F(X1)-FW

975. F2=F(X2)-FW

976. IF(ABS(SIGN(1.0,F1)-SIGN(1.0,F2))-10E-10) 100,110,110

977. 110  K=.FALSE.

978. NG=2

979. 200  X=(X1*F2-X2*F1)/(F2-F1)

980. GOTO 400

981, 300 L1=LINKS

982, IF(LINKS) GOTO 500

983. X=X1+FLOAT(NG-1)*(X2-X1) /FLOAT(NG)

984. GOTO 400

985, 500  X=X1+(X2-X1)/FLOAT(NG)

986. 400  FX=F(X)-FW

987. LINKS=SIGN(1.0,F1)*SIGN(1.0,FX).6T.0

988. K=.NOT.K

989, IF (LINKS) GOTO 600

990. X2=X

991, F2=FX

992, GOTO 700

993. 600 Xl=X

994, F1=FX

995, 700  IF(ABS(X2-X1).LE.EPS) GOTO 800

996. IF(K) GOTO 300

997. IF((LINKS.AND. (. NOT.L1)).0R. (. NOT.LINKS.AND.L1)) NG=2*NG
998, GOTO 200

999. 100  X=0.0

1000, SCHALT=.TRUE.

1001. 800  RETURN

1002, END

1003. SUBROUTINE TAL (SHMAX,STMAX,SHABR,SDELTA, SHBR,STEQ, SDTDHO,AUS6, SPT)
1004, ¢ D. BILITZA,15.1.77,CALCULATION OF THE COEF. SPT(4) FOR A POLYNOM OF
1005. ¢ 5TH DEGREE (K1=1,K2=SPT(1),...,K5=SPT(4),WHICH FITS TO THE
1006. ¢ VALLEY WITH THE PARAMETERS@ SHABR=HMIN-SHMAX,SDELTA IS THE
1007. ¢ PERCENTAGE DEPTH,SHBR THE WIDTH,STEO THE UPPER FIXPOINT
1008, ¢ NORMALISED TO STMAX AND SDTDHO IS THE LOGARITHMIC DEVIATION AT
1009. ¢ THIS FIXPOINT.IF THERE IS A MINIMUM OR A SECOND MAXIMUM IN THE
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1082.
1083.

100

200

300

10

VALLEY REGION AUS6=.TRUE.

DIMENSION SPT(4)

LOGICAL AUS6

X=SHABR

Y=SHBR

IF (SDELTA.LE.60.0) GOTO 100
71=ALOG{1.0-SDELTA/100.0)/(X*X)
72=ALOG(STEQ)/ (Y*Y)

73=SDTDHO/ (2. 0%Y)

GOTO 200

Z1=-SDELTA/ (X*X*100.0)

72=(STEO-1.0)/( Y*Y)

73=SDTDHO*STEQ/ (2.0%Y)

74=X-Y

SPT(4)=2.0% (Z1%(Y=2,0%X)¥Y=Z2% (X-2, 0%Y) *X+Z3*Z4*X) / (X*Y*Z4*74*14)
SPT(3)=(Z1%(2.0%Y-3,0%X)+Z2%X) / { X*Z4*Z4) - (2.0%X+Y)*SPT(4)
SPT(2)=-2.0%Z1/X-2. 0¥ X*SPT(3)-3.0%X*X*SPT(4)
SPT(1)=Z1-X*(SPT(2)+X*(SPT(3)+X*SPT(4)))
AUS6=.FALSE,
71=(4.0%SPT(3)+5.0%SPT(4)*X)/(10.0%SPT(4))
72=71%71+2.0%SPT(1)/(5.0%SPT(4)*X)
IF(Z2.L7.0.0) GOTO 300

73=SQRT(Z2)

72=-1.0%71+13

IF(Z2.6T.0.0.AND.Z2.LT.Y) AUS6=.TRUE.
72=-1.0%71-73

IF(Z2.6T.0.0.AND.Z2,LT.Y) AUS6=.TRUE.

RETURN

END

REAL FUNCTION XHIS({XMONTH,XHOUR,XLATI)

CALCULATES THE SOLAR-ZENITH-ANGLE

DAYNR=XMONTH*30.0-15.0
SUNDEC=-0,40915%C0S (1.7202E-2* (DAYNR+8.0))

UMR=1.7453E-2

COSXHI=SIN(XLATI*UMR)*SIN(SUNDEC) +COS(XLATI*UMR)*COS(SUNDEC)*
1C0S(2.6180E-1*( XHOUR=12.0))

XHIS=ACOS(COSXHI)/UMR

RETURN

END

SUBROUTINE GGM(ART,XLG,BG,XLM,BM)
CALCULATES GEOMAGNETIC COORDINATES (XLM,BM) FROM GEOGRAFIC COORDINATES
(XLG,BG) FOR ART=0 AND REVERSE FOR ART=1
INTEGER ART

7P1=6.2831853

FAKTOR=0.0174533
CBG=11,4*FAKTOR

CI=C0S(CBG)

SI=SIN(CBG)

IF (ART.EQ.0) GOTO 10

CBM=COS (BM*FAKTOR)
SBM=SIN(BM*FAKTOR)
CLM=COS { XLM*FAKTOR)
SLM=STN(XLM*FAKTOR)
SBG=SBM*CI-CBM*CLM*ST
BG=ASIN(SBG)

CBG=COS(BG)

SLG=(CBM*SLM) /CBG

CLG=( SBM*SI+CBM*CLM*CT)/CBG
XLG=ACOS(CLG)

IF(SLG.LT.0.0) XLG=ZPI-ACOS(CLG)
BG=BG/FAKTOR

XLG=XLG/FAKTOR

XLG=XLG6-69.8

IF(XL6.LT.0.0) XLG=XLE+360.0
GOTO 20

YLG=XLG+69.8

CBG=COS(BG*FAKTOR)
SBG=SIN(BG*FAKTOR)

CLG=COS( YLG*FAKTOR)

SLG=SIN( YLG*FAKTOR)

SBM=SBG*C I+CBG*CLG*ST
BM=ASIN(SBM)

CBM=COS (BM)

SLM=(CBG*SLG)/CBM
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1084.
1085.
1086.
1087,
1088.
1089,
1090,

1091,
1092,
1093.
1094.
1095.
1096.

1097.
1098.
1099.
1100.
1101,
1102,
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1106.
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1109.
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1112.
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1114,
1115,
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1140,
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1142.
1143,
1144,

1145,

1146.
1147.
1148,
1149,
1150.
1151.
1152,
1153,

20

10

ODOTOOOOOOM

CLM=(-SBG*ST+CBG*CLG*CI)/CBM
XLM=ACOS (CLM)

IF(SLM.LT.0.0) XLM=ZPI-ACOS(CLM)
BM=BM/FAKTOR

XLM=XLM/FAKTOR

RETURN

END

REAL FUNCTION SSRSU(HO)
REAL LATI,MONTH
COMMON/BLO11/MONTH,LATI
SSRSU=XHIS(MONTH,HO,LATI)
RETURN

END

SUBROUTINE KOEFFB(FIELD)
TRANSFORMATION COEFFICIENTS G(18144) VALID FOR 1973 FOR CALCULATING
THE MAGNETIC FIELD ACCORDING TO POGO 68/10

DIMENSION FIELD (144)

REAL FELD (144)

DATA (FELD(KK),KK=1,80)/0.0, 0.1506723,0.0101742, -0.0286519, 0.00 . 9
12606, -0.0130846, 0.0089594, -0.0136808,-0.0001508, -0.0093977,
2 0.0130650, 0.0020520, -0.0121956, -0.0023451, -0.0208555,
3 0.0068416,-0.0142659, -0.0093322, -0.0021364, -0.0078910.
4 000455686, 0.0128904, -0,0002951, -0.0237245,0,0289493,

5 0.0074605, -0.0105741, -0.0005116, -0.0105732, ~0,0058542,
60.0033268, 0.0078164,0.0211234, 0.0099309, 0.0362792, -0.0201070,
7 -0.0046350, -0.0058722, 0.0011147, -0,0013949,

8 -0.0108838, 0.0322263, -0.0147390, 0.0031247, 0.0111986,
9 -0.0109394,0.0058112, 0,2739046, -0.0155682, -0.0253272,
1 0.0163782, 0,0205730, 0.0022081, 0.0112749,-0.0098427,

2 0.0072705, 0.0195189, -0.0081132, -0.0071889, -0,0579970,
3 -0.0856642, 0.1884260,-0.7391512, 0.1210288, -0.0241888,

4 -0.0052464, -0.0096312, -0.0044834, 0.0201764, 0.0258343,
50.0083033, 0.0077187,0.0586055,0.0102236, -0.0396107,

6 -0.0167860, -0.2019911, -0.5810815,0.0379916, 3.7508268/

DATA (FELD(KZ),KZ=81,144)/1,8133030,

7 -0.0564250, -0.0557352, 0.1335347, -0,0142641,

8 -0.1024618,0.0970994, -0.0751830,-0,1274948, 0.0402073,

9 0.0386290, 0.1883088, 0,1838960, -0.7848989,0.7591817,

1 -0.9302389,-0.8560960, 0.6633250, -4.6363869, -13.2599277,
2 0.1002136, 0.0855714,-0.0991981, -0.0765378,-0.0455264,

3 0.1169326, -0.2604067, 0.1800076, -0.2223685, -0.6347679,
40,5334222, -0,3459502,-0.1573697, 0.8589464, 1.7815990,
5-6.3347645, -3.1513653, -9.9927750,13.3327637, -35.4897308,
637.3466339, -0.5257398, 0.0571474, -0.5421217, 0.2404770.
7 -0.1747774,-0.3433644, 0.4829708,0.3935944, 0.4885033,

8 0.8488121, -0.7640999, -1.8884945, 3.2930784,-7.3497229,
9 0.1672821,-0.2306652, 10.5782146, 12.6031065, 8.6579742,

1 215.5209961, -27.1419220,22.3405762,1108. 6394043/

K=0

DO 10 I=1,144

K=K+1

FIELD(K)=FELD(I)

RETURN

END

SUBROUTINE FIELDG(DLAT,DLONG,ALT,X,Y,Z,F,DIP,SMODIP)
THIS IS A SPECIAL VERSION OF THE P0G063/107
MAGNETIC FIELD LEGENDRE MODEL (IN GAUSS UNITS).
F IS TOTAL FIELD, Z THE (DOWNWARD) VERTICAL COMPONENT WHILE
X AND Y ARE COMPONENTS IN THE EQUATORIAL PLANE X TO ZERO LONGITUDE).
DIP=INCLINATION ANGLE/DEGREE. MODIP=RAWER'S MODFIED DIP.
REFERENCE@ METEOROLOGICAL  AND ASTRONOMICAL INFLUENCES ON
RADIO WAVE PROPAGATION. PERGAMON PRESS, 1963
INPUT@ DLAT, DLONG=GEOGRAPHIC COORDINATES/DEGREE, ALT=ALTITUDE/KM.
THE SET OF COEFFICIENTS IS GIVEN IN THE FOLLOWING PROCEDURE?
DIMENSION H(144),XI(3)
COMMON/BLOCK2/B0,B1,C1,HZ,T,G(144) ,HST,STR
RLAT=DLAT*0.0174533
CT=SIN(RLAT)
ST=COS(RLAT)
NMAX=11
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1154, D=SQRT(40680925.0-272336.0%CT*CT)

1155. RLONG=DLONG*0,0174533

1156. CP=COS(RLONG)

1157. SP=SIN(RLONG)

1158. 777=(ALT+40408589,0/D)*CT/6371.2
1159. RHO=(ALT+40680925.0/D)*ST/6371,2
1160. XXX=RHO*CP

1161. YYY=RHO*SP

1162. RQ=1.0/ (XXX*XXX+YYY*YYY+277*777)
1163. XI(1)=XXX*RQ

1164. XI(2)=YYY*RQ

1165. X1(3)=2Z7*RQ

1166. THMAX=NMAX*NMAX+1

1167. LAST=IHMAX-+NMAX+NMAX

1168. IMAX=NMAX+NMAX-1

1169. DO 100 I=THMAX,LAST

1170, 100 H(I)=G(I)

1171. DO 200 K=1,3,2

1172. I=IMAX

1173. TH=THMAX

1174, 300 IL=IH-I

1175. F1=2.0/FLOAT (I-K+2)

1176. X1=X1(1)*F1

1177. Y1=XI(2)*F1

1178. 71=X1(3)*(F1+F1)

1179. I=1-2

1180. IF((I-1).LT.0) GOTO 400

1181. 1F((1-1).EQ.0) GOTO 500

1182. DO 600 M=3,1,2

1183. H(TL+MF1) =G ( TL4M+1)+Z1H( TH+MEL)+X 1% (H( TH+M+3) -H( TH+M=1) ) -Y1*
1184. L(H( TH+M+2)+H( IH+M=2))

1185. H(TL+M)=G( TL+M)+Z1*H({ TH+M)+X1* (H( TH+M+2) <H( THeM=2) )+YT* (H({IH+
1186. 1M+3)+H{ TH+M=1))

1187. 600  CONTINUE

1188. 500  H(IL+2)=G6(IL+2)+Z1*H(IH+2)+X1*H(IH+4)-Y1*(H(IH+3)+H(IH))
1189, H(IL+1)=6( IL+1)+Z1*H({ TH+1)+YI*H( TH+4)+X1*(H({ IH+3)-H(IH))
1190. 400  H(IL)=G(IL)+Z1*H({IH)+2.0% (X1*H(IH+1)+Y1*H(IH+2))

1191, 700 IH=IL

1192, IF(1.GE.K) GOTO 300

1193, 200 CONTINUE

1194,  S=0.5%H(1)+2.0%(H(2)*XI(3)+H(3)*XI(1)+H(4)*X1(2))

1195. XT=(RQ+RQ)*SQRT(RQ) '

1196. X=XT* (H(3)-S*XXX)

1197. CY=XT*(H(4)-S*YYY)

1198. Z=XT*(H(2)~S*7112)

1199, F=SQRT (X*X+Y*Y+Z*7)

1200. Z=-Z*CT-(Y*SP+X*CP)*ST

1201. DIP=ASIN(Z/F)

1202. SMODIP=ASIN(DIP/SQRT(DIP*DIP+ST))

1203, DIP=DIP*57,2957795

1204, 9 SMODIP=SMODIP*57,2957795

1205. RETURN

1206. END

1207. SUBROUTINE F20UT(XMODIP,XLATI,XLONGI,XMAGBR,R,XMONTH,HOUR,FOE,
1208. 1XHMF2 ,FOF2)

1209, ¢ D.BILITZA,20.8.78,CALCULATES XHMF2 AND NMF2 BY USING THE

1210. C CCIR-MAPS FOR FOF2 AND M3000.YOU HAVE TO ADJUST THE TAPE

1211. ¢ READING PROCEDURE CCIRCA TO YOUR COMPUTER SYSTEM AND CCIR-TAPE
1212. INTEGER QF(9),QM(7)

1213. DIMENSION FFO(988)

1214, REAL MMO(441) ~

1215. DATA QF/11,11,8,4,1,0,0,0,0/,Q4/6,7,5,2,1,0,0/

1216. REWIND 15

1217. LMONTH=IF IX( XMONTH) :

1218. CALL CCIRCA(R,LMONTH,FFO,MMO)

1219. FOF2=GAMMAL XMODIP ,XLATI,XLONGI, ,FALSE. ,HOUR,6,QF ,9,76,13,988,
1220. 1FFO) S '

1221, XM3000=GAMMAL ( XMODIP ,XLATI,XLONGI, .FALSE. ,HOUR,4,0M,7,49,9,441,
1222. IMMO) o

1223. XHMF 2=HMF 2ED ( XMAGBR ,R , FOF 2 /F OE , XM3000)

1224, RETURN , »

1225. END
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1226.
1227,
1228.
1229.
1230,
1231,
1232.
1233,
1234,
1235,
1236.
1237.
1238.
1239.
1240.
1241,
1242,
1243.
1244,
1245,
1246.
1247.
1248.
1249,
1250.
1251,
1252,
1253,
1254,
1255,
1256.
1257,
1258,
1259,
1260,
1261,
1262.
1263,
1264,
1265.
1266.
1267.
1268.
1269.
1270.
1271.
1272.
1273.
1274.
1275.
1276.
1277.
1278.
1279,
1280.
1281.
1282,

1283.
1284,
1285.
1286.
1287.
1288.
1289,
1290.
1291.
1292,
1293.
1294,
1295.
1296,
1297.
1298,
1299.

OO0 O

100
150

250

300

350

450
400

REAL FUNCTION GAMMAL(SMODIP,SLAT,SLONG,UT,XHOUR , THARM,NQ,K1,M,
1MM,M3, SFE)

SHEIKH,4.3.77,CALCULATES FOF2 OR M3000 USING CCIR

NUMERICAL MAP COEFFICIENTS SFE(M,2*IHARM+1),

NQ(K1) IS AN INTEGER ARRAY GIVING NQ1,NQ2,NQ3,...AS HIGHEST
DEGREE OF LATITUDE FOR EACH LONGITUDE HARMONIC { IHARM).
M=14NQ1+2(NQ2+1)+2(NQ3+1)+... .IF UT IS TRUE,THEN HOUR IS
TAKEN AS UNIVERSAL TIME,OTHERWISE IT IS ASSUMED AS LOCAL
TIME.

DIMENSION NQ(K1),XSINX(13),COEF(100),C(12),5(12),SFE(M3)
LOGICAL UT

RD=57.2957795

IF(UT) GOTO 100

TIME=(15.,0%XHOUR-180. 0-SLONG) /RD

GOTO 150

- TIME=(15.0*XHOUR-180.0) /RD

S(1)=SIN(TIME)
C(1)=COS(TIME)

DO 250 I=2,HARM
C(I)=C(1)*C(I-1)-$(1)*S(I-1)
S(1)=C(1)*S(I-1)+S(1)*C(I-1)
CONTINUE

DO 300 I=1,M

COEF (I)=SFE((I-1)*MM+1)

DO 300 J=1,IHARM

COEF (1) =COEF (1)+SFE( (I-1)*MM+2%J)*S(J)+SFE(( 1-1)*MM+2%J+1)*C ()
CONTINUE

SUM=COEF (1)
SS=SIN(SMODIP/RD)

$3=SS

XSINX(1)=1.0

INDEX=NQ(1)

DO 350 J=1,INDEX
SUM=SUM+COEF (1+J)*SS
XSINX(J+1)=5S

$S=SS*S3

CONTINUE
XSINX(NQ(1)+2)=55*S3
NP=NQ(1)+1

SS=COS(SLAT/RD)

$3=SS

DO 400 J=2,K1
SO=SLONG*FLOAT(J-1)/RD
$1=C0S(S0)

$2=SIN(S0)

INDEX=NQ(J)+1

DO 450 L=1,INDEX

NP=NP+1

SUM=SUM+COEF (NP)*XSINX (L)*SS*S1
NP=NP+1
SUM=SUM+COEF (NP ) *XSINX (L)*SS*$2
CONTINUE

$5=55%S3

CONTINUE

GAMMAL=SUM

RETURN

END

SUBROUTINE CCIRCA(R, IMONTH,FOF2,SM3000)

THIS SUBROUTINE CALCULATES THE COEFFICIENTS ARRAYS FOF2(76,13) AND
SM3000(49,9) FOR SOLARACTIVITY (R) AND MONTH USING OUR SPECIAL CCIRFO-TAPE
DIMENSION FOF2(988),SM3000(441),F2(13,76,2),FM3(9,49,2)

DO 10 I=1,IMONTH ;

READ(15,1)

FORMAT( ) »

READ(15,2) ((F2(L,M,1),M=1,76),L=1,13)

READ(15,1)

READ(15,2) ((F2(L,M,2),M=1,76),L=1,13)

READ(15,1)

READ(15,2) ((FM3(L,M,1),M=1,49),L=1,9)

READ(15,1) . = -

READ(15,2) ((FM3(L,M,2),M=1,49),L=1,9)

FORMAT(4(5X,E13.7)) '

CONTINUE = . -~

DO 20 I=1,76
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1300. D0 20 J=1,13

1301. K=J+13%(1-1)

1302, 20  FOF2(K)=(F2(J,I,1)*(100.0-R)+F2(J,1,2)*R)/100.0
1303. D0 30 I=1,49

1304. DO 30 J=1,9

1305. K=J+9% (1-1)

1306. 30  SM3000(K)=(FM3(J,I,1)*(100.0-R)+FM3(J,1,2)*R)/100.0
1307. RETURN

1308. END

1309. SUBROUTINE KOEFFI(BOF)

1310, ¢ COEFFICIENTS FOR BOTTOMSIDE F2 REGION ELECTRON DENSITY
1311. DIMENSION BOF(2,2,8)

1312, REAL FELD(32)

1313, DATA FELD/114.0,64.0,134.0,77.0,128.0,66.0,75.0,73.0,113.0,115.0,
1314, 1150.0,116.0,138.0,123.0,94.0,132.0,72.0,84.0,83.0,89.0,75.0,85.0,
1315. 267.0,76.0,102.0,100.0,120.0,110.0,107.0,103.0,76.0,86.0/
1316. L=0

1317. K=0

1318. D0 10 1=1,2

1319. DO 10 J=1,2

1320. DO 10 K=1,8

1321. L=L+1

1322, 10  BOF(I,J,K)=FELD(L)

1323. RETURN

1324, END

1325. SUBROUTINE KOEFP1(PG10)

1326. C COEFFICIENTS PG10 FOR CALCULATING O+ PROFILES
1327. DIMENSION PG10(80)

1328. REAL FELD (80)

1329. DATA FELD/-11.0,-11.0,4.0,-11.0,0.08018,

1330. 60.13027,0.04216,0.25 ,-0.00686,0.00999,

1331, 15.113,0.1 ,170.0,180.0,0.1175,0.15,-11.0

1332, 71.0 ,2.0,-11.0,0.069,0.161,0.254,0.18,0.0161,
1333, 20.0216,0,03014,0.1,152.0,167.0,0.04916,

1334, 80.17,-11.0,2,0,2.0,-11.0,0.072,0.092,0.014,0.21,
1335. 30.01389,0.03863,0.05762,0.12,165.0,168.0,0.008,
1336. 90.258,-11.0,1.0,3.0,-11.0,0.091,0.088,

1337. 40.008,0.34,0,0067,0.0195,0,04,0.1,158.0,172.0,
1338. 10.01,0.24,-11.0,2.0,3.0, -11,0,0.083,0.102,

1339. 50.045,0.03,0.00127,0.01,0.05,0.09,167.0,185.0,
1340. 20.015,0.18/

1341, K=0

1342, D0 10 1=1,80

1343, K=Kk+1

1344, 10  PG10(K)=FELD(I)

1345, RETURN

1346. END

1347. SUBROUTINE KOEFP2(PG20)

1348, ¢ COEFFICIENTS FOR CALCULATING O+ PROFILES ABOVE ITS PEAK
1349, DIMENSION PG20(32)

1350. REAL FELD(32)

1351. DATA FELD/1.0,-11.0,-11.0,1.0,695.0,-.000781,
1352, 3-.00264,2177.0,1.0,-11.0,-11.0,2.0,570.0,

1353, 1-.002,-.0052,1040.0,2.0,-11.0,-11.0,1.0,695.0,
1354, 4-.000786,-.00165,3367.0,2.0,-11.0,-11.0,2.0,
1355, ~ 2575.0,-.00126,-.00524,1380.0/

1356. K=0

1357, DO 10 1=1,32

1358. K=K+1

1359, 10  PG20(K)=FELD(I)

1360. RETURN

1361. END

1362. SUBROUTINE KOEFP3(PG30)

1363. ¢C COEFFICIENTS FOR CALCULATING 02+ PROFILES

1364, DIMENSION PG30(80)

1365. REAL FELD(80)

1366. DATA FELD/-11.0,1.0,2.0,-11.0,160.0,31.0,130.0,
1367. 9-10.0,198.0,0.0,0.05922,-0.07983,
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1368,
1369.
1370.
1371.
1372,
1373.
1374,
1375.
1376.
1377.
1378.
1379.
1380.
1381.
1382.
1383.
1384,
1385,

1386.
1387.
1388.
1389,
1390.
1391.
1392,
1393,
1394,
1395,
1396.
1397.
1398.
1399,
1400.
1401.

1402,
1403,
1404,
1405.
1406,
1407,
1408.
1409,
1410.
1411,
1412,
1413.
1414,

1415,
1416,
1417.
1418,
1419,
1420.
1421,
1422,
1423,
1424,
1425,
1426.
1427,
1428,

1429.
1430,
1431,
1432,
1433,
1434,

10

100
101

111

120

OOOO

100
200

[ Ne)

15

10

1-0.00397,0.00085,-0.00313,0.0,-11.0,2.0,2.0,-11.0,
8140.0,30.0,130.0,-10.0,
2190.0,0.0,0.05107,-0.07964,0.00097,-0.01118,-0. 02614,
7-0.09537,
3-11.0,1.0,3.0,-11.0,140.0,37.0,125.0,0.0,182.0,
60.0,0.0307,-0,04968,-0.00248,
4-0,02451,-0.00313,0.0,-11.0,2.0,3.0,-11.0,
5140.0,37.0,125.0,0.0,170.0,0.0,
50.02806,-0.04716,0.00066,-0,02763,-0.02247,-0.01919,
6-11.0,-11.0,4.0,-11.0,140.0,45.0,136.0,-9.0,
7181.0,-26.0,0.02994,-0.04879,
7-0.01396,0.00089,-0.09929,0. 05589/

K=0

D0 10 I=1,80

K=K+1

PG30(K)=FELD(I)

RETURN

END A

SUBROUTINE SUFE (FIELD,RFE,M,FE)

SPECIAL SUBROUTINE FOR CHOOSING THE DESIRED
10N DENSITY PARAMETER ARRAYS

DIMENSION RFE(4),FE(12),FIELD(80),EFE(4)
K=0

DO 101 I=1,4

K=K+1

EFE(I)=FIELD(K)

DO 111 I=1,M

K=K+1

FE(I)=FIELD(K)

DO 120 1=1,4
IF((EFE(I).GT.-10.0).AND.(RFE(I).NE.EFE(I))) GOTO 100
CONTINUE

RETURN

END

FUNCTION HPOL (XHOUR,TW,XNW,SA,SU)
D.BILITZA,1978 SPECIAL PROCEDURE FOR TIME-INTERPOLATION
USING EPSTEIN STEP FUNCTION OF ONE HOUR WIDTH (DAY/NIGHT FUNCTION).
TW,XNW ARE THE DAY AND NIGHT VALUE OF THE PARAMETER.
SA, SU ARE TIME (HOURS) OF SUNRISE AND SUNSET/HOUR

IF (ABS(SU-SA) .GE.24.0) GOTO 100
HPOL=XNW-(TW-XNW) / (1, 0+EXP - (XHOUR-SA) /1.0) )+ XNW-Tw)
1/(1.0+EXP(-(XHOUR-SU)/1.0))

GOTO 200

HPOL =XNW

IF(SA.LT.1.0) HPOL=TW

RETURN

END

REAL FUNCTION XPOL(AA,XHOUR,SA,SU,DELL ,IMONTH,R)

SPECIAL FUNCTION TO INTERPOLATE ARRAY AA(LATI,R,MONTH,HOUR)=
A(2,2,4,2) IN LATITUDE (LATI), SOLAR ACTIVITY (R) AND TIME (HOUR)
DIMENSION AA(2,2,8),SIPH(2),SIPL(2)

JMONTH=IMONTH*2

DO 10 ISR=1,2

DO 15 ISLAT=1,2
SIPH(ISLAT)=HPOL (XHOUR,AA( ISLAT, ISR,JMONTH-1) ,AA( ISLAT, ISR,
1JMONTH) , SA, SU)

SIPL(ISR)=SIPH(1)+(SIPH(2)~SIPH(1))/DELL

CONTINUE

XPOL=SIPL(1)+(SIPL(2)-SIPL(1))/90.0%(R-10.0)

RETURN

END

FUNCTION EPSTEP(BE,AB,TH,FIX,COSI) -

EPSTEIN STEP. FUNCTION = TRANSITION WITH THICKNESS TH BETWEEN
BE AND AB CENTERED WHERE VARIABLE COSI EQUALS FIX
EPSTEP=AB+(BE-AB)/(1.0+EXP(~(COSI-FIX)/TH))

RETURN - ,

END
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5.1 Subroutine IONDEM

Subroutine IONDEM from IRI 1978, not available from WDC-A for STP.

SUBRDUTINE XGNDEM(R;XHLAT:XHLUNG»DIP:XLATllHUURoXHUNTH:FDFZ'HHFZ)
SHEIKHsBILITZA, 25,8,78,CALCULATES. THE HEICGHT AND DENSITY OF THE
F2-MAXIMUM BY USING THE CHING=~CHIU~MODEL
CREF.CHIU,JATP,37, 1563-1570, 1975 AND PRIVATE COMMUNICATION]
THOEXMANTH
1F(XMONTH,GT,11,0) TMO=0.0
pH1=0,26188HOUR
RLATH=XMLAT®0,017453295
RLAT=X[AT183.017453295
RLONGH#XMLIGR0,017453293
NIPGM=DIP=*0,017453295
AMP=O, 66
ALF3l 0
P1:23,141592654
SDECR(D,39795%SIN{PI#(THO=3,1671/6400
DEC=ARSIN(SDEC?

DELP=ABS (ABS(RLATI=-P1/2,0)
1F(DELP,GT,1.0E=3) GOTO 100
SEASN=RLAT#DEC
IF(SEASN.LY(0,0) PH[=0,0
IF(SEASH.GELO,D) PHI=P1

100 VAK3TVARF2(RLATM,RLUNGI,DIPGMs PHI,» DEC,TMOSR)
ZALF2=4,5%ABS(RLATM) =P
ZBAR’25090s0.75‘R*0.33*R‘CUS(RLATH)*SIN(DEC)‘SIN<RLATM)
IMAXSZBAR+30,0%COSIPHI+ZALF I +10,0%COSIRLATH)*
1¢0S(PI*(THI=4,5)/3,0!

[4 HMF2 HACH CHIU 1975
HMAX®0, 2% IHAX+40,0
HMF2=IMAX
FUF25SIRT(AMPEVAR/O,124)

RETURN

END

FUNCTION TVARF2(RLATM,RLONGH,DIPGM,PHI,DEC, THO,R)
P153,161592654

P133P1/3,0

SINLMaSIN(RLATH)
RT3I=~CUS(PI3XTMOI4COS(PI3*THO/2,0)
RR30¢0L%R

ALATBABS(RLATM)

AQaCOS(RLATH)

REQ*),0~0,2%RR+0,6*SQRT{RR}
SD=SIN(DECI®SIN{RLATM)
FFaEXP(~ABS{X)*%6,0)

GG=l,0nFF

cpl=COS (PHI=0,873)

EFaCOS(PHI+P1/4,0)

EMF=EF%EF

ADIUR=2(0,940,32%5D)*{1,0+SD*ENF)
8Q=C0S(ALAT=0,2618)

AQE=ABRS (AQ)**8,0

AQT2AQE*AQ#*AQ
AEQ=AQE*REQ¥EXP(0,25%(1,0~CPD))
VEQ=(1,0=0,6%40T)%{1,0+AEQ®ABS(BQ)**12,0)%
101402540, 05%RT31%{1,0+0,6%AQT*ENF)
VDIUR=ADIURKEXP (~1,1%(CPD+1.,01)
VLAT=EX9(3.0*CDS(RLAYH*(SXN(PHX)-1.01/2.0))
VLATEVLAT®(1.2-0.5%AQ%AQ)
RTLZ12,0%RLATH+4,0%P13

RT2:2Ti4D/2,0+3,0
VLATZVLAT®(1.0+0,05%RRAS INLMAS INLM*S INLH#CUS (P13%THD/2.0) )%
11140704 19%EXP(-SQRT(RT1*RTL+RT2¥RT2)))
REUNG=1,04RR+0.204%RR¥RR+0, 03¥RR*RR¥RR
IF(RR,LE1,}) GOTO 100

€Q=ls53%(],0-AQ%A0)

FFUNC=2,35+CQ%* (RFUNC-2.39)

100  VUT=YONTI(RLATM,PHI, TMUsDEC,RsRFUNC)
XXLBNG"1-000.l*AQ*AQ*Au*CUS(Z.O*(RLDNGH-7.0*PII18.0))
6Ml=l,015+0,03*RT3
STHLM2sSIN(RLATM/2,.0)

XMLZABS(DIPGM)=2.0#P1/9,0
€=0,15e(1, 0+RRIXSTHLH2¥SINLM2*EXP («0,33%(THO-6,0)

oo

1% (TMI~6,0))
DDELB=GML® (1 ,0+G*EXP (=18, OHXMLEXML))

CORRECTED ACCORDING TO THE PROGRAM RECIVED FROM CHIU

laXaXal

RT1=P1%*THG/12,0
RT2=SIN(RT1}
RT3=CNS5(2,0%RTL)
DEL3=SIN(RLONGM/2,0)
6=COS(RLUNGM/2.0~P1/20.0)
GML1=ABS(G)**4,0
STHLM=SIN(RLONGM)
SINLMZESQRT(ABS(STNLM))
XML=DEC
DEC=n23,5%P1/180,0
IF(RLATMsGE,0,0) GOTO 200
XLONGHaRT2%({0, 5*DEL3~0D.5*S INLH-ABS (DEL3)
1**5.0)-(1,0¢RTZ)*RTB*SINLM/SINLMZ*EXP(—G.O*DELB‘DELB)
PQLER-Z.5*2.0*RR4RT3‘(0.5¢(1.360.2*RR)*GHX)+(1.3¢0.5
1#RRIECOS (PHI=PI* (1, 0+XLONGH)Y .
PDLER!PDLER*(1.0+0.4*(l.O—RTz'RTZ)*EXP(—GMI*RYZ))
6070 300
200 POLER= (200414 2%RR)*H{1.2,RLATHIPHIY DECI*(1,0%043%RT2)
300 DEC XML
F2aVY0TURSVLATRVUT*VEQ#*RFUNCHXXLONG*DDEL3
TVARF23FFopOLER+GG*F2
RETURN
END
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FUNCTION YONTI(RLATM,PHI,THOLDEC,R,RFUNG)
P153,141562654
Bzle3+0,139%((R/100,0)%%2,0)%(1,04COS(RLATH=P1/4.0)}
140,051 7%((R/100,0)%%3,0)

D13=1,0/RFUNC

Wi=PI/6,0

W2EW 1wl

DE=01778%((R/100,0)%%2,0)

ALAT=ABS(RLATM)

SNX=SIN(ALAT-0.5235988)

AE=0 2%(1,0~5KX)

BLATEABS(ALAT=P1/9,0)

SX=SIN(BLAT)

FE=0,13~0,06%5X

YAM=CQS (RLATMSDEC)

CPHG=CIS(PHI )

XTC=(SIGN{1,0,YAM)*ABS (YAM)*#3,0)%((1,0-CPHG)**0,25)
YTC=r(0,1540,3%SIN(ALAT) }%XTC
T1EAE®*(1,0+0,6%COS(NZ*(TMO~4,0)))%COS(W1*({TMO=1,0))
XXX=COS(PI#(TM1-2,0)/12,0)
XXXXaCUS({PI*(TM0=~8.0)/12,0)
T23047%(1,090,085%(CUS(RLATM=H1)%(SIGN(1,0pXXX)*ABS (XXX)%%3,0)
1+CUS(RLATH4PI/4,0)%(ABS (XXXX)#%2,0) ) +DE*COS (
2W2*{THU~4,3) ) /RFUNC)*W {8, RLATM, PHIDEC)

T3=FEXCOS (W2%*(TMO~4,5))+YTC

T4o(T1+473)%013+T2

IF{T4,LT+0,0) T4=0,0

YONII=T4

RETURMN

END

FUNCTION W(B,XIJETAS,DEC)
P=XI+DEC*COS(ETAS)

WeEXP {~B¥* (CUS(P)~CO5(XI)))
RETURN

END

Replace CALL F20UT { HODIP, LATI, LONGI, MAGBR, R, MONTH, HOUR, FOE,
HMF2, FOF2 )

by IONDEM ( R, MLAT, MLONG, DIP, LAT!, HOUR, MONTH, FOF2, HHF2 )

at the beginning of the program part

' CALCULATION OF ELECTRON DENSITY PARAMETERS '
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UAG SERIES OF REPORTS

Between 4 and 12 UAG Reports are published at irregular intervals each year. Subscriptions may be ordered through the
National Geophysical and Solar-Terrestrial Data Center, Environmental Data and Information Service, NOAA, Boulder, CO
80303, USA. The subscription price for the calendar year only is $30.00 ($17.30 additional for foreign mailing). Each year the
single copy prices total less than $30.00, the expiration date for all subscriptions will be extended. Back issues may be pur-
chased at the prices shown below plus a $3.00 handling charge per order; some reports, though, are available only on microfiche.
Orders must include check or money order payable in U.S. currency to the Department of Commerce, NOAA/NGSDC.

UAG-1 “1QSY Night Airglow Data," by L.L. Smith, F.E. Roach, and J.M. McKennan, ESSA Aeronomy Laboratory, Boulder,
€0, July 1968, 305 pp, $1.75.

UAG-2 “A Reevaluation of Solar Flares, 1964-1966," by Helen W. Dodson and E. Ruth Hedeman, McMath-Hulbert
Observatory, University of Michigan, pontiac, MI, August 1968, 28 pp, $0.30,

UAG-3 "Observations of Jupiter's Sporadic Radio Emission “in the Range 7.6-41 MHz, 6 July 1966 through 8 September
1968," by James W. Warwick and George A. Dulk, University of Colorado, Boulder, CO, October 1968, 35 pp,
$0.55.

UAG-4 “Apbreviated Calendar Record 1966-1967," by J. Virginia Lincoln, Hope I. Leighton and Dorothy K. Kropp, ESSA
now NOAA, Aeronomy and Space Data Center, Boulder, CO, January 1969, 170 pp, $1.25.

UAG-5 “Data on Solar Event of May 23, 1967 and its Geophysical Effects,” compiled by J. Virginia Lincoln, World
Data Center A, Upper Atmosphere Geophysics, ESSA now NOAA, Boulder, CO, February 1969, 120 pp, $0.65.

UAG-6 “Tnternational Geophysical Calendars 1957-1969," by A.H. Shapley and J. Virginia Lincoln, ESSA Research
Laboratories, now NOAA, Boulder, CO, March 1969, 25 pp, $0.30.

UAG-7 “Observations of the Solar Electron Corona: February 1964 - January 1968," by Richard T. Hansen, High
Altitude Observatory, NCAR, Boulder, CO, and Kamuela, HI, October 1969, 12 pp, $0.15.

UAG-8 “Data on Solar-Geophysical Activity October 24 - November 6, 1968," Parts 1 and 2, compiled by J. Virginia
Lincoln, World Data Center A, Upper Atmosphere Geophysics, ESSA now NOAA, Boulder, CO, March 1970, 312 pp,
$1.75 (includes Parts 1 and 2).

UJAG-9 *Data on Cosmic Ray Event of November 18, 1968 and Associated Phenomena," compiled by J. Virginia Lincoln,
World Data Center A, Upper Atmosphere Geophysics, ESSA now NOAA, Boulder, CO, April 1970, 109 pp, $0.55.

UAG-10 “AtTgs of Ionograms," edited by A.H. Shapley, ESSA Research Laboratories now NOAA, Boulder, CO, May 1970, 243
pp, $1.50.

UAG-12  "Solar-Geophysical Activity Associated with the Major .Geomagnetic Storm of March 8, 1970," Parts 1, 2 and 3,
compiled by J. Virginia Lincoln and Dale B. Bucknam, World Data Center A, Upper Atmosphere Geophysics, ESSA
now NOAA, Boulder, CO, April 1971, 466 pp, $3.00 (includes Parts 1-3).

UAG-13  "Data on the Solar Proton Event of November 2, 1969 through the Geomagnetic Storm of November 8-10, 1969,"
compiled by Dale B. Bucknam and J. Virginia Lincoln, World Data Center A, Upper Atmosphere Geophysics, ESSA
now NOAA, Boulder, CO, May 1971, 76 pp, $0.90.

UAG-14 "An Experimental, Comprehensive Flare Index and Its Derivation for 'Major" Flares, 1955-1969," by Helen W.
Dods;n and E. Ruth Hedeman, McMath-Hulbert Observatory, University of Michigan, Pontiac, MI, July 1971, 25
pp, $0.30.

UAG-16  “Temporal Development of the Geophysical Distribution of Auroral Absorption for 30 Substorm Events in each of
10SY (1964-65) and IASY (1980)," by F.T. Berkey, University of Alaska, Fairbanks, AK; V.M, Driatskiy, Arctic
and Antarctic Research Institute, Leningrad, USSR; K. Henriksen, Auroral Observatory, Tromson, Norway; D.H.
Jelly, Communications Research Center, Ottawa, Canada; T.1. Shchuka, Arctic and Antarctic Research Institute,
Leningrad, USSR; A. Theander, Kiruna Geophysical Observatory, Kiruna, Sweden; and J. Yliniemi, University of
Qulu, Oulu, Finland, September 1971, 131 pp, $0.70 (microfiche only).

UAG-17  “Ionospheric Drift Velocity Measurements at Jicamarca, Peru (July 1967 - March 1970)," by Ben B, Balsley,
NOAA Aeronomy Laboratory, Boulder, CO, and Ronald F. Woodman, Jicamarca Radar Observatory, Instituto
Geofisico del Peru, Lima, Peru, October 1971, 45 pp, $0.55 (microfiche only).

UAG-18  “A Study of Polar Cap and Auroral Zone Magnetic Variations," by K. Kawasaki and S.-I. Asasofu, University of
Alaska, Fairbanks, AK, June 1972, 21 pp, $0.20.

UAG-19  "Reevaluation of Solar Flares 1967," by Helen. W. Dodson and E. Ruth Hedeman, McMath-Hulbert Observatory,

University of Michigan, Pontiac, MI, and Marta Rovira de Miceli, San Miguel Observatory, Argentina, June
1972, 15 pp, $0.15.

UAG-21  "Preliminary Compilation of Data for Retrospective World Interval July 26 - August 14, 1972," by J. Virginia
Lincoln and Hope I. Leighton, World Data Center A for Solar-Terrestrial Physics, NOAA, Boulder, CO, November
1972, 128 pp, $0.70.

UAG-22 “Auroral Electrojet Magnetic Activity Indices (AE) for 1970," by Joe Haskell Allen, National Geophysical and
Solar-Terrestrial Data Center, Bodlder, CO, November 1972, 146 pp, $0.75.

UAG-23  "U.R.S.I. Handbook of Ilonogram Interpretation and Reduction," Second Edition, November 1972, edited by W.R.
Piggott, Radio and Space Research Station, Slough, UK, and K. Rawer, Arbeitsgruppe fur Physikalische
Weltraumforschung, Freiburg, GFR, November 1972, 324 pp, $1.75.

UAG-23A "U.R.S.I. Handbook of Ionogram Interpretation and Reduction,” Second Edition, Revision of Chapters 1.4,
edited by W.R. Piggott, Radio and Space Research Station, Slough, UK, and K. Rawer, Arbeitsgruppe fur
Physikalische Weltraumforschung, Freiburg, GFR, November 1972, 135 pp, $2.14.

UAG-24 “Data on Solar-Geophysical Activity Associated with the Major Ground Level Cosmic Ray Events of 24 January
and 1 September 1971," Parts 1 and 2, compiled by Helen E. Coffey and J. Virginia Lincoln, World Data Center
A for Solar-Terrestrial Physics, NOAA, Boulder, €G, December 1972, 462 pp, $2.00 (includes Parts 1 and 2).




UAG-25
UAG-26

UAG-27
UAG-28

UAG-29

UAG-30

UAG-31

UAG-32

UAG-33
UAG-34

UAG-35

UAG-36

UAG-37

UAG-38

UAG-39

UAG-40

UAG-41
UAG-42

UAG-43
UAG-44

UAG-45

UAG-46

UAG-47

UAG-48A

"Observations of Jupiter's Sporadic Radio Emission in the Range 7.6-41 MHz, 9 September 1958 through 9
Dacember 1971," by James W. Warwick, George A. Dulk and David G. Swann, University of Colorado, Boulder, €O,
February 1973, 35 pp, $0.35.

"Data Compilation for the Magnetospherically Quiet Periods February 19-23 and November 29 - December 3,
1970," compiled by Helen E. Coffey and J. Virginia Lincoln, World Data Center A for Solar-Terrestrial
Physics, NOAA, Boulder, €O, May 1973, 129 pp, $0.70.

"High Speed Streams in the Solar Wind," by D.S. Intriligator, University of Southern California, Los Angeles,
CA, June 1973, 16 pp, $0.15.

“Collected Data Reports on August 1972 Solar-Terrestrial Events," Parts 1, 2 and 3, edited by Helen E.
Coffey, World Data Center A for Solar-Terrestrial Physics, NOAA, Boulder, CO, July 1973, 932 pp, $4.50.

"Auroral Electrojet Magnetic Activity Indices AE(11) for 1968," by Joe Haskell Allen, Carl C. Abston and

ges]ie D. Morris, National Geophysical and Solar-Terrestrial Data Center, Boulder, €O, October 1973, 148 PP,
0.75.

“Catalogue of Data on Solar-Terrestrial Physics," prepared by NOAA Environmental Data Service, Boulder, (O,
October 1973, $1.50. Supersedes UAG-11, 15, and 20 catalogs.

"Auroral Electrojet Magnetic Activity Indices AE(11) for 1969," by Joe Haskell Allen, Carl C. Abston and
Leslie D. Morris, National Geophysical and Solar-Terrestrial Data Center, Boulder, (O, February 1974, 142 pp,
$0.75.

"Synoptic Radio Maps of the Sun at 3.3 mm for the Years 1967-1969," by Earle B. Mayfield, Kennon P. White
111, and Fred I. Shimabukuro, Aerospace Corp., El Segundo, CA, April 1974, 26 pp, $0.35.

“Auroral Electrojet Magnetic Activity Indices AE(10) for 1967," by Joe Haskell Allen, Carl C. Abston and
Leslie D. Morris, National Geophysical and Solar-Terrestrial Data Center, Boulder, C0, May 1974, 142 pp,
$0.75.

"Absorption Data for the IGY/IGC and 1QSY," compiled and edited by A.H. Shapley, National Geophysical and
Solar-Terrestrial Data Center, Boulder, CO; W.R. Piggott, Appleton Laboratory, Slough, UK; and K. Rawer,
Arbeitsgruppe fur Physikalische Heltraumforschung, Freiburg, GFR, June 1974, 381 pp, $2.00.

“Catalogue of Digital Geomagnetic Variation Data at World Data Center A for Solar-Terrestrial Physics,"
prepared by NOAA Environmental Data Service, Boulder, CO, July 1974, 20 pp, $0.20.

"An Atlas of Extreme Ultraviolet Flashes of Solar Flares Observed via Sudden Frequency Deviations During the
ATM-SKYLAB Missions," by R.F. Donnelly and E.L. Berger, NOAA Space Environment Laboratory; Lt. J.D. Busman,
NOAA Commissioned Corps; B. Henson, NASA Marshall Space Flight Center; T.B. Jones, University of Leicester,
UK; G.M. Lerfald, NOAA Wave Propagation Laboratory; K. Najita, University of Hawaii; W.M, Retallack, NOAA
Space Environment Laboratory and W.d. Wagner, Sacramento Peak Observatory, October 1974, 95 pp, $0.55.

"Auroral Electrojet Magnetic Activity Indices AE(10) for 1966," by Joe Haskell Allen, Carl C. Abston and
Leslie D. torris, National Geophysical and Solar-Terrestrial Data Center, Boulder, €O, December 1974, 142 PP,
$0.75.

"Master Station List for Solar-Terrestrial Physics Data at WDC-A for Solar-Terrestrial Physics," by R.W.
Buhmann, World Data Center A for Solar-Terrestrial Physics, Boulder, CO; Juan D. Roederer, University of
Denver, Denver, CO; and M.A. Shea and D.F. Smart, Air Force Cambridge Research Laboratories, Hanscom AFB, MA,
December 1974, 110 pp, $1.60.

"Auroral Electrojet Magnetic Activity Indices AE(11) for 1971," by Joe Haskell Allen, Carl C. Abston and
Leslie D. Morris, Mational Geophysical and Solar-Terrestrial Data Center, Boulder, €O, February 1975, 144 pp,
$2.05.

"H-Alpha Synoptic Charts of Solar Activity for the Period of Skylab Observations, May 1973 - March 1974," by
Patrick S. McIntosh, NOAA Space Environment Laboratory, Boulder, CO, February 1975, 32 pp, $0.56.

"H-Alpha Synoptic Charts of Solar Activity During the First Year of Solar Cycle 20 October 1964 - August
1965," by Patrick S. McIntosh, NOAA Space Environment Laboratory, Boulder, CO and Jerome T. Nolte, American
Science and Engineering, Inc., Cambridge, MA, March 1975, 25 pp, $0.48.

"Observations of Jupiter's Sporadic Radio Emission in the Range 7.6-80 MHz, 10 December 1971 through 21 March
1975," by James W. Warwick, George A. Dulk and Anthony C. Riddle, University of Colorado, Boulder, CO, April
1975, 49 pp, $1.15.

"Catalog of Observation Times of Ground-Based Skylab~Coordinated Solar Observing Programs," compiled by Helen
E. Coffey, World Data Center A for Solar-Terrestrial Physics, NOAA, Boulder, CO, May 1975, 159 pp, $3.00.

"Synoptic Maps of Solar 9.1 cm Microwave Emission from June 1962 to August 1973," by Werner Graf and Ronald
N. Bracewell, Stanford University, Stanford, CA, May 1975, 183 pp, $2.55.

"Auroral Electrojet Magnetic Activity Indices AE(11) for 1972," by Joe Haskell Allen, Carl C. Abston and
Lestie D. Morris, National Geophysical and Solar-Terrestrial Data Center, Boulder, C0, May 1975, 144 PP,
$2.10 (microfiche only).

“Interplanetary Magnetic Field Data 1963-1964," by Joseph H. King, National Space Science Data Center, NASA
Goddard Space Flight Center, Greenbelt, MD, June 1975, 382 pp, $1.95.

"Auroral Electrojet Magnetic Activity Indices AE(11) for 1973," by Joe Haskell Allen, Carl C. Abston and
Leslie D, Morris, Mational Geophysical and Solar-Terrestrial Data Center, Boulder, CO, June 1975, 144 PP,
$2.10 {microfiche only).

"Synoptic Observations of the Solar Corona during Carrington Rotations 1580-1596 (11 October 1971 - 15
January. 1973)," [Reissue of UAG-48 with quality images], by R.A. Howard, M.J. Koomen, D.J. Michels, R,
Tousey, C.R. Detwiler, D.E. Roberts, R.T. Seal, and J.D. Whitney, U.S. Naval Research Laboratory, Washington,
DC, and R.T. Hansen and S.F. Hansen, C.J. Garcia and E. Yasukawa, High Altitude Chservatory, NCAR, Boulder,
€O, February 1976, 200 pp, $4.27.




UAG-49

UAG-50

UAG-51

UAG-52

UAG-53

UAG~54

UAG-55

UAG-56

UAG-57

UAG-58

UAG-59

UAG-60

UAG-61

UAG-62

UAG-63

UAG-64

UAG-65

UAG-66

UAG-67

UAG-68

UAG-69

UAG-70

UAG-71

UAG-72

"Catalog of Standard Geomagnetic Variation Data,” prepared by NOAA Environmental Data Service, Boulder, CO,
August 1975, 125 pp, $1.85.

"High-lLatitude Supplement to the URSI Handbook on Ionogram Interpretation and Rediction,” edited by W.R.
Piggott, British Antarctic Survey, c/o Appleton Laboratory, Slough, UK, October 1975, 294 pp, $4.00.

"Synoptic Maps of Solar Coronal Hole Boundaries Derived from He II 304A Spectroheliograms from the Manned
Skylab Missions,” by J.D. Bohlin and D.M. Rubenstein, U.S. Naval Research Laboratory, Washington, DC,
November ‘1975, 30 pp, $0.54.

“Experimental Comprehensive Solar Flare Indices for Certain Flares, 1970-1974," by Helen W. Dodson and E.
Ruth Hedeman, McMath-Hulbert Observatory, University of Michigan Pontiac, MI, November 1975, 27 pp, $0.60,

"Description and Catalog of lonospheric F-Region Data, Jicamarca Radio Observatory (November 1966 - April
1969), by W.L. Clark and T.E. Van Zandt, NOAA Aeronomy Laboratory, Boulder, CO, and J.P. McClure, University
of Texas as Dallas, Dallas, TX, April 1976, 10 pp, $0.33.

“Catalog of Ionosphere Vertical Soundings Data," prepared by NOAA Environmental Data Service, Boulder, CO,
April 1976, 130 pp, $2.10.

“Equivalent Ionospheric Current Representations by a New Method, I1lustrated for 8-9 November 1969 Magnetic

‘Disturbances,” by Y. Kamide, Cooperative Institute for Research in Environmental Sciences, University of
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